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1
INTRODUCTION

1.1
PURPOSEtc "1.1  PURPOSE" \l 1
This document has been prepared for the National Compact Stellarator Experiment (NCSX) Project to describe the systems engineering process and management practices to be utilized by the NCSX Project in accomplishing its mission.  

Systems engineering (SE) basically consists of three elements
:

· SE Management plans, organizes, controls, and directs the technical development of a system

· Requirements and Architecture Definition defines the technical requirements, defines a structure (or architecture) for the system components, and allocates these requirements to the components of the architecture

· System Integration and Verification integrates the components of the architecture at each level of the architecture and verifies that the requirements for those components are met

Concurrent engineering is inherent in the SE process.  Concurrent engineering avoids expensive design changes late in the development cycle by addressing concerns such as manufacturability, assembly, and maintenance early in the development cycle when they are less expensive to correct.

This Systems Engineering Management Plan (SEMP) is based on the following principles:

· The NCSX Project will be executed by a fully integrated project team (IPT), even though the participants are geographically and institutionally distributed.  All work will be governed by the same plans and procedures.

· SE responsibilities will be performed by IPT members, not by a separate SE organization.

· Common databases will be established for documents and drawings to ensure that everyone is using the same information.

· Design-to-cost objectives will be established as a key element to contain costs.

· System requirements will be developed through an iterative process.  Some requirements are not negotiable whereas others are negotiable.  A distinction shall be made between them….

· Requirements shall be traced, allocated, tested, and validated
· A systematic approach will be followed to execute the NCSX Project

1.2
SCOPEtc "1.2   SCOPE" \l 1
This Systems Engineering Management Plan (SEMP) defines the processes, organization and procedures used by the NCSX Project to accomplish the systems engineering objectives.  This plan is divided into three major parts
:

· Technical Program Planning and Control describes the

· Systems Engineering Process

· Engineering Specialty Integration  

1.3
Applicable documentstc "1.4  Applicable documents" \l 1
This Systems Engineering Management Plan draws on the documents listed below.  Where discussion in addition to that contained in these documents is required it is provided.  In most cases only a brief discussion along with a note directing the reader to refer to the referenced document is provided.  Documents referenced are the latest issues of the:

· Project Execution Plan (NCSX-PLAN-PEP)

· Work Breakdown Structure (WBS) Dictionaries (NCSX-WBS-X where X is the Level 2, i.e., 1-digit, WBS identifier)

· Project Control System Plan  (NCSX-PLAN-PCS)

· Quality Assurance Plan (NCSX-PLAN-QAP)

· Data Management Plan (NCSX-PLAN-DMP)

· Document and Records Plan (NCSX-PLAN-DOC)

· Configuration Management Plan (NCSX-PLAN-CMP)

· Change Control Procedure (NCSX-PROC-XXX)

· Interface Control Management Plan (NCSX-PLAN-ICMP)

· Test and Evaluation Plan (NCSX-PLAN-TEP)

· Reliability, Availability and Maintainability Plan (NCSX-PLAN-RAM)

2
TECHNICAL PROGRAM PLANNING AND CONTROLtc "2.0  PROJECT ORGANIZATION, ROLES AND RESPONSIBILITIES" \l 1
An in-depth discussion of the Project organizational responsibilities, the Project WBS and responsible organizations can be found in the NCSX Project Execution Plan (PEP).  The NCSX Project is supported by established PPPL organizations: Environmental, Safety & Health (ES&H), Quality Assurance (QA) and Procurement organizations.

Systems engineering is the responsibility of Project Engineering.  Systems engineering functions include:

· Systems engineering management

· Coordination of the generation of the systems requirements documentation

· Coordination of design reviews and follow-up

· Coordination of configuration management and change control

· Data management tasks 

· Interface control

· Coordination of Reliability, Availability and Maintainability (RAM)

· Planning, scheduling and cost baseline maintenance support

· Coordinating of operations and maintenance procedure development 

· Coordination of integrated system test planning

The systems engineering architecture incorporates both technical and management disciplines.  Systems engineering management covers plans and procedures and project control activities. The systems engineering technical areas of functional analysis; functional allocation; design definition and integration; system definition; system build, test and demonstrate; and evaluation/optimization are consistent with DOE Order 4700.1.  The NCSX approach to each is addressed in Section 3 of this document. 

Systems engineering functions are described in the following places:

· Systems Requirements - described herein in Section 3

· Design Reviews- described herein in Section 3

· Configuration Management and Change Control - described in NCSX-PLAN-CMP and NCSX-PROC-XXX (TBD)

· Data Management - described in NCSX-PLAN-DMP

· Interface Control - described in NCSX-PLAN-ICMP

· Reliability, Availability and Maintainability (RAM) - described in NCSX-PLAN-RAM

· Planning, Scheduling and Cost Baseline Maintenance Support - described in NCSX-PLAN-PCS

· Integrated System Test Planning  - described in NCSX-PLAN-TEP

Project Engineering is responsible for coordinating of the writing and implementation of the NCSX operating and maintenance procedures.  In this capacity, the Project Engineering Office shall; review the current procedures for applicability, identify areas where these procedures are deficient and assist in the correction/upgrades of these procedures. In addition they shall identify those areas where no procedures are in existence and assist in the development of the missing procedures.  

2.1
SYSTEMS INTEGRATION TEAMtc "2.1 SYSTEMS INTEGRATION TEAM" \l 1
To accomplish the systems engineering mission, it is necessary to integrate system activities among many project participants.  A Systems Integration Team (SIT) is planned to facilitate this integration.  The SIT provides the vehicle to review systems engineering progress, coordinate interfacing participants' activities, identify system issues, develop needed action plans, and assign and track action items.  The SIT will also manage the conduct of system trade studies, providing a forum for identifying, prioritizing, tracking, and implementing the needed actions resulting from trade studies. 

The SIT will also orchestrate the risk management activities described in Section 3.  In this capacity the SIT will collectively decide what the project risks are, identify appropriate risk mitigation plans/activities and coordinate and track the progress of the risk management activities.   The SIT is supported by ad hoc working groups formed as needed to address and resolve specific issues.    

The Project Engineer will chair the SIT.  Members will include the Deputy Project Manager for Engineering, the Project Control Manager, the Project Physics Manager, the ORNL (WBS 1) Engineering Manager, and the Construction Manager (WBS 7).  Specialty disciplines and other project personnel will participate as needed to support the agenda topics.  It is the intent that this team ensure that all participating organizations have a forum to provide inputs on and discussion of systems engineering matters such as requirements interpretation, potential areas of risk, system level trade studies/analyses, coordination of processes, etc.  The purpose of the SIT is to make sure everyone is working to the same ground rules and understandings and to identify problems/issues and plans for resolution.  Resolutions are worked outside the SIT by the responsible organizations and designated working groups. Results are reported back to the SIT.  The SIT will make decisions or facilitate obtaining project decisions relative to any implementing actions required. 

The SIT will meet on a regularly scheduled basis with a frequency appropriate to the phase of the program and magnitude of system related activities in progress.  The agenda will normally consist of a standard set of agenda items and one or two special topics of interest.  The standard part of the agenda will usually consist of a review of schedule status including the critical path schedules to first plasma and major, near term milestones; a review of the near term project calendar relative to upcoming events of significance to systems engineering; status reports from the ad hoc working groups and WBS Managers; and a brief around the table summary of items of interest by SIT members.  All standard agenda item status reports are by exception only, i.e., the focus is on problem areas needing attention by the SIT, not a review of on schedule and business as usual activities.  Special topics are selected to allow a more in-depth review of particularly important issues or activities.  Special agenda items are coordinated with the Project Engineer. Examples might include the results of a major trade study, progress in preparation for a major milestone, or risk management issues.  Systems engineering status will include a summary of system trade study progress relative to schedule, system requirements development and allocation progress, design review readiness and closeout progress, a review of recent decisions made and baseline changes, and risk management activity status.

2.2
PROJECT REVIEW/TRACKING PROCESStc "2.2  PROJECT REVIEW/TRACKING PROCESS" \l 1
The NCSX Project is responsible for developing and maintaining an integrated cost and schedule management process.  This process will be implemented by the NCSX Project Control Office.  

Provided in the Project Control System Plan (NCSX-PLAN-PCS) are detailed discussions of the Work Authorization Procedures, the NCSX Planning and Scheduling Control System, the Schedule Baseline Development and Work Plans.  The Work Breakdown Structure (WBS) is defined in Annex 1 in NCSX-PLAN-PEP.  WBS Dictionaries are separately documented in NCSX-WBS-X (where X is the Level 2, i.e., 1-digit, WBS identifier).

The process for establishing cost and schedule baselines is discussed in the Project Control System Plan (NCSX-PLAN-PCS).  See this document for detailed discussions.

The Project shall establish the Change Control Procedure by which changes to technical, cost and schedule baselines shall be controlled.  In this procedure, the levels at which changes are made, the process for making changes, and the required authorizing signatures are detailed.

2.3
DECISION-MAKING PROCESS

2.3 tc "2.3  DECISION-MAKING PROCESS" \l 1
The decision making process used on the NCSX program is allowing decisions to be made at the lowest practical levels of line management with responsibility for all the affected participants.  If a situation arises where a higher approval authority is required to resolve conflicts, the NCSX Project Manager will be the review and approval authority.  The SIT shall provide guidance and coordination for the resolution of unresolved integration related issues.

3
Systems Engineering Processtc "3.0  Systems Engineering Process" \l 1
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The systems engineering process is a comprehensive and iterative problem solving process that is designed to transform validated user requirements and project objectives into a life-cycle balanced set of product and process designs. The systems engineering process as adopted for the NCSX program is guided by a synthesis of the systems engineering processes as described in DOE Order 4700.1 (see Figure 3-1) and draft MIL-STD-499B.  Figure 3-2 depicts the systems engineering process flow as tailored to reflect the needs of the NCSX program.  At a top level, this process can be considered as consisting of an iterative flow of effort.  The requirements analysis efforts define the problem and the success criteria for a system that can address the problem.  The development of alternatives, the selection of a life-cycle balanced solution, and the description of the solution as a design package is accomplished via design definition and systems analysis and control.
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As depicted graphically in Figures 3-1 and 3-2, the elements of this process are performed iteratively, with the products of one element feeding another.  Feedback from the process output is reviewed to assure that the requirements placed on ensuing processes are compatible and executable. Through this process the system definition evolves from initial user and project requirements into a complete design capable of satisfying the mission requirements.  These elements will be further described as they are specifically tailored and implemented for the NCSX program in the sections to follow.

3.1
Requirements Analysistc "3.1  Requirements Analysis" \l 1
The conceptual design of NCSX was developed through a process of trade studies, trading performance (size, magnetic field, confinement, and stability) against cost and risk (technical feasibility).  Early design concepts were based on 2-period plasma configurations with saddle coils that re-used the PBX coils.  These concepts evolved to a 3-period plasma configuration with modular coils.  This optimized NCSX configuration was further evolved to generate a point design with the allocation of functions and requirements to the individual subsystems.  This process resulted in the General Requirements Document (GRD), which is the system specification for the NCSX Project.  Upon approval, the GRD placed under the control of the Change Control Board (CCB).  It will be maintained through the process described in Section 3.4.  

3.1.1
Requirements Documentation Hierarchytc "3.1.1  Requirements Documentation Hierarchy" \l 1
The system requirements for the NCSX Project are captured in a hierarchy of requirements documents, which begin with the system level (top-level) requirements in the General Requirements Document (GRD).  The GRD represents a complete set of performance requirements and constraints at the system level and initial allocations to NCSX subsystems.  The basis for these requirements was presented and successfully defended at the Physics Validation Review (PVR), which was conducted in 2001.  The GRD represents a contract between Project Management (including Project Physics) and Project Engineering. The Engineering Manager is responsible for the preparation and maintenance of the GRD.

The initial subsystem requirement allocations in the GRD are expanded and developed in subsystem and lower level specifications as described in Section 3.1.2.  WBS Managers are responsible for the preparation and maintenance of specifications below the GRD.

Approval of the GRD and lower level specifications is specified in the Configuration Management Plan (NCSX-PLAN-CMP).  WBS Managers shall ensure that all applicable system level requirements allocated to their system elements are properly treated and accounted for and shall maintain a database to document the traceability of these requirements and their rationale. 

3.1.2
Specification Approachtc "3.1.2  Specification Approach" \l 1
Beginning with the GRD, the NCSX Project shall implement a specification approach that is based on MIL-STD-490A.  The standard MIL-STD-490A specification types are shown in Figure 3-4.  The NCSX Project shall develop and maintain a specification tree.  A specification tree identifies the specification hierarchy and relationship among the specifications. For each specification, the specification tree identifies the scope, specification type, and the organization responsible for its development.  The specification tree shall be used to identify and plan for each specification required by the NCSX Project.  WBS Managers shall provide specification tree inputs to the Engineering Manager for their respective system elements.  

Project Engineering shall ensure that particular attention is given to the role of specifications and interface control documents in the NCSX development process.  The configuration control of subsystem interface design solution agreements among WBS areas is handled through the interface control document (ICD) development process (see Section 3.6). 
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Project Engineering will assist the WBS Managers in aligning their configuration items and specification tree organization to be consistent with their planned acquisition/procurement strategy, the planned design integration steps, the design qualification approach, and the component acceptance test need.  The early focus on the specification tree organization assists the Project in giving attention to structuring a procurement strategy and associated specifications and statements of work that facilitates design integration, design qualification, and acceptance testing of production hardware and software.  The goal is to have as few specifications as possible, but still have sufficient specifications to support meaningful design qualification testing/analysis and production acceptance testing.  

3.1.3
Requirements Allocation and Flowdowntc "3.1.3  Requirements Allocation and Flowdown" \l 1
The NCSX system requirements defined in the GRD must be allocated and flowed down into the lower-tier specifications for each system element as defined in the specification tree.  Each WBS Manager is responsible for developing the lower-tier specifications for their system elements in order to support continued development and procurement as described in Section 3.1.2.  The methodology used to accomplish subsystem level requirements analysis is up to each WBS Manager.  However, that methodology must be consistent with the design constraints development coordination approach discussed in Section 3.1.4.  The use of a formal method as described in Section 3.1.5 may be appropriate for high risk and/or more complex system elements.  

All requirements captured in subsystem specifications will be traceable to the system specification and other source documents as appropriate.  WBS Managers will ensure the maintenance of a requirements database to capture the source and rationale of each requirement and to ensure traceability is maintained between their specification and higher-level specifications.

3.1.4
Design Constraints Developmenttc "3.1.4  Design Constraints Development" \l 1
As the requirements of the GRD are primarily reflected in the form of functional or performance requirements, additional requirements in the form of design constraints must be developed to completely define the system requirements.  Design constraints are a class of non-functionally derived requirements.  Requirements that do not have to be derived and cannot be modified or dropped as a result of a tradeoff study can generally be considered a constraint.  Most requirements contained within DOE orders (e.g., DOE 6430.1A), standards, and regulations can be treated as constraints.

To facilitate the collection and organization of design constraints, a design constraint matrix (DCM) is utilized (see Figure 3-4).  The rows of this matrix consist of a hierarchy of constraint headings.  The columns of the matrix are utilized to convey information such as the applicability or criticality of the constraints against the system and each system element (typically at the configuration item level).
For each heading on the DCM where constraints exist, a constraint allocation sheet (CAS) is utilized to document the constraints, their source, and their allocation to none or more system elements (see Figure 3-4). 

Project Engineering is responsible for defining an overall project approach to the implementation of a design constraints methodology and for developing a complete set of system level design constraints for incorporation into the system specification.  WBS Managers are responsible for the proper allocation of the system level design constraints to their subsystems and for any additional constraint definition that may be required.

3.1.5  Formal Subsystem Requirements Analysistc "3.1.5  Formal Subsystem Requirements Analysis" \l 1
The majority of the requirement analysis effort is complete for the NCSX program.  However, there are some incomplete complex and critical NCSX subsystems that may benefit from the use of a more formal requirements analysis methodology.  An example is the Central Instrumentation and Control (I&C) systems.  These I&C systems provide the central supervisory control and data handling systems for the NCSX program.  These systems interface with the subsystem local I&C systems and allow for control and monitoring of NCSX experiments from a local or remote control room and the analysis of the experiment results.  In a case such as I&C, where this more formal requirements analysis is warranted, the Project shall form a NCSX Requirements Working Group (RWG) consisting of the NCSX Systems Engineer and representatives from Project Engineering and applicable WBS areas.  The RWG would be responsible for leading a system requirements analysis effort that is consistent with the NCSX system engineering and integration processes defined herein. The RWG will function as one of the natural working groups supporting the SIT (see Section 2.1).

There are several requirement analysis methodologies that could be used for the NCSX program from the latest object oriented approaches to the more traditional functional and data flow analysis approach.  The key is to select a requirements analysis methodology that the participants are comfortable and familiar with.  The functional analysis approach has the longest and most successful track record.  This methodology has proven to be successful on similar complex programs and there are experienced personnel and computer tools that support the approach.

In a functional analysis the objective is to define what the system will do and not how the system will do it.  Every function the system must accomplish to meet requirements needs to be identified and defined in terms of allocated functional, performance, and constraint requirements.  These functions are then decomposed into sub-functions and the process repeated until the system has been completely defined.  In the process, the interfaces and relationships among all functions and sub-functions are defined.  Functional flow diagrams (FFD) are developed to capture the required performance and interactions of the system and its elements.  Figure 3-11 shows a set of primary system functions that should be represented in some form in the top level FFD for any representative system as well as the tasks, activities and actions for each of those primary functions. Figure 3-12 depicts a notional second level functional flow (“Conduct Experimental Operations”) for the NCSX system.
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Figure 3-11  Primary System Functions
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Figure 3-12  Sample Functional Flow Diagram
Requirement Allocation Sheets (RAS) are used document the translation of functions into technical performance requirements.  A RAS is prepared for each function within a functional flow and contains a description of the function and its scope as well as the requirements for that function.  Figure 3-13 depicts a notional RAS for one of the functions included in Figure 3.-12.

	FUNCTION
	ALLOCATION

	FUNCTION NUMBER

AND NAME
	CRIT
	AREA 
	REV
	TECHNICAL REQUIREMENTS
	ITEM NUMBER

AND NAME

	NCSX-1.10

Provide I&C and Data Acquisition
	
	
	1
	Function Description:  This function provides the central and local supervisory control and data handling for the NCSX System.  The function starts upon facility startup and ends at facility shutdown.
	

	
	
	
	1
	REQ-REF:  GRD Section 1.12, dated 12 May 1995.

1.0  The NCSX facility shall have an instrumentation, control, and data acquisition system that allows coordination of operations and the acquisition, archiving and display of all pertinent operation.
	NCSX System Specification

	
	
	
	1
	REQ-REF:  Engineering Judgment

1.1  The central I & C system shall provide control and monitoring of NCSX experiments from a local or remote control room and the analysis of the experiment results.
	WBS 61 Central I & C Specification

	
	
	
	1
	REQ-REF:  Engineering Judgment

1.2  The local I & C systems shall provide control  and data to the central I & C system to allow the performance of experimental operations and the analysis of the results.
	WBS XX Specification

	
	
	
	1
	REQ-REF:  GRD Section 1.12, dated 12 May 1995

2.0  The operations environment shall provide real-time display of information and allow changes to be implemented during the course of a discharge.
	NCSX System Specification


Figure 3-13  Sample Requirement Allocation Sheet (RAS)

System trade studies and analysis are performed to evaluate alternate system concepts and architectures, support requirements analysis and allocation, and to optimize system design.  The requirement references in the RAS are used to identify the trade study, analysis, meeting or engineering judgment used to generate or derive the requirement.

The primary objective of the requirements analysis process is to generate requirements that are properly stated and represent cost effective life cycle solutions for the system in the specifications.  The RAS includes an identification of the configuration item (specification) that will perform each requirement.  Sorting the requirements documented within RASs for a particular configuration item provides the functional requirements for the specification for that particular configuration item. Properly constructed and structured RASs map easily into the specifications.  Similarly the design constraints contained within the CASs are also easily grouped and mapped into the appropriate specifications.  Figure 3-14 illustrates the mapping of requirements and design constraints into specifications.
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Figure 3-14 Mapping Requirements into Specifications

If further requirement analysis is performed for the NCSX program for an area such as Central I&C Systems which impacts multiple WBSs, a RWG will be formed as discussed earlier.  The RWG will provide the forum for the baselining of system concepts and requirements.  This coordination of requirements is necessary to minimize the redundancy of effort by the NCSX program when allocating requirements to the lower tier specifications.  Project Engineeringcould either assist the WBS representatives by providing training and direction or could be the lead performer for the requirements analysis with assistance from the WBS representatives.  In either case, approval procedures are necessary to manage the requirements baseline.  As a minimum, working and approved copies of the requirements would be maintained by Project Engineeringand WBS areas.  The RWG will perform the requirements analyses necessary to allocate the functional performance requirements and design constraints to the configuration items on the specification tree.  They will then sponsor the recommended allocation of requirements to the SIT.  With SIT concurrence, the developing organizations responsible for the applicable configuration item will develop/modify the applicable configuration item development specification(s) to include the allocated requirements.  The detailed procedures for requirements analysis are documented in System Requirements and Design Reviews document (TBD).

3.1.6  System Requirements Analysis Databasetc "3.1.6  System Requirements Analysis Database" \l 1
As discussed earlier, Project Engineeringwill maintain the system requirements as defined by the PDS, GRD and NCSX System Specification for the NCSX Project.  In order to facilitate this task, a system requirements analysis (SRA) database will be developed by Project Engineeringto support the storage and access of data on requirements traceability and the supporting rationale for each requirement in the PDS, GRD, and the NCSX System Specification.  The NCSX System Specification and the SRA database provide the basis for the individual WBS Managers to develop prime item development or "B" Specifications for their subsystems.

The NCSX SRA database will be implemented using a commercial off-the-shelf (COTS) database management system.  As a minimum, the PDS, GRD, and NCSX System Specification requirements (including design constraints) will be stored within the SRA database.  The information in the database will include the following for each requirement:

•
Requirement text and its associated specification paragraph reference

•
Parent requirements from next higher level specification or in the same specification for subsystem or major components (See Figure 3.1.4-2 for an example specification tree)

•
Child requirements derived in lower level specifications or in same specification for system requirements

•
NCSX Project trade study, analysis, or report which provides the rationale used to generate the requirement or to derive the requirement from the higher level requirement

The SRA database will assist Project Engineeringin reviewing specifications for completeness, consistency, and testability.  The database management system will provide the capability to trace all requirements within a specification to the next higher or lower specification in order to identify missing or inconsistent requirements.  In addition, the database management system will allow any individual requirement to be traced to its parent and child requirements.  This capability is important as it facilitates identifying the program impact of changing a requirement.  For example, it may be possible to relax a requirement in the NCSX System Specification that is difficult for the NCSX System or WBS area to meet due to technical, cost, or schedule constraints.  The SIS SRA database in conjunction with the WBS area requirements databases identifies all PDS, GRD and lower level "B" Specification requirements affected by the proposed change as well as the rationale used to generate or derive the requirements.  This provides the information needed by the program to make an informed decision on whether a requirement can be changed or deleted.

Project Engineeringwill maintain and provide configuration control of the NCSX SRA database for the PDS, GRD, and NCSX System Specification.  The WBS Managers are responsible for maintaining the traceability from the NCSX System Specification to their lower level specifications in a similar manner.  Project Engineeringwill provide a traceability template that the WBS Managers can use for documenting traceability that facilitates the import of data into the NCSX SRA database.  However, it is not mandatory for the WBS Managers to use the template and each WBS Manager is free to use their own database or system for maintaining the traceability to the NCSX System Specification.  The only constraint is that the WBS Managers must be able to demonstrate consistency and completeness by providing Project Engineeringa trace of their top level specifications to the NCSX System Specification.

The use and operation of the SRA database and database management system are described in further detail in System Requirements and Design Reviews document (TBD).

3.2  Design Definition and Integrationtc "3.2  Design Definition and Integration" \l 1
Design definition is that point in the systems engineering process where a design concept is created to satisfy a given set of requirements.  This step is performed iteratively with the requirements analysis process, resulting in increasingly more detailed design concepts as the requirements grow more detailed and become allocated to lower levels within the system.  Typically a set of alternative concepts will be developed and each in turn evaluated to develop the most cost-effective solution based on specific evaluation criteria.  This process will culminate in a detailed design of the entire NCSX system including all subsystem elements.  The NCSX requirements as defined in the GRD, NCSX System Specification and the associated subsystem development specifications are the genesis of the NCSX design.  

An essential element of the development, documentation and configuration control of system design concepts is a comprehensive set of system configuration development models.  Supported by the detailed designs of the participating organizations, WBS elements, and industry, these models provide the detailed design configuration of the NCSX.  The process by which the models will be used to establish the initial designs, integrate the detailed designs of the participating organizations, ensure the establishment and control of the interfaces, and perform integration/validation of the detailed designs is described in the following paragraphs and the related supporting documentation (Data Management Plan and Plant Modeling Plan/Procedures). 

3.3 RISK MANAGEMENTtc "3.3 RISK MANAGEMENT" \l 1
Risk management is a part of the system engineering process in that it assures that the system defined in the System Specification and Configuration Models are feasible and buildable in a timely and cost effective manner.  

For purposes of the risk management process, risk is defined as the probability of an undesirable event occurring plus the severity of occurrence if the event occurred.  Un-mitigated risk will have an adverse effect on program cost and schedule and usually is identified with hardware development activities.  As part of the NCSX development program PPPL will provide a risk management program to minimize the NCSX systems risk This program will provide for early identification of risk and a procedure for measuring risk and developing mitigation activities.  Minimization of risk will be provided through early management oversight allowing for the application of additional resources or development of alternative technologies.  By the application of a risk management process systems engineering will  ensure that the proper trade-offs are performed to determine the best design for risk reduction approaches.  The process to be employed is an adaptation of the risk management program outlined in MIL-STD 499B.   

Systems Engineering will create a risk management team (currently anticipated to be a function of the SIT) who's responsibility it will be to identify areas of risk, coordinate the development of risk mitigation plans and monitor performance against these plans.  This team shall be comprised of experts and hardware developers from contractors and national laboratories.  Project Engineeringshall provide support in the form of developing a plan for identification of and integration of risk management into the NCSX Project and will track and report on risk management activities. 

 MIL-STD 499B outlines a risk mitigation program/process and suggests the use of "technical performance measurement" (TPM) as a method of tracking progress against plans for the development of architectures and hardware designs. 

A TPM is usually associated with a schedule for the development of hardware or software and is applied through a Technical Achievement Plan (TAP).  A TAP clearly states the objectives relative to the achievement of the development activity and provides a schedule for periodic measuring of achievement against this plan.  Also provided in this plan is a discussion alternative activities should the activity encounter an un-resolvable problem.  Essential to this process is the identification of key milestone events and their dates.  By the identification of milestones and allowing sufficient lead time for decision points actions can be planned and taken in a timely manner to reduce the impact of problems encountered.   The TAP need not be an extensive document.  It should be only sufficiently large and comprehensive as to clearly identify the risk and a scheduled plan to mitigate the risk,   Provided below is a candidate outline for a TAP. 

1.0
Introduction (states purpose of the plan and the risk to be reduced)

2.0 
Project impacts (impact if the risk mitigation actions were not taken)

3.0
Risk Drivers  (provides a discussion of those issues which are driving this risk)

4.0
Quantification of the risk  (cost, schedule or performance) including level of risk (high, medium, low) and impact of the risk (high, medium or low)

5.0
Actions being taken to mitigate the risk

6.0
Schedule of development activities being employed to measure progress

7.0
Alternative approaches to mitigate the risk

The calculation of programmatic risk is:

Identified risk items will be assigned a number 3 for high risk, 2 for moderate risk and 1 for low risk.  Summarily, impact will be assigned in the same fashion.  These two numbers will be multiplied and the resultant number used in establishing the program impact.  Values of 8 or 9 will be carried as high programmatic risk items and will be closely monitored for implementation of mitigation actions.  Values of 4 to 6 will be considered moderate risk and will be tracked and reviewed for potential change of status to high risk.  Remaining items will be identified as low risk and will be periodically reviewed (typically on a 6 month interval) for a change of status.  Tracking of risk items will be the responsibility of the SIT supported by the SIS contractor.

To successfully implement this process it is necessary that each laboratory develop a risk management activity to report progress on risk  management activities. 

3.4  System Build, Test, and Demonstrationtc "3.4  System Build, Test, and Demonstration" \l 1
The system build process begins design definition and continues until the system is constructed and is ready for its first demonstration.  As part of the systems engineering process, the "build" of this system must be considered as an extension of the requirements analysis and design tasks for all subsystems and components. 

3.4.1  System Build tc "3.4.1  System Build " \l 1
3.4.1.1  Configuration Developmenttc "3.4.1.1  Configuration Development" \l 1
As discussed in the previous section the development models are an extension of the systems requirements allocation process.  These models provide, at the top level, a hardware implementation of the design requirements as defined in Section 3.7 of the NCSX System Specification.  An example might be that the NCSX System Specification defines the location of the plasma as related to a set of physical dimensions.  To implement this requirement necessitates that the magnets, toroidal, poloidal and error correction, be located in a specific location relative to the plasma.  The "3 dimensional" Stellarator Configuration Model described below is the document which places physical dimensions on the placement of these magnets. These models provide interface design constraints--not functional performance requirements.  This process of developing physical relationships for the subsystems described in the NCSX System Specification (Section 3.7) is the primary purpose of the configuration development models.  

For this project the configuration development model has been divided into two separate but interrelated models.  These models are: the Stellarator Configuration Model and the NCSX Plant Model  These models provide representations of the overall NCSX design configuration and provide the allocation of volumetric space to each of the subsystems. The models have two basic functions: A "top down" design function and a composite representation of the bottoms up design.  The  "top down" design function is accomplished early in conceptual design phases to develop a general layout of the stellarator and to provide routing and space allocations requirements and constraints. Although the drawings leading to these allocations are made available to project designers as they are being developed, these space allocations must eventually be captured in specifications or ICD's.  

The composite representation of the "bottoms up" design can be used in conjunction with the "top down" design model to check for compliance of the "bottoms- up" designs with the system specifications and ICD space allocations.

Inputs to these models will be provided by the individual WBS elements for inclusion into the Stellarator Configuration Model and the NCSX Plant Model.  The combination of all three models provide the mechanical configuration design of the entire NCSX System.  

The Stellarator Configuration Model and the NCSX Plant Model are administered under the Systems Engineering offices by the Systems engineering Support Contractor as described in the Plant Model Guidance Paper (provided by Project Engineeringas a description of the modeling tools).  These models will be compatible with the automated data storage and retrieval system as described in NCSX Data Management Plan . 

Provided in the PPPL NCSX Plant Models Description Document is an in-depth discussion of the interrelationship of these models.  Also provided is the process for the inclusion of the design details into the Stellarator Configuration Model and the NCSX Plant Model and how these models will be used for verification that the individual subsystems meet the design space allocation constraints.  Provided below is a brief overview of these models.  

3.4.1.1.1 Stellarator Configuration Modeltc "3.4.1.1.1 Tokamak Configuration Model" \l 1
The Stellarator Configuration Model is used to allocate the finite amount of space available inside and immediately adjacent to the cryostat.  Its primary purpose is to develop a machine topology and design envelope (defining approximate physical size, location and interface designs) for significant components and structures.  It also provides for allocation of "keep-out-areas, manned access portals and maintenance access spaces.  

Like the 3.7 Section of the System Specification, which allocates requirements to the subsystems, the envelopes defined in the stellarator configuration model are provided to the WBS Managers as a starting point for their detail designs.  These drawings contained in these models will be placed in the NCSX automated data storage and retrieval system as described in NCSX Data Management Plan for retrieval and use in the control of volumetric and interface designs within and adjacent to the cryostat.

3.4.1.1.2  NCSX Plant Modeltc "3.4.1.1.2  TPX Plant Model" \l 1
The purpose of the NCSX Plant Model is essentially the same as that described above for the Stellarator Configuration Model, namely to allocate volumetric space for WBS elements.  The NCSX Plant Model initially addresses itself to the space outside of the cryostat but will gradually include design representations of components inside the cryostat.  This model uses as baseline inputs the designs of hardware to be retained (e.g., the neutral beam generators), "Test Cell" building, structures and space around the perimeter of the current TFTR facility.  In addition this model will utilize the detailed designs provided by the individual  WBS organizations as inputs.  

3.4.1.1.3  Detail Design Modelstc "3.4.1.1.3  Detail Design Models" \l 1
The detail design models (drawings) will be developed by the individual WBS functions or hardware contractors,  Each configuration item (WBS level) will provide specific system design details in electronic media .  These drawings will provide the details of the designs of the systems or components supplied to the NCSX Project and will be the drawings that will govern the design and fabrication of the NCSX System.  

3.4.2  Integrated System Test Planningtc "3.4.2  Integrated System Test Planning" \l 1
System verification is accomplished through a combination of inspection, demonstration, test and analysis activities.  Project Engineeringand the NCSX Systems Engineer will establish a cost effective approach to verifying system performance.  Emphasis will be placed on the reduction of overall verification costs and timelines by choosing the lowest level of verification required to verify each system requirement, performing verification at the lowest level of system assembly possible, and by maximizing the number of test objectives that may be satisfied by each test. A verification compliance matrix will be developed and maintained that identifies the verification method and status of each system requirement in order to ensure that all system performance requirements, as documented in the NCSX system specification, are verified and all maintenance and operations procedures are validated.

As a large number of system requirements will require verification via test methods, an integrated test planning approach will be utilized in which the various program participants, including Engineering and WBS Managers, play a significant role.  System level tests will include activities to verify that subsystems interface properly and individual performance requirements are met, as well as verifying full system operation.  A Test and Evaluation Plan (TEP) will be developed and maintained by Project Engineeringto establish how the integrated system testing will be performed and managed.

The TEP will include an overview and schedule of the integrated system test program and the purpose, scope, and objective of each system test; test configurations; and test responsibilities.  The SIT will have the additional responsibility of  coordination of the TEP for ultimate approval by the NCSX Project Director.  Project Engineeringsystem test responsible engineer will assist the SIT Chairman in planning agendas, tracking action items, and managing the test planning effort.

The TEP will be developed during the early stages of the program to provide the hardware subcontractors knowledge as to what their system test responsibilities are and within what time frame they occur.  This will enable the subcontractors to do the long range planning necessary to support system testing.  It is expected that, as the design evolves, the system test program may go through changes and the TEP will need to be updated.

In support of specific system test activities, Project Engineeringwill provide support to PPPL in conducting and preparing for test readiness reviews (TRRs), tracking test activities, and resolving test issues. 

3.4.3  Demonstrationstc "3.4.3  Demonstrations" \l 1
Demonstration or prototyping of critical technologies and development hardware is a cost effective method of reducing risk and will be monitored and controlled through the Risk Management process described in Section 3.3 above.  Demonstrations provide assurance that the system under development is feasible.  Prototypes will developed and evaluated in the earliest stages of the NCSX program to assure that the critical components of the system can be manufactured by processes and of materials necessary to meet the mission performance requirements.  

For the NCSX program it is planned that prototypes of various critical elements of the system will be developed.   System elements which are expected to addressed by demonstration during their development include the superconducting magnet systems, plasma facing components, and the remote maintenance system.

The superconducting magnet system demonstration may consist of a scale model of a NCSX magnet built using the same materials and processes as those which will be used in the construction of the toroidal field (TF) and poloidal field (PF) magnet systems.  The plasma facing component demonstrator shall be representative (same configuration and of the same materials fabricated by the same processes) of those materials which will be used in the NCSX reactor facility.  Demonstrators of remote maintenance system components shall be prototypes and demonstrated in a "mock up" facility similar to the NCSX environment in which they will be operating.  This system shall demonstrate the feasibility and practicality of performing remote maintenance of the plasma facing components including removal and replacement of individual tiles and panels as well as the welding of connecting tubing.

Because of the criticality of the performance of these subsystems it is recommended that the Final Design Reviews of these subsystems not be considered as completed until such a time that the prototype demonstrations have been successfully performed.

3.5 DATA MANAGEMENT AND CONFIGURATION CONTROLtc "3.5 DATA MANAGEMENT AND CONFIGURATION CONTROL" \l 1
3.5.1  Data Managementtc "3.5.1  Data Management" \l 1
Data Management is a support function under the auspices of Configuration Management as defined in the Configuration Management Plan (NCSX-PLAN-CMP) within the SIS contract.  NCSX data management supports reliable integration of NCSX component elements through the use defined procedures implemented with an integrated document and drawing control system  (Data Management System).  The NCSX Data Management System (DMS) is an automated data management system which encompasses the existing NCSX Drawing Control System, the NCSX File Sharing System,  as well as a planned commercially-based final DMS to be used for the project. 

Please refer to NCSX-PLAN-DMP  for details of its function and roles and responsibilities.

3.5.2.  Centralized Document Controltc "3.5.2.  Centralized Document Control" \l 1
The centralized document and drawing control system using the tools described above and in the Data Management Plan (NCSX-PLAN-DMP) provides the mechanism through which review, authentication and configuration control of all NCSX drawings and documents will be provided.  The Systems engineering Support contractor shall be responsible for developing, implementing and administering the document and drawing control and configuration management processes and tools.  Project Engineeringis responsible for the development and implementation of a automated storage and retrieval system for all NCSX documentation. 

3.5.3  Centralized Drawing Issuance and Controltc "3.5.3  Centralized Drawing Issuance and Control" \l 1
The electronic document and drawing control system will provide access to the NCSX drawings.  The drawings located on this system will be essentially of two types, preliminary and controlled.  All participating organizations will have access to the document stored on this system.  However, the system will provide the capability to prevent the change of released documents by persons other than those authorized.  This control shall be maintained through the use of passwords or other methods of controlling changes.  All drawings currently in use on the TFTR will be brought under NCSX configuration control and be available through the NCSX Configuration Control Secretariat.  The Configuration Control Secretariat is a member of the SIS team who has the responsibilities for recording and tracking the status of all NCSX System level released documentation including controlled drawings, program documents and cost and schedule baseline data.  

3.5.4  Change Control for Design, Cost and Schedule Baselinestc "3.5.4  Change Control for Design, Cost and Schedule Baselines" \l 1
Change Control provides baseline tracking and data management for the NCSX program.  The Change Control Process (as defined in the Change Control Procedure (NCSX-PROC-CCP)) incorporates the integration of the Change Control Board, electronic databases and file sharing to provide for the participant a means of quick retrieval and accessibility to the real time baseline.

The Change Control Process (CCP) will be organized through the incorporation of a formal board called the Change Control Board (CCB).  The CCB is a nonvoting organization with the Chairperson making all final decisions. The CCB Secretariat or his delegate is the Configuration Control Engineer.  All WBS elements will be represented on the CCB through their functional Engineering Manager.  The change control process is described in the Change Control Procedure (NCSX-PROC-CCP), please refer to this document for details.

3.6  INTERFACE CONTROL PROGRAM & PROCESStc "3.6  INTERFACE CONTROL PROGRAM & PROCESS" \l 1
Interface Control is that part of the system design integration task that generates and administers technical agreements between two or more activities, when the products, for which management has responsibility, must assemble and/or function together. The Interface Control Working Group (ICWG) is the forum used to reach agreements and control interface activity among the participants (Government, Contractors, or other agencies) including the resolution of interface problems and the documentation of interface agreements.  ICWGs are established to support the development, modification and maintenance of selected interfaces.  Regularly scheduled ICWG meetings manage agreements and establish ICDs to document both functional and physical interface characteristics.

For a detailed discussion of the, functions, operations and roles and responsibilities of the ICWG and its members refer to the Interface Control Management Plan (NCSX-PLAN-ICMP).

3.7 REVIEWS AND AUDITStc "3.7 REVIEWS AND AUDITS" \l 1
3.7.1  Design Reviewstc "3.7.1  Design Reviews" \l 1
Design reviews are conducted to assess the technical adequacy of the system baseline as it is developed.  These reviews are conducted in accordance with DOE Order 4700.1A, Project Management System, and tailored to ensure proper development, establishment and control of the NCSX Project technical baseline.  They are used to verify conformance with requirements at both the system and element level. 

Successful completion of the reviews described below is required for approval to progress from one phase of the program development to the next.  Three formal design reviews are scheduled during the design phase of NCSX.  These design reviews are intended to be a formal review and critique of the system, system element, or grouping of related system elements by qualified individuals to verify compliance with system requirements.  Design reviews will also serve as an appropriate point to evaluate and update cost estimates and schedules for completeness and validity.  The three formal review points are: 

•
Conceptual Design Review (CDR) - a review of the total project design after the initial scooping of the project and prior to the start of preliminary design.  The NCSX system level CDR was accomplished in March, 1993.  The subsystem CDR update for the Heating and Cooling Subsystem (WBS 73) is the only remaining major CDR activity and is scheduled for September, 1995. 

•
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 planned to be accomplished on a subsystem by subsystem basis. 

•
Final Design Review (FDR) - a review at the completion of the detailed design.  The FDR is also planned to be accomplished on a subsystem by subsystem basis. 

In practice, there will be a continuing review of the system and subsystem designs from the beginning of the conceptual design phase through pre-operational testing, and less-formal interim reviews may be scheduled as appropriate.  The design review data package, provided prior to the actual conduct of the review, will be the primary vehicle for communicating the necessary information to assess the completeness and adequacy of the current baseline.

The overall strategy and schedule for NCSX design reviews is the responsibility of the NCSX Systems Engineer.  Guidance and general support to the NCSX Systems Engineer will be provided by the SIS contractor.  The planning, preparation, and conduct of each design review is the responsibility of the applicable WBS Manager for the system element(s) under review.  Any review held at the system level is the responsibility of the NCSX Systems Engineer.

3.7.1.1  Systems Engineering Master Logictc "3.7.1.1  Systems Engineering Master Logic" \l 1
Successful completion of a design review requires that the design has matured to a level appropriate for the review and that all data necessary to properly evaluate that design is complete.  To facilitate this goal, a systems engineering master logic (SEML) approach will be implemented for the NCSX.  The SEML approach is based on the identification of entry requirements that indicate readiness for a review and exit requirements that define review close-out. Success criteria are then established to provide a means to assess satisfaction of the entry and exit requirements.  These data items, as captured by the SEML, establish the essential work flow for successful review of system development.

The SEML is organized around an outline (see Figure 3.-15) that is tailored towards the efforts and products that are required in support of each type of review (e.g., CDR, PDR, FDR).  Entry and exit requirements and their associated success criteria will be established for each applicable element of the outline and captured on the form shown in Figure 3.-16.
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Figure 3-15. SEML Outline for a NCSX design review meeting

Project Engineeringis responsible for providing guidance on the overall conduct of the SEML approach and for developing the appropriate SEML outline for each review.  The specific content of the SEML will be provided by the applicable WBS Manager sufficiently in advance of each design review to ensure that any impacted work plans can be modified, if necessary, to ensure all required tasks are accomplished.  The effort captured by the SEML will be reflected in the work plan schedules to permit an assessment of the overall readiness for the design review.  

An example SEML excerpt for the Magnet Systems PDR is provided as Figure 3-17.
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Figure 3-16.  Annotated SEML Format
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Figure 3-17  Excerpt from the Magnet Systems PDR SEML

3.7.2  Data Package Review Processtc "3.7.2  Data Package Review Process" \l 1
Each WBS Manager is responsible for ensuring all necessary tasks are completed in time to support the preparation of the design review data package and the review itself.  Status with respect to SEML task completion will be captured in the regular work plan updates.  Project Engineeringwill provide a general assessment with respect to the SEML and design review readiness and closure to the NCSX Systems Engineer.

As a goal, WBS Managers will ensure that design review data packages are scheduled for delivery 60 days prior to the start of the review.  This will ensure reviewers have sufficient time to prepare chits against the data package and return them to the performing organization 30 days prior to the review.  This, in turn, allows the performing organization(s) time to prepare responses that can be presented at the review.

During the review of the data package and questions or perceived problems may arise which can not be resolved to the satisfaction of the reviewer.  Chits (formal requests for action to resolve perceived issues) will be prepared (see Figure 3-18 and 3-19) and will be processed as shown in Figure 3-20.  Chit collection and review should be centralized at each organization to ensure appropriateness and to avoid duplication.  Chits will then be submitted to the SIS contractor, who will maintain a log of the chits and assign a draft category per Figure 3-21.  The logged chits are then provided to the design review steering committee to receive a final categorization and disposition.  Only chits designated as requests for action (RFAs) or action items will be assigned for formal action by the steering committee.

The steering committee will consist of representatives from the NCSX Project Engineer, NCSX Systems Engineer, the appropriate WBS Manager, Project Engineeringand other Project personnel and stakeholders as required.  Non-voting representatives of the applicable contractor/performing organization may called upon to facilitate development of chit resolution plans.  The steering committee will meet as required prior to the design review to review chits against the data package to disposition all chits.  Should a chit originator believe the intent of their chit was misunderstood, that individual can appeal for reconsideration with their appropriate representative on the steering committee.  

WBS Managers are responsible for ensuring adequate progress is maintained towards resolving chits and for providing regular status to the SIS contractor.  Project Engineeringwill facilitate proper coordination of chit responses and will continue to maintain the chit log and monitor chit progress.

[image: image7.wmf]Figure 3-18A Typical Chit Format

[image: image8.wmf]Steering Committee Assignments 

 

Baseline Area Impacted: 

 [  ]  Requirements 

[  ]  Design 

[  ]  Cost 

[  ]  Schedule 

 

Actionee: __________________________________________________________________________________ 

 

Organization  

Name 

 

Email 

 

Telephone 

Fax # 

Date 

 

 

Designated Response Manager: _________________________________________________________________ 

 

 

  Organization          Name            Email                  Telephone 

Fax # 

Date 

 

 

Actionee Response: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Response Coordination Manager Sign-off: _________________________________________________________ 

 

 

 

   Signature               Email  

Telephone 

Fax # 

Date 

 

 

Requester’s Response Coordination 

[  ]  Concur 

[  ]  Concur with Comment 

[  ]  Non Concur 

 

 

Comments/Rationale: 

 

 

 

Signature: ________________________________________________________________________ 

 

 

Signature 

            Email 

             Telephone 

Fax # 

Date 

 

 

Final Steering Committe Disposition: 

 

 

Chairman’s Signature: _________________________________ 

Date: ______________________________ 


Figure 3-19 A Typical Chit Format (Continued)
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Figure 3-20A  Chit Action Process  
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Figure 3-20B  Chit Action Process  (Continued)
	CHIT CATEGORY
	DESCRIPTION

	Category 1
	Design review contingent, must be resolved before design review can be closed..

	Category 2
	Not necessary for the closure of the present design review, but of enough significance to require formal tracking relative to a downstream project milestone such as the next design review.  The chit is associated with another specific milestone and given to the responsible organization for that milestone as well as the SIS to track and make sure resolved by the assigned milestone.

	Category 3
	rejected as not requiring formal tracking.  Where appropriate the chit will be forwarded to the affected development organization for their disposition.


Figure 3-21.  Chit Categories
3.7.2  Design Review Conducttc "3.7.2  Design Review Conduct" \l 1
Design review meetings (CDR, PDR, FDR FCA and PCA) shall be conducted in an manner to facilitate a thorough exchange of data while maintaining a reasonable pace.  This shall be achieved through the developing and maintaining a detailed agenda for the meeting.  It is advised that "side sessions" be planned to facilitate the exchange of data which may be of particular interest to a particular group.  A proposed meeting agenda shall be submitted with the design review data package and shall generally conform to the outline provided in figure 2.9-1.  The agenda shall be coordinated with and approved by the steering committee chairman prior to the meeting.  

Every reasonable attempt shall be made to commence the meetings at the scheduled time and maintain the schedule.  To facilitate this process it is recommended that discussions from the floor, although encouraged, should be limited in duration.  If is should become obvious that a particular discussion is of sufficient content and interest then a separate "off line" meeting should be created for the discussion of this topic.  

The design review will be reviewed by a design review steering committee and a project designated review committee.  Roles, responsibilities and membership of these committees are: 

DESIGN REVIEW STEERING COMMITTEE

The Design Review Steering Committee will be chaired by the NCSX Project Engineer or his designee.  Its membership will include Project Engineeringas the secretariat, the WBS Manager responsible for the design review and others as selected by the Steering Committee chairman.  The purpose of the Steering Committee is to orchestrate the design review process including the dispositioning of all chits and other actions required to close the design review.

The Steering Committee membership is selected to allow consideration of budget, schedule and contractual issues in addition to design performance issues when dispositioning chits.

The Steering committee will formally function until the design review has been closed, including the required authentication of specifications and the approval of any required project cost and schedule baseline changes.  

The steering committee will meet as required prior to the design review to review chits against the data package to disposition all chits.  Chits against the data package and other open action items will be included as an agenda topic at each design review meeting.  Relevant action items and chits shall be presented in a tabular fashion with disposition/status clearly indicated.  The steering committee shall meet and during, typically at the end of each day of the design review to review the chits/action items generated during that day and disposition each.  The process provided in Figure 3-20A and 3-20B provides a method for the disposition of action items.

PROJECT DESIGNATED REVIEW COMMITTEE

The Project Designated Review Committee members have been selected for their expertise in the critical areas of the design being reviewed.  It is the role of the chairman of this committee to organize the exact manner in which the committee is to operate and to coordinate the committee’s review of the design and design requirements.  The review committee is expected to prepare chits identifying their concerns and requesting project actions to address those concerns.  The review committee is also expected to issue a Design Review Evaluation Report which summarizes their evaluation based upon their “charge letter” from the NCSX Project Engineer.  To assure that the Project Designated Review Committee members have the full knowledge of design review related activities, the Steering Committee chairman and SIS contractor will provide the Review Committee chairman and their interested committee members with summary briefings of chits received during the design review from non-review committee members and the projects proposed dispositioning of those chits.  Review Committee members are also welcome to participate in Steering Committee chit disposition meetings.

The Project Designated Review Committee’s formal responsibilities end with the issuance of the Design Review Evaluation Report.

Although the formal design review meeting will be considered closed when discussions on all relevant topics are completed the design review process is not closed until all approved chits and action items are formally dispositioned.  

3.7.3  Audits and Peer Review Directiontc "3.7.3  Audits and Peer Review Direction" \l 1
Independent review and audit groups are sometimes called in to monitor programs such as NCSX.  For each formal audit/review event, Project Engineeringwill prepare options for the disposition of review findings.  Findings will be assessed with the help of experts as needed and in partnership with PPPL NCSX personnel to assure suitable disposition.  This approach assures that findings are handled appropriately and consistent with the objectives of the event. 

Findings logs will be used to identify and record, as a minimum:  the findings, reviewer/ auditor who assigned actions, the person responsible for an action, and an agreed time for completion.  This SIS contractor will maintain contact with the assigned performer to ensure that actions are carried out in a timely manner and that the reviewer/auditor of the finding concurs that completion is satisfactory including needed documentation.

3.7.3.1  Action Itemstc "3.7.3.1  Action Items" \l 1
All action items generated at Technical Interchange, SIT  and other program level meetings shall be documented for tracking and closure.  This process is similar to, but less formal that used for tracking "Chits" from design reviews as described above.  The process is as follows:

Action items  will be generated on the form provided in Figure 3-22 by the requesting individual.  All action item forms will be collected and reviewed by the sponsor organization WBS Manager for discussion, typically, at the end of day or at the end of the meeting.  The sponsoring organization manager will; 1)attempt to have the appropriate individual answer the action "in real time",  2) accept the action item as written and assign a responsible individual to answer the action item and agree on a date for the completion of the action,  or 3) ask that the action item be rewritten to better describe the action requested and then perform step 1 or 2 above.  Action items may be "rejected" by the manager of the receiving organization if it is agreed that the requested action is "out-of-scope" of his/her current statement of work and or funding constraints.  A manager may not accept an action item for any other performing organization (WBS Element institution or contractor) than his own.  In cases where the requested action lies outside his/her purview the action will be either rejected or reassigned to the correct organization for resolution.  In those cases where more than one performing organization is involved in the resolution of the action item both must accept and agree on the assignee(s) and response date.  All action items must be signed by the requester and accepting WBS Manager(s) before being considered as accepted. 

 Each action item will be assigned a unique number which will allow tracking by the NCSX Project and the WBS Manager.  The action item numbering shall include the sponsor organization identifier usually an acronym such as LLNL, PPPL ORNL etc., the date of that the action was accepted and a unique identifying number.  An example is LLNL-95-07-10-001.  This would be the first action item accepted at the meeting held on 10 July 1995  sponsored by LLNL.  
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Figure 3-22  Action Item Request form 
4
ENGINEERING SPECIALTY INTEGRATIONtc "4.0  ENGINEERING INTEGRATION" \l 1
4.1  RELIABILITY, AVAILABILITY, MAINTAINABILITY (RAM) tc "4.1  RELIABILITY, AVAILABILITY, MAINTAINABILITY (RAM) " \l 1
The NCSX RAM Plan describes the requirements, functions, processes and procedures required to effectively implement a RAM Program for the NCSX Project.  Specific procedures for RAM program conduct are contained in the RAM Plan.  RAM applies to all NCSX Project hardware design, development, production, operations, and support. equipment and software.  Subsystems and critical items produced by WBS contractors and their  subtier contractors are also covered by this Plan. 

Project Engineeringshall prepare, publish and maintain the NCSX RAM Plan to provide a description of how the RAM effort and tasks will be conducted and integrated into the NCSX design to ensure that quantitative reliability requirements and program objectives are met.  Each task will be described in detail with its intended result and output.   The SIS subcontractor is responsible for integrating NCSX design, development, testing, production and operational support activities to include the NCSX RAM program requirements.

WBS Managers are responsible for optimizing designs for reliability and maintainability through systematic evaluation of design options, and for performing failure modes, effects and criticality analysis (FMECAs) for RAM design improvement and verification.    

Project Engineeringwill conduct in-process audits and review completed WBS subsystem FMECAs to validate the adequacy of FMECA conduct. As part of the NCSX WBS program reviews (PDRs, FDRs, and TIMs) and the WBS RAM program assessment task , Project Engineeringwill assist PPPL in conducting WBS RAM program reviews, recommend corrective action where necessary, and follow-up to help assure WBS RAM design optimization.

4.2  VALUE/COST ENGINEERINGtc "4.2  VALUE/COST ENGINEERING" \l 1
Project Engineeringwill initiate and administer the NCSX Value Engineering (VE) program.  This effort will be accomplished in accordance with DOE 4010.1a and OMB Circular A-131.  The NCSX VE program execution will follow the approved plan.

A SIS value engineer will  prepare a Value Engineering Plan (VEP).   This plan will cover VE training for approximately 30 NCSX project participants.  This training will be conducted by a certified value specialist (CVS) and discuss VE as applied to one or more NCSX processes/activities.  

This document will be prepared and delivered at a time mutually agreeable to Project Engineeringand NCSX System Engineering

4.3  QUALITY ASSURANCE (QA)tc "4.3  QUALITY ASSURANCE (QA)" \l 1
The NCSX QA System provides a framework that defines quality in terms of goals and expectations and establishes processes to fully integrate the quality function into all phases of the program by providing continual, independent, and disciplined reviews/audits of all processes, products, and services.  QA trend analyses against compliance standards and metrics, performed at different points throughout processes, provide conformance assessments over time.  The Quality Assurance Program Plan (QAPP) establishes requirements for measuring and controlling work and for providing management and independent self assessments to find, report, and solve problems.  The describes procedures and practices to meet the specific requirements of the NCSX Project.  Revisions or changes to the plan will be subject to review and approval by the project prior to use.  

While performing their assigned duties and responsibilities, workers, line management, and immediate supervisors are assigned immediate responsibility for the quality of the project's efforts.  Personnel independent of the activities being performed are assigned the responsibility of verifying and validating that the project's efforts are commensurate with project standards.  All personnel have a responsibility to identify quality problems and to recommend solutions.

This PPPL NCSX QAPP describes the Quality Assurance Program established for PPPL NCSX activities.  The PPPL NCSX QAPP responds to the NCSX Project Quality Assurance Program  which requires that Project participants establish plans for implementing the Project quality requirements.  The NCSX Project quality requirements are set forth in the NCSX Project QA Plan and Project procedures.

Additionally, the QAP defines policies that pertain to the quality of each subcontractor's support services—on-site or off-site.

4.4  PARTS, MATERIALS AND PROCESS STANDARDIZATION AND CONTROLtc "4.4  PARTS, MATERIALS AND PROCESS STANDARDIZATION AND CONTROL" \l 1
The purpose of the NCSX parts standardization program is to reduce the number of parts types, improve system maintainability, and optimize logistics support by standardizing part types and selecting parts with two or more reliable sources wherever practical.  Project Engineeringwill maintain a Master Parts Listing of the NCSX parts and materials  The parts  materials list currently in use on the TFTR Project will be used as a starting point the for the NCSX Parts and Materials list.  Based on these data and updates provided by the individual WBS organizations, SIS will update and maintain the Master Parts list.   The Master Parts List will be maintained in the NCSX Structured Database.  The Master Parts List will be available to the WBS hardware designers in the NCSX Structured Database for the purpose of standard parts selection.  The Master Parts list will also be available to WBS logistics support personnel for the purpose of selecting and/or verifying multiple sources for parts procurement and reprocurement. 

In addition to the Master Parts List the NCSX Project will develop a Vacuum Materials List.  Like the Master Parts List, this list will use the current Vacuum Materials List and as a point of departure.  Additionally, the Vacuum Materials Review committee currently operating on the TFTR Project will continue to be employed as the NCSX Materials Review Committee.  All parts and materials used in the vacuum vessels and in a neutron environment will be reviewed by this committee to determine suitability before being incorporated in the design.

4.5  MANUFACTURING/PRODUCABILITYtc "4.5  MANUFACTURING/PRODUCABILITY" \l 1
Each WBS organization assisted by the supporting contractor(s) shall develop a producability and manufacturability plan.  This plan will be the controlling document by which the manufacturability of each configuration item will be evaluated.  The plan shall include a process flow diagram showing each of the major manufacturing operations.  Also  to be identified and draft documents of any special process procedures required to produce the configuration item to be fabricated.  These plans and drafts of the procedures will be provided for review at each contractor’s Preliminary Design Review.   Review will be performed by the SIS and the Stellarator Construction Manager for issues pertaining to manufacturability and constructability issues.

During detailed design these documents will be under the purview of each WBS Manager for control and review.  Each WBS Manager shall assure that producability and manufacturability are a subject of discussion during each major design review and technical interchange meeting.  As part of the Final Design Review the Producability and Manufacturing Plan for each configuration item  shall be reviewed and approved.  

At the time of the Physical Configuration Audit (FCA)  document than will be brought under configuration control to assure that processes are documented and maintained.

4.6  CONSTRUCTIONtc "4.6  CONSTRUCTION" \l 1
The Stellarator Construction Manager (TCM) is a support function to the systems engineering process through out the preliminary and detailed design phases of the program and shall provide advice on all matters relating to constructability.  Once on contract the TCM will be responsible for creation of the NCSX Constructability Plan.  The goal of this plan is to provide guidance on the optimum use of the knowledge and experience of the TCM in the planning, procurement and field assembly of the Stellarator to achieve overall project objectives.  The plan will define the roles and responsibilities of the TCM in the design and construction of the NCSX Reactor and associated facilities.  

The NCSX constructability Plan established the requirements for initial constructability discussions with the designers as well as formal constructability reviews that consider the following main aspects of constructability:  

•  Space allocation for ease of construction and maintenance

•  Access for assembly

•  Required assembly sequence

•  Identify construction issues to provide early identification and mitigation of constructability risk issues

•  Encourage designs that enhance development and use of innovative techniques

•  Identify designs features to reduce construction costs

The NCSX constructability Plan shall be prepared and delivered on a schedule mutually acceptable to both the TCM and NCSX management.

After the program has progressed to the stage of construction the TCM will be responsible for all phases of the construction of the NCSX System.  The TCM contractor shall support the CDRs, PDRs, FDRs, FCAs, PCAs and program level technical interchange meetings to review all designs for issues relating to constructability. 

4.7  TRAINING tc "4.7  TRAINING " \l 1
Training for the NCSX program will lie within two primary areas.  These are:  Safety and Operation and Maintenance of the NCSX.

Safety Training:  is considered to be an important aspect of the Project's program.  The Project's training program will follow the PPPL policy stated in P-008 (“Staff Training”), P-028 (“Subcontractor Training Requirements for the PPPL Site”), and P-029 (“Testing for Training Courses”).  Safety training will be coordinated by the PPPL Certification and Training Division and the PPPL ES&H Division.

O & M Training:  Each organization (laboratory or contractors) shall be responsible for providing initial training and training materials for the operation and maintenance of the systems they provide.  They shall create a plan to provide training on the operation and maintenance of their system  This plan shall include details of the training to be provided including documentation materials and a schedule for the training of experimenters as well as the end user operators.  This plan shall be included as part of the Final Design Review Data Package and shall reviewed and approved by the NCSX management, the PPPL Certification and Training Division and the PPPL ES&H Division.

As an integral part of the O&M activities Project Engineeringwill provide training of personnel from NCSX O&M in use and maintenance of the NCSX Data Management System so as to provide access to documents and drawings for operations, maintenance and possible modifications.  This training will include document and drawing control systems as well as the electronic database.

4.8 TECHNICAL PUBLICATIONS (O&M MANUALS, ETC.) tc "4.8 TECHNICAL PUBLICATIONS (O&M MANUALS, ETC.) " \l 1
Project Engineeringwill be responsible for the collection and maintenance of a NCSX Library containing all technical publications/documents created by support organizations.  This library shall contain all documentation required for the operation and maintenance of the NCSX System including plans, procedures and all training materials.  This library will support the centralized document and drawing control system by providing additional documentation required to design, build and maintain the NCSX.  After the development phase of the program (after first plasma and Project Engineeringhas completed their role) the maintenance of the library shall be the responsibility of PPPL. 

Project Engineeringwill be responsible for coordinating of the writing and implementation of the NCSX Operating and maintenance procedures.  In this capacity they shall; review the current procedures for applicability, identify areas where these procedures are deficient and assist in the correction/upgrades of these procedures. In addition they shall identify those areas where no procedures are in existence and assist the Systems Engineering staff in the development of the missing procedures.  Creation and maintenance of the O&M Manuals including operation and maintenance plans and procedures will be the responsibility of each participating organization.

4.9  SYSTEM SAFETYtc "4.9  SYSTEM SAFETY" \l 1
The NCSX Project uses the PPPL and TFTR Safety Plans as a baseline from which the NCSX Safety Plan has been derived.  The NCSX Safety Plan is documented in the Program Management Plan Annex II.  In part this plans states: 

Safety and protecting the environment have the highest priority in the NCSX Project.  PPPL will ensure that the design, development, procurement, manufacture, fabrication, construction, installation, testing, operation, maintenance, modification, and eventual decommissioning of the NCSX is accomplished in accordance with the Environment, Safety and Health (ES&H) provisions of:  applicable DOE Orders and other requirements the PPPL Environmental, Safety, and Health Directives (ESHDs); environmental regulations and guidelines of the U. S. Environmental Protection Agency (EPA); and, state and local requirements.  In particular, applicable criteria for routine and accidental occupational and public exposure to radiation will be established in accordance with the requirements of DOE Order 5480.11, DOE Order 5400.5, and USEPA 40 CFR 61, Sub-part H.  Other participants will follow their own ES&H requirements within their own organizations, but must ensure the design, procurement, and manufacture of components destined for PPPL conform to PPPL ES&H requirements.  In the event of conflicts among ES&H requirements, Federal/DOE requirements shall govern (followed by PPPL's requirements) on NCSX components. 

The PPPL Environment, Safety, and Health Division (ES&HD) is the ultimate authority for ES&H on the NCSX Project, and will monitor all aspects of the project to assure that potential hazards are minimized.  Potential hazards will be identified and evaluated, techniques for elimination and/or control of such hazards will be studied, alternatives will be proposed, and risks will be assessed.  The goals of the ES&H function will be the accomplishment of NCSX program objectives, within reasonable and acceptable risk, and with the least practicable number of undesirable results (i.e., occurrences, incidents, accidents).

4.9.1  Safety Assessment/Documentationtc "4.9.1  Safety Assessment/Documentation" \l 1
Safety review and approval of the NCSX design by the DOE to permit construction and operation will be facilitated through the preparation of a Preliminary Safety Analysis Report (PSAR) and a Final Safety Analysis Report (FSAR), and through one or more Operational Readiness Reviews (ORRs).  The Idaho National Engineering Laboratory (INEL) has responsibility for preparing the PSAR and FSAR, which will require detailed contributions from Engineering Managers, System Managers, and other members of the NCSX management structure and review by the PPPL ES&H Division.  The PSAR will require review and formal acceptance by DOE prior to the start of excavation.  FSAR formal acceptance by DOE will be required to obtain authorization for initial NCSX integrated systems testing and subsequent operation.  An ORR will be conducted by a panel of experts to assure that all facility and management systems are in place for safe operation of NCSX.  The PSAR and FSAR will document the potential effects on personnel, the public, and the environment associated with the normal and potentially abnormal (accidental) operation of the NCSX.  The consequences of operation will be determined, quantified, assigned a specific level of risk and ameliorated through methods of detection and mitigation.

The PPPL ES&HD will provide ES&H review and approval of NCSX equipment specifications  and  design drawings prior to their final issuance for use in procurement, construction, and/or installation.  ES&H review and approval will also be required for all written procedures for installation, testing, operation and maintenance, for all proposed changes to items under configuration control, and at all formal design reviews.

Other participants in the NCSX Project will design and procure to PPPL ES&H requirements.  This will be accomplished through the participant's implementation of applicable DOE orders and PPPL ES&HDs and by the participation of the PPPL ES&H Division personnel in design reviews.

4.9.2  Operational Health and Safetytc "4.9.2  Operational Health and Safety" \l 1
The ES&H Division monitors potential hazards for all PPPL projects, and this function will be extended to all aspects of NCSX.  Throughout the life of the project, safety aspects in the following areas will be routinely appraised:

•
Construction/Industrial Safety;

•
Electrical Safety;

•
Fire/Emergency Preparedness (with PPPL's Facilities


Engineering and Emergency Preparedness Divisions);

•
Health Physics;

•
Industrial Hygiene;

•
Mechanical/Cryogenic Safety;

•
Nuclear Safety; and

•
Training (through PPPL Certification and Training Division).

For detailed discussions of these topics refer to Attachment II of the NCSX PMP 
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Figure 3-1 Systems Engineering Process (per DOE Order 4700.1)
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Figure 3-2 Systems Engineering Process as Tailored for the NCSX Program
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Figure 3-10 Constraint Allocation Sheet (CAS)
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This is a controlled document.  Check the NCSX Engineering Web prior to use to assure that this document is current.








SPECIFICATION�
MIL-STD-490A TYPE�
PURPOSE�
�
SYSTEM�
A�
•	Establishes the requirements for the System and characteristics of WBS elements 


•	Defines requirements based upon user’s mission needs as defined in the GRD�
�
DEVELOPMENT


	HARDWARE





	SOFTWARE�
B


B1


B2


B5�
•	Allocation of development requirements to the WBS items from the system specification


•	The performance document applicable to subcontractor’s contracts 


•	Defines the methods used to verify the requirements have been met�
�
PRODUCT�
C


C1b


C5�
•	Product acceptance requirements 


•	Includes design disclosure package for the fabrication requirements�
�
PROCESS�
D�
•	Covers manufacturing techniques which require a specific procedure in order that a satisfactory result may be achieved.


•	Normally applies to production but may cover “process” development .�
�
MATERIALS�
E�
•	Prepared to control the develop. of a material.


•	Normally a material spec applies to product.�
�



Figure 3-4   Selected MIL-STD-490A Specification Types
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Figure 3-4 Design Constraint Matrix











� Martin, J.M., Systems Engineering Guidebook, CRC Press, 1996, pg. 3


� Systems Engineering Management Guide, Defense Systems Management College, 1990
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