 <--TFTR WBS-->


TFTR Task Description
NSTX WBS Element













1


Project Management
 




1
A

Project Administration
.






1
Project Manager and Administrative Staff







2
Finance and Accounting







3
Contracts







4
Material and Supply Control







5
DOE Liaison







6
Reserved







7
Architectural and Engineering Contractor Liaison







8
Industrial Subcontractor Liaison







9
Fee














1
B

Project Planning and Control







1
Performance Measurement System







2
Project Schedule and Budgets














1
C

Technical Coordination







1
Engineering Direction and Control







2
Manufacturing Direction and Control







3
Safety







4
Engineering Drafting Support














1
D

Quality Assurance







1
Quality Assurance Program







2
Vendor Quality Assurance







3
Site Quality Assurance














1
E

Procurement







1
Procurement Administration







2
Procurement Documentation and Records







3
Subcontract Administration







4
Procurement Negotiations and Recommendations







5
Procurement Liaison with DOE and Other Cognizant Government Representatives














1
F

Data Management







1
Data Management Program







2
General Fusion Project Support














1
G

Computer Facilities







1
Computer Facilities














1
H

Undistributed Budget







1
Undistributed Budget - Princeton







 2-10
Undistributed Budget - Other Participants























2


Safety & Systems Engineering
 




2
A

Systems Engineering







1
Systems Engineering







2
System Description







3
Design Reviews







4
System Interface Control







5
Drafting Services














2
B

Systems Analysis







1
Diagnostic System Interface Analysis







2
Neutral Beam System Interface Analysis







3
Thermal & Hydraulic Systems Analysis







4
Structural Mechanics Analysis







5
Transient System Performance Modeling







6
Vacuum System Analysis







7
Material Analysis







8
System Risk and Fault Analyses







9
System Reliability/Maintainability Studies







10
System Interface Definition and Analysis














2
C

Magnetic Field and Neutronics Analysis







1
Plasma Physics Analysis & Studies







2
Reserved







3
Reserved







4
Reserved







5
Magnetic Field Analysis







6
Radiation Transport, Activation Analysis, and Shield Design














2
D

Operations & Test Analysis Planning







1
System Acceptance Test Criteria & Requirements







2
Reserved.







3
Reserved.







4
Reserved.







5
Coordinate Technical Manuals







6
Coordinate Equipment Specifications














2
E

Configuration Control Systems







1
Engineering Documents Identification







2
Reserved







3
Engineering Change Control














2
F

Environmental and Safety Engineering







1
Environmental Impact







2
Safety Engineering







3
Safety Systems and Procedures







4
Operational Safety














2
G

Experimental Research







1
Parametric Studies on Machine







2
Discharge Cleaning and Requirements







3
Neutral Beam Injector







4
Alternate Heating Methods







5
Impurity Control Programs























3


Tokamak System
 




3
A

Tokamak Systems Engineering







1
Tokamak Systems Requirements







2
Subsystem Coordination







3
Establish Assembly and Disassembly Procedures
.






4
Coordinate Technical Manuals







5
Mechanical Arrangement of Machine














3
B

Vacuum Vessel Assembly







1
System Engineering







2
Torus Vacuum Vessel







3
Liner and Limiter







4
Cancelled







5
Reserved







6
Heating/Cooling Ductwork and Insulation














3
C

Structure and Shielding







1
System Engineering







2
Substructure







3
Inner PF Coil Support Structure
 






4
Outer PF Coil Support Structure







5
Reserved







6
Machine Water Piping







7
Shielding














3
D

TF Coil and Case







1
System Engineering







2
TF Coils and Case







3
TF Coil Inner Support Structure














3
E

PF Coil Assembly







1
System Engineering







2
Inner PF Coils and Structure







3
Outer PF Coils














3
F

Surface Pumping







1
System Engineering







2
Surface Pumping























4


Electrical Power Systems














4
A

Electrical Systems Engineering







1
Electrical System Requirements







2
Subsystem Coordination







3
Coordination of Technical Manuals







4
Establish Assembly and Disassembly Procedures







5
Electromagnetic Circuit Modeling & Analysis














4
B

Energy Supply and Distribution
51 - Power Systems






1
System Engineering







2
AC Distribution Components







3
Breakdown Oscillator Subsystem







4
Motor Generator Flywheel Subsystem







5
Power Control Room Subsystem







6
Standby Electrical Power Subsystem







7
Uninterruptible Power














4
C

Cancelled














4
D

Cancelled














4
E

Cancelled














4
F

Energy Conversion System
52, 53, 54, 55 - Power Systems






1
Systems Engineering







2
OH Subsystem Coordination







3
TF Sybsystem Coordination







4
ER Subsystem Coordination







5
Energy Conversion System Transformers







6
Energy Conversion System Thyristor Rectifiers







7
Energy Conversion System Auxiliary Equipment







8
Energy Conversion System Capacitors







9
OH Interruptors







10
Cancelled







11
Bus Bars and Interconnecting Cables























5


Experimental Area Systems





5
A

Experimental Area Systems Engineering
Dwg M5A2001 to be updated for WBS 81 - Site Preparation






1
Experimental Area Requirements







2
Subsystem Coordination







3
Establish Assembly and Disassembly Procedures







4
Coordinate Technical Manuals














5
B

Installation - Assembly of TFTR Systems







1
Installation Assembly Management







2
Cancelled







3
Mechanical Installation Assembly Activities







4
Electrical Installation Assembly Activities







5
Instrumentation and Control Installation Assembly Activities







6
Warehousing







7
Field Payroll Costs














5
C

Remote Handling and Maintenance Systems







1
System Engineering







2
Cranes







3
Manipulators







4
Special Handling Equipment







5
Tools







6
Portable Shields







7
Transport Systems







8
Viewing Equipment







9
Handling Frames







10
Leak Detection and Repair














5
D

Tritium Systems







1
System Engineering







2
Tritium Supply and Storage







3
Cancelled







4
Cancelled














5
E

Tritium Clean-Up Systems







1
System Engineering







2
Test Cell/Hot Cell HVAC Interface







3
Tritium Cleanup System







4
Tritium Waste Disposal System







5
Tritium Monitoring System














5
F

Non-Tritium Charge Gas Delivery







1
System Engineering







2
Non-Tritium Charge Gas Delivery System







3
Bulk Gas Storage System














5
G

Water Cooling Systems
32 - Coolant Systems






1
System Engineering







2
Deionized Water System







3
Neutral Beam Lines Deionized Cooling Water System







4
Deionizing System







5
Vacuum Pump, Tritium and Miscellaneous Cooling Water Systems







6
Power Supply Cooling Systems







7
Vacuum Vessel Heating/Cooling and Bellows Cooling System







8
Cooling Tower Water Distribution System







9
Neutral Beam Power Conversion Cooling Water System














5
H

Torus Vacuum Pumping System







1
System Engineering







2
Torus Vacuum Pumping Equipment and System Bakeout














5
J

Electrical Buswork
 













5
K

Cryogenic Systems
 






1
Liquid Nitrogen Cooling System







2
Liquid Helium System







3
System Engineering














5
M

Design of Instrumentation, Local Controls, and Electrical Installation
3 - Auxiliary Systems (Electical Work)






1
Instrumentation and Local Controls







2
Electrical Installation














5
P

Temporary Facilities























6


Architect-Engineer Services





6
A

A/E Management and Systems







1
Evaluation and Analysis







2
Liaison







3
Reports







4
Fee







5
Management Services







6
Title III Construction Services







7
Direct Reimbursables














6
B

Technical Site Addition and Site Work







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
C

Office and Laboratory Building







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
D

Motor Generator Building







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
E

Experimental Complex







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
F

Maintenance and Utility Facility and Pump House







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
G

Mechanical Utilities Distribution







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
H

Electrical Transmission and Distribution







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
J

Site Work - Phase II







1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other














6
K

Switchyard - Phase II
5 - Power Systems






1
Architectural







2
Structural







3
Mechanical







4
Civil







5
Electrical







6
Industrial







7
Other























7


Facility Construction






A

Initial Construction Package







1
Tech Shop Addition







2
Site Preparation = Phase I







3
Switchyard - Phase I















B

Administrative and Control Complex







1
Office & Laboratory Building







2
Cafeteria Addition















C

Experimental Complex







1
Motor Generator Building







2
Experimental Area







3
Neutral Beam Power Conversion Building







4
Field Coil Power Conversion building















D

Utilities







1
Maintenance and Utility Building







2
Electrical Transmission and Distribution







3
Mechanical Utilities







4
Switchyard - Phase II















E

Site Plan - Phase II







1
Finished Site Work







2
Paved Areas







3
Fences














8


Plasma Heating Systems
2 - Plasma Heating & Current Drive




8
A

Neutral Beam Injector
24 - NBI






1
Ion Source







2
Accelerator Grid Assembly







3
Neutralizer and Source Mounting







4
Ion Deflection Magnet







5
Beam Dump







6
Cryopanel/Surface Pumping







7
Beam Duct and Valves







8
Calorimeter







9
Neutral Beam Vacuum Subsystem







10
Auxiliary Subsystem (8AA)







11
Magnetic Shield Hardware (8AB)







12
System Engineering (8AC)







13
Neutral Beam Vacuum Enclosure (8AD)







14
Neutral Beamline Controls and Diagnostics (8AE)







15
Neutral Beamline Subassembly and Initial Checkout (8AF)














8
B

Neutral Beam Power Conversion System
24 - NBI






1
Neutral Beam Prime Power Subsystem







2
Modulator/Regulator Subsystem







3
Auxiliary Power Subsystem







4
Neutral Beam Control Subsystem







5
System Engineering







6
HV Switch Tube







7
Ion Deflection Magnet Power Supplies







8
Ion Source Protection Equipment







9
NB Ion Source Flexible Transmission Line























8
C

Radio Frequency Heating Systems







1
System Engineering







2
Alfven Wave Heating







3
Ion Cyclotron Resonant Heating
21 - HHFW (RF)






4
Lower hybrid RF Heating







5
Electron Cyclotron Resonent Heating







6
Alternative RF Heating System







7

22 - Coaxial Helicity Injection Current Drive (CHI) - new to NSTX






8

23- Electron Cyclotron Heating (ECH) - new to NSTX













9


Diagnostic Systems
4 Plasma Diagnostics




9
A

Diagnostic Systems Engineering







1
System Engineering







2
Subsystem Coordination and Design







3
Establish Assembly and Disassembly Procedures







4
Coordinate Technical Manuals







5
Direct Diagnostic Checkout














9
B

Basic Diagnostic Apparatus







1
Voltage Loops, Gogowski Loop, B theta Loops, and Diamagnetic Loops, Position Loops, or Saddle Coils







2
2 and 4 MM Single Channel Microwave (Horizontal), 1 MM multichannel Microwave, and HCN Multichannel Interferometer







3
HCN Multichannel Interferometer - Senses Soft X-ray Detectors, TV Thomson Scattering, CO2 Laser Scattering, and Plasma TV







4
CO2 Laser or He Beam or T2 Seam,  Charge Exchange Neutral Beam







5
X-ray Pulse Height Analyzer, X-ray Crystal Monochromator, Hard X-ray Detectors, X-ray Wave and Position Detectors







6
Epithermal Neutral Detectors, Neutral Energy and Spatial Analysis, Neutron Activation System







7
Surface Physics and Residual Gas Analysis







8
Electron Beam Alignment System and Fast Ion Gauge







9
4 MM Microwave Scattering, CO2 Laser Scattering and Synchrotron Radiation Detection







10
Moveable Prove Mechanisms







11
Electrical Isolators (9BB)







12
Radiation and Magnetic Shielding (9BC)







13
Oscilloscopes and Preamps (9BD)







14
Cables & Connectors (9BE)







15
Remote Control Drives (9BF)







16
Neutral Beam Diagnostics (9BG)














9
C

Diagnostic Development Programs (R&D)







1
System Physics & Engineering







2
Movable & Theta Loops, Movable Mechanisms, Bolometers







3
1 MM Multichannel Microwave and HCN Multichannel Interferometer







4
Visible Monochromatic, UV Spectrometer, Very Soft X-ray Detectors, TV Thomson C02 Laser Scattering and Plasma TV, Submillimeter Laser Scattering, Small Pellet Injector







5
CO2 Laser or BR Beam or T! Beam, Charge - Exchange Neutral Beam







6
X-Ray Pulse Height Analyzer, X-ray Crystal Monochromator, Hard X-ray Detectors and X-ray Wave and Position Detectors







7
Epithermal Neutron Detectors, Neutron Energy and Spatial Analysis, Neutron Activation System, and Triton Concentration







8
Surface Physics and Residual Gas Analysis







9
Electron Beam Alignment System and Fast Ion Gauge







10
4 MM Microwave Scattering, CO2 Laser Scattering, Synchrotron Radiation Detection (9CA)







11
Electrical Isolators (9CB)







12
Radiation & Magnetic Shielding (9CC)







13
Standard Signal Generators (9CD)







14
Alpha Cheers & Gyrotron Scattering (9CE)







15
Reserved







16
Neutral Beam Diagnostics (9CG)























10


Central Instrumentation, Control, and Data Acquisition
 




10
A

System Engineering Design







1
System Configuration and Performance (AA1)







2
Hardware Requirements (AA2)







3
Software Requirements (AA3)







4
Safety System (AA4)























10
B

Facility Measurement & Control







1
Control Room Equipment (AB1)







2
Computer and Data Storage Equipment (AB2)







3
Device Controllers (AB3)







4
Timing and Synchronization (AB4)







5
Communications (AB5)







6
Safety Systems (AB6)







7
Systems Programming (AB7)







8
Application Programming (AB8)







9
Hardwired Interlocks (AB9)







10
Cancelled














10
C

Experiment Measurement and Control (Experimental Research)







1
System Engineering (AC1)







2
Control Room Equipment (AC2)







3
Computer Data Storage Equipment (AC3)







4
Device Controllers (AC4)







5
Timing and Synchronization  (AC5)







6
Systems Programming (AC6)







7
Applications Programming (AC7)























NEW WBSs to support NSTX.

















13


 
1 - Torus Systems




14



11 - Plasma Facing Components




15



12 - Vacuum Vessel & Support Structure




16



13 - Magnet Systems




17



31 - Vacuum Pumping System




18



33 - Bakeout Heating System




19



34 - Gas Delivery System




20



6 - Central I&C




21



82 - Torus Assembly











































































































































