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Foreword
The purpose of this Tokamak Physics Experiment (TPX) Project Management Plan (PMP) is to define how the Project will be managed from Preconceptual Design through First Plasma by the Princeton Plasma Physics Laboratory (PPPL) and the Department of Energy (DOE).  It will: explain how the technical design, cost, and schedule will be managed; briefly describe the TPX Project and its technical, cost, and schedule goals; establish and define the organizational and key individual roles, relationships, and responsibilities; and, summarize the elements of the Performance Measurement System (PMS) the twill be used to plan, authorize, monitor, control, and report progress on the TPX Project.

This PMP is to be supplemented and supported by other more detailed TPX plans and documents.  Three of these plans and policies are provided as Annexes to this PMP.  These are:


Project Advance Acquisition Plan (Annex I)


Environmental, Safety, and Health Protection Implementation Plan (Annex II)


Test and Evaluation Plan Overview (Annex III)

In addition to these plans, there are other plans and documents which will be prepared and submitted by the PPPL to the DOE for review and approval.  These other TPX plans and documents are:


Quality Assurance (QA) Plan

Configuration Management Plan (CMP)


PMS Description


Systems Integration Plan (SIP)

This PMP is effective upon approval by the Manager, Chicago Field Office of DOE (CH), DOE.  Recommended changes should be submitted to the DOE TPX Project Manager who will coordinate and resolve them within DOE and the TPX Project (if the recommended change is initiated outside the project).
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1.0 
INTRODUCTION

1.1

Project Description

The Tokamak Physics Experiment (TPX) will be the world's first steady state fully superconducting tokamak.  TPX is planned to play the essential program role of developing the scientific basis for smaller, less expensive, and more attractive fusion reactors than are forecast using conventional physics rules, e.g., those adopted for designing the International Thermonuclear Experimental Reactor (ITER).  Operating scenarios that characterize the TPX, and a discussion of the mission of TPX, are described in the Justification for Mission Need, the Department of Energy (DOE) TPX Project Plan, and the TPX General Requirements Document.  Briefly these scenarios set the minimum size machine that will allow exploration of advanced modes of operation, initially for 1000-s pulses with the capability to be upgraded to steady state, that are observed transiently in current tokamaks and/or predicted theoretically.

While the TPX will be built primarily to explore advanced physics regimes in the steady state, doing so will have the added benefit of expanding the tokamak technology base.  Key technology developments will be in steady state power handling with divertors; low activation material usage to allow access to in-vessel components during early phases of operation and ex-vessel components throughout the life of the device; design and operation of integrated superconducting magnet systems; and in-vessel remote maintenance techniques.  There will be important developments in steady state auxiliary heating systems, and in data acquisition and computing systems.  These computing systems will be linked nationally through wide area networks that allow distributed computing, storage, and analysis of the data by the national fusion community.

The TPX Project will utilize, to the maximum extent, the Tokamak Fusion Test Reactor (TFTR) facilities at the Princeton Plasma Physics Laboratory (PPPL).  The TFTR facilities to be used include the TFTR buildings, power supplies, auxiliary heating systems, motor generators, vacuum pumps, instrumentation systems, water cooling systems, utilities, and diagnostics.

The TPX represents a major U.S. national fusion collaboration.  Although managed by PPPL for the Department of Energy, the project is a national initiative with the participation of many national laboratories, industries, and universities.  In addition, because of their experience over the years with magnetic fusion projects, the Lawrence Livermore National Laboratory (LLNL) and the Oak Ridge National Laboratory (ORNL) have also been assigned management and design responsibility for major Work Breakdown Structure (WBS) elements and the procurement of the components associated with these WBS elements.  Table 1.1-1 describes the split of design and procurement responsibility as presently assigned.

Industry will be an active participant beginning from the early stages of TPX.  In keeping with both the recommendations of several recent high level fusion energy/policy advisory committees, transfer of fusion technology to industry is planned, including the preliminary design, final design, and fabrication of the Plasma Facing Components, the Vacuum Vessel, and the Superconducting Magnets.  There will also be industrial subcontracts for Systems Integration Support contractor and a Tokamak Construction Management.

1.2
Project Management Plan (PMP) Overview

This PMP only addresses the phases of the TPX Project from conceptual design through first plasma.  Management of the operations and decontamination and decommissioning phases will be addressed in plans to be prepared later.

This PMP consists of eighteen sections, three annexes and ten appendices.  A brief description of each follows:


Section 1 - Introduction

This section provides an overview of this PMP and a general description of the TPX and its major participants.

NATIONAL LABORATORY DESIGN AND PROCUREMENT RESPONSIBILITY

Table 1.1-1

Major
Major Subsystems & Procurement

Participant
Responsibility
PPPL

Plasma Facing Components*


Vacuum Vessel*


Systems Integration Support**


Tokamak Construction Management**


Position Control & Field Error Correction Coils


Neutral Beams


Power Systems


Central I&C


Diagnostics


Facilities

LLNL
Superconducting Magnets*


Cryostat*


Cryogenic Equipment

ORNL
Vacuum Pumping Systems*


Remote Maintenance Systems*


Tokamak Radiation Shielding


RF Auxiliary Heating Systems (ICH & LHH)

NOTE:
Items identified with an asterisk (*) denote primary industry responsibility for design and fabrication.  Items identified with a double asterisk (**) denote other primary industry responsibilities (e.g.., Systems Integration Support for design oversight/assurance and Tokamak Construction Management for installation of the tokamak and procurement/installation of conventional non-tokamak components and facilities).


Section 2 - Objectives

This section provides a brief overview description of the mission and performance expectations of TPX.  The cost and schedule objectives of TPX are also delineated.


Section 3 - Management Organization and Responsibilities

This section describes the TPX Project organization and interfaces.


Section 4 - Work Plans and Requirements


This section provides a description of the TPX Project work scope by major system and subsystem.  

Section 5 - Work Breakdown Structure


This section describes the role of the Work Breakdown Structure (WBS) in the management of the TPX Project and provides the WBS element identification and definition to Level 3 of the WBS. 


Section 6 - Schedule


This section provides the integrated TPX Project schedules at the Level 3 WBS.  The role of the Energy Systems Acquisition Advisory Board (ESAAB) in the TPX Project is also described.


Section 7 - Logic Diagrams


This section provides the logic network for the TPX Project, including the critical path of activities.


Section 8 - Performance Criteria


This section expands upon the technical objectives outlined in the TPX Project Plan and describes the performance criteria for the major subsystems.


Section 9 - Cost and Manpower Estimates


This section provides the cost and manpower estimates for each Level 3 WBS element for the duration of the TPX Project by fiscal year.


Section 10 - DOE Project Management Functional Support Requirements


This section describes the Department of Energy (DOE) organizational relationships for managing the TPX Project.


Section 11 - Project Management and Control Systems

This section describes the management philosophy, processes, and systems that will be used in effectively managing the TPX Project.  Key elements discussed include:


•
TPX Performance Measurement System (PMS)


•
Funding Management


Section 12 - Information and Reporting 

This section provides an overview of pertinent project documentation, the TPX Project reporting requirements to DOE, and the type and frequency of DOE reviews of the TPX Project.  


Section 13 - Engineering Management 

This section provides an overview of how the design of the TPX Project will be developed and managed.  The role of the Systems Integration Support subcontractor in managing the TPX engineering design is also discussed.  A separate Systems Integration Plan (SIP) will be prepared and issued by the Systems Integration Support contractor in accordance with the requirements of DOE Order 4700.1.


Section 14 - Configuration Management 

This section provides an overview of the configuration management program to be implemented on the TPX Project, including a description of the change control levels and how they relate to the DOE change control levels described in DOE Order 4700.1, the role of the TPX Project Configuration Control Board (CCB), and the configuration control processes to be implemented on the TPX Project.  A separate Configuration Management Plan (CMP) will be prepared and issued by the Systems Integration Support contractor in accordance with the requirements of DOE Order 4700.1.


Section 15 - Contingency and Management Reserve

This section provides an overview of contingency and management reserve management, including approval authority.


Section 16 - Quality Assurance

This section provides an overview of the Quality Assurance (QA) program to be implemented on the TPX Project.  The details of the TPX Project QA program will be provided in the TPX Project QA Plan (QAP) which will be issued separately.


Section 17 - Utility Services

This section provides a brief discussion of the current status of the discussions with the local utility, Public Service Electric and Gas Company (PSE&G), to ensure availability of reliable electric utility power for the TPX Project.


Section 18 - Responsibility Matrix

This section provides the TPX Project responsibility matrix which delineates the project actions/decisions and the project positions responsible for carrying them out.


Annexes

This section contains the following annexes:


•
TPX Project Advance Acquisition Plan (Annex I)


•
Environment, Safety, and Health (ES&H) Protection 



Implementation Plan (Annex II)


•
Test and Evaluation Plan Overview (Annex III)


Appendices


This section provides the following appendices:


•
Glossary (Appendix A-1)


•
Work Breakdown Structure (WBS) Dictionary (Appendix A-2)

•
Work Breakdown Structure Responsibility Matrix 


(Appendix A-3)


•
List of DOE Key and Control Milestones (Appendix A-4)


•
TPX Project Level 3 Schedules (Appendix A-5)


•
TPX Project Critical Path Logic Diagram (Appendix A-6)


•
TPX Project Funding and Manpower Profiles (Appendix A-7)


•
TPX Project Justification for Mission Need (Appendix A-8)


•
National TPX Council Charter (Appendix A-9)


•
TPX Program Advisory Committee Charter (Appendix A-10)

2.0

OBJECTIVES

2.1

Discussion of TPX Objectives

The mission of the Tokamak Physics Experiment (TPX) is to develop the scientific basis for an economic, compact, and continuously operating tokamak fusion reactor.  The supporting objectives are as follows:


Optimize plasma performance through active control of the 
current profile and of plasma-wall interactions, and by advanced


plasma shaping.


Achieve this optimization using techniques for non-inductive 


current drive and profile control that are consistent with 


efficient continuous operation of a tokamak fusion reactor.


Demonstrate the integration of optimized plasma performance and 


efficient operation in fully steady-state tokamak plasmas.

In summary, TPX has the objectives of achieving steady-state and advanced tokamak operation.  The steady-state aspect of TPX has as its goal the extension of the tokamak to the steady-state regime (equal to or greater than 1000 seconds).  The goal of the advanced tokamak aspect of TPX is to develop advanced tokamak physics regimes.  Not only are both tasks critical to magnetic fusion development, but they are naturally addressed in a single facility.  Full development to new “advanced” physics regimes will require control of the plasma current profile and of particle recycling, both fundamental requirements for a steady-state tokamak.  Thus the steady-state and advanced aspects of TPX are highly complementary.

The key technical issues for the steady-state element are non-inductive current drive, power and particle handling, and disruption control.  Resolving these issues on TPX is not only crucial for establishing the viability of the tokamak for reactor operations, but may also aid in the latter stages of ITER operation where long-pulse to steady-state, high availability operation will be needed for blanket testing.

The key technical issues for the advanced tokamak element are improving confinement, beta limits, and overall current drive efficiency through current profile and particle recycling control.  Techniques that have been successful to date are of a transient nature.  TPX will develop more refined techniques, applicable in steady-state, for controlled optimization of the tokamak to a smaller unit size.  Diagnostics and physics studies on TPX will serve as a focal point on improving the understanding of these attractive regimes, and guiding the development of techniques for further improvement.

2.2
Uniqueness and the Need for TPX

Many machines in the world fusion program have significant capability to address elements of the steady-state advanced tokamak mission.  Indeed, results from existing facilities, combined with the physics requirements for an attractive steady-state fusion reactor, have motivated the TPX design.  However, TPX will offer a unique combination of capabilities required for advanced tokamak physics studies.  Unlike the other existing partially superconducting tokamaks such as Tore Supra, T-15, and Triam-1M, TPX will be the first tokamak to utilize both superconduction TF and PF magnets.  TPX will have a poloidal divertor and capability for strong plasma shaping (2.0,  = 0.8) which are necessary to access regimes of high confinement and .  The device will have a dramatically longer pulse than resistive, diverted tokamaks of similar or greater confinement capability (e.g., DIII-D, PDX-M, Alcator C-Mod, ASDEX-U, JET, and JT-60U).  This will allow TPX to demonstrate techniques for current profile and particle recycling control for times that are long when compared to the global current relaxation time and the plasma-wall equilibrium time.  In addition, TPX will have a sufficient annual neutron budget to permit reasonably high-duty-factor operation in deuterium.  This will allow stringent tests of divertor erosion and of disruption control techniques in advanced tokamak operating regimes.  The TPX design includes available space for actively cooled and pumped divertor concepts.  Finally, the high aspect ratio of TPX (A = 4.5) permits high Ibs/Ip operation at moderate N and q, in a regime found attractive in fusion power reactor studies.

2.3
Technology Benefits of TPX

An important aspect of TPX is the integration of key physics and engineering technologies.  TPX will be the first tokamak to demonstrate the design and operation of fully integrated TF and PF superconducting magnet sets.  Magnets for TPX will use conductors similar to the International Thermonuclear Experimental Reactor (ITER).  The R&D program for ITER, with its emphasis on reliability, and experience gained in previous magnet R&D projects and fusion confinement devices, will improve the reliability of this technology.  The design, manufacture, and operation of a superconducting magnet set in a relevant tokamak configuration and operating environment, including full inductive start-up, eddy currents due to fast-changing control fields, plasma disruptions, and a DD neutron radiation field, will be a valuable contribution of the TPX program to the world's fusion programs.

In-vessel remote maintenance will be required in TPX, although activation levels can be increased gradually in the first few years to allow hands-on access while establishing remote maintenance operations.  Low activation structural materials will be used to permit as much hands-on access as possible.  A key objective in the remote-maintenance area is to demonstrate the remote replacement of actively-cooled divertor and first wall components in a tokamak for the first time.

Power and particle handling in TPX will require a high-performance poloidal divertor to handle high heat fluxes, exhaust particles, and support optimum plasma conditions in steady state.  It will provide a platform for developing actively-cooled target structures designed to handle high heat loads and also be remotely maintainable.  Divertor optimization objectives will include the testing of different geometries, materials, and operational procedures (such as gaseous and radiative targets).  The techniques developed on TPX can be of great benefit to ITER operation and the design of future tokamaks.

Heating and current drive in TPX will require development of actively cooled launching structures.  Also, plasma diagnostics and controls will evolve beyond those used in pulsed experiments, to include real time control and monitoring of the plasma during steady state operation.

The TPX will move tokamak and fusion development into a new era.  It will test high-duty-factor plasma operation, non-inductive current drive, power and particle handling, and disruption control in an integrated manner.  It will seek to significantly improve the physics of tokamaks by exploring advanced regimes with the potential for better confinement, higher pressure limits, and a high fraction of internally-driven steady state current, leading to an attractive prototype fusion reactor concept.  It will expand the data bases at high aspect ratios and advance reactor technologies including superconducting magnets, high-heat-flux divertors, and remote maintenance.  In summary, the TPX will be an important and exciting experiment to advance fusion energy development in the United States and in the world.

2.4

Engineering Requirements

The Project Definition Statement (PDS) provides a succinct description of the TPX Project as agreed to between DOE and the TPX Project.  It provides an overview of the hardware to be provided and is the reference document from which other Project documents are derived.  The detailed design requirements are contained in the TPX General Requirements Document (GRD) and the Systems Requirements Document (SRD).

2.5

Schedule Objectives

The DOE Key and Control Milestones, Work Breakdown Structure (WBS) Level 3 schedules, and the TPX Project critical path logic network are provided in Appendices A-4 through A-6 which are included as part of this Project Management Plan (PMP).  The current projected TPX Project completion date is March, 2000.  The overall construction schedule has been identified for Congress in the Construction Project Data Sheet (CPDS).

The management of the experimental phase of TPX will be delineated in the Operational Plan.

2.6

Cost Objectives

The TPX total project cost including escalation, contingency, and funding profile through the construction period are specified for the Project in the Appendix A-7 of this PMP, for DOE management in the DOE Project Plan, and for Congress in CPDS.  A Total Project Cost (TPC) objective of $540 Million (FY-93$) is established for the March, 2000, project completion date.  Section 9.0 to this PMP provides the cost objectives by WBS Level 1, 2, and 3 elements.

3.0

MANAGEMENT ORGANIZATION AND RESPONSIBILITIES

3.1

Overview

The TPX Project is a focused national effort involving the coordinated resources of a large part of the DOE's fusion program.  Although PPPL is responsible for the project and will be the site for construction of TPX, the Project includes, as participants, many of the U. S. fusion research laboratories and universities, in addition to a variety of industrial firms.  Three DOE laboratories (PPPL, LLNL, ORNL) are defined as major participants because of their experience with magnetic fusion projects.  As a result, these three DOE laboratories have responsibility for overall subsystem designs and procurement.  Table 1.1-1 shows the split of design and procurement responsibility of PPPL, LLNL, and ORNL as presently assigned.  It is the Department of Energy's policy to increase U.S. competitiveness in international markets by having U.S. industrial firms participate in technology development for the TPX Project.  DOE's aim is to transfer technology developed in the DOE laboratories and universities to the selected U.S. industrial firms in the design and fabrication/construction phases.  Accordingly, in addition to the subsystems that will be assigned to industry for design (through competitive procurements), essentially all of the fabrication, will be carried out by industrial personnel.  This section summarizes the organization of the TPX Project and delineates the responsibilities of the key participants.

3.2
TPX Project Organization

3.2.1
Overview

Figure 3.2-1, "TPX Organization," shows the overall management structure for the TPX Project.  The authority of the Director of PPPL flows to the  two key positions; the TPX Program Director and the TPX Project Director.  The TPX Program Director has management responsibility for developing the mission, physics objectives and program requirements of TPX, and reports to the PPPL Director.  The TPX Project Director has management responsibility for project execution, including engineering design, physics/engineering interface, and resource management.  On project issues significantly 
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affecting the TPX program, the Project Director reports to the Program Director, and the senior TPX management will work as a team to resolve any related issues.  On issues related to the execution of the TPX Project, the Project Director reports to the PPPL Director.  The TPX Program Director and TPX Project Director are assisted by a senior TPX Project Management team that consists of the following positions:


Chief Scientist


Senior Engineer


Deputy Project Director


Project Physics Manager


Project Engineer


Project Control Manager

The TPX Chief Scientist is a senior advisor on scientific issues, and participates in technical and management decisions related to the mission, objectives, physics requirements, and design.  He assists the Program Director to provide a liaison to the fusion physics community, to convey the mission and objectives of the device to the community, and to coordinate physics R&D within the community in support of TPX.  The Senior Engineer advises both the TPX Program Director and TPX Project Director on programmatic and project-related engineering matters.

The Deputy Project Director is the next senior line manager in the TPX Project Organization.  He assists the Project Director in performing his functions and acts as the Project Director whenever the Project Director is not available.  Additionally, he supports the TPX Project Director in his project advocacy role.

The Project Physics Manager and the Project Engineer head the main elements of the TPX line organization.  Project Physics is led by the Project Physics Manager who is responsible for the development of the physics design requirements and analysis activities in support of TPX design and construction.  The Project Engineer is responsible for developing the engineering design of TPX, optimized to meet the TPX Mission and design requirements, within the TPX Project cost and schedule objectives.

The Project Control Manager and his organization are responsible for all project support operations.  He reports directly to the TPX Project Director in a staff function, but provides direct support to all levels of the TPX organization

In addition to the senior management positions described above, there are two other positions reporting to the TPX Project Director in a direct staff function and one position in a matrixed staff function.  Those staff functions are necessary to assure that the work of the project is accomplished most effectively.  The direct staff functions are  Environment, Safety, and Health (ES&H), and Quality Assurance/Reliability (QA/R).  The matrixed staff function is Procurement.  Each function is briefly described below:


The ES&H functions are central to the TPX Project.  ES&H is a direct responsibility of each individual WBS Manager.  The PPPL ES&H Office provides support to the WBS Managers and provides expert advice on ES&H matters.  An ES&H Representative is matrixed to the TPX Project team and reports directly to the TPX Project Director.  Annex II to this PMP is a copy of the TPX ES&H Protection Implementation Plan.


The PPPL Quality function is responsible for TPX Quality Assurance/Reliability (QA/R) consistent with DOE Orders 4700.1, 5480.5, and 5700.6C.  TPX is designated as a Non-Reactor Nuclear Facility and its QA/R Program is commensurate with the safety and environmental aspects associated with this facility.  A QA/R Representative is matrixed to the TPX Project team and reports directly to the TPX Project Director.


PPPL Procurement will support the TPX Project by issuing subcontracts to TPX participants outside PPPL and by acting as the contract administrator for PPPL TPX subcontracts.  Additionally, as set forth in umbrella contracts issued by PPPL to its DOE laboratory participants, PPPL Procurement shall assist TPX Project Management in its contract oversight role.  A TPX Procurement representative will be matrixed to the TPX Project team early in the Preliminary Design Phase and will provide day-to-day procurement execution and administration support to the TPX Project Director.

Two advisory committees have been created to provide broad fusion community participation in TPX.  These are the TPX National Council which reports to the Director of PPPL and the Program Advisory Committee which advises the TPX Program Director on physics-related matters pertaining to the TPX program.  Appendices A-9 and A-10 provide copies of the respective charters of each of these national committees.

TPX internal organizational changes will require the approval of the TPX Project Director.  Additionally as indicated in the National Council Charter (Appendix A-9), Council response shall be requested with regard to personnel appointments to key TPX positions such as the Program Director, Chief Scientist, Senior Engineer, Project Director, Deputy Project Director, Project Engineer, and Physics Manager.

Although important responsibilities within the TPX Project will be distributed across the nation, it is imperative that a strong central team exist to facilitate integration.  Accordingly, the  TPX Project Director, Project Physics Manager, Project Engineer, and Project Control Manager shall be located at PPPL for Project implementation (i.e., pre-conceptual design through first plasma).  The TPX Program Director and Chief Scientist shall also spend a large portion of their time at PPPL.  Similarly, there shall be a Systems Integration Support group at PPPL to integrate and coordinate the project technically.

3.2.2
TPX Program Director

The TPX Program Director is the individual responsible for developing the mission, technical objectives, and program requirements.  Specific responsibilities of the Program Director are:


To define the role and mission of TPX in the national fusion program;


To translate this role and mission into the PDS and GRD and monitor this translation during the execution of the project.  As indicated in the TPX Configuration Management Plan, the TPX Program Director shall chair the Change Control Board (CCB) whenever changes are proposed to either the PDS or the GRD;


To provide the R&D interface between the TPX project and the national fusion physics community;


To plan the operating phase of the program insofar as it affects project definition and phasing of auxiliary equipment and diagnostics;


To develop a plan for national operations in the experimental phase, as it affects the computing, networking, data acquisition, diagnostics, data reduction, and remote site architecture included in the project;


To continually refine through physics analysis, the expected performance of the TPX in its various models of operation; and to translate these analyses into expected improvements in a Tokamak Demo;


To charge, seek advice, and work with the Program Advisory Committee in all matters related to the duties of this office; and


To represent and be an advocate of, the TPX program to DOE, the National Council, and the fusion community.

The TPX Program Director will be assisted by the Chief Scientist, TPX Project Physics Manager and Deputy Physics Manager in representing the Project at external physics meetings and will work with various research institutions and OFE to integrate TPX Physics R&D needs into the national fusion research plan.  The TPX Chief Scientist and the TPX Physics team shall provide assistance to the TPX Program Director for his interface with DOE and the community to assist them in planning the TPX research program.  

3.2.3
TPX Project Director

The TPX Project Director is the individual responsible for achieving the technical/cost/schedule objectives of the Project.  He is responsible to the PPPL Director for organizing, managing, controlling, and reporting progress on the TPX Project.  Figure 3.2-2, "TPX Project Organization" shows the organization structure under the TPX Project Director.  The TPX Project Director's specific responsibilities include:


Assisting the TPX Program Director as an advocate for the Project with DOE, the National Council, and Program Advisory Committee, and the U.S. fusion community;


Establishing an organization and the management controls necessary to complete the TPX Project within the specified constraints and in accordance with the GRD;


Day-to-day management and integration of project activities, including ensuring an effective interface among project participants;


Ensuring compliance with DOE and PPPL Policies and Procedures/Orders;


Planning, assessing, and reporting Project progress against established baselines and supporting regular Project and special management committee meetings;


Reviewing and approving TPX Project procurements in accordance with public law and DOE Policies/Orders;


Responding to DOE programmatic or contractual direction, or DOE requests for information, in a timely manner.

3.2.4
Project Control

The Project Control Manager reports to the TPX Project Director and is responsible for all project control and administrative functions necessary to support TPX Project activities.  These include:


Coordinating project plans.


Establishing, maintaining, and monitoring overall project 
budgets and schedules to ensure consistency with project key and 
control milestones and funding.  The central scheduling function  
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will be assumed by the Systems Integration Support subcontractor as part of his assigned work scope.  Once the Systems Integration Support subcontractor assumes the central scheduling function, Project Control will provide overall schedule monitoring functions.


Operating the PPPL Project Management System (PMS) for the TPX Project. 


Maintaining the Project Documentation and Filing systems until such time that Systems Integration Support subcontractor assumes this function.


Providing centralized word processing support.


Performing administrative functions such as  space planning, facility maintenance coordination, and overall personnel planning.


Establishing, maintaining, and monitoring the administration of the TPX Configuration Management Program until such time that Systems Integration Support subcontractor assumes this function.

The project control functions are broken down into two broad areas.  These are Configuration Administration/Cost and Schedule Control, and Finance/Administration.  These project control groups reside with the TPX Project Management Office at PPPL.

3.2.5
ES&H/Quality Assurance and Reliability

ES&H and QA is a line responsibility of each WBS Manager on the TPX Project.  Safety and environmental requirements shall be factored into facilities and hardware designs.  The TPX Project will be supported directly by the assigned TPX ES&H and QA representatives and indirectly by the larger PPPL ES&H/QA organization.  The assigned TPX ES&H and QA representatives report directly to the TPX Project Director for day-to-day ES&H and QA activities on TPX.

The overall PPPL ES&H/QA organization comes under the direction of the PPPL Associate Director for ES&H/QA who reports directly to the PPPL Director.  The Associate Director is the head of PPPL’s independent QA/R organization and, as such, is responsible for auditing the TPX QA/R Program to ensure compliance with the PPPL QA/R policies and procedures.  The PPPL ES&H Division provides support on ES&H matters to the WBS Managers.  In addition, the PPPL ES&H Division will monitor all aspects of the project to ensure that potential hazards are minimized.  The PPPL ES&H Division will also work closely with the TPX Project and other organizations to review and comment on all analyses and reports dealing with safety and the environment.  More information regarding this function is contained in Annex A-2 to this PMP, “TPX Environment, Safety, and Health Protection Implementation Plan.”

The primary objective of the TPX  ES&H and QA/R Program (and its support of the TPX Reliability Program) is to provide maximum assurance to DOE, PPPL, and Project Management that the TPX Project achieves its technical and operational objectives as specified in the TPX GRD.  The GRD includes requirements that the conduct of the Project be executed in a manner that does not incur any undue risk to safety and health of the public, does not violate regulatory standards, and does not prejudice TPX operability and reliability.  The TPX Project Quality Assurance Plan (QAP) will be developed in the near future to define the Quality Assurance programs to be implemented for the TPX Project.  Section 16, Quality Assurance, later in this PMP, provides an overview of these programs.

3.2.6
Project Physics

The lower right hand side of Figure 3.2-2 shows the organizational structure for TPX Physics.  TPX Physics is responsible for establishing the TPX physics and diagnostic requirements consistent with the overall TPX mission and supporting objectives and for ensuring that physics parameters are properly interpreted and implemented into the TPX design.  TPX Physics is responsible for the Diagnostics design phase, including design, concept definition, and selection of design participants.  TPX Physics is also responsible for developing TPX Physics R&D Needs and will work directly with the Program Director and Chief Scientist in defining these needs.  In addition, TPX Physics is responsible for physics-based analyses and advice in support of design and construction activities.

The TPX Physics organization is headed by the Project Physics Manager, who is responsible for planning, organizing, representing, and directing the activities of the TPX Physics Team.  He is assisted by a Deputy Physics Manager.  The TPX Physics team is composed of a set of task groups, each headed by Task Leaders.

The Diagnostics design Work Package is initially organized within the TPX Physics Organization.  The Diagnostics team includes the TPX Diagnostics WBS Managers, the Diagnostics System Physics and Engineering group, and the Diagnostic Administration group.  This Diagnostic team is responsible for providing the full set of TPX diagnostics.  Reporting responsibility will be transferred from physics to engineering for the fabrication phases.  However, the Diagnostics WBS Manager will retain responsibility throughout the project.

3.2.7
Project Engineering

The Project Engineer reports to the TPX Project Director and is responsible for developing the TPX design and overseeing its construction to meet the TPX Mission and specific objectives.  He is assisted by a Deputy Project Engineer.  The Deputy Project Engineer is also delegated oversight responsibility for the Systems Integration Support (SIS) subcontractor.  The Project Engineer also has several Engineering Managers reporting to him.  The bottom left hand portion of Figure 3-2-2 shows the engineering organization.

In the line organization, the WBS responsibility has been grouped according to  hardware and technical expertise (and to minimize WBS to WBS interfaces) with a lead Engineering Manager designated to coordinate the scope within the assigned subsystems.  TPX is a national project with multiple participants.  There are currently six major line engineering groups.  The description of each and the subsystem responsibilities are as follows:


Magnets and Cryogenics

•
Currently assigned to LLNL for technical management and overall procurement coordination.  Includes the Superconducting Toroidal Field (TF) and Poloidal Field (PF) Magnets, the Cryostat, and the Cryogenics systems associated with cooling these magnets.


Power Systems

•
Currently assigned to PPPL for technical management and overall procurement coordination.  Includes the TF, PF, and AC power systems power and the Fast Vertical Position Control (FVPC) power systems.


Vacuum Vessel Systems

•
Currently assigned to PPPL for technical management and overall procurement coordination.  Includes the Plasma Facing Components (PFCs), the Vacuum Vessel, Tokamak Shielding, Remote Maintenance Systems, Vacuum Pumping Systems, the Field Error Correction (FEC) Coils, and the Fast Vertical Position Control (FVPC) Coils.


Heating and Current Drive Systems

•
Currently assigned to ORNL for technical management and overall procurement coordination.  Includes the Neutral Beams, the Ion Cyclotron Heating/Fast Wave Current Drive (ICH/FWCD), and Lower Hybrid Current Drive (LHCD) Systems.


Controls and Diagnostics

•
Currently assigned to PPPL for technical management and overall procurement coordination.  Includes the Central Instrumentation and Control (I&C) Systems and Diagnostic Systems Acquisition.  Diagnostic Systems Acquisition has responsibility for overseeing the detailed design and fabrication phases of the diagnostic components.


Tokamak Construction Management

•
Currently assigned to PPPL for technical management and overall procurement coordination.  The Tokamak Construction Management (TCM) function will be assigned to an industrial participant.  The TCM scope includes responsibility for conducting constructibility reviews, procurement of conventional components and facilities, Title III engineering, installation of all hardware, and support of the integrated systems testing program.  The procurement of "one of a kind" tokamak components (diagnostics, PFC's, vacuum vessel, magnets, RF launchers, ...) will be the responsibility of the component design teams.  The TCM subcontractor will be part of the central headquarters team.

•
A major responsibility of the TCM is ensuring that the TPX device is properly assembled and ready for operation when it is turned over to the operations team.  The key control document for carrying out these activities is the Assembly, Installation, and Test Plan (AITP) and the Test and Evaluation Plan.  This detailed plan will be prepared and maintained by the Tokamak Construction Management.  Until such time that the AITP is prepared, Annex III to this PMP contains an outline version of the TPX Test and Evaluation Plan Overview.  This overview outlines the management approach for the TPX Assembly, Installation, and Test Program and provides the basic requirements of this program.

In addition to the line organization, the TPX Project Engineer has the Systems Integration Support (SIS) group reporting to him in a staff function.  The Systems Integration group will consist of a team from industry and DOE laboratories and will be led by an industrial manager.  This team will have a broad range of responsibilities, including:


Systems Integration Management;


System Requirements Definition;


Technical Assurance;


Configuration Management and Change Control;


Document and Drawing Control;


Configuration Development and Interface Control;


Plant Design and Integrated Systems Modeling;


Architect/Engineering Services;


Project Scheduling;


Operations and Maintenance Procedure Development; and


Integrated Systems Testing

A more detailed description of the functional responsibilities of the SIS group is contained in Section 13.2 of this PMP and in the Systems Integration Plan (SIP) that will be prepared by the SIS group.

3.2.8
WBS Managers

Each Work Breakdown Structure (WBS) Level 3 subsystem has a WBS Manager assigned.  These WBS Managers are responsible for the execution of their assigned WBS Tasks (subsystems) in accordance with plans approved by the TPX Project Director.  The WBS Managers report to their assigned Engineering Manager or to the Project Physics Manager (for Diagnostics Design WBS Elements), according to the TPX Project Organization.

3.2.9
Procurement

3.2.9.1
Procurement Approach
Although TPX is a national activity, PPPL is responsible, under the terms of its prime contract, to DOE for the total Project effort and will coordinate through the TPX Project Office the assignment of work scope and performance of all participants.  The procurement vehicles for accomplishing this are either the Intercontractor Order (ICO) or Subcontracts.  The ICO is used for DOE laboratories and contains the Statement of Work which defines the work scope to be accomplished as well as milestones and deliverables.  When executed by the receiving DOE laboratory, the ICO (and its accompanying Statement of Work) defines the scope of work to be performed by the receiving laboratory and provides a vehicle for transferring funds to that laboratory to perform that scope.  Similarly, the Subcontract (and its accompanying Statement of Work) is used by industrial participants and universities for work scope definition and funding authorization to accomplish the defined work scope.

Three DOE laboratories, the Princeton Plasma Physics Laboratory (PPPL), the Lawrence Livermore National Laboratory (LLNL), and the Oak Ridge National Laboratory (ORNL) are defined as major participants because of their experience over the years with magnetic fusion projects.  As a result, these three laboratories have responsibility for the major subsystem design and procurement (as shown on Table 1.1-1), the majority of which will be accomplished by industry.  In addition to the subsystems that will be assigned to industry (through competitive procurements), essentially all of the fabrication will be carried out by industrial firms.

Subcontracts to industry may cover varying scopes of work ranging from design only, fabrication only (i.e., "build to print"), to full design and fabrication responsibility.  For specialized tokamak components and subsystems such as the plasma facing components, vacuum vessel, and superconducting magnets, it is the TPX Project's intent for the responsible laboratory to assign full design and fabrication responsibility to industrial participants.  For more conventional components and subsystems such as building modifications, heating and cooling systems, electrical substations, etc., the Systems Integration Support subcontractor (for the building modifications and heating and cooling systems) or the Power Systems WBS Manager (for the electrical substations) will be responsible for their design and then the design will be turned over to the Tokamak Construction Manager for procurement of the hardware.  The TPX approach to procurement places responsibility for a procurement with the institution (either industry or national laboratory) best qualified to define the requirements that the hardware must meet.  The TPX Project Advance Acquisition Plan (AAP), included as Annex I to this PMP, provides the specific procurement approaches to be utilized on this project.

3.2.9.2
PPPL Procurement Organization Support of TPX

The PPPL procurement organization comes under the PPPL Office of Resource Management.  Specific procurement support of the TPX project central headquarters team is provided by a TPX Procurement Representative that is matrixed to the TPX Project from the PPPL Procurement Division.  This representative has the ability to access the entire resources of the PPPL Procurement Division to support TPX procurement actions and the administration of subcontracts.  Additionally, as set forth in each umbrella contract, PPPL Procurement shall assist TPX Project Management in its oversight role.

A major function of the TPX Procurement Representative is to support the TPX Project by issuing subcontracts to TPX participants outside PPPL and to act as either the subcontract administrator or coordinator of the PPPL Procurement Division's subcontract administration of PPPL TPX subcontracts.  The procurement instrument with the DOE laboratories is the Intercontractor Order (ICO).  The procurement instrument with educational institutions that are not DOE national laboratories is the subcontract.  Subcontracts/ICOs to DOE laboratories and educational institutions will be placed on a non-competitive basis when the institution's unique capabilities are documented.  Otherwise, to the maximum extent practical, they will be awarded after competition, subject to DOE regulations concerning national laboratory competition with industry and educational institutions.  Subcontracts to industry will be competitive to the maximum extent feasible.

3.2.9.3
Participant Procurement Systems

The participants in the TPX Project will utilize their own DOE approved procurement programs to obtain the materials, goods, and services required for their assigned areas of responsibility.  Industrial concerns and educational institutions with Government-approved purchasing systems will use those systems for procurements from lower-tier subcontractors.  Those participants that do not have Government-approved systems will be expected to initiate systems that are acceptable to the procuring DOE laboratory and in compliance with applicable DOE rules, regulations, and guidance flowing down from the procuring laboratory's prime contract.  Since purchasing systems of non-DOE laboratories, educational institutions, and industrial concerns need not be consistent with the federal norm, the minimum acceptable standard will be that of good business practice.  The Procurement Division of the cognizant DOE laboratory will review and approve non-DOE laboratory, educational institution, and industrial participant systems for use on the TPX Project.

In addition to approved purchasing systems, all TPX Project participants, including DOE laboratories, non-DOE laboratories, educational institutions, and industrial concerns, will be required to have the following:

•
Accounting systems capable of properly tracking and allocating costs under cost-reimbursement type contracts;

•
Property management systems capable of adequately controlling and accounting for all equipment and materiel, whether Government-furnished or purchased; and 

•
Administrative policies and procedures adequate to ensure compliance with all Civil Rights and Equal Employment Opportunity (EEO) rules and regulations.

3.2.9.4
TPX Project Management Oversight of Procurements

In general, the technical responsibility for procurement actions will reside with the responsible TPX DOE laboratory, with oversight by either the TPX Project engineering (for hardware or engineering services) or physics (for university research and design and for diagnostic component design) organizations.  Procurement responsibility will reside with the responsible DOE laboratory's procurement organization.  

Notwithstanding the above, TPX Project management reserves the right of review of all Project procurement actions, based on their cost and schedule impact on the Project and their technical feasibility.  The details of this TPX Project management oversight are provided in the TPX Project Advanced Acquisition Plan (AAP) that is included as Annex I to this PMP.

3.3
National Oversight of TPX

In addition to direct involvement in the construction project and experimental program activities, the fusion community will provide key oversight functions by participating in two national committees.  These are the National TPX Council and the TPX Program Advisory Committee.  The National TPX Council, with membership made up of senior scientific managers from the fusion community, reports to the PPPL Director as a senior advisory body and will participate in decisions relating to programmatic aspects of TPX including its mission, technical scope, and cost and schedule.  The TPX Program Advisory Committee is chartered to ensure broad community involvement in the planning, allocation, and implementation of experimental activities on TPX.  The TPX Program Advisory Committee advises the TPX Program Director and interfaces closely with the Project Physics Team and the Chief Scientist.  Appendices A-9 and A-10 provide copies of the respective charters of each of these national committees.

4.0


WORK PLANS AND REQUIREMENTS

4.1
Overview of Requirements

Top-level performance requirements for the TPX Project, along with cost and schedule objectives are included in the Project Definition Statement (PDS).  More detailed requirements appear in the General Requirements Document (GRD), the Systems Requirements Document (SRD), System Design Descriptions (SDDs), and subsystem/equipment specifications.  The order of precedence of these requirements is the PDS, followed by the GRD, SRD, SDDs, and subsystem/equipment specifications.  The basis for the physics requirements is provided in the Physics Design Description (PDD).  These documents are identified below:

	Document Description
	Document Number

	Project Definition Statement
	91-930507-PPPL/JSchmidt-01

	General Requirements Document
	91-930319-PPPL/WReiersen-01

	Physics Design Description
	93-930319-PPPL/GNeilson-01

	Systems Requirement Document
	(Currently in SDDs)

	System Design Descriptions
	(See Section 4.2 below)


4.2
Major Subsystem Descriptions

4.2.1
Tokamak Systems 

The Tokamak Systems include all the systems and related elements within the Cryostat boundary and their associated support structures.  The Tokamak Systems include the Plasma Facing Components, the Vacuum Vessel, the Superconducting Toroidal Field Magnets, the Superconducting Poloidal Field Magnets, the Cryostat, the Tokamak Support Structure, the Tokamak Assembly and Installation, the Tokamak Shielding, and the Field Error and Fast Vertical Position Control Coils.  These subsystems are assigned Work Breakdown Structure (WBS) elements 11 through 19.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Descriptions (SDDs) provide the performance requirements and design parameters for each of the hardware-related subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Plasma Facing Components
	
	

	Divertor
	111
	11-930319-GA/LSevier-01

	Inboard Limiter
	112
	11-930319-GA/LSevier-02

	Outboard Toroidal Limiter
	113
	11-930319-GA/LSevier-03

	Poloidal Limiters
	114
	11-930319-GA/LSevier-04

	Armor
	115
	11-930319-GA/LSevier-05

	Vacuum Vessel
	12
	12-930319-Ebasco/RRocco-01

	Toroidal Field Magnets
	13
	13-930319-LLNL/WHassenzahl-01

	Poloidal Field Magnets
	14
	14-930319-LLNL/WHassenzahl-01

	Cryostat
	15
	15-930319-LLNL/DRavenscroft-01

	Tokamak Suppt Structure
	16
	16-930319-PPPL/DKnutson-01

	Tok. Assy. & Integ. Sys. Testing
	17
	17-930319-PPPL/DKnutson-01

	Tokamak Radiation Shldg
	18
	18-930319-ORNL/BNelson-01

	FEC/FVPC Coils
	
	

	Field Error Correction (FEC) Coils
	191
	19-930319-PPPL/PHeitzenroeder-01

	Fast Vertical Position Control (FVPC) Coils
	192
	19-930319-PPPL/PHeitzenroeder-02


4.2.2
Auxiliary Heating and Current Drive Systems 

The Auxiliary Heating and Current Drive Systems include all the systems and related elements that provide external heating of the plasma.  The Auxiliary Heating and Current Drive Systems include the Neutral Beam Injection (NBI) Systems, the Electron Cyclotron Heating (ECH) Systems (not in the baseline TPX design), the Ion Cyclotron Heating/Fast Wave Current Drive (ICH/FWCD) Systems, and the Lower Hybrid Heating/Lower Hybrid Current Drive (LHH/LHCD) Systems.  These subsystems are assigned Work Breakdown Structure (WBS) elements 21 through 24.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Descriptions (SDDs) provide the performance requirements and design parameters for each of the hardware-related subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Neutral Beam Injection
	21
	21-930319-PPPL/AvonHalle-01

	ECH/ECCD
	22
	(Not in TPX Baseline Design)

	ICH/FWCD
	23
	23-930319-ORNL/DSwain-01

	LHH/LHCD
	24
	24-930319-ORNL/DSwain-01


4.2.3
Fueling and Vacuum Systems 

The Fueling and Vacuum Systems include all the systems and related elements that provide fueling and gas storage, radiation monitoring, tritium cleanup, vacuum pumping.  The Fueling and Vacuum Systems include the Fuel Storage and Delivery Systems, the Pellet Injection System (not in the baseline TPX design), the Radiation Monitoring and Cleanup Systems, the Vacuum Pumping Systems, and the Tritium Systems (not in the baseline TPX design).  These subsystems are assigned Work Breakdown Structure (WBS) elements 31 through 35.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Descriptions (SDDs) and/or Basis of Estimates provide the performance requirements and design parameters for each of the hardware-related subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Fuel Storage & Delivery
	31
	91-930319-PPPL/RSimmons-06

	Pellet Injection System
	32
	(Not in TPX Baseline Design)

	Rad Monitoring & Cleanup
	33
	91-930319-PPPL/RSimmons-06

	Vacuum Pumping Systems
	34
	34-930319-ORNL/BNelson-01

	Tritium Systems
	35
	(Not in TPX Baseline Design)


4.2.4
Power Systems 

The Power Systems include all the systems and related elements that provide suitable conditioned power and energy to the TPX systems.  The Power Systems include the AC Power Systems, the Toroidal Field Magnets Power Systems, the Poloidal Field Magnets Power Systems, the Fast Vertical Position Control (FVPC) Coils Power Systems, the Field Error Correction (FEC) Coils Power Systems, the Control Systems, and the Dummy Load.  These subsystems are assigned Work Breakdown Structure (WBS) elements 41 through 47.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Description (SDD) provides the performance requirements and design parameters for the power subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Power Systems
	4
	40-930319-PPPL/CNeumeyer-01


4.2.5
Maintenance Systems 

The Maintenance Systems include the systems and related elements that, in conjunction with the end effectors provided by various subsystems served, provide a remote maintenance capability for in-vessel TPX components.  The Maintenance Systems include the In-Vessel Systems, the Ex-Vessel Systems, the General Purpose Tooling and Miscellaneous Equipment, and the Hot Cell Equipment.  These subsystems are assigned Work Breakdown Structure (WBS) elements 51 through 54.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Description (SDD) provides the performance requirements and design parameters for the hardware-maintenance subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Maintenance Systems
	5
	50-930319-ORNL/FDavis-01


4.2.6
Data Systems 

The Data Systems include all the systems and related elements that provide the central I&C systems that interface with the subsystem local I&C and for the diagnostic measurement and analysis of the plasma within the torus.  The Data Systems include the Central Instrumentation and Control Systems and the Plasma Diagnostic Systems.  These subsystems are assigned Work Breakdown Structure (WBS) elements 61 and 62.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Description (SDD) and/or Basis of Estimate provide the performance requirements and design parameters for these two subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Central I&C
	61
	91-930319-PPPL/RSimmons-07

	Plasma Diagnostics
	62
	62-930319-PPPL/SMedley-01


4.2.7
Facilities 

The Facilities include all the new buildings and/or modifications to existing TFTR buildings and building/site utilities (i.e., those utilities not directly associated with experimental devices).  The Facilities include Building Modifications and Site Improvements, Cryogenic Equipment, Heating and Cooling Systems, and the Test Cell Penetrations.  These subsystems are assigned Work Breakdown Structure (WBS) elements 71 through 74.  Section 5.0 and Appendix A-2 provide more descriptive details of these elements.  Additionally, the following System Design Description (SDD)and/or Basis of Estimates provide the performance requirements and design parameters for the plasma diagnostic subsystems:

	Subsystem Description
	WBS 
	SDD Document Number

	Bldg Mods & Site Impvmts
	71
	91-930319-PPPL/RSimmons-07

	Cryogenic Equipment
	72
	72-930319-LLNL/DSlack-01

	Heating & Cooling System
	73
	73-930319-LLNL/DKnutson-01

	Test Cell Penetrations
	74
	91-930319-PPPL/RSimmons-07


4.2.8
Preparation for Operations 

The Preparations for Operations category includes the pre-operations staff buildup and training needed to directly support accomplishment of the first plasma.  This category is assigned Work Breakdown Structure (WBS) element 81.  The following Basis of Estimate provides a more complete description of this category:

	Subsystem Description
	WBS 
	SDD Document Number

	Preparations for Ops
	81
	91-930319-PPPL/RSimmons-07


4.2.9
Project Support 

The Project Support category includes the non-hardware related subsystems such as Project Management and Administration, Safety Documentation, Project Physics, Systems Integration, and Construction Management.  This category is assigned Work Breakdown Structure (WBS) elements 91 through 95.  .  The following Basis of Estimates provide a more complete description of this category:

	Subsystem Description
	WBS 
	SDD Document Number

	Project Mgmt & Admin
	91
	91-930319-PPPL/RSimmons-07

	Project Safety
	92
	91-930319-PPPL/RSimmons-07

	Project Physics
	93
	91-930319-PPPL/RSimmons-07

	Systems Integration
	94
	91-930319-PPPL/RSimmons-07

	Construction Management
	95
	91-930319-PPPL/RSimmons-07


4.3
Design Criteria

The GRD provides the following design criteria to be used for the TPX Project:


General Design Guidelines are consistent with BNL 51444 Rev. 1;


Tokamak Design Criteria require that the TPX tokamak systems shall be designed in accordance with the TPX Structural and Cryogenic Design Criteria Document (94-921012-PPPL/ PHeitzenroeder-01);


Conventional Facilities Design Criteria require that 


conventional facilities be designed in accordance with DOE Order 


6430.1A, "General Design Criteria," and applicable national 


codes referenced therein.


Natural Phenomena and Missile Impact Criteria are based on 


UCRL-15910, "Design and Evaluation Guidelines for Department of


Energy Facilities Subjected to Natural Phenomena Hazards."  The 


Missile Hazard Criteria is based on a PPPL site assessment of 


the hazard from helicopters from the nearby Princeton University 


Forrestal Campus heliport.

4.4
ES&H Requirements

The design, manufacture, fabrication, construction, installation, test, operation, maintenance, modification, and eventual decontamination and decommissioning of the TPX shall be accomplished in a manner that will protect personnel, visitors, the public, property, and the environment from injury.  Accordingly, the TPX Project shall:


Comply with all applicable Federal, State, Local, and PPPL ES&H


regulations;


Assess and minimize the risks inherent in the TPX program; and


Actively encourage ES&H awareness on the part of TPX personnel


and visitors.

In particular, TPX shall be designed and operated in accordance with DOE Orders and PPPL ES&H Directives.  In the event of conflicts between DOE Orders and PPPL ES&H Directives, the DOE Orders shall take precedence.

4.5
QA Requirements

The TPX Project Quality Assurance (QA) Program meets the requirements outlined in the 10 criteria of DOE Order 5700.6C.  Section 16 of this PMP provides an overview of the TPX QA Program.
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WORK BREAKDOWN STRUCTURE

5.1
Work Breakdown Structure

The TPX Project Work Breakdown Structure (WBS) consists of three parts; the structure or responsibility matrix, the index, and the dictionary.  The WBS consists of several levels of detail.  At the highest level, DOE has developed a Project Summary WBS down to the second level of the WBS.  The TPX has extended this summary WBS to increasing detailed levels in the Project Work Breakdown Structure (PWBS):


Where the scope of work is deemed manageable; 


Where the scope of work is critical to the success of the overall project; and 


Where there is sufficient visibility.

On the WBS responsibility matrix, the intersection of the WBS element with the responsible performing organization is called a "work package" in the PPPL PMS terminology.  For TPX, which is a national project, the grouping of work packages in a particular subsystem is assigned a WBS Manager to coordinate the efforts of the various participating institutions.  The PWBS defines all levels of the WBS down to the work package.

The WBS Dictionary contains a detailed index down to the fifth level of detail and a description of each WBS element.  Table 5.1-1 below provides a listing of the TPX WBS.  Both the WBS Dictionary and the WBS Responsibility Matrix are included as appendices to this PMP.  The WBS Dictionary is Appendix A-2 and the WBS Responsibility Matrix is Appendix A-3.

TPX WORK BREAKDOWN STRUCTURE (WBS) LISTING

Table 5.1-1
1
Tokamak Systems
1
Tokamak Systems (cont'd)

11
Plasma Facing Components
146
PF Magnets Bus & Leads
111
Divertor
1461
Design & Analysis
112
Inboard Limiter
1462
Fabrication
113
Outboard Toroidal Limiters
15
Cryostat
114
Poloidal Limiters
16
Tokamak Support Structure
115
Armor
17
Tokamak Assembly & Integrated System

116
Passive Stabilization Plates

Testing
12
Vacuum Vessel System
18
Tokamak Radiation Shielding

13
TF Magnet System
181
Torus Shielding

131
TF Magnets R&D and Conceptual Design
182
Duct Shielding

1311
Strand Development Subcontract 
183
Penetration Shielding

1312
Cabling Development Subcontract
19
Field Error/Fast Vertical Position 

1313
Sheath Development Subcontract

Control Coils

1314
Manufacturing Development Subcontract
191
Field Error Correction Coils

1315
I&C and Quench Detection Development S/C
192
Fast Vertical Position Control

1316
Lab R&D Efforts

Coils
1317
Conceptual Design


132
TF Conductor Subcontracts

1321
Strand Subcontract
2
Aux Heating & Current
1322
Cabling Subcontract

Drive Systems

1323
Sheath Subcontract  


133
TF Magnet Subcontract
21
Neutral Beam Injection

1331
Preliminary Design
211
Neutral Beam Power Supplies

1332
Final Design and Fabrication
212
Neutral Beam Controls

134
TF Design, Analysis & Fabrication Follow
213
Neutral Beam Beamline

1341
Conductor
214
Neutral Beamline Subsystems

1342
Winding Pack
22
ECH/ECCD


1343
Structure
23
ICH/FWCD

135
Local I&C 
231
Antennas

1351
Local I&C System Design & Analysis
232
Tuning & Matching Subsystem

1352
Quench Detection
233
Transmission Lines

136
TF Magnets Bus & Leads
234
Transmitter Modifications

1361
Design & Analysis
235
High Voltage Power Supplies

1362
Fabrication
236
ICH/FWCD Local I&C

14
PF Magnet Systems
24
LHH/LHCD


141
PF Magnets R&D and Conceptual Design
241
Launcher & Splitter

1411
Strand Development Subcontract 
242
Power Divider/Phase Shifter

1412
Cabling Development Subcontract
243
Klystrons & RF Equipment
1413
Sheath Development Subcontract
244
Power Equipment
1414
Manufacturing Development Subcontract
245
LHH Local I&C
1415
I&C and Quench Detection Development S/C


1416
Lab R&D Efforts 

1417
Conceptual Design
3
Fueling & Vacuum Systems
142
PF Conductor Subcontracts


1421
Strand Subcontract
31
Fuel Storage & Delivery Systems

1422
Cabling Subcontract
32
Pellet Injection Systems

1423
Sheath Subcontract
33
Radiation Monitoring & Tritium

143
PF Magnets Subcontract

Cleanup

1431
Preliminary Design
34
Vacuum Pumping Systems

1432
Final Design and Fabrication
341
High Vacuum Pumping

144
PF Design, Analysis & Fabrication Follow
342
Roughing & Backing Vacuum  Pumping

1441
Conductor
343
Pumping Ducts

1442
Winding Pack
344
Leak Detection

1443
Structure
345
Diagnostics Vacuum Pumping

145
PF Magnets Local I&C
346
Cryostat Vacuum Pumping

1451
Local I&C System Design & Analysis
35
Tritium Systems

1452
Magnets Quench Detection & Analysis

TPX WORK BREAKDOWN STRUCTURE (WBS) LISTING

Table 5.1-1 (continued)
4 
Power Systems
5
Maintenance Systems 




(cont'd)
41
AC Power Systems


411
Experimental AC Power
548
Glove Box


412
Auxiliary Systems AC Power


42
Toroidal Field (TF) Power Systems


421
Power Conversion Power Systems
6
Data Systems
422
DC Circuits Power Systems


423
Coil Protection Systems
61
Central I&C

43
Poloidal Field (PF) Power Systems
611 
Supervisory Engineering I&C

431
Power Conversion Power Systems
612
Physics Support/Data Acquisition

432
DC Circuits Power Systems
62
Plasma Diagnostics

433
Coil Protection Systems
621
Diagnostic System Activities

44
Fast Plasma Position Control Coils Power
6211
Diagnostic Management & Admin


Systems
6212
Diagnostic System Physics

441
Power Conversion Power Systems
6213
Diagnostic System Engineering

442
DC Circuits Power Systems
6214
Remote Maintenance, Mockups & Shldg

443
Coil Protection Systems
6215
Computer I&C Interface

45
Field Error Correction Coils Power
622
Magnetic Measurement Diagnostics


Systems
623
Current Density Profile Diagnostics 
451
Power Conversion Power Systems
624
Laser & Microwave Diagnostics

452
DC Circuits Power System
625
Visible & Total Radiation Diagnostics

453
Coil Protection Systems
626
Ultra Violet & X-Ray Diagnostics

46
Control Systems
627
Particle Measurement Diagnostics

461
Plasma Control Systems
628
Divertor Diagnostics

462
Power Systems Local I&C
629
Plasma Edge & Vacuum Diagnostics

47
Dummy Load




7
Facilities
5
Maintenance Systems




71
Building Modifications & Site

51
In-Vessel Systems

Improvements

511
In-Vessel Vehicles
711
LHe Refrigeration Building

512
Power Arm Manipulator
712
Cryogenic Tank & Unloading Yard

513
Dexterous Manipulator Arm
713
Water Tank Yard

514
Elevator Platform
714
Test Cell Crane Upgrades

515
Divertor Module Handling Device
715
Heating & Cooling Pump Building

516
Lighting & Viewing System
716
Site Improvements & Utilities

517
Control Console
72
Cryogenic Equipment

518
Design Evaluations
721
Helium Systems

52
Ex-Vessel Systems
722
Liquid Nitrogen Systems

521
Transfer Manipulator
723
Cryogenic Systems Analysis

522
Interface Package
724
Cryogenic System Integration and

523
Lighting & Viewing System

Optimization

524
Shielded Transfer Container
73
Heating & Cooling Systems

525
Control Console
74
Test Cell Penetrations

53
Tooling & Miscellaneous Equipment


531
Standard & Modified Tools


532
Pipe Cutters & Welders
8
Preparation for Operation
533
Magnetic Field Mapping Manipulator


534
Remote Alignment Equipment
81
Preparations for Operation

535
Misc Slings & Handling Fixtures


54
Hot Cell Equipment


541
Shielded Window Work Station
9
Project Support
542
Hot Cell Manipulator System


543
Lighting & Viewing System
91
Project Management & Administration

544
Transfer Cart
92
Project Safety

545
Shielded Storage
93
Project Physics

546
Control Console
94
Systems Integration

547
Misc Work Table, Tools, & Fixtures
95
Tokamak Construction Management
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SCHEDULES

6.1
Major Project Milestones and the Energy Systems 



Acquisition Advisory Board Process

The Department of Energy (DOE) Order 4700.1, Project Management System, contains the policy and requirements for all project management activity in DOE.  As a Major Systems Acquisition (MSA), TPX comes under the requirements of this DOE order.

A key feature of this order is the Energy Systems Acquisition Advisory Board (ESAAB) process which provides for key decision points as the project matures from the conceptual design phase through readiness for operation.  Figures 6.1-1 and 6.1-2 are reproductions of exhibits contained in DOE Order 4700.1 and graphically show the process.

The TPX Project has received the Acquisition Executive approval of Key Decision 0 (Approval of Mission Need) and 1a (Design Only) in November of 1992.  Since that time, the TPX Project has successfully completed a Conceptual Design Review by an international review team of fusion experts.  A report of the review has been finalized.  The Acquisition Executive has scheduled the ESAAB KD-1 review in September, 1993.  Other major project milestones are as follows:

	Key Decision and Major Project Milestones
	Scheduled Date

	KD-0  Approval of Mission Need
	November, 1992

	KD-1a  Approval for "Design Only"
	November, 1992

	KD-1  Approval of New Start
	September, 1993

	KD-2  Approval to Start Final Design
	July, 1994

	Complete Development of TF/PF Conductor
	June, 1995

	KD-3  Approval to Start Construction
	October, 1995

	Complete Vacuum Vessel Prototype
	October, 1996

	Complete Final Design of Divertor
	September, 1997

	Access to TFTR Test Cell
	March, 1998

	KD-4  Approval to Commence Operation
	October, 1999

	First Plasma
	March, 2000
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In the interval of time between receipt of approval of KD-3 and KD-4, Energy System Acquisition Reviews (ESARs) for TPX will be conducted on an approximate annual basis.

6.2
TPX Summary Schedule and Key and Control Milestones

Figure 6.2-1 provides the TPX Project Summary Schedule and Funding Profile.  In addition the TPX Project and DOE have developed a list of Key and Control Milestones by which DOE will monitor the progress of the TPX Project.  Key Milestones are higher level milestones of interest to the DOE TPX Program Office.  Control Milestones are at WBS Level 3 and are of interest to the DOE TPX Project Manager.  Appendix A-4 provides a listing and milestone dates for these Key and Control Milestones.

6.3
TPX WBS Level 3 Schedules

The individual TPX WBS Level 3 schedules are included as Appendix A-5 to this PMP.  These Gantt Chart schedules display the major WBS activities and key interfaces with other WBS elements and represent resource-loading to the current funding plan.  These Level 3 schedules form the basis for the schedules displayed on the TPX Work Authorization Forms (WAFs) described in Section 11, Performance Measurement Systems (PMS).  The Level 3 schedules define the "supertasks" portrayed and budgeted on the WAFs.

6.4
TPX Working Level Schedules

The Level 3 schedules and WAFs are further detailed into working level schedules for the near-term (i.e., 3-6 months).  These working level schedules provide day-to-day activity detail to enable the TPX engineering and physics management to monitor and control schedule progress. 

Figure 6.2-1
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LOGIC DIAGRAM
7.1
TPX Critical Path

The TPX Project Critical Path Logic Diagram is included as Appendix A-6 to this PMP.  This diagram indicates that the TPX Project critical path activities are in the superconducting magnets (i.e., WBS Level 3 elements 13 and 14) and thence on to the TPX Assembly and Installation (WBS Level 3 element 17) activities.  Although not currently on the critical path, the R&D activities for the Plasma Facing Components and Vacuum Vessel (WBS Level 3 elements 11 and 12) are very important to the design of these components and could easily become critical path activities.  Notwithstanding the above, however, the need for adequate funding early in the TPX Project design cycle may well drive the critical path.
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PERFORMANCE CRITERIA

8.1
Device Parameters

TPX Project performance criteria are defined in the PDS and the Project Plan.  These performance criteria are repeated below:

The TPX device shall be designed to provide double null divertor (and capable of single null) discharges in hydrogen and deuterium with:


Major Radius (R) = 2.25m;


Aspect Ratio (A) = 4.5 (where A is the ratio of major to minor radius)


Magnetic Field (B) = 4 T;


Plasma Current (Ip) = 2 MA;


Elongation (kx) ~ 2.0 (where kx is measured at the x-points); and 


Triangularity (x) ~ 0.8 (where x is measured at the x-points)

In its initial configuration, the device shall be capable of operation at full parameters.

8.2
Heating and Current Drive

The device and facility shall be configured with:

8MW of NBI (deuterium operation, one TFTR beamline modified for 
1000s pulse lengths);


8MW of ICH/FWCD; and


1.5MW of LHCD (3MW Antenna)

deliverable to the plasma.

8.3
Operational Requirements

The TPX facility shall be configured to provide 1000s pulses.  The tokamak shall be designed to operate steady state

.

The TPX facility shall be capable of providing:


10 consecutive 1000s pulses at 75 minute intervals in a 24 hour 
period and


30 consecutive 100s pulses at 20 minute intervals in a 24 hour


period

when operated at full parameters.

In any year, the design shall allow for up to:


3,000 pulses


2x105s of DD operation


5x105s of total operation

TPX shall be designed for a maximum annual neutron fluence of 6x1021 DD neutrons plus 1.2x1020 DT neutrons.

8.4
Diagnostics

TPX shall be configured with the diagnostic complement necessary for machine operations and required to provide the fundamental measurements needed to evaluate steady-state advanced tokamak operating modes.  The required diagnostics are listed in the GRD.
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COST AND MANPOWER ESTIMATES

9.1
TPX Cost Estimate

Table 9.1-1 provides the current TPX cost estimate by WBS Level 1, 2, and 3 element in FY-93K$ and is consistent with a March 2000 First Plasma.  Appendix A-7 provides the funding profiles by fiscal year and the associated manpower estimates.

Table 9.1-1
	WBS Element Description
	PACE
	Conting.
	OPEX
	TOTAL

	
	(FY-93K$)
	(FY-93K$)
	(FY-93K$)
	(FY-93K$)

	
	
	
	
	

	Tokamak Systems
	185,676
	45,594
	38,715
	269,985

	WBS-11 Plasma Facing Components
	30,926
	7,884
	17,659
	56,469

	WBS 12 Vacuum Vessel
	18,077
	4,695
	3,618
	26,391

	WBS 13 Superconducting TF Magnets
	61,603
	15,875
	9,009
	86,486

	WBS 14 Superconducting PF Magnets
	39,850
	9,935
	6,043
	55,827

	WBS 15 Cryostat
	8,540
	1,708
	659
	10,907

	WBS 16 Tokamak Support Structure
	1,299
	338
	35
	1,672

	WBS 17 Tokamak Assembly & Install
	13,940
	2,788
	43
	16,771

	WBS 18 Tokamak Shielding
	9,386
	1,913
	456
	11,755

	WBS 19 FEC/FVPC Coils
	2,056
	458
	1,193
	3,707

	
	
	
	
	

	Aux Htg & Current Drive
	45,308
	8,665
	5,411
	59,384

	WBS 21 Neutral Beam Injection
	16,930
	2,540
	1,605
	21,075

	WBS 22 ECH/ECCD
	0
	0
	0
	0

	WBS 23 ICH/FWCD
	16,855
	3,877
	2,203
	22,935

	WBS 24 LHH/LHCD
	11,523
	2,249
	1,603
	15,375

	
	
	,,
	
	

	Fueling & Vacuum Systems
	11,042
	2,611
	777
	14,430

	WBS 31 Fuel Storage & Delivery
	821
	164
	16
	1,001

	WBS 32 Pellet Injection
	0
	0
	0
	0

	WBS 33 Rad Monitoring & Cleanup
	319
	50
	16
	385

	WBS 34 Vacuum Pumping
	9,902
	2,397
	745
	13,044

	
	
	
	
	

	Power Systems
	22,735
	5,103
	2,858
	30,696

	WBS 41 AC Power Systems
	4,929
	651
	465
	6,045

	WBS 42 TF Magnets Power Systems
	2,660
	638
	464
	3,652

	WBS 43 PF Magnets Power Systems
	10,799
	2,700
	1,640
	15,139

	WBS 44 FVPC Coils Power Systems
	1,197
	300
	109
	1,606

	WBS 45 FEC Coils Power Systems
	527
	132
	105
	764

	WBS 46 Control Systems
	2,509
	627
	64
	3,200

	WBS 47 Dummy Load
	224
	56
	11
	291

	
	
	
	
	

	Maintenance Systems
	14,600
	3,272
	5,950
	23,822

	WBS 51 In-Vessel Systems
	5,840
	1,557
	3,650
	11,047

	WBS 52 Ex-Vessel Systems
	3,840
	811
	250
	4,901

	WBS 53 Tooling & Misc. Equipment
	3,280
	665
	1,925
	5,870

	WBS 54 Hot Cell Equipment
	1,640
	239
	125
	2,004

	
	
	
	
	

	Data Systems
	37,201
	6,907
	1,034
	45,142

	WBS 61 Central I&C
	10,666
	1,600
	650
	12,916

	WBS 62 Plasma Diagnostics
	26,535
	5,307
	384
	32,226

	
	
	
	
	

	Facilities
	21,495
	4,444
	1,124
	27,063

	WBS 71 Bldg Mods & Site Imprvmts
	3,287
	657
	8
	3,952

	WBS 72 Cryogenic Equipment
	10,524
	2,105
	1,068
	13,697

	WBS 73 Heating & Cooling Systems
	7,462
	1,642
	32
	9,136

	WBS 74 Test Cell Penetrations
	222
	40
	16
	278

	
	
	
	
	

	Preparations for Ops
	0
	0
	6,700
	6,700

	WBS 81 Preparations for Ops
	0
	0
	0
	0

	
	
	
	
	

	Project Support
	40,992
	6,237
	14,450
	61,679

	WBS 91 Project Mgmt & Admin
	7,678
	1,152
	2,050
	10,880

	WBS 92 Project Safety
	1,754
	351
	254
	2,359

	WBS 93 Project Physics
	0
	0
	10,060
	10,060

	WBS 94 Systems Integration
	17,708
	2,656
	2,086
	22,450

	WBS 95 Tokamak Construction Mgmt.
	13,852
	2,078
	0
	15,930

	
	
	
	
	

	TOTAL TPX PROJECT COSTS
	379,049
	82,832
	77,0199
	538,900
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REQUIREMENTS

10.1
Introduction

Within the DOE, the responsibility for the TPX Program resides in the Office of Fusion Energy (OFE).  The management responsibility, authority, and accountability for the day-to-day execution of the TPX Project has been assigned to the Manager, Chicago Operations Office (CH).  The corresponding TPX Project organizational relationships are shown in Figure 10.1-1.  

10.2
Office Of Fusion Energy (OFE)

As described in the DOE Project Plan, OFE will establish the TPX Program objectives and scope; will provide TPX programmatic and technical direction, guidance, overview and assistance; will monitor the overall Project progress and performance; and, will propose (via the TPX Construction Project Data Sheet (CPDS)), defend, and establish TPX budgets and provide annual TPX funding allocations.  The OFE will approve and concur in changes to the following:


The overall project PACE total estimated cost (TEC) and the total project cost (TPC);


Key milestones which may impact the project completion date or the total project cost of the project.  Key milestones are to be mutually agreed upon by OFE, CH, the Princeton Area Office (PAO), and the PPPL Project Office and identified on the Project Master Schedule; and


Approve the TPX Project Definition Statement (PDS).

10.3
Chicago Operations Office

The Chicago Operations Office (CH) has the responsibility for administering the DOE Contract with Princeton University, DE-AC02-76CH03073, under which PPPL is the prime contractor for the TPX Project.  The CH has the management responsibility, authority, and accountability for the day-to-day execution of the Project.  Specifically, the Manager, Chicago Operations Office, has the responsibility and authority to:
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
Establish a DOE TPX Project management organization;


Provide independent assessment of regular reports on Project status, progress, problems, and variances provided to OFE by the DOE TPX Project Manager; and


Approve the PMP, the Advance Acquisition Plans (AAPs), and subcontract actions and ES&H documents in accordance with established PPPL/DOE agreements.

The CH maintains the responsibility for overall management, administration, and performance of all activities and programs assigned to PPPL, but has delegated major authorities and responsibilities for all PPPL activities to the Manager, Princeton Area Office (PAO), who has assigned an on-site DOE TPX Project Manager.

The DOE TPX Project Manager has the principal DOE responsibility for the day-to-day management and contract administration for PACE and Operating funded TPX Project activities in accordance with guidance and delegated authority from the Area Manager, PAO; the Manager, CH; the TPX Program Manager, OFE; and the prescribed DOE guidelines for Major Systems Acquisition (MSA) Projects.  Specifically, the DOE TPX Project Manager has the authority and responsibility to:


Act as the focal point for all information and communications between the TPX Project organization and other DOE organizations (CH, OFE, HQ, etc.);

Approve the TPX General Requirements Document (GRD), TPX Configuration Management Plan (CMP), and the TPX Project Quality Assurance Plan (QAP), and subcontract actions and ES&H documents in accordance with PPPL/DOE established agreements;


stablish the TPX Project Control Systems (PCS) requirements;

Establish control level budgets and Key/Control milestones.  Approve changes to control milestones and funding levels which do not affect the total Project costs or the Project completion date;


Receive contractor reports.  Monitor, review, evaluate, and report (to the Manager, CH and OFE) the performance of the Project;


Authorize changes to the cost, schedule, or technical baselines in accordance with the PCS at the following levels, and any changes that have a safety impact:

•
Cost:  Changes in WBS Level II costs (via Construction Project Directives) that do not affect the overall PACE Project TEC or TPC, including disbursements of contingency;

•
Schedule:  Approve changes to control milestones.  Provide concurrence and/or recommendations to OFE on schedule changes which may affect the Project completion date or the TPC; and,

•
Technical:  Changes to the GRD, CMP, and QAP.


Maintain Project contingency and authorize its use (within delegated authority) in accordance with the process outlined in Section 15 of this PMP; 


Establish regular Project Review meetings with project personnel to discuss progress, define and document problems, and monitor assigned actions;


Organize and conduct expert technical reviews of the Project when required, to assure that the physics and engineering design, fabrication, and assembly will meet approved Project objectives;


Implement PPPL prime contract (DE-AC02-76CH03073) procurement actions for TPX in accordance with acquisition regulations and within delegations of authority, for execution by the appropriate Contracting Officer;


Coordinate the DOE review and approval cycle of PPPL initiated TPX Intercontractor Orders (ICOs) and subcontracts; and


Serve as the Contracting Officer's Technical Representative (COTR) for TPX.
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PROJECT MANAGEMENT AND CONTROL SYSTEMS

11.1

Performance Measurement System (PMS)

PMS is an integrated management control and reporting system which establishes the documentation, data requirements, information flow, and system disciplines necessary to operate and maintain a system for control of TPX work, costs, and schedules.  The overall objective of PMS is to provide PPPL and DOE with timely and auditable contract cost and schedule performance information which can be used in making management decisions for the TPX Project.  To accomplish this overall objective, PMS provides a set of methods and procedures to accomplish:


The integration of contract work scope, contract schedule, and contract budgets in the form of a baseline plan.


Control disbursements of Management Reserve and Contingency.


Objective assessments and measurements of work accomplished against the baseline plan.


Timely and auditable reporting of cost, schedule, and technical results, both current and cumulative.


A sound basis for continuously updating estimates of contract cost at completion and funding requirements.


Ready access and traceability to supporting detail about budgeted costs, actual cost, and work performed.

11.2
PMS Overview

The PMS applied by PPPL and its TPX participants satisfies the requirements of DOE Order 4700.1 ("Project Management System"), DOE Order 4700.5 ("Project Control System Guidelines") and the interim DOE Project Control Systems Guidelines Implementation Reference Manual (December, 1992).  PPPL will prepare the necessary documentation and demonstrate this compliance to DOE.  The following paragraphs provide a brief synopsis of this system as will be described in the TPX PMS Description:


Organization.  TPX Project work is organized in the form of a Work Breakdown Structure (WBS).  The TPX Project scope is also broken down by type of resource, for purposes of budgeting, scheduling, work authorization, and cost collection.  The integration of the WBS and Project organization is accomplished by the establishment of "Work Packages" for each participant for each subsystem in which the participant is involved.  The definition of all project work is then further delineated by "Jobs" within each "Work Package."


Schedules, Budgets, and Authorizations.  Schedule control of project work implements Control by Milestone, whereby working-level schedules are integrated with Project master schedules.  Consistent with funding and schedule requirements, budgets are established to derive a time-phased Performance Measurement Baseline (PMB) comprised of Work Packages made up of Jobs.  These Work Packages and Jobs are documented on Work Authorizations Forms (WAFs).  The establishment of WAFs ensures the integration of budgets and schedules at a responsible organization level and provides the data needed for performance measurement and reporting.


Accounting.  Actual costs charged or applied to the project are recorded, reported, and summarized by element of cost to the appropriate summary levels.  PPPL accounting procedures and recording systems are utilized to ensure accurate and timely cost information and ensures the use of this information for performance reporting and financial purposes.


Performance Measurement and Analysis.  Cost, schedule, and at-completion variances are determined and management action is initiated on significant variances for all elements of cost.  At the Job level, comparisons of Budgeted Cost of Work Scheduled (BCWS), Budgeted Cost of Work Performed (BCWP), and Actual Cost of Work Performed (ACWP) are made, both at current period and cumulative to-date, and estimates at completion (EAC) are generated from the cost and schedule performance data.  PMS provides an assortment of client and internal reports, which provide identification of significant variances and the information needed for variance analysis and periodic cost estimates.  Formal variance analyses are required when cumulative (for current FY) thresholds are exceeded.


Control of Cost Elements.  Since there are some differences in the planning, budgeting, cost accumulation, and performance measurement practices followed for the various cost elements (e.g., direct labor, materials and supplies, allocated costs, overheads, etc.), controls are exercised appropriate to each element to ensure that significant variances are identified, reported, and acted upon in a timely fashion.


Revisions and System Maintenance.  To maintain a valid and timely information base for performance measurement and reporting purposes to budgets, the work scopes and schedules authorized by TPX Project Management must be accommodated and incorporated in a timely fashion.  PMS provides procedures and systems for the incorporation of changes, maintenance of the system, and maintenance of an audit trail of changes and Management Reserve (MR) and contingency disbursements.

11.3

Participant Performance Measurement Systems

The overall objective of PMS is to provide timely and accurate data to management for decision-making purposes and cost/schedule control.  In order to insure that this objective is achieved, TPX Project Management will review the descriptions and operations of each Participant's PMS to ascertain their compliance with the DOE Project Control System (PCS) Guidelines.  Based upon this review, one of three actions may be taken:


If the system is deemed by the TPX Project to be compliant, the requirement for its use will be stated in the Intercontractor Order/Subcontract and reporting requirements will be established accordingly (e.g., Cost Performance Reports [CPRs], schedule status, variance analysis thresholds, etc.).


If the system is deemed by the TPX Project to be noncompliant in some areas, the Participant will be required to correct the deficiencies and utilize its system or, if there are serious deficiencies, utilize the PPPL PMS.


If a Participant has no PMS, the Participant will be required to utilize the PPPL PMS and reporting requirements will be established accordingly (e.g., Job/activity status reporting, variance analysis reporting. etc.).

The TPX Project will conduct periodic surveillance reviews of the accepted systems in order to insure their continued compliance with the criteria. 

11.4
Funding Management

11.4.1
Overall Project Funding

TPX Project funding consists of both Operating and Construction (PACE) funding.  Annual funding for TPX will be sought, supported, and obtained by OFE/ER as part of the DOE budget submittal.  The annual TPX funding needs are specified in the DOE Project Plan, as updated by the TPX Field Work Proposals (FWPs).  Following approval (or Continuing Resolution) of DOE's annual Presidential Budget submittal, Operations and PACE funding for the TPX Project will be transferred to CH/PAO by OFE who will then transfer funding to the TPX Project via the PPPL Financial Plan.  Management of project funding to other participants will be the responsibility of PPPL.  PPPL allocates funds to all other contractor participants.

For PACE funding, in addition to DOE's transfer to the PPPL Financial Plan, PAO will also prepare and issue Construction Project Directives to authorize PPPL to commit PACE funds.  In the Construction Project Directives, PAO will confirm the work scope and funding for each of the WBS Level II PACE elements.  Further distribution of funding among Level II elements will be made by PPPL.  Any change that exceeds the lessor of $100K or 10% of the year's original directive authorization is subject to the approval of the DOE TPX Project Manager and a directive modification.  Changes within this threshold may be made by the TPX Project Director as long as the total funding in the TPX directives is not exceeded.

11.4.2
Participant Funding

Although TPX is a national activity,  PPPL will be responsible to DOE for the total Project effort and will coordinate through the TPX Project Office the performance of all other participants.  For work coming under a PPPL contract, the TPX Project Office, will be responsible for determining and controlling dollar allocations and for technical and schedule performance.  For DOE National Laboratories, this contract is called an Inter-Contractor Order (ICO).  For other participants, the contract is called a Subcontract (S/C).  These ICOs and Subcontracts establish work and reporting relationships and provide the legal arrangements for the transfer of funds, and for delineating each participant's responsibilities within the TPX Project.  Lower-tier subcontracts issued by these participants shall be funded by the first-tier ICOs and Subcontracts.

The procurement policies for implementing these contracts are outlined in Annex I, the "TPX Project Advanced Acquisition Plan" (AAP).  These contracts permit the TPX Project Director through PPPL Procurement, to initiate, modify, suspend, and stop authorized work.  This contractual arrangement has the advantage of providing:


TPX Project Management will have direct control over the funding required for successfully completing the TPX Project;


All costs will be accounted for in one centralized accounting system;


There is a single focal point (PPPL) for controlling funding and payments without requiring multiple approvals from other DOE offices or OFE (within established control levels); and


Visibility of the TPX effort will be concentrated under one field office and one contractor.

PPPL will charge G&A only on the financial allocations which are retained by PPPL and those provided to Industrial or University Subcontractors (unless otherwise exempted by the subcontract such as for MIT); funds allocated to DOE National Laboratories are not subject to PPPL G&A charges.

11.4.3
Management Reserve Funds and Contingency

Section 15 of this PMP provides the description of management of Management Reserve and Contingency funds.
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INFORMATION AND REPORTING

12.1
Project Reporting and Reviews

12.1.1
Periodic Project Reports

The PMS Description, currently being developed, will define the type and frequency of reports required by DOE for the TPX Project in conformance with DOE Order 4700.1 ("Project Management System"), DOE Order 4700.5 ("Project Control System Guidelines"), and DOE Order 1332.1A ("Uniform Reporting System").

12.1.2
DOE Project Reviews

As required by DOE Order 4700.1, periodic DOE Headquarters reviews of the TPX Project will be conducted to support the ESAAB process outlined in Section 6.0.  Although the DOE TPX Project Manager and TPX Program Office will take the lead in preparing the presentation material, the TPX Project will provide whatever support material is requested by DOE.  These reviews will occur as required by DOE Order 4700.1.

As appropriate, periodic TPX Project reviews will also be conducted by the DOE TPX Project Manager.  The DOE TPX Project Manager will select the location and reviewers.  The first of these reviews is the Conceptual Design Review (CDR).  The CDR establishes both the technical and cost schedule baselines.  The cost and schedule baselines are based on a detailed bottoms-up cost estimates and resource-loaded plans at the work package level.

At these reviews, the system managers will present the status of their technical, cost, and schedule performance.  Each system manager will present an update of the latest revised estimate for his system (i.e., WBS Level III).  This review will be the principal means for DOE to review changes to the project cost and schedule baselines and/or allocations of contingency which have occurred since the last review.

In addition, when system designs are ready for the Preliminary and Final Design Reviews (see Section 14.0, "Configuration Management"), 

the cost estimate for the system will be updated on a bottoms-up basis.  The validity of these revised estimates shall be evaluated as part of the formal design review process. 

At completion of the TPX PACE Project, the TPX Project management team will prepare and submit a PACE Project Completion Report.

12.2
Pertinent Project Documentation

Table 12.2-1 provides a listing of the pertinent TPX Project Documentation that has been issued:

Table 12.2-1

	Document Title
	Document Number

	Technical Documents
	

	Project Definition Statement (PDS)
	91-930507-PPPL/JSchmidt-01

	General Requirements Document (GRD)
	91-930319-PPPL/WReiersen-01

	Physics Design Description (PDD)
	93-930319-PPPL/GNeilson-01

	Conceptual Design Overview (CDO)
	91-930323-PPPL/WReiersen-01

	Conceptual Design Review Drawings
	94-930319-PPPL/TBrown-01

	Structural & Cryogenic Design Criteria Document
	94-921012-PPPL/PHeitzenroeder-01

	System Design Descriptions (SDDs)
	

	WBS 11 Plasma Facing Components
	

	WBS 111 Divertor
	11-930319-GA/LSevier-01

	WBS 112 Inboard Limiters
	11-930319-GA/LSevier-02

	WBS 113 Outboard Toroidal Limiters
	11-930319-GA/LSevier-03

	WBS 114 Poloidal Limiters
	11-930319-GA/LSevier-04

	WBS 115 Armor
	11-930319-GA/LSevier-04

	WBS 12 Vacuum Vessel System
	12-930319-Ebasco/RRocco-01

	WBS 13 - Superconducting TF Magnets
	13-930319-LLNL/WHassenzahl-01

	WBS 14 - Superconducting PF Magnets
	14-930319-LLNL/WHassenzahl-01

	WBS 15 Cryostat
	15-930319-LLNL/DRavenscroft-01

	WBS 16 Tokamak Support Structure
	16-930319-PPPL/DKnutson-01

	WBS 17 Assembly and Installation Plan
	17-930319-PPPL/DKnutson-01

	WBS 18 Tokamak Radiation Shielding
	18-930319-ORNL/BNelson-01

	WBS 19 FEC/FVPC Coils
	

	WBS 191 FEC Coils
	19-930319-PPPL/PHeitzenroeder-01

	WBS 192 FVPC Coils
	19-930319-PPPL/PHeitzenroeder-02


Table 12.2-1 (Continued)
	WBS 21 Neutral Beam Injection
	21-930319-PPPL/AvonHalle-01

	WBS 23 Ion Cyclotron Heating
	23-930319-ORNL/DSwain-01

	WBS 24 Lower Hybrid Heating
	24-930319-ORNL/DSwain-01

	WBS 34 Vacuum Pumping Systems
	34-930319-ORNL/BNelson-01

	WBS 40 Power Systems
	40-930319-PPPL/CNeumeyer-01

	WBS 50 Maintenance Systems
	50-930319-ORNL/FDavis-01

	WBS 62 Plasma Diagnostics
	62-930319-PPPL/SMedley-01

	WBS 72 Cryogenic Equipment
	72-930319-LLNL/DSlack-01

	WBS 73 Heating & Cooling Systems
	73-930319-PPPL/DKnutson-01

	Cost/Schedule Documents
	

	Cost/Schedule Overview
	91-930319-PPPL/RSimmons-04

	Cost Estimate Backup (WBS 1)
	91-930319-PPPL/RSimmons-05

	Cost Estimate Backup (WBS 2-5)
	91-930319-PPPL/RSimmons-06

	Cost Estimate Backup (WBS 6-9)
	91-930319-PPPL/RSimmons-07

	CDR Viewgraph Presentations
	

	Plenary Session Viewgraphs
	91-930327-PPPL/RSimmons-03

	Session Viewgraphs Volume 1
	91-930327-PPPL/RSimmons-01

	Session Viewgraphs Volume 2
	91-930327-PPPL/RSimmons-02

	Physics Basis Viewgraphs
	93-930328-PPPL/GNeilson-01

	CDR Team Debriefing Viewgraphs
	91-930401-PPPL/RSimmons-01


In addition to the above TPX Project documents that have already been issued, the following important TPX Project documents will be prepared and issued within the next fiscal year:


Systems Requirement Document (SRD) -- currently included as part 


of the Systems Design Descriptions (SDDs);

Configuration Management Plan (CMP);


Quality Assurance Plan (QAP);


Design Interface Control Document (DICD)

Systems Integration Plan (SIP);


Project Management System (PMS) Description; and the


Environmental Assessment (EA).
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ENGINEERING MANAGEMENT

13.1   Management of the Design Process

13.1.1    Overview

The overall purpose of management of the design process is to ensure that the planning and execution of the design, assembly and test effort is accomplished in a systematic manner and that the final product satisfies the physics and engineering objectives of the TPX Project.

The planning and control of the physics, engineering, and management effort will be accomplished through the use of resource loaded schedules and WAFs described in the PMS Description.  Converting the physics requirements to detailed design drawings will be monitored and controlled by the design review process and through the establishment of a hierarchy of requirements and interface documents which have specified change control requirements.  The design review process and the requirements and interface documents are discussed below.  Configuration Management is addressed in Section 14.0.

13.1.2    Design Reviews

Three formal design reviews will be planned during the design phase of TPX.  These design reviews are intended to be a formal review and critique of a subsystem, system, or grouping of related systems by qualified individuals to verify compliance with functional, ES&H, and project requirements.  Additionally, the cost estimates and detailed schedules shall be evaluated for completeness and validity.  The three formal review points are:


Conceptual Design Review (CDR) - a review of the total project design after the initial scoping of the project and prior to the start of preliminary design.  The TPX CDR was accomplished in March, 1993.


Preliminary Design Review (PDR) - a review of the completed layout and preliminary design to be accomplished before the start of detailed design.  The PDR is usually accomplished on a subsystem by subsystem basis.


Final Design Review (FDR) - a review at the completion of the detailed design.  The PDR is usually accomplished on a subsystem by subsystem basis.

These reviews are formally documented and Design Review CHITS prepared for resolution.  In practice, there will be a continuing review of the hardware's design from the beginning of the preliminary design phase through pre-operational testing and less-formal interim reviews may be scheduled as appropriate.  The approved SDD will be the primary document used to status the design in preparation for these reviews.  This document, in addition to describing the design, demonstrates how the design satisfies the TPX Project requirements.

The DOE TPX Project Manager and the OFE TPX Program Manager will be notified in advance of all interim and formal (e.g., CDR, PDR, FDR) reviews.  Independent experts will be included as reviewers for all formal design reviews.  These independent reviewers will include expertise in the technical aspects of the design, its constructibility, quality assurance, and procurement.

13.1.3
Design Requirement and Interface Documents

In order to communicate design requirements and features in a complete, consistent, and timely manner, a hierarchy of DOE and Project approved documents will be established.  The following set of key documents that define and describe the project requirements and their implementation into the design will be established.


Project Definition Statement (PDS)

The PDS represents a succinct description of the TPX Project as agreed to between DOE and the TPX Project.  It is reviewed by senior TPX Program and Project management and is signed-off by both the TPX Program and TPX Project Director.  It is approved jointly by the PPPL Director and the OFE TPX Program Manager.  It describes the hardware that will be provided, the schedule for completion, and the costs (TPC).  The PDS is the reference document from which other Project documents such as the general and system requirements and specifications will be derived.  The PDS is a controlled document subject to configuration control.


General Requirements Document (GRD)

The GRD flows from the PDS and is a statement of TPX Mission, experimental objectives, and top level physics and engineering requirements, safety, reliability, maintainability, and quality assurance.  The GRD will be developed by Systems Integration (in collaboration with Project Physics).  It is reviewed by senior TPX Program and Project management and is signed-off by both the TPX Program and TPX Project Director.  It is approved jointly by the PPPL Director and the DOE TPX Project Manager.  The GRD is a controlled document subject to configuration control.


Systems Requirement Document (SRD)

The SRD will define performance requirements for each of the various subsystems.  The SRD will be issued as part of the Systems Design Descriptions (SDDs) during the conceptual design phase.  Late in the conceptual design or early in the preliminary design, the Systems Integration group will collect these systems requirements into a separate SRD.  These requirements are derived from, and are consistent with, the PDS and GRD.  The SRD is approved by the TPX Project Director and is a controlled document subject to configuration control. 


Physics Design Description  (PDD)
The PDD will provide the physics basis for the TPX machine.  It documents the following:


•
The physics design requirements that derive from the TPX Mission and how they translate into the hardware requirements specified in the GRD.


•
The physics basis for TPX that provides the analyses that supports the position that the designed machine will accomplish its physics mission.

It is prepared by the Physics Manager and his Physics Task Leaders and approved by the TPX Program Director.  The PDD is not a controlled document and is not subject to configuration control.  


Design Interface Control Document (DICD)
The DICD will be used on the TPX project to define the overall configuration, device core component physical interfaces, device/facility interfaces, maintenance interfaces, device core and equipment space allocations, and service line routing.  In addition, the DICD includes an appropriate portion of each subsystem WBS drawing tree along with those subsystem drawings that have been marked for a design integration review process.  The DICD also establishes a drawing control process and a procedure for storing and accessing all TPX drawings.  The DICD is prepared by the Design Integration Group and approved by the TPX Project Director and is a controlled document subject to configuration control.


Systems Design Description (SDD) Documents

Each WBS manager will be responsible for developing and maintaining a SDD for his system (i.e., WBS Level III element).  Each SDD will include the following sections:


•
Section 1 - Functions and Design Requirements.  Provides a narrative description of the various functions of the system, a verbatim reproduction of the design requirements specified in the SRD, and a description of the interfaces with other systems.  


•
Section 2 - Design Description.  Contains a detailed description of the system and its major components, the system arrangement, and its performance characteristics.


•
Section 3 - Design Basis.  Describes the design basis and provides the assurance (via codes and standards, analyses, and R&D) that the system will be capable of performing as advertised.


•
Section 4 - Design Implementation.  Describes the activities that will ultimately result in an operational system such as the fabrication and testing of prototypes, a description of mock-ups required, an overview of the plans for procurement and fabrication of major components, and a general description of the plan for system assembly, installation, and testing.  


•
Section 5 - Operations.  Provides the basis for the preparation of detailed operating procedures.  A description of how the system is to be operated (control stations, operator responsibilities, control variables, set points, etc.) should be provided.


•
Section 6 - Maintenance.  Provides the basis for the preparation of detailed maintenance and inspection procedures on which remote maintenance system designs are based, including corrective maintenance, preventive maintenance, and inspection requirements.


•
Section 7 - References.  Includes a list of reference documents and a drawing tree for the system.  

The SDDs will be controlled documents subject to TPX Project Engineer approval.  Approval of an SDD constitutes concurrence by the Project management that the design is sufficiently mature and well documented to warrant a formal design review.

WBS Managers will have a complete set of design requirements, envelopes, and top-level interfaces in the SRD and the TPX Design and Interface Control Document (DICD).  It is the responsibility of the WBS Managers to develop designs which are consistent with these documents and to perform analyses to support the feasibility of the designs.  It is the responsibility of the Systems Engineering and Design Integration groups, together with the WBS Managers, to assure that the designs meet the requirements for fit and function as defined in the SRD, the DICD, and associated top-level drawings.

These documents and their relationships to one another, as well as other key documents, are shown on Figure 13.1-1.

13.1.4
Drawing File and Control System

A TPX project drawing file and drawing control system will be initiated at the pre-conceptual design period with a phased implementation process.  Phasing will include: instituting a drawing filing system for on-site WBS users; expanding the system to all WBS groups; and incorporation of a data base drawing control system.
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Systems Integration is responsible for developing configuration drawings, interface drawings, and 3-D Plant Design models representing the equipment arrangements and service line routines.  

Design Integration will monitor and control system level drawing changes.

13.2
Systems Integration

Systems Integration will be responsible to the TPX Project Engineer to assure that the design requirements are defined and that the TPX design satisfies those requirements.  The Systems Integration Support (SIS) group will consist of a team from industry and DOE laboratories and will be led by an industrial manager.  This team will be responsible for the following areas:


Systems Integration Management

•
Directing the SIS scope of work

•
Developing and maintaining the Systems Integration Plan (SIP)


System Requirements Definition

•
Developing and maintaining the GRD and SRD

•
Coordinating the development of interface loads and functional requirements


Technical Assurance

•
Reviewing of SDDs

•
Scheduling and coordination of design reviews and follow-up tracking of design review findings


Configuration Management and Change Control

•
Developing  and administering Configuration Management and Change Control Programs

•
Developing and maintaining a Configuration Management Plan (CMP)


Document and Drawing Control

•
Developing and implementing document and drawing control systems for project files and technical documentation


Configuration Development and Interface Control

•
Developing the Tokamak configuration

•
Coordinating the development of physical interfaces and "stay out" zones for maintenance


Plant Design and Integrated Systems Modeling

•
Developing 3D models defining equipment layouts, utility routing, cable and buswork, piping, etc.


Architect/Engineering Services

•
Designing modifications to the Buildings and Site Improvements (WBS 71), Heating and Cooling Systems (WBS 73), and the Substation (part of WBS 41)


Reliability, Availability, and Maintainability

•
Defining the Reliability, Availability, and Maintainability (RAM) requirements

•
Providing technical support for conducting FMECAs. optimizing designs for reliability and maintainability, and developing remote maintenance specifications and qualification and acceptance test procedures 

•
Verifying that systems-level RAM requirements have been properly addressed in equipment remote maintenance specifications and in qualification and test procedures


Project Scheduling

•
Maintaining the overall resource-loaded, project-wide schedule through project completion

•
Ensuring schedule interfaces are maintained between the higher level project schedule and lower level schedules used for short-term engineering monitoring and the TPX PMS


Operations and Maintenance Procedure Development

Coordinating procedure development


Integrated Systems Testing

•
Developing the detailed Test and Evaluation Plan for integrated systems testing

•
Conducting readiness reviews as part of preparations for the integrated testing program

The details of how these functions will be accomplished will be described in the Systems Integration Plan (SIP) that will be prepared by the Systems Integration Support subcontractor.
13.3  
Direction to the TPX Project

All DOE direction to the TPX Project will be issued in writing from the DOE TPX Project Manager via the PAO Manager to the PPPL Director.  This includes, but is not limited to, establishment of, or changes to, the TPX Project budget, schedule, scope of work, applicable DOE or other standards or orders, and Project management procedures.  In the event of an impact on the Project as a result of this direction, the TPX Project Director will immediately notify the DOE TPX Project Manager in writing and commence an impact assessment.

All directives to a Participant to initiate, terminate, or change Project work scope under the purview of that Participant will be made in writing by the TPX Project Director or his designee through the appropriate subcontract administrator.  Upon receipt of such a directive, the Participant will take reasonable action to immediately make the change so as not to accrue unnecessary costs.  In the event of an impact on the TPX Project as a result of the directive, the Participant is required to immediately notify the TPX Project Director of the impact.
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CONFIGURATION MANAGEMENT

14.1
Overview

The success of the TPX requires the integration of design, construction, operation, maintenance, and subsequent modifications.  Configuration Management (CM) is the integrated process that identifies existing plant requirements and controls changes to these to ensure that:


TPX satisfies all appropriate regulatory requirements for ES&H;


TPX structures, systems, components, and computer software conform to the approved design requirements; and


TPX's physical and functional characteristics are accurately reflected in selected plant documents (e.g., design, procurement, operating, testing, and training).

In short, CM is the process of establishing documented design requirements and controlling change for the life of the TPX.  The TPX Configuration Management Program will ultimately be the responsibility of the Systems Integration Support (SIS) subcontractor.  This subcontractor will develop and implement the configuration management and change control programs to meet the requirements set forth in this document maintaining the baseline design, schedule and cost.  The TPX Configuration Management Plan (CMP) that will be prepared by this subcontractor will describe the configuration management technical and administrative processes to be followed.  The TPX Project CMP will support and be consistent with the DOE Baseline Change Control Process described in DOE Order 4700.1.

The TPX design, schedule, and cost baselines were established during the Conceptual Design Review process.  In order to maintain control of these baselines, the TPX Project has implemented interim configuration control procedures pending the arrival the SIS subcontractor.  These interim configuration control procedures satisfy the requirements of DOE Order 4700.1 and are appropriate for the advance conceptual design and early preliminary design phases of the Project.  Once the SIS subcontract is awarded, the SIS subcontractor will be responsible for developing and implementing a formal Configuration Management and Change Control Program.  The SIS subcontractor will report to the TPX Project Engineer.

14.2
Configuration Identification

14.2.1
Configuration Elements

A Work Breakdown Structure (WBS) for the TPX Project has been defined in Section 5 of this PMP.  This WBS defines the TPX configuration elements for hardware-related and services items which appear at the Level II, III, and IV.

14.2.2
Baseline Identification

The TPX Project design will be defined in project-generated requirements documents, design description documents, specifications, engineering drawings, interface control documents, and other associated data.  Although all of the design documents on the TPX are controlled in the sense that their original issue and subsequent revisions must be approved by the appropriate level of TPX management, not all changes will come under the change control process described in this plan.  The following TPX design documents will be revised in accordance with the change control process described in this plan:


Project Definition Statement (PDS)


General Requirements Document (GRD)


Systems Requirement Document (SRD)


System Design Descriptions (SDDs)


Safety Requirements Document (SARD)


Design Interface Control Document (DICD)


Controlled Drawings and Specifications

Other TPX documents such as safety analyses, QA documents and procedures, and technical, maintenance, installation, and test procedures, which do not normally change the design or design parameters, will be revised in accordance with DOE Orders and PPPL Procedures.  However, should a proposed revision to any of these documents or procedures impact the design specified in documents placed under configuration control, the proposed revision would then be reviewed under the change control process described in this plan.

14.2.3
Baseline Phases

The Configuration Management program defined in this PMP recognizes the process of design evolution for the TPX Project. Consequently, a phased and hierarchical approach to configuration control will be implemented.  This approach will ensure that basic TPX parameters are "baselined" in upper-tier documents that are the first to be placed under formal configuration control.  Supporting and implementing details and documents, while following the design control processes described herein, will not be placed under formal configuration control until required, allowing flexibility for accommodating design evolution.

The TPX Project Baseline is developed in the following phases:


Conceptual Design


Preliminary Design 


Final Design 


Construction, Fabrication, and Installation (Including Engineering Follow)


Pre-Operations and Integrated Systems Testing

14.2.3.1
Conceptual Design Phase

The initial scoping of the project is developed during the Conceptual Design phases.  The conceptual design evolves throughout these phases providing a basis for trade studies, cost estimates and schedule development.  The Conceptual Design consists of two phases.  The first phase is concluded by a Conceptual Design Review (CDR) that involves a detailed review of the design.  The second phase, called the Advanced Conceptual Design, incorporates changes resulting from the CDR and provides the basis for the start of Preliminary Design.  The completion of the Conceptual Design Phase establishes the Original Design Base for the project.

The technical requirements and the Conceptual Design will be defined by the top level Project Definition Statement (PDS) and the General Requirements Document (GRD) and the following lower tier documents:


Systems Requirement Document (SRD);


The System Design Descriptions (SDDs); and


Selected conceptual design drawings that describe the tokamak configuration

At the completion of the Conceptual Design Phase, only the Project Definition Statement (PDS), General Requirements Document (GRD), Systems Requirement Document (SRD), and selected configuration definition drawings will be placed under the  configuration control process in this plan.  Other document revisions will come under the decision process described in Section 14.3 or PPPL Procedures.

14.2.3.2
Preliminary Design Phase

The Conceptual Design is completed on a total device design basis and is followed by the Preliminary Design Phase.  During this phase the design is refined to a higher level of definition, including more detailed component drawings, interface drawings, drafts of specifications and additional supporting analysis.  Any engineering changes that are introduced during this phase that would require changes to the PDS, GRD, or the selected configuration drawings will be subjected to the change control process described in Section 14.3.  Additionally, during the Preliminary Design Phase, the System Design Descriptions (SDDs) will be completed and placed under configuration control.

The Preliminary Design Phase is concluded by a Preliminary Design Review (PDR) that involves a detailed review of the design as a basis for the start of final or detailed design.  The PDR will be done on a system-by-system basis; therefore, it is likely that some systems will undergo a PDR and advance to the Final Design Phase prior to other systems.  During the Preliminary Design Phase, the documentation describing the status of the system design will be formally approved and placed under configuration control.  These documents will include, as a minimum:


The System Design Description (SDD); (Note: Although the SDD is now under configuration control, it is recognized that Sections 2.0 through 6.0 may only be in skeletal or outline form. It is expected that these sections will be updated and completed during final design and/or construction/fabrication.);


Approved revisions of the PDS, GRD, Selected Conceptual Design drawings, and DICD;


Any approved drawings and associated documentation that further define the design and form the basis for approval to proceed to Final Design; and


Such other items as recommended by the WBS Managers and approved by the Responsible Engineering Manager, the Project Engineer and Project Director and/or Program Director.

14.2.3.3
Final Design Phase

The Final Design for each Level 3 WBS element commences following the completion of its PDR and DOE key decision milestone (KD-2).  During this phase the approved preliminary design is defined to a level necessary for fabrication.  This phase includes detailed component drawings, detailed interface drawings, detailed assembly tooling drawings and final specifications.

Engineering changes that have an impact on the design as specified in documents under configuration control, or that have an impact on an interface with other systems, or that significantly alter the design approach approved at the PDR, or that alter the overall cost/schedule will be subjected to formal change control during this phase.  The Final Design Baseline is established on a system-by-system basis by a Final Design Review (FDR), which provides an in-depth assessment at completion of the detailed design.

At the completion of the Final Design Review (FDR) for each WBS element, the documentation describing the status of the system design will be approved and placed under configuration control. These documents will include as a minimum:


Approved revisions of all previously controlled documents;


Approved specifications and drawings suitable for bid packages;


Approved Software specifications; and


Such other items as recommended by the WBS Managers and approved by the Responsible Engineering Manager, the Project Engineer and Project Director (or Program Director, as appropriate - see Section 14.4).

14.2.3.4
Construction, Fabrication and Installation Phase

Following completion of the FDR, construction, fabrication and installation (and associated engineering follow) activities commence.  During this phase the facilities are constructed, components are fabricated, assembly tooling is fabricated, and equipment is assembled and installed in the facility.  All changes from the Final Design Baseline will be subjected to formal change control.  The following documents will be added to the configuration baseline during this phase:


Approved revisions of all previously controlled documents;


Selected vendor information;*


Approved installation and assembly drawings; and


Such other items as recommended by the WBS Managers and approved by the Responsible Engineering Manager, the Project Engineer, the Project Director, as appropriate - see Section 14.4).

*Note: PPPL Procedures deal with the review and approval of vendor information, including initial submittal, changes, nonconformances and field changes.  These procedures address their interfaces with the TPX Configuration Management Plan.

14.2.3.5
Pre-Operations and Integrated Systems Testing Phase

Following installation/assembly of systems and equipment, preparations activities commence.  These activities include debugging, performance checks, leak checks, instrumentation checks, flow balancing, etc.  This process continues, leading to integrated systems testing in preparation for the Operational Readiness Review (ORR).  All changes to equipment, test plans and operations manuals made during this phase are subject to formal change control.

At this time documentation placed under configuration control will include:


Approved revisions of all previously controlled documents;


Operating manuals;


As-built drawings; and


Such other items as recommended by the WBS Managers and approved by the Responsible Engineering Manager, the Project Engineer, and Project Director (or Program Director, as appropriate - see Section 14.5).

At the end of this phase the baseline is finalized and is titled the Operational Baseline.  It is defined as the status of the TPX at completion of the ORR.

14.2.4
Documenting the Baseline Design

Systems Integration will maintain a Configuration Control List (see sample Figure 14.2-1) that will include the items placed under configuration control.  The list will be revised to reflect the current condition of the baseline design.

14.2.5
Changing the Baseline

Once items are placed under configuration control, changes to them may be made only through the formal change control process outlined in Section 14.2.  Items may be added to the baseline or placed under configuration control at any time with the approval of the Project 

Engineer and Project Director (or Program Director, as appropriate - see Section 14.4).

14.3
Change Processing and Control

14.3.1
General

Change control is the process that ensures that changes to TPX are properly identified, designed, screened, evaluated for safety, implemented, and documented.  Change control can take two paths.  The change control process described in the following sections shall apply to those documents identified in Section 14.2.2 as coming under the Configuration Management and Change Control Program .  All other TPX documents shall be revised in accordance with the process

Configuration Control List
(Sample)
Document
Revision

Pending
Approved

Number
Level
Title
ECPs
ECPs

Drawings

M-001
2
Flow Diagram
004
009





010





020





021

M-016
1
Skid SD-001
--
001



Tritium System

015

M-027
0
Skid SD-002
030
--

Specifications
3939
0
Purchase Specification

009



for Globe Valves
--
011

3940
1
Purchase Specification

--



for Globe Valves
--
--

4010
0
Purchase Specifications

001



for Structural Steel
--
002





003

SDD
Other




Figure 14.2-1

 described in PPPL Procedures.

A critical aspect of change control is to ensure that any proposed change meets minimum criteria for implementation.  A proposed change must meet one of the following criteria: that it is DOE directed, that it is essential for performance or safety, that it shows significant improvement in design or capability, or that it results in reduced costs/schedule during construction or operation.  Unless a proposed change can be shown to meet one or more of these criteria, it will be rejected.

Another critical aspect of change control is the decision as to when to implement it.  While it is important that this be carefully considered for each design document, it is especially important for drawings.  The TPX design is defined by a family of drawings.  It is important during the evolution of this design to maintain a proper balance between the ease of implementing design changes and the burden on resources required for documentation and analysis.  Early in the design process, drawings are typically fluid in nature, being subject to frequent changes.  Such drawings are referred to as "development drawings."  At some time in the design process, each drawing will be designated by sign-off as a "controlled drawing" and from then forward will be subject to formal change control.  During the Conceptual Design and Preliminary Design phases, only selected configuration definition drawings will be considered controlled drawings.  Drawings may be approved with "holds" or "laters" to reflect portions of the design that may not yet be final.  Once drawings are signed-off, they are subject to the formal change control process described in this plan.  The exception to this is the removal of a "hold/later" that has no impact on other drawings or interfaces.  These revisions will be processed in accordance with PPPL Procedures.

This process will continue through the fabrication and construction phases of the program and will apply to construction field changes  and nonconformances.  Procedures will be implemented for expeditiously processing these changes; however, the same controls will apply.  The TPX Drawing Control Systems are described in Section 14.3.2 which follows.

14.3.2
Document Control and Review

An important element of Configuration Management is establishing the procedures and systems to define the technical baseline and then documenting changes to that baseline.  The TPX Document Control and Review System has been established to accomplish these functions.

A hierarchy of DOE and Project approved documents has been established that define and describe the project requirements and their implementation into the design.  Depending on the document, there is an established approval signature level required.  However, in all cases, the TPX Project senior management team (i.e., TPX Program Director, Chief Scientist, TPX Project Director, TPX Deputy Project Director, Project Engineer, Project Physics Manager, and Project Control Manager) also reviews and comments on these documents prior to their approval and/or changes.  In order to document these review comments and their resolution, the Document Routing Sheet (Figure 14.3-1) can be used or, if desired, a memo.

14.3.3
Drawing Control

A TPX Filing and Control System has been established and is briefly described in the following paragraphs.

14.3.3.1
Drawing File System

The system is structured to allow subsystem WBS drawings and Systems Integration Support (SIS) top level drawings and CAD models to flow through the project in an organized, controlled manner to a centralized storage and retrieval area that is accessible to all users.  Systems Integration is responsible for developing configuration drawings, interface drawings and 3-D Plant Design models representing the equipment arrangements and service line routings.  Systems Integration will monitor and control system level drawing changes and review WBS system level drawings that are tagged for SI review.

The WBS system level drawings tagged for SIS review are identified in
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the subsystem WBS drawing tree.  They have been defined as "parent" drawings to the remaining non-system level drawings that make up the WBS drawing tree.  Each WBS subsystem is responsible for developing the subsystem drawings and also reviewing Systems Integration-developed interface drawings (where applicable) and the SI Plant Design models.  A WBS subsystem group will internally review and release drawings to the TPX project Initial Release Drawing File Storage (IRDFS) area.  The IRDFS is a WBS partitioned (read/write) storage area.  Tagged parent drawings will be reviewed by the SIS subcontractor and, upon approval, placed under configuration control.  This review involves verification of WBS compliance in meeting functional interface requirements and all physical and maintenance interface space requirements.  With the successful completion of the SIS review and Configuration Control (CC) sign-off, the WBS-tagged parent drawings and all non-system level drawings are placed in the TPX Project Drawing File Storage (PDFS) area by the drawing file archivist.  The PDFS area is a read only file, accessible to all TPX users.  Drawings will be stored in International Graphics Exchange Specification (IGES) format in addition to storing all ComputerVision source files.

All SIS drawings/models that are placed under configuration control will first be reviewed by relevant WBS groups and upon approval passed on to Configuration Control for review and sign-off.  After approval, the drawings are placed in the PDFS area by the drawing file archivist.  Any SIS drawings/models not under CC will be reviewed by all relevant WBS groups and upon approval placed in the PDFS area by the drawing file archivist.

The Design Interface Control Document (DICD) itself will act as a "hardcopy" storage media to document the current drawing design status and inform project members of the latest drawing changes and updates in the PDFS area.

14.3.3.2
Drawing Control System

The SIS subcontractor will be responsible for developing and implementing a drawing control system as part of his Configuration Management and Change Control Program responsibilities.  It is anticipated that a computer database will be used to track and control system level drawing changes that arise during the design process.  The precise details and mechanics of the drawing control process have not been fully developed at this time.  In the interim period before the SIS subcontractor assumes this responsibility, a manual drawing control system is in use.

14.3.3.3
Implementation of the Drawing File & Control System

A formal TPX project drawing file and drawing control system will be instituted during the Preliminary Design period by the SIS subcontractor.  It is anticipated that this system will include a phased implementation process as follows:  instituting a drawing filing system for on-site WBS users; expanding the system to all WBS groups; incorporation of an interim database drawing control system, and finally, upgrading the control process by implementing a fully Computerized System.

A number of different Computer Aided Design and Drafting (CADD) systems are currently being used by the various institutions of the TPX project.  Part of the success to which a central drawing system can operate lies in the ability to transfer drawing data among the different CADD systems.  Data transfer of these file are being made using IGES.

TPX plans to enhance the IGES transfer process by becoming more familiar with the different systems and adopting some common drawing standards.  Drawing standards will include such items as specific test fonts and identification of line types.  Systems Integration has begun interfacing with the off-site WBS groups and have identified contact people who best know the particular WBS CADD system.  Additionally, the PPPL Computer Division has IGES data analysis software (IGES View and IGES Parser/Verifier) to evaluate how well a drawing IGES file conforms to the IGES standards and also view the IGES files directly.

14.3.4
Change Classification and Approval Level

Changes will be classified according to their impact on the project:

	Category
	Highest Level

Approval
	Criteria

	A
	DOE
	• Change PDS

• Change TPC/TEC

• Change Key or Control   Milestones

• Significant ES&H impacts (As delineated in the EA, PSAR, or FSAR)

• Change requires use of contingency funds or redistribution of funds between Level II WBS elements above the category B established thresholds

• Change GRD (Once GRD submitted to DOE) 

	
	TPX Program Director
	• Change GRD (Until GRD submitted to DOE)

	B
	TPX Project Director
	• Change SRD

• Cost impact up to $100K, but no impact on TPC or TEC)

	
	TPX Project Engineer
	• Change Design Criteria Document

• Cost impact between $20K and $50K, but no impact on TPC or TEC)

• Significant schedule impact that requires changes to TPX Project Schedules or WAFs without impacting Key or Control Milestones

• Change configuration drawings

• Change interface control drawings

• Change functional interface requirements

	C
	TPX Project Engineer
	• Change affects WBS elements under more than one Engineering  Manager

	
	Engineering Manager
	• None of the above


14.3.5
Change Control Process

14.3.5.1
Phased Approach and Review

A change may be proposed by anyone on the TPX Project.  With this in mind, it is important to have a disciplined approach for initiating, reviewing, and implementing proposed changes to the TPX design at all stages of the project.  It is the TPX Project's philosophy to implement a phased approach to configuration management and change control.  Therefore, each proposed change should be subject to the widest spectrum of review and the level of this review should be appropriate to the project's stage of design, with greater flexibility in the early phases of design.  Figure 14.3-2 illustrates the general change control process

14.3.5.2
Change Control Board

The SIS subcontractor will also establish a formal Change Control Board (CCB).  This CCB will be charged with assuring that the technical aspects of the TPX Project are not changed without adequate review and documentation.  The CCB membership will include the appropriate technical and administrative personnel to ensure that the various aspects or the proposed change receive the widest review.  The CCB shall be chaired by the Project Director (or Program Director), the Project Engineer, or the Responsible Engineering Manager, depending on the change classification and/or document impact.  The chairman of the CCB has the ultimate decision-making responsibility to approve, approve as modified, reject, or request additional information on the proposed change.  The remaining CCB members act in an advisory capacity.  The decision of the board chairman will be documented.  Project personnel will be notified of approved changes by memo

14.3.6
Documentation

Data packages for proposed changes will be assembled by the ECP Coordinator and will include as a minimum the following:


A standard Engineering Change Proposal (ECP) Form that clearly identifies the reason for the change, the implications of the change (design, cost, and schedule), and other options.


Back-up and supporting documentation including any conceptual drawings, justification memos, or studies.

These data packages should be submitted to the cognizant TPX Project approval authority.

For Category A changes, following approval, an executive summary of the change proposal will be prepared.  It will briefly summarize the reason for the proposed change, its cost and schedule impact, and the 

TPX Project Change Control Process
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Figure 14.3-2

justification for its classification as a Category A change.  This executive summary will also provide a synopsis of the back-up documentation provided with the change.  The entire data package will then be submitted to the PPPL Director and then DOE/PAO.

Regular periodic reports on the status of changes submitted to the change control process will be provided to the Project. This Change Control Status List (Figure 14.3-3) will be used to track each of the proposed engineering changes in the system and will indicate which have been approved or rejected or at what level a decision is pending.

14.3.7
Change Implementation

Immediately upon the approval (or disapproval) at the appropriate level of a proposed change, the originating WBS Managers and all those listed in the "Affected WBS Elements" area of the ECP will be notified.  The appearance of a valid approval signature will be authorization for implementing the change and generating the appropriate Performance Measurement System (PMS) forms, if required.

An annotation of the change will be added to the TPX Configuration Control List (Figure 14.2-1) in the appropriate section (drawings, specifications, requirements documents, etc.).  The Configuration Control List will be maintained on a PC/Macintosh-based system to ensure real time access to design information regarding any pending or approved changes.  Initially the change will be identified as pending.  Its status will change when it is approved.  When the associated document is officially revised, the identification will be changed to the document revision number.  The Configuration Control List will be used to track the actual incorporation of the change into the TPX system design.
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15.0


CONTINGENCY AND MANAGEMENT RESERVE
15.1
Contingency 

Contingency is an allowance for uncertainties in the TEC of the Project.  Contingency is controlled by the DOE TPX Project Manager per established threshholds .  It is allocated only on the basis of special justification and/or notification furnished by the TPX Project Director via the configuration control process.

The TPX Project Director may request allocation of contingency above established configuration management chgange control threshholds in lieu of increasing the TEC and TPC.  If the DOE Project Manager approves this request, additional budget will be authorized from the contingency account.

15.2
Management Reserve

Management Reserve is a funding allowance for uncertainties or problems in the current year’s work scope, but within the TEC and TPC.  Management Reserve is controlled by the TPX Project Director.  The TPX Project Director will report monthly to the DOE Project Manager on disbursements from the management reserve account.

15.3
Reporting of Contingency and Management Reserve 



Funds Disbursements

It is recognized that decisions affecting project cost, both positive and negative, will be occurring at all levels, particularly during the design phase.  These decisions could have significant impact on out year contingency and management reserve accounts.

Change Requests must clearly identify both current year and out year impacts to Contingency and/or Management Reserve.  Monthly reporting must include individual item summaries as well as total cost change by WBS level II element  Management Reserve funds must be identified to cover change conditions, when available. Any impact to current year or out year contingency above established configuration management change control threshholds must be approved by the DOE Project Manager.

16.0



QUALITY ASSURANCE

16.1
Overview

The quality assurance program for the TPX Project is defined in the TPX Project Quality Assurance Plan (QAP) that will be issued separately.  The primary objective of this program is to provide the necessary quality assurance role in maximizing the assurance to DOE, PPPL, and TPX Project Management that TPX will achieve its technical and operational goals.  The TPX Project Quality Assurance Program is designed using the ten criteria of DOE Order 5700.6C.  The criteria are divided into three major groupings:


Management;


Performance; and


Assessment

The QAP will also be organized along these three major groupings.

The TPX Project QAP will describe the management and performance systems the TPX Project has implemented in order to assure the satisfactory operation of systems and components commensurate with their intended use.  As such, additional requirements and scrutiny are imposed on those systems and components which are most critical for operation, public and worker safety, and protection of the environment.  This is consistent with the graded approach where attention is paid to those items that are the greatest potential hazard or have a significant affect on plan operation and availability.

The QAP will also describe the assessment functions imposed on the TPX Project.  As required by DOE Order 5700.6C, the TPX Project will

assess the work activities and will take the necessary actions to improve quality as part of an ongoing process.  In addition, independent assessments will be performed as part of a planned and systematic approach to focus on improving items and processes to allow the TPX Project to achieve the defined quality level.

17.0



UTILITY SERVICES

17.1
Overview

PPPL has maintained a good relationship with the local utility, Public Service Electric and Gas (PSE&G) Company and has discussed the power needs of the TPX.  The requirements placed on the utility grid by TPX are consistent with the utility system capability.
18.0



RESPONSIBILITY MATRIX

18.1
Overview

Figure 18.1-1 provides the TPX Project Responsibility Matrix that identifies project responsibility for the preparation, review, and approval of key project documents and the responsibility for project decisions.

Figure 18.1-1
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