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Introduction GPG-FM-017

1.1

1. INTRODUCTION

This Guide is designed to help Department of Energy (DOE) project management teams
develop and implement quality assurance (QA) programs for their projects. Although the
Guide is targeted for use by DOE project managers and their staffs, DOE contractors may
also find it useful. To be most useful to the project management professional, the
elements of QA are organized by the various phases of project development.

Project quality is the degree to which a project meets or exceeds the customer’s
requirements and expectations. In turn, quality assurance encompasses all actions and
controls necessary to provide confidence that a project meets predetermined requirements
and will perform satisfactorily in service. A QA program (or plan) is a documented
management system that details the quality objectives and controls to be applied during
the various phases of project work. Its purpose is to ensure quality in all work processes,
products, and services, and to support continuous quality improvement.

This Guide presents an overview of quality principles as they relate to projects and
illustrates how they can be used to develop effective management systems. Project
managers can use this Guide to integrate the concepts and practices of project
management and quality management to meet good business practices, consistent with
DOE O 430.1, LIFE-CYCLE ASSET MANAGEMENT (LCAM). It focuses on the
following topics.

. Identification of the goals and principles of QA.

. Description of the framework and process by which QA programs are developed
and implemented.

. Identification of the QA program activities associated with the various phases
project development.

. Description of the 10 criteria required by DOE O 5700.6C and 10 CFR 830.120
that form the basis of a comprehensive QA program. See Attachment A.

Applicability

This non-mandatory Guide may be used for all DOE projects subject to the requirements
of DOE O 5700.6C, QUALITY ASSURANCE, and 10 CFR 830.120, Quality Assurance
(for nuclear facility contractor projects). It can be used to develop, review and approve
QA programs for work conducted by DOE, its contractors and their subcontractors.
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1.2

Examples of work activities for which QA planning is often needed include project design,
construction, fabrication, testing, operations, maintenance, decommissioning, and
environmental restoration. It should be noted that not every project will require a unique
QA program. In many cases, especially for small or low-risk projects, existing sitewide
QA programs may be relied upon under a graded approach.

Graded Approach

Implementation of QA for project management should incorporate a graded approach.
The emphasis and detail appropriate for project QA vary with the size and risk of the
project. The goal for project managers is to determine the level of detail and resources
necessary to provide reasonable assurance that project quality objectives will be met.

Risk analysis can help determine the appropriate application of QA to a project. Risk
refers to the probability and consequences of outcomes associated with a project. Risk
analysis is performed for the overall project and may be targeted to significant project
components. Elements of risk to be considered include: potential impacts to health and
safety, compliance with environmental and other applicable regulations, project
complexity, schedule uncertainties or constraints, cost uncertainties, ability to demonstrate
functional compliance, uniqueness of technology, and stakeholder expectations. Once
risks have been identified, they should be classified as low, medium, or high. Management
control and risk mitigation strategies should be selected accordingly. (See Risk Analysis
and Management, GPG-FM-007.)

In addition to project risk, application of QA may be graded for project size. In general,
large projects have significant, dedicated infrastructure for project execution and have
dedicated project personnel assigned, whereas medium and small projects may rely more
on a mix of in-house and contracted activities during project execution, with limited
dedicated project staff. General plant projects may have no dedicated project personnel
(although one project manager may manage several small projects at the same time), and
project execution activities are often contracted out.

A project-specific QA program incorporating all elements of the QA framework would be
expected to apply to a Strategic System of several hundred million dollars. For a smaller
project (or one with less risk) the project may rely more on an existing QA program
covering the overall site, as well as the QA programs of contractors conducting project
work. Under a graded approach, a mix of project-specific and site-based QA program
elements may be relied upon to ensure quality on projects of smaller scope.

Attachment B is a Decision Tree that project managers can use as a conceptual aid in
applying a graded approach to QA for projects of differing size and risk.
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2.1

2.1.1

2.1.2

2. PRINCIPLES AND PROCESSES

Goals, Principles and Framework
Quality Assurance Goals and Principles

The goals of quality assurance are to provide confidence that: project development occurs
in a controlled manner; components, systems and processes are designed, developed,
constructed, tested, operated, and maintained according to engineering standards and
technical specifications; and resulting technical data are valid and retrievable. Quality
assurance begins during preconceptual activities and continues through project design,
construction, commissioning, and closeout.

The following principles establish the basis for an effective QA program.

. Senior project management defines policies and objectives and provides resources
to carry them out. This includes developing and implementing the QA program.

. Senior project management empowers the personnel performing the work to
facilitate meeting project goals.

. Each employee takes responsibility for the quality of his/her work.
. Work is assessed to ensure it meets expectations.

. Personnel conducting work activities are properly qualified to perform work and
receive appropriate training as determined by project need.

. All personnel are responsible for continuously pursuing quality improvements to
products, services, and work practices or processes. This includes prevention of
errors and deficiencies as well as identification and correction of those that occur.

. Project planning is consistent with DOE, program and field office strategic
planning, to help ensure that the expectations and requirements of customers are

met and that the interests of stakeholders are given due consideration.

Quality Assurance Framework

DOE currently has two QA requirements documents: 10 CFR 830.120 (the rule), which
applies to nuclear facility contractors; and DOE O 5700.6C, which applies to all DOE
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organizations and contractors not covered by the rule. The quality criteria identified in
these two documents are essentially the same. When applied, the QA requirements
provide a systematic framework for conducting work performed by DOE and its
contractors. The 10 quality-related criteria are organized into three functional groups, as
follows.

. Management: program elements, personnel training and qualification, quality
improvement, and control of documents and records.

. Performance: control of work processes, design elements, procurement, and
inspection and acceptance testing.

. Assessment: management assessment and independent assessment.

Due to personal experience or convention, project managers may wish to adopt other
industry consensus QA standards in developing and implementing the QA program. When
using standards such as NQA-1 or Q9001 (identified in section 3, References), the format
of the QA program may vary from the 10-criteria format to accommodate different levels
of detail. While this variation is acceptable, project managers must still ensure that the
requirements of DOE O 5700.6C or the rule are addressed. This can be done through use
of a requirements matrix or crosswalk that shows the relationship between the project QA
program and the 10 criteria.

Attachment A identifies the 10 criteria and describes how QA activities may be effectlvely
implemented when managing projects.

Quality Assurance and Project Phases

Quality assurance is an integral part of the DOE project management system. To
understand the process of QA program development, it is helpful to review the overall
process of project development. DOE uses a phased approach to project management
(i.e., preconceptual activities, a conceptual phase, an execution phase, and closeout). See
Project Management Overview, GPG-FM-001. QA program development is tied to these
project phases. Although the discussion of project phases emphasizes large projects, the
concepts can also be applied to smaller projects. Figure 1 shows the phases of project
development, as delineated by Critical Decision points in the acquisition process for
Strategic Systems and Major Systems.
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2.2.1

FIGURE 1. Project Phases

Preconceptual Conceptual Execution
Activities Phase Phase
* * * L
Critical Approve Approve Start Completion/
Decisions: Mission Need  Baseline Construction Start Operations

Preconceptual Activities

At this initial phase, approval to allocate resources for concept development has not yet
been obtained, and there is no assigned project manager. The appropriate program office,
in conjunction with the office proposing a project, defines the approach for the project by
developing mission need documentation. The documentation typically includes: a clear
statement of project goals and a description of how the project will meet these goals; a
summary of the anticipated results and benefits to be realized from the project; and a
presentation of technical functions, technical performance objectives, and technical -
interfaces. This initial set of functional requirements forms the basis for subsequent
project activities and corresponding QA program elements, which will be used to manage
quality during the conceptual and execution project phases. Although a project-specific
QA program does not yet exist, work processes conducted in developing the mission need
documentation should rely on existing sitewide and contractor QA programs where they
exist.

Planning and implementation of QA for projects should be considered within a framework
of total quality management and strategic planning. This begins during preconceptual
activities. It is important during preconceptual activities that project planning be
consistent with DOE program and field strategic planning, including integration with other
projects and activities, in keeping with DOE’s total quality management objectives. The
project should be shown to be an integral part of the program office’s mission and
objectives and should identify organizational interfaces between the program and field.
This helps ensure that the project will conform with the expectations and requirements of
its customers, and that the interests of all stakeholders will be given due consideration.

Review of applicable lessons learned from other DOE projects begins during
preconceptual activities. These lessons learned may be applied as the project proceeds.

Any new lessons learned during the project should be documented during closeout for
potential future use by DOE.
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Section 3, References, identifies DOE guidance documents on Strategic Planning, Total
Quality Management, and Lessons Learned Programs.

Conceptual Phase

At approval of mission need for a large project, the conceptual phase begins. (This is
equivalent to the assessment phase for environmental restoration projects.) The emphasis
upon project management (i.e., the responsibility for ensuring successful completion of the
project) is transferred from the program manager to an assigned project manager.
Significant activities include development of the project design concept, trade-off studies,
initial environmental assessment documentation, site characterization, safety strategies,
baseline development (cost, schedule, scope), and risk analysis. As discussed above, a risk
analysis for the project is necessary to implement a risk-based graded approach to quality
assurance.

Based on the technical functions, performance objectives, and interfaces defined during
preconceptual activities, the qualifications of project personnel and contractors are
established. The project team is identified, along with other specific resources that will be
required to accomplish project objectives. The project-specific organizational structure,
including functional responsibilities, authorities, and lines of communication, are identified.
Required project training is established and the document and record control system is
planned.

An adequate design basis is established, which defines the project's acceptance criteria and
performance capabilities. This information is used to define project-specific criteria for
both functional and operational requirements and to develop final design characteristics.
Project-specific procedures. work instructions, and specification documents are
developed, subject to final design criteria to be established as part of the execution phase.

Performance measures for contracts are developed to assess the physical, technical,
schedule, and cost progress of the project. This information is used during the execution
phase to define project status in order to identify potential problems, assess their impact,
and recommend corrective action. Performance measures are also used as a basis to
measure quality improvement.

For a large project. an initial QA program plan or outline is included in the Project
Execution Plan, which is part of the baseline to be established or approved upon
completing the conceptual phase and entering the execution phase. Although a project-
specific QA program document will not generally be approved until early in the execution
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phase, project managers rely on preliminary QA program plans for the project as well as
-existing sitewide or contractor QA programs.

Table 1 presents a crosswalk of the major project activities and the associated QA
program activities during the conceptual phase.

Table 1. Conceptual Phase.

Project Activity QA Criterion No./QA Activities

- Design concept (scope) 6 Identify design basis
6 Control of design input
7  Contractor selection/oversight
Cost estimates 4  Document preparaﬁon, review, approval
Schedule estimate 4  Document preparation, review, approval
5  Work control
Trade-off studies/ 1,6 Identify hazards/grading
Constructability studies/ 6 Identify design basis
Risk analysis 6 Control of design input
7  Contractor selection/oversight
Initial NEPA documentation 4  Document preparation, review, approval
Identify codes/standards 1  Identify hazards/grading
6 Identify design basis
Preliminary safety strategies 1,6  Identify hazards/grading

2.2.3 Execution Phase

The conceptual phase is followed by the project execution phase, with establishment or
approval of the project baseline. The two phases are interrelated in that conceptual design
documentation leads to project execution planning documentation defined by specific

project requirements. The project-specific QA program is approved by DOE early in the
project execution phase.

During this phase. QA control processes defined in the QA program are implemented. To
ensure that results will satisty project objectives, periodic design reviews are conducted, as
required by good engineering practice, during both preliminary and detailed design stages.
Management and independent assessments are performed, significant differences between
planned and actual performance are noted and analyzed, nonconformances and potential
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quality-related problems are identified, documented, and monitored, and corrective actions
implemented as needed.

Planning documentation, including the QA program, guides the project throughout the
execution phase: from conceptual design through development of preliminary and final
designs, through implementation and construction of the design in accordance with
project-specific requirements, to final completion or acceptance of the project. From a
quality assurance perspective, it is useful to consider the project execution phase as three
process activities: design, procurement, and construction (fabrication or remediation).
Tables 2 through 4 present the crosswalks of project activities and associated QA
activities.

DESIGN PROCESS: During preliminary and detailed design development, important
supporting activities include: establishing the organization (hiring and training staff);
developing design specifications and inspection/testing criteria; conducting
Constructability studies; developing design control processes; and developing the design
acquisition strategy. Designs should incorporate sound engineering standards and
scientific principles, while meeting customer requirements. Adequacy of the design is
verified before being implemented.

Preliminary project design uses the conceptual design as its basis. Trade-off studies are
used to evaluate alternative design approaches, including quality levels for project
components and specifications for procuring equipment. The project manager should
ensure that processes are adequate so that design inputs are correctly translated into
design outputs. Design inputs may include seismic and accident analyses, materials
compatibility requirements, maintainability and reliability requirements, and
commercial/industrial codes; design outputs may include specifications, drawings,
procedures, and instructions.

The project's design control system ensures correct design outputs by: controlling
interfaces among engineering disciplines; ensuring that changes resulting from design
reviews are sufficiently incorporated and documented; and providing verification by

qualified staff independent of the original design work. Controls should be appropriate for
the size and risk of the project.

PROCUREMENT PROCESS: Procurement activities occur throughout the project
execution phase. and may begin with the selection of a vendor to perform the design.
Procurement activities include: developing procurement specifications, selecting vendors,
and preparing and issuing bid packages. Related QA program activities include: document
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Table 2. Execution Phase - Design Process.

Project Activity QA Criterion No./QA Activities )
* Preliminary design 6  Design preparation
= (Title D) 6  Design review/approval
6 Design verification/validation
Detailed design 6  Design preparation
¢ (Title I) : 6 Design review/approval
. 6 Design verification/validation
Detailed cost estimate 4  Document preparation/review/approval
Detailed schedule 4  Document preparation/review/approval
5  Work processes/control '
Project plans and documentation 1 Project QAP issued
1 Define organizational structure
Constructability 2 Develop project training
Acquisition strategy 4 Identify/control project records
5  Procedures developed
6  Design control
7  Contractor selection/oversight

preparation and records retention, identification and tracking of vendor performance
criteria and standards, and inspection and testing.

Depending on the complexity of the equipment or service to be procured, information
should be obtained to assure the project manager that the vendor can produce the desired
result. If the vendor is performing inspections and tests, the personnel qualifications and
equipment calibration should be examined. Any manufacturing and assembly activity
determined to be critical should have a witness and/or hold point assigned for verification
of acceptability. The required documentation (including inspection/testing) should then be
provided with the equipment when shipped. Receipt inspection should be performed to

check for damage during shipping and to verify that all necessary documentation has been
provided.

Information on the vendor's performance should be tracked. For procured equipment and
materials, information gathered during receipt inspection should be sufficient. However,
for procured services, information must be gathered other ways. Options include
inspections, surveillances, standard reports to be generated by the vendor, and assessment

results. Incentives or penalties for good or poor performance should be included in the
procurement documents. '
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Table 3. Execution Phase - Procurement Process.

Project Activity QA Criterion No./QA Activities

. Develop procurement specs 6,7 Manufacturing/performance criteria defined
6,8 Standards/tests defined

Vendor selection 7 Vendor surveys/source inspections
3 Track vendor performance

. Prepare purchase orders 4 Document preparation/review/approval
Bid packages 4 Document preparation/review/approval
Receipt inspection 7,8 Material inspection and testing

4 Certs/testing documentation provided

CONSTRUCTION PROCESS: The term “project construction,” when used in this
Guide, refers to physical construction, environmental remediation, demolition,
dismantlement, decommissioning, and associated work processes.

Construction process activities within the project execution phase include: construction
management, configuration management, training, records management and
documentation, safety management, environmental management, and a host of related
work processes. During construction, project turnover activities are ongoing including:
documenting all final procedures and configurations, securing all necessary permits and
licenses, ensuring that all acceptability criteria are met, and compiling
completion/acceptance documentation. QA program activities related to construction
include: training, quality improvement (deficiencies identified/tracked/corrected),
document control and retention. identifying process procedures, inspection/testing, and
assessments.

Depending on project scope, not all of the project activities listed in the construction
process table may occur. As a result, only the QA criteria listed with the actual activity
being performed need to be addressed.

2.2.4 Closeout Phase

Project closeout includes project transition, physical closeout, and financial closeout. It
begins with approval to start operations and acceptance of beneficial occupancy, and ends
when financial closcout activities are completed. During closeout, the project manager
maintains responsibility for implementing transition planning developed during the
execution phase. The office taking beneficial occupancy and operating responsibility for

March 1996 ’ 11
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Project Activity

;. Construction support

Facility/site work and

- Equipment manufacturing/

installation

Equipment inspection and
testing

Systems testing

Systems turnover

- Table 4. Execution Phase - Construction Process.
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QA Criterion No./QA Activities

Provide training
Personnel qualification
Track/trend deficiencies
Document control
Records control

Identify deficiencies

Results documented

Procedures used

Tools/equipment calibrated

Field changes

Configuration control

Receipt inspection performed
Certs/testing documentation supplied
M&TE calibrated

Assessment results are documented

Results documented

Procedures used

Equipment performs as designed
Hold/witness points used
Acceptance criteria defined
M&TE is calibrated
Deficiencies are corrected

Results documented

Procedures used

Equipment performs as designed
Acceptance criteria defined
M&TE is calibrated

Deficiencies are corrected
Assessment results are documented

Deficiencies are corrected

Records assembled in turnover packages
System status identified

Drawings as-built

Acceptability of work determined

the project receives documentation transferred from project management. This
documentation commonly includes: environmental and safety reports, design basis

documents, as-built drawin
equipment manuals, and |

gs and specifications, configuration management documents,
permits and licenses. Upon acceptance of the project, the field

organization authorizes the project manager to complete closeout activities. These
include: development of lessons learned, contract closeout, and organization transition.

March 1996
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Upon project acceptance and during project closeout, most QA program activities have
already been completed. Remaining QA program activities include: document and records
control, record retention and maintenance, and lessons learned development. The QA
program criteria are more fully described in Attachment A. Table 5 summarizes the
crosswalk of project activities and associated QA program activities for closeout.

Lessons learned has more to do with quality improvement for subsequent projects, and is
part of DOE’s total quality management (see section 3, References, for DOE guidance
documents on Total Quality Management and Lessons Learned Programs). As discussed
earlier, during preconceptual activities, mission need should be consistent with DOE
program and field strategic plans. and any applicable lessons learned should be reviewed
for use on the project. Correspondingly, during closeout, any lessons learned should be
made available for planning subsequent DOE projects.” Lessons learned bring the project
full circle, supporting DOE’s strategic planning objectives for efficiency and effectiveness.

2.2.5 Project Phase Summary Tables

QA activities and associated quality criteria commonly included in the various project
phases are summarized in Attachment C. '

23 Tools

A Decision Tree for QA application is included as Attachment B. It provides a conceptual
guide to assist the project manager in determining how the 10 QA Ciriteria should apply to
projects of different size and risk. (See section 1.2, Graded Approach.)
Table 5. Closeout Phase.
Project Activity QA Criterion No./QA Activities

Lessons learned 3 Quality Improvement
TQM  See Appendix C

Records turnover 4 Records control/retention

Readiness review 10 Independent assessment
3 Deficiency resolution/closure

Contract closeout 4 Control of project records
7,9  Work/services completed

Organization transition 1 Total quality management
TQM  See Appendix C
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4. DEFINITIONS

For definition of major terms used in this Guide, see the Consolidated Glossary.
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S. ASSISTANCE

Questions concerning this guidance document may be referred to the Office of Field
Management in Washington, D.C. at (202) 586-4041.
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1.1

QUALITY ASSURANCE CRITERIA

The Department of Energy (DOE) currently has two quality assurance (QA) requirements
documents: 10 CFR 830.120 (the QA rule), which applies to nuclear facility contractors,
and DOE O 5700.6C, which applies to all DOE organizations and contractors not covered
by the rule. The criteria of these two documents are essentially the same. For each of the
10 criteria, text from the QA rule is provided below in italics. Following the rule text is a
description of how QA activities may be implemented to effectively manage projects.
Project managers can use this guidance in developing a QA program appropriate to the
size and risk of specific projects.

Criterion 1 - Program. A written Quality Assurance Program (QAP) shall be
developed, implemented, and maintained. The QAP shall describe the organizational
structure, functional responsibilities, levels of authority, and interfaces for those
managing, performing, and assessing the work. The QAP shall describe the management
processes, including planning, scheduling, and resource considerations.

Project Description. Prior to establishing an organizational structure, or developing
management systems, an understanding of the scope and characteristics of the project is
necessary. During preconceptual activities, a detailed project description should be
prepared.

Content of the project description depends on the nature of the project, but usually
contains a general overview of the project, and may also include:

- purpose of the project, study, design, or work;
- design, process, operating, facility, or site parameters;
- schedule and cost projections;

- project-specific risk analysis factors (including failure consequences, failure
probability, complexity or uniqueness of design or fabrication/construction,
safety and health impact, special controls, degree of standardization, quality
history, ability to demonstrate functional compliance, data generation

function, environmental impacts, programmatic impact, and stakeholder
expectations);

- description of the design process.

March 1996 ' 21



Attachment 4 o o  GPG-FM-017

1.2 Project Organization. The project organization, responsibilities/authorities of key
project participants, internal and external interfaces, and line of communication should be
established during the conceptual project phase.

The following should be considered, depending on project characteristics.
- Work assigned to each project participant should be identified.

- A detailed project organizational structure, including the QA coordinator
and participants outside the primary project organization, should be
established and delineated on a project organization chart.

- Relevant experience, qualification/certification, and specialized training
requirements of key project positions should be established.

- Key participants, in charge of major project activities, should be identified.

- Individuals’ responsibilities/authorities should be defined, including
authority to stop unsatisfactory work, and communications established.

1.3  Management Systems. The management systems of each project participant should be
established and documented.

Descriptions of the project's technical and managerial functions should be
developed, which may include the following.

- Managerial functions, such as: planning; cost control and estimating;
purchasing; training and personnel development; preparing, reviewing,
approving, and issuing instructions, procedures, manuals, schedules, and
procurement documents; controlling and maintaining records.

- Technical functions, such as: preparing, reviewing, approving, and
verifying designs; qualifying and selecting suppliers; verifying work by
suppliers; controlling and identifying hardware and software;
manufacturing, fabrication, and construction; facility operation; calibrating
and controlling measuring and test equipment; maintenance, repairs, and
improvements; conducting investigations, inspections, testing, and data

acquisition; performing assessments; and controlling and maintaining
records.
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2. Criterion 2 - Personnel Training and Qualification. Personnel shall be trained and
qualified to ensure they are capable of performing their assigned work. Personnel shall
be provided continuing training to ensure that job proficiency is maintained.

2.1  Determining Qualification/Training Needs. During the planning for each project phase,
management should determine the qualification and training needs of project personnel.
Qualification requirements such as level of experience, education, and specialized training
should be established for critical technical, quality, and management job categories of the
project. ‘

Training should provide for the maintenance of proficiency in technical,
managerial, and supervisory skills, as well as for progressive enhancement beyond
initial qualifications. '

Tasks that require such specialized skills/abilities to demonstrate proficiency
should be identified. The skills/abilities of personnel performing such tasks should
be verified prior to performing the work, and demonstrated periodically thereafter
to verify continued proficiency. Examples of such tasks may include welding, heat
treatment, and nondestructive testing.

2.2  Implementation of Training/Qualification Program. Management ensures that all
project personnel are capable of performing assigned tasks effectively, safely, and
efficiently. Efforts start with selecting personnel who satisfy position qualification
requirements and extend to requiring participation in ongoing training to maintain and
enhance skills. The extent and level of formality of a training program should be
commensurate with the scope and complexity of the project.

Training programs should ensure that:

training curricula address specific project needs;

- training emphasizes an understanding of quality and technical requirements
and the consequences of improper work;

- personnel are adequately trained before performing work;
- personnel understand the processes involved in their tasks;

- personnel are made aware of the extent and sources of variability affecting
performance and the degree to which they have control over the variables.
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“Training programs should be periodically reviewed to evaluate their effectiveness
and upgraded if necessary.

Criterion 3 - Quality Improvement. Processes to detect and prevent quality problems
shall be established and implemented. Items, services, and processes that do not meet
established requirements shall be identified, controlled, and corrected according to the
importance of the problem and the work affected. Correction shall include identifying
the causes of problems and working to prevent recurrence. Iltem characteristics, process
implementation, and other quality-related information shall be reviewed and the data
analyzed to identify items, services and processes needing improvement.

Controlling Nonconformances. An important aspect of quality improvement, especially
in the project execution phase, is control of nonconforming items and processes. A
nonconformance is a deficiency in the characteristics, documentation, or procedure that
renders a material, component, assembly, or process unacceptable.

The project should establish a system to identify, evaluate, control, and correct
nonconformances. The level of rigor and formality of the evaluations, actions, and
documentation of a nonconformance system should be commensurate with the
project's scope, complexity, and risk.

A project's nonconformance system should address the following.

- All project personnel should have authority to identify nonconformances
and stop work when the nonconformance creates an imminent life-
threatening hazard.

- Nonconforming items and processes should be controlled and/or
segregated to prevent their inadvertent use.

- Nonconformances should be evaluated by appropriate technical personnel.
The cause of nonconformances should be determined to enable measures to
be instituted to prevent recurrence. The extent and formality of the root
cause analysis should be commensurate with the significance of the
deficient condition.

- Nonconformances, their disposition (e.g., use as is, rework, scrap, repair,
return to vendor) and associated corrective action should be appropriately
documented. The status of nonconformance reports should be tracked
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through completion of the resulting corrective action(s). The
implementation and effectiveness of corrective actions should be verified.

3.2 Improving Qdality. The project should establish and implement other processes to
promote continuous improvement in areas such as reduction of process variability and
increasing component/system reliability.

The project should implement activities that allow potential problems and
opportunities for improvement to be identified. Examples of such processes

include:

- identifying performance standards and establishing associated performance
measures; '

- analyzing applicable performance data and trends, including costs related to
failures and downtime due to unscheduled maintenance;

- design reviews and configuration control;

- peer reviews;

- risk and safety analysis;

- value-engineering;

- constructability, reliability, availability, and maintenance reviews; and

- management and independent assessments.

4, Criterion 4 - Documents and Records. Documents shall be prepared, reviewed,

approved, issued, used, and revised to prescribe processes; specify requirements, or
establish design. Records shall be specified, prepared, reviewed, approved, and

maintained.

4.1  Documents. Documents establish policies, prescribe work and processes, specify
requirements, and establish design.

The number and type of document varies with the size, scope, characteristics and
complexity of the project. Examples include:
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- statements of work;

- system descriptions;

- safety analysis reports;

- specifications;

- design, manufacturing, fabrication, and construction drawings;

- design engineering calculations;

- vendor equipment ;nanuals;

- contract, subcontract and procurement documents, purchase orders;
- project plans, QA programs, manuals, procedures, and instructions;
- data files; and

- software code.

The project should establish a system to control the preparation, review, approval,
issuance, use, and revision of documents. The level of rigor and formality of a

document control system should be commensurate with the risk the control of the
document has on the project.

- Responsibility/authority for the preparation, review, approval, and revision -
of documents should be established.

- Controls should be instituted that ensure that document revisions are
distributed, and that only the current version of documents are used by
persons performing work impacted by those documents.

4.2  Records. Records document the quality of items, services, processes, and design.

March 1996

The number and variety of records will vary with the size, scope, characteristics,
and complexity of the project. The records that must be generated and maintained

for a project should be determined and specified during the planning stages of each
project phase. Examples include:
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- design records;
- records of environmental conditions;
- applied research and development records;
- data acqﬁisition records;
.- procurement records;
- manufacturing, fabrication, and construction/installation records;
- inspection and testing records;
- maintenance and repair records;
- modification and as-built configuration records; and
- measuring and test equipment calibration records.
The project should establish the responsibilities/authorities regarding the
preparation, review, approval, and revision/correction of records. The formality of
a records system should be commensurate with the size and risk of the project.
Systems for records storage/maintenance/retrieval should be established. Record
retention periods should be established. The protection afforded to records, and

their length of retention, should be commensurate with the relative importance of
the record.

5. Criterion 5 - Work Processes. Work shall be performed to established technical
standards and administrative controls using approved instructions, procedures, or other
appropriate means. Items shall be identified and controlled to ensure their proper use.
Items shall be maintained to prevent their damage, loss, or deterioration. Equipment
used for process monitoring or data collection shall be calibrated and maintained.

5.1  Work. Work includes the tasks/activities that comprise management, administration,
procurement, research, engineering, design, manufacturing, fabrication, installation,
construction, operations, maintenance and repair/modification, software development and
use, inspection and testing, investigation and assessment, data acquisition, and analysis.
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5.2

53

Personnel performing work are responsible for the work's quality. They should be
knowledgeable of the requirements and processes of the work they perform.
Management should ensure personnel have the necessary training, resources, and
controls/systems to accomplish assigned tasks.

s Work processes and output should be reviewed by management to ensure the
desired quality is achieved and to identify areas in need of improvement.

Commensurate with the work's complexity and risk, work should be planned,
authorized, and accomplished under controlled conditions using technical
standards, instructions, and/or procedures.

Identification, Control, Storage and Handling of Items. During the conceptual phase
of the project, items critical to project quality should be identified. Processes for the
identification, control, maintenance, storage, handling, shipping, cleaning, and preservation
should be established. These processes should ensure appropriate traceability; control
consumables and items of limited shelf life; prevent use of defective items; control
samples; prevent damage, loss, deterioration, or contamination; and provide for special
protective measures, such as containers, shock absorbers, inert gas atmospheres, or -
specific temperature and humidity levels.

Calibration and Maintenance of Monitoring and Data Collection Equipment.
Depending on the characteristics of the project, measuring and testing equipment (M&TE)
used for monitoring and data collection should be appropriately maintained, controlled,
and calibrated to ensure the accuracy of the measurements/data.

Monitoring and data collection activities that merit such controlled and calibrated
M&TE should be identified. The accuracy requirements should be established.
The type of M&TE should be specified. Calibration of M&TE should be traceable
to national standards, where possible.

Criterion 6 - Design. ltems and processes shall be designed using sound :
engineering/scientific principles and appropriate standards. Design work, including
changes, shall incorporate applicable requirements and design bases. Design interfaces
shall be identified and controlled. The adequacy of design products shall be verified or
validated by individuals or groups other than those who performed the work.

Verification and validation work shall be completed before approval and implementation
of the design.

March 1996 | | S 28



Attachment A - GPG-FM-017

6.1  Design Inputs. Design inputs may include seismic, stress, hydraulic, radiation, magnetic,
and accident analyses; design bases; fire protection requirements; compatibility of
materials; cost comparisons; access, repair, maintenance, and reliability requirements; and
requirements from Code of Federal Regulations and appropriate commercial and industrial
codes.

Preliminary project design uses the conceptual design as its design basis. Preliminary
design generally entails trade-off studies, including evaluation of alternative design
approaches, definition of project design criteria and establishment of quality levels for
project components and systems, and development of specifications for equipment
procurement.

6.2  Design Outputs. Design inputs should be correctly translated into design outputs, such
as specifications, drawings, procedures, and instructions. The project's design control
system ensures correct design outputs by providing for the following, as appropriate to the
complexity and risk of the project.

Design control procedures provide for the control of design requirements,
processes, outputs, reviews, revisions, records, and interfaces among engineering
disciplines within the design organization as well as with other project participants
whose work affects design.

Documented review of each design ensures that design inputs are appropriately
translated into the design and that any design revisions resulting from the review
are sufficiently incorporated.

Design records should include not only the final design and any revisions, but also
evidence of sources of input and important design steps, such as calculations,
analyses, and computer programs that support the final design.

Changes to final designs resulting from field changes, modifications, and
nonconforming items dispositioned as use-as-is or repair should be justified and
subjected to design control measures consistent with the original design.

6.3  Design Verification. The acceptability of design work and documents, including design

inputs, processes, outputs, and changes, should be verified before approving and
implementing the design.
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7.2

7.3

The extent of verification should be commensurate with the complexity, risk, and
uniqueness of the design. Verification methods include design reviews, alternate
calculations, and qualification testing. :

¢ Design verification should be performed by qualified individuals or groups
independent of the original design work; however, the individuals may be from the
same organization.

Criterion 7 - Procurement. Procured items and services shall meet established
requirements and perform as specified. Prospective suppliers shall be evaluated and
selected on the basis of specified criteria. Processes to ensure that approved suppliers
continue to provide acceptable items and services shall be established and implemented.

Requirements for Proeured Items/Services. During the design phase, the project
identifies and develops the appropriate specifications, drawings, scope of work, and other
documentation necessary to enable procurement of the desired items or services. Project
technical and quality requirements, including acceptance criteria, should be included in
procurement documents. To ensure compatible quality, consideration should be given to
procurement of spare parts along with the original equipment using the same technical
requirements. ’ ‘

Supplier Selection. Procurement processes should be established for evaluating
prospective suppliers to determine if they can satisfy project needs. Prospective suppliers
may be evaluated through assessment/inspection of the supplier's operation and/or
products and evaluation of their quality history. The prospective supplier's financial
stability, order backlog, and production capability should be evaluated to determine if they
can support the project's schedule needs. Sub-tier suppliers of the prospective supplier
should also be considered in these evaluations.

Monitoring and Acceptance of Procured Items/Services. The project organization
should implement activities to ensure that procured items and services meet their
established requirements and will perform as specified. The level of rigor of these
activities should be commensurate with the complexity and risk associated with the
procured item/service.

Depending on the importance of the procured item/component/system, suppliers,

and as appropriate sub-tier suppliers, may be monitored periodically to verify
continued acceptability.
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8.1

Procured items and services should be accepted using approved methods, including
review of manufacturing/fabrication process control data, source verification,
receipt inspection, pre- and post-installation testing, certificates of conformance, or
a combination of these methods.

Procedures and controls should be instituted to prevent acceptance of substandard,
suspect, or counterfeit parts in procured items/components.

Prior to placing a procured item into service, procurement specification inspection
and test requirements should be satisfied. Nonconformances should be properly
dispositioned before the item is used. :

Criterion 8 - Inspection and Acceptance Testing. Inspection and testing of specified
items, services, and processes shall be conducted using established acceptance and
performance criteria. Equipment used for inspections and tests shall be calibrated and
maintained.

Inspection and Acceptance Testing. Work products to be inspected and/or tested
should be identified, and the appropriate type of inspection or testing and corresponding
acceptance criteria should be defined. The rigor of inspections and acceptance testing,
and the extent of documentation of the inspection or test procedure and resulting data,
should be commensurate with the complexity and risk of the item/process. The project
should institute administrative controls to ensure that required inspections and tests are
performed. '

Types of inspection may include source, in-process, final, receipt, maintenance,
and in-service. Examples of testing include: bench tests and proof tests prior to

installation, pre-operational tests, post-maintenance tests, post-modification tests,
and operational tests.

Procedures that document the inspection or test process may describe:
prerequisites and instructions to perform the inspection/test; requirements for data,
accuracy, and M&TE; test configuration; and acceptance criteria.

Records that document the results of inspections or tests may include:
identification of item or process; measurements taken; the acceptance criteria; the
M&TE used: description of any deficiencies identified by the inspection/test; an

acceptance/rejection statement; and identification of the individual who performed
the inspection/test.
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8.2

9.1

Inspections and acceptance tests may be performed by the organization responsible
for the work being inspected/tested; however, persons should not inspect or test
their own work.

Measuring and Testing Equipment. M&TE used for performing inspections and
acceptance testing should be selected and controlled to ensure they are of the proper type
and provide appropriate range, accuracy, and tolerance for the purpose. The project
should establish an M&TE calibration and control system to accomplish this,
commensurate with the complexity and risk associated with the project.

Procedures should be implemented that identify the M&TE to be calibrated,
describe the method and frequency of calibration, establish accuracy requirements,
and describe proper M& TE maintenance. ' ‘

M&TE should be uniquely identified to enable traceability to test data.

M&TE should be properly maintained and recalibrated at specified intervals.
Recalibration frequency should be based on the required degree of accuracy,
purpose, frequency of use, and stability characteristics. Calibration should be
traceable to nationally recognized standards, when such standards exist.

IfM&TE is found to be out of calibration, the validity of previous inspections/tests
performed using that M&TE should be evaluated.

Criterion 9 - Management Assessment. Managers shall assess their management
processes. Problems that hinder the organization from achieving its objectives shall be
identified and corrected,

Scope of Assessment Activities. All levels of management should pertodically assess the
performance of the project to determine if leadership is being provided to continuously
meet customer requirements and expectations. The rigor, level of formality, and
frequency of management assessments should be commensurate with the size, scope,
complexity, and risk associated with the project. Participation of senior management in
planning and performing management assessments is important.

Management assessments should evaluate how well the integrated management
system focuses on meeting project goals, rather than on strict compliance with a
myriad of detailed requirements. Such assessments should identify management
systems that impede, as well as those that encourage, the success of environmental,
safety. and quality efforts. Management assessments should also determine the
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9.2

10.

10.1

10.2

adequacy of management controls, resources, personnel, and project planning
documents for achieving project goals.

Project information systems can provide valuable inputs for management
assessments. Such information systems may include management walkthroughs,
periodic project review meetings, action tracking systems, performance measures,
occurrence reports, nonconformance reports, failure reports, repair/maintenance.
reports, trend analyses, surveillance and assessment reports from internal and
external organizations, and corrective action status reports.

Reporting. Management assessments should be sufficiently documented to facilitate
dissemination of the information gained from conducting the assessment.
Recommendations resulting from a management assessment should receive prompt
response and act as drivers for the quality improvement process.

Criterion 10 - Independent Assessment. /ndependent assessments shall be planned and
conducted to measure item and service quality, to measure the adequacy of work
performance, and to promote improvement. The group performing independent
assessments shall have sufficient authority and freedom from the line to carry out its
responsibilities. Persons conducting independent assessments shall be technically
qualified and knoywledgeable in the areas assessed.

Scope of Assessment Activities. Independent assessments should be periodically
conducted or sponsored to evaluate the performance of work processes with regard to
customer requirements and project goals. Assessments should also address management
processes that affect work performance, such as planning and training. The scope, rigor,
level of formality. and frequency of assessments should be commensurate with the size,
scope, complexity. and risk associated with the project. Independent assessments should
be conducted using established criteria for acceptable work performance. The
assessments should focus on process results and finding opportunities to enhance overall
project quality. :

Reporting. Results of independent assessments should be documented and reported to a
level of management sufficient to take action to correct any cited problems. Responses to
independent assessments should address remedial corrective measures, analysis of the root
cause of the problem, and any actions taken to preclude recurrence of the problem.

Actions should be tracked to completion, and the effectiveness of the corrective actions
should be verified. ‘

March 1996 ‘ ‘ 33



Attachment 4~ . GPG-FM-.017

This page intentibnally left blank.

March 1996 34



Attachment B GPG-FM-017

This page intentionally left blank.

March 1996 36



GPG-FM-017

Attachment C

SANANOY LKoY ¢
uonoadsul
ooy ¢
suorpadsut 20mmos WSis1080 W3is19A0
/SAaAIMS JIOPUIA ¢ /PN23[3S 101080U0)) & /P3103]95 IOJoRNUOD) ¢ WAWAIMS01J L
pajjonuod
uonenSyuo) ¢ UOLEPI[EA /UOITBILIOA 4 pajjonuos
pajjonuod padojaasp soads jeaoidde/mainsy ¢ sindur uBisag +
sagueyo ppa1d ¢ jusWIM0Iy ¢ uoneredald ¢ paynuapl siseqg ¢ usisaq 9
paytenb
jouuosiag ¢
pajeigles
-dinbassjoo], ¢ paysijqelsa sampaososd padoaaap sampaooid §3552001d
Pasn sampasold ¢ 2 suejd 109001 o 2 sueyd 102fo1d o NIOM S
[ORUOY UOISIAYI
suoneedaxd PAJIONUOD PRAIONUOD HIAFIUIPL
HOHUMNL JUWN20(} ¢ sproda1 1pafol] o SploddI At0L] o
71dA0un} paljonuod [eaoaddesmolan eaosdde zmaraar [eaoidde zmara01 SpIodY pue
Sp1029Yy 4 spi0oa1103fo1f ¢ /-dard yuaumoo(y o sdaid Juawmsoq o /daid woumoog o sjuowndO(] f
papual /payoes) payorn PASN /PasAIAL
/pOTIoOpI fouuopad paued) Juatasoadug
SOLUNN(] 4 IOPURA O WIDSAS SHYEISY] & padojoasp wossy SUOSSY' | ¢ aendy ¢
papiaosd papracad padopaanp
Suruen 103fo1] ¢ e 1afos] o Funnea oy sules) T
PAUJLIUDPI SPARPUELS
pautjap anonns 51y o [AUpRI/SYSIY ¢
uonisues Payst|qelsa PAYNUIPI SIVBLIUL
uonezIuesIO ¢ wesdord vO) 4 /sanifiqisuodsy o wreidold ‘|
seyd §53301 §$3304g §S33014 aseqq rpmdaduo) SANIAIIY ELIIID VO
Moo uonINIsSue) JUdWAINI0IJ udisoq {emidaduodasg

ISBYJ UOHNIAXF

saseyd 393{0ad unpIm sANIARIY VO LAAHS AUYVINIANNS

38

March 1996



GPG-FM-017

SOMANIY A3 ¢

Paynuap! spasu
lapjoyaxyers
pasumoop Aswoisn)
paures] TesSatut JuaWZeURN
SU0SSY] ue]d 213areng Auend oL 1
PaaLId
SOUIY]
PAIUSWINOOP
sinsay
payienb paunopad WISUISSASS Y
JauuosIg /PaInpayds juspuadopu] o[
PaALIOD
SaUAIdIA(]
pajawnoop paunopsad JUDLISEISS Y
SHNsay /papnpayas uduseuE 6
pajuawINOop
synsay !
paelqijed !
sjoof, _
paipijenb “ aunsayf
PauUap B * pue uonaadsu| 9
]
i
|
seyd $S320.4 4 §8320.4 $$300.4 aseyd SINANIY BLIILD) VO
noasel) uonINISUL)) JUIWAINIOLJ udisag femydaouo) 1empdaduodaig

IsByJ uonNIIXY

Attachment C

(panunuod) saseqq 393fo1q urgnm sopIALdYY VO LAAHS AAVININNS

37

March 1996



‘JusWISSassSe pue
‘1s8)/uoioadsul
‘sassaooud yiom
"Juswainaoud
‘Juawebeuew
splo2al

‘'ubisep 'Buiurel
o} sweiboid
oljoads

1osfoid Buipnjoui
BUAYID Q| (e
SassaIppE Yyoiym
dvo 108foid

asn pue dojenaq]

sty ybiH/$ ybiy

‘Juswssasse

pue ‘yuawancidul
Ayenb ‘Buiuren
1o} sweiboid
apim-ajls

0} siajal pue
‘1sa)/uoijoadsul
pue‘usweinooid
‘sessasoud yiom
‘ubisap ‘jusw
-abeuew spioodal
sassaippe

yajium dvo
ayoads joafosd

asn pue dojana(g

%siH YBIH/$ paiN

suojjejoadxy

lapjoyayels

Aixadwon

1oedw|
JejuswiuoNAUg

Joedw)
Uiean/Aiopes

Joedw|
uolssiy

‘sease

}sU paynuap!

o} }say/uopoadsuy
pue

[onuoco ubisep
Buisn iepisuon
uswebeuew
sploodai

pue juswainocold
uo siseydwa
Arewind yym gy
apwm-ayis asn

ysiy YBIH/$ moT

"Juawissasse pue
"luswabeuews
splaoal
‘juawano.du
Ayjenb ‘Buiuresy
1o} sureibo.d
apmm-ays

Buisn sepisuon
"elajlo

Ol ||e sassaippe
Yalym dvo
oyloads josfoid
asn pue dojaneQ

sSIH MOY/$ YBIH

)sly 1o8foid

@al] uolsioeq uoneolddy v

g JUSWUOERY

‘Juswssasse

pue juawainooid
‘Juswenoiduil
Ayrenb
‘uswabeurw
spicoal ‘Bujuien
Joj sweiboid
apim-ays

0} siajal pue !1sa}
Juonoadsu) pue
‘sassaocoid yiom
‘ubjsap sassalppe
yaium dvo
olyioads joafoud
asn pue dojaaa(

siH moT/g pPaIN

uoneoo|y
196png

way|
aur]

‘Juawebeuew
SpJ02al pue
Juawainaoid
uo s|seydula
Arewid

yum 4v0
oapm-ajis asq

%SiH MOT/$ MOT]




“juaLISSasse pue
‘}sey/uonoedsul
‘sassaooid HIom
Juawesnooid
“uawebeuew
splooal

‘uBisep ‘Bulutes
loj sweiboud
opyoads

yosfoid Buipnjpoul
elalo o} e
Sassalppe Yoiym
dvD yefoxd

esn pue dojeae(

"JuewIssasse _

pue ‘uawanosdut

Aypenb ‘Bujures;
1o} sweiboud
apm-ajis

o] siejal pue

‘}sal/uogoadsui |
pue‘jueweinsoid
‘sessanold yiom

‘ubjsap ‘Jusw |

-abeueL spiodal |

sassaippe
Yalym 4vo
oyoeds Joafoid
esn pue dojeae

i
1

‘seale
1Su peyuap!

1o} jse)/uoyoadsul

pue
jonuoo ubisep

Buisn Japisuo) .

Juswebeuew

sploodal

pue juswainooid

uo siseydwsa

Krewyd ymm dvo
epim-eyis esf)

ssid UBIH/G YBIH

%SiH UBIH/$ PON

3siH UBIH/$ Mo

suojeoadxy
Jepjoyayelg

L e et e e e

YyeaH/A1ojes

1oedw
JeuBwWIUOIIAUT

[ .

EXQ_QEQO I H.UNQE_

"JUSLISSASSE pue
uawabeuews
spigoal
‘Juawanoidwii
Ayenb ‘Bujures
Joj sweiboud
apw-oyis

Buisn Japisua)
“gUajlo

Ol |je sasseippe
Yalym 4vo
oyoeds Joafoud
esn pue au_gmn_

%siy mo/¢ ubiH

‘Juswissasse

pue ‘uswainooid
‘Juswanosduwil
Ayjenb
1awabeurw
sploosas ‘Buiuren
Jo} sweiboid
epim-ajis

0} siajal pue {}sa}
Juonoadsu) pue
‘sassaoold ylom
‘ubisep sesseaippe
Yolym dvo
oyloads josfoid
esn pue dojeae(]

%SIH MO/ PN

uonesoly
1e6png

way|
auri

‘Juewebeuew
spiogai pue
JuaweJlnaod
uo siseydwa
Aewipd

YHM YD
epm-eyis es)

3SIH MOTY/$ MO

uolssi

st 108foid
szg 1eloid

os81] uolisioa uonealddy yO

g Wusuwyoeny




