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Objective
As new nuclear plants (NPPs) are ordered, designed and constructed, the insights and experiences of Configuration Management (CM) professionals should be used to establish as early and as robustly as possible the principles and practices needed to develop and implement processes and tools for identifying, establishing, and maintaining the alignment between design requirements, physical configuration, and configuration information that make up an effective CM program. The benefits of an effective CM program are well established in the experiences of operating nuclear plants. The objective of this paper is to provide a set of CM principles and guidelines that can be used by utility managers as well as design and construction suppliers when determining strategies, establishing contracts, implementing processes, and monitoring performance during design, construction, testing, and turnover of new plants. 

Introduction
Configuration Management is, to some degree, an intuitive expectation of engineering, construction, and operation. It makes sense that we create and maintain information to be used to achieve a common understanding and confidence that what we build will perform as we expect and can be operated, maintained or modified based on the information.
However, experience tells us that, without an established CM program that defines what information needs to be created and maintained along with the criterion for maintaining alignment between the design requirements, physical plant configuration and facility configuration information; discrepancies will occur over time due to operation, maintenance, modification, and degradation that can reach the point of challenging our confidence in performance.

For nuclear plants, the significance of the adverse consequences of that challenge has prompted the Nuclear Regulatory Commission, as the licensing agency, to require quality assurance practices at licensed facilities. For operating nuclear plants, these practices are embodied in 10CFR50 Appendix B. The existing CM principles in use today grew out of measures to comply with Appendix B. However, even with this high degree of initial regulation and oversight; nuclear plants have been challenged in their ability to maintain adequate management of configuration to ensure the ability to operate confidently, to assess non-conforming conditions, and to assess and communicate the risks and benefits of proposed modifications.
Although the sources of these challenges are legion, one significant source is the absence of readily retrievable information from initial design and construction. During the initial design, construction, and licensing phases of the first generation of nuclear plants, the standards, knowledge, capabilities, and practices in place did not consistently or completely result in adequate design basis documentation or define the transition of this information. As a result, the utilities did not understand nor did they have access to the information necessary to meet their configuration management requirements. The results of that shortcoming are evident today in challenges to operation involving available margin, assumptions for operator action, adequacy of non-conformance disposition, and other regulatory concerns.  
The opportunity to incorporate “lessons learned” when establishing standards and practices for new plants can result in significant benefits during the operational phase by avoiding these challenges and  taking full advantage of the potential efficiencies to be gained from accurate and timely availability of information to facilitate maintenance and modification planning and preparation. This paper will identify principles that may be used to establish those standards and practices. We expect that utility managers will apply these principles when creating and reviewing contracts for design and construction as well as when creating and implementing utility practices for construction oversight, startup, and turnover. We also expect that design and construction suppliers will apply these principles in establishing process controls and tools.

Application of these principles and guidelines is likely to increase the cost of initial design and construction. Historically, one reason why design information was not captured and transitioned to the utility was that it added cost. In addition, additional rigor is required over what has been traditionally applied, which will require more time to create and verify information. For example, utility oversight of supplier activities will require additional reviews and assessments. These costs, both in dollars and schedule, need to be assessed and factored into plant construction. However, we believe that these costs are easily justifiable when compared to the costs experienced by operating plants in reconstituting and reestablishing configuration control.

Assumptions
· This paper will be used by organizations with nuclear plant experience.

· Standard Design is accepted as a principle by owner/licensee.

· Regulation will establish the responsibilities during operating phase of Certified Design Supplier if the Certified Design Supplier retains Design Authority. This includes the possibility of limited Design Authority (division of Design Authority between the Certified Design Supplier and the Licensee).

· Regulation will establish the responsibilities of the Licensee to implement changes specified by the Certified Design Supplier if the Certified Design Supplier retains Design Authority

I.
Developing the CM Plan
Utilities planning to add new nuclear generation are faced with a wide variety of challenges, from initial siting to contract negotiations to licensing issues. At the onset, configuration management should be a consideration since preliminary planning will prevent or at least lessen the consequences of configuration dis-connects as the plant is being designed, built and operated. The following are recommended actions the utility should consider:

A. The utility should view the planning for CM as an integral part of preparations for the new NPP.
B. A formal, documented CM Plan should be developed.

C. When established, the CM Plan provides a visible statement of the Utility’s commitment to CM and defines the roles, responsibilities and interfaces for the task. 

D. The Plan should consider the following details:
1. Development of a timeline of expected milestones (specific task completions, turnover of documentation, etc.)

2. Delineation of overall task responsibilities and at each phase

3. Method for problem identification and corrective action

4. Identification of specific information attributes required
5. Development of a program to create awareness of CM and to provide instruction for individuals involved with the Plan implementation

6. Methods for periodically assessing the performance at each phase
D. The CM Plan should have the endorsement and buy-in of all stakeholders.

II.
Design Authority Roles and Responsibilities
A. The Design Authority is responsible for ensuring configuration is established and maintained throughout the design, construction, turnover, and operation phases of plant life.  Design Authority responsibilities may be shared and transition from organization to organization over the life cycle.  Because of this flexibility, it is critical to establish clearly the transition and turnover processes. 
B. The concept of Standardized Design introduces unique challenges for Design Authority identification.  We anticipate that Standardized Design will result in areas of design for which Design Authority will be retained by the Certified Design Supplier and other areas of design which will be ultimately released to the owner as Design Authority.  Thus, we anticipate that shared Design Authority will exist well into the operating phase of plant life and may always exist. 
C. Identification – The Design Authority should be established in writing.  Where the Design Authority is not a representative of the Licensee, the Design Authority should be contractually established.  The ability and method to delegate contracted Design Authority should be established within the contract.  Identification of Design Authority should include complete definitions of Roles and Responsibilities. 
D. Boundaries – Where shared Design Authority is established, the demarcation of responsibilities should be clearly established.  The method to identify and resolve boundary disputes should be established.  The interface between design authorities, including requests for and transmittal of information, identification of pending changes, approval authority, and communication responsibility should be established.  Preparation of interface agreements for documentation should be considered.  Oversight methods should be outlined in written plans, conveyed between applicable organizations.  These plans are based on technical risk assessments that identify critical design characteristics and enable technically rigorous design verification and Design Authority acceptance.
E. Change Control – Change control authority is consistent with delegated design authority.  Change controls take into consideration that latitude for changes decreases as the design progresses from conceptual to detailed system design requirements and into procurement and construction specifications.  Controls must clearly delineate the degree of latitude for allowable field changes and prevent interconnection problems when modular construction is involved.  Change controls should:
1. Provide decision criteria for accepting changes proposed because of constructability issues or organizational preferences.  Ensure impact on COL licensing basis is understood and fully evaluated.

2. Facilitate timely change authorization.  Decision support guidance is established within each relevant organization and is commensurate with the authority granted.

3. Identify design requirements that are outputs associated with assumptions in design certification and COL submittals.
4. Provide effective screening, prioritization, and incorporation of changes identified through corrective action programs.
F. Changing Design Authority – The concept of transition of operational authority for a nuclear plant was well established in the first generation of nuclear plants from design to construction to startup to commercial operation.  The same concept should be applied to transition of Design Authority.  At each transition stage, a turnover of Design Authority should be established as a milestone.  The transition plan should include key deliverables and benchmarks such that when the new Design Authority assumes responsibility; configuration information necessary for the function is approved, available, and complete, with gaps or transition actions identified and tracked to resolution.
G. Design Authority Roles and Responsibilities – The following are guidelines for inclusion in documentation of the identification of the Design Authority 

1. Establishing the processes and procedures for design, design control, and design documentation

2. Establishing design basis for SSCs

3. Establishing documentation of design basis for SSCs

4. Developing design requirements for SSCs

5. Documenting design requirements for SSCs

a. Specifications

b. Calculations and analyses

c. Drawings

d. Databases

6. Evaluating and resolving differences (including documentation update) between as-designed and as-built configuration during procurement, construction and startup

7. Evaluating and resolving non-conforming conditions

8. Evaluating, preparing, and controlling changes to design requirements during design, fabrication, construction, startup and operation phases

9. Providing basis and review of operational documents (procedures, tests, and maintenance instructions)

10. Regulatory interface, including preparation assistance and technical review of license documents

H.
After turnover from construction to plant operations, the Design Authority should clearly identify the “documents of record” which will be updated. For example, plant drawings will be updated, not those in the AE’s possession.
III.
Standard Design Control
A This section contains some speculation about potential issues associated with standard design control.  The use of a standard design introduces a special challenge for design control during construction and operation of multiple plants.  The Certified Design Supplier will have three likely paths for change that will need to be controlled. 
1 The first is a change that is mandated for all users of the certified design.  Such a change would be typically associated with a license issue with the Certified Design, but may be an enhancement that the Certified Design Supplier determines to be critical to be implemented consistently.  
2 The second is a change that is discretionary, with each utility determining whether and when to implement the change.  
3 The third is a change impacting an interface with the Certified Design proposed by the utility Design Authority.  The relationship between the Certified Design Supplier and the owner for each of these three types of changes should be contractually established.  The Certified Design Supplier should establish means to track the implementation of proposed changes to the certified design for version control.  To the extent that the Certified Design Supplier retains responsibility for any document, the version control of the document with respect to fleet implementation must be established.
B Design control procedures and interface agreements should clearly delineate the degree of standardization that will be employed by organizations involved in plant design and deployment.  Specific organizational roles and responsibilities for maintaining standardization should be defined, reinforced, and maintained consistent among organizations that may authorize procurement, design changes, or field changes during fabrication,  construction and operation.  
C Configuration management processes and procedures should ensure that industry and internal operating experience is factored into initial selection of standardized components and control systems and changes subsequently deemed necessary because of component performance problems or obsolescence.
D Decision criteria should be developed and employed to ensure proposed changes are technically sound, timely, and economically efficient.  These criteria should specifically address conditions warranting deviations from the prescribed level of standardization and facility design information infrastructure should clearly identify these deviations and the basis.
IV.
Principles for Selection of Information about SSCs

A. Information about physical configuration is typically provided as description of SSCs.  The determination of what information to provide and in what format has been driven typically by the needs of procurers, constructors and operators.  
B. For new plants, the opportunity exists to require and create a more complete set of information that will meet the needs of these stakeholders AND provide the necessary information for engineering and maintenance over the life of the plant.  
C. The principles provided here identify WHAT information to create and store.  WHERE the information should be created and stored is the subject of the next section.

1. Identify the function of the SSC.  At a high level, this is straight-forward and obvious.  It becomes less obvious for minor support components and aspects of structures.  The discipline to establish a documented function for EVERY SSC will greatly improve the focus on configuration management.  Relationship to the source of the function (design basis, code, standard, regulation, etc.) should be established.  SSCs have both active and passive functions.

2. Identify the results of analyses as applied to SSCs – margins, assumptions (including basis and confirmation plan), failure modes and effects.
3. Identify the critical characteristics of the SSC.  Critical characteristics include those necessary to evaluate design compliance through analysis, to certify construction, to test, to support operation, and to support evaluation of non-conforming conditions and determination of suitable replacements for obsolete components.
4. Identify anticipated maintenance and monitoring requirements for the SSC.  In particular, the ability for remote monitoring of field conditions should be evaluated and established for all equipment that is critical or important to mission performance.
5. Identify SSC interfaces and interdependencies.
6. Identify applicable codes, standards and regulations.
V.
Principles for Presentation of Information about SSCs
A. How we record and maintain configuration information is theoretically less important than what we record and maintain, but failure to understand and consistently apply the processes and procedures for developing and maintaining configuration information has been probably the most significant contributor to CM problems in operating plants.  The foundation for good configuration information maintenance is laid during the design phase.  By establishing and enforcing configuration information standards early, the Design Authority will ensure that these standards build on themselves as users observe and benefit from readily retrievable, easily maintainable, and accurate information.

B. In the discussion that follows, the term “document” will be used for any repository of configuration information that is revisable.  This could be a database, drawing, specification, or report.

C. The definition of documentation requirements should be formally established.  Document types and subtypes should be identified and controlled by procedures or standards.  A document management system should be established so that document numbers and meta-data can be recorded and tracked.  Flexibility of document management system and standards should be maintained so that, as needs arise, new document types and sub-types can be established; however, identification and control of new types should be updated in procedures or standards prior to first issue of a new type.

D. When determining where or how to store configuration information, the first principle to consider is how the information is expected to be used.  The construct, content, and layout of a document or database should be driven first by the user, not necessarily by the data.  Before developing the first document or record, the definition of the proposed record should be documented.  This should include definition of from where the information to be recorded comes, for what expected purpose the information will be used, and who is responsible for developing and validating the information.

E. Training for document developers on expected content should be considered.  Frequently document developers are not aware of how the information they produced will be used.  This awareness can help in instilling standards of quality in production.  The conformance to standards for content and presentation should be monitored and enforced.  There are problems with both over-documentation (too much or the wrong kind of information) and under-documentation (required information missing).
F. Cross-referencing of documentation should be maximized and maintained.  The ability to identify source documents, successor documents, and SSCs should be inherent in either the document itself or in the meta-data for the document. 
G. Document development by multiple organizations should be controlled through interface agreements.  The document management system should be capable of determining the status of input, review and approval across multiple Design Authorities.

H. Document content standards should recognize and strive to avoid the potential for conflicting redundant information.  As much as possible, information should derive from a single source and be recorded in as few locations as possible.  Conflicting with this will be the need to present information in different formats for different uses.  Where this need arises, the document content standards should identify through cross-referencing and definition where redundant information is known to exist.

A.
Design Authority – the organization responsible for establishing the design requirements and ensuring that design information (documents and/or data) appropriately and accurately reflects the design basis. The design authority is responsible for design control and the technical adequacy of the design process.

B.
Certified Design Supplier – Organization responsible for standard designed authorized in Combined Operating License.
C.
Configuration Management – The process of identifying and documenting the characteristics of a facility’s structures, systems and components and ensuring that consistency is maintained between the Design Requirements, Physical Configuration and Facility Configuration Documentation.
D.
Document – information that may be revisable during plant life cycle.

E.
Document (Record) Authority (Custodian) – organization or individual responsible for storage, transmittal, distribution, and meta-data maintenance of a document or record

F.
Facility Configuration Information (FCI) – documentation that defines how the plant is designed and operated. FCI includes design deliverable documents, operational configuration documents and other operating, maintenance, training and procurement information

G.
Meta-data – information about a record used to establish its control, cross-referencing, use, and maintenance

H.
Record – information stored in media that is retrievable, indexable, and applicable to a plant. Records are typically not subject to change.
I.
Standard Design – plant design developed by Certified Design Supplier, licensed for application by the NRC, and applied to a plant in a Combined Operating License

A. ANSI/NIRMA CM 1.0-2000, Configuration Management for Nuclear Facilities
B. INPO AP-929, Configuration Management Process Description
C. IAEA TECDOC-1335, Configuration Management in Nuclear Power Plants

D. Draft IAEA Safety Report, Application of Configuration Management in Nuclear Power Plants
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