1. DESIGN

Fermilab shall establish a design process that provides appropriate control of design inputs, outputs, verification and validation, configuration and design changes, and technical and administrative interfaces.  Design work shall be based on sound engineering judgment, scientific principles, and applicable codes and standards.

The controls and implementing procedures shall be contained in the Fermilab Engineering Manual [tbd Document Number Here] and its implementing procedures (FEMP).  The FEMP will be managed by the Office of Project Management Oversight / Fermilab Chief Engineer.

The FEMP shall define a graded approach to engineering controls and configuration management that couples the applicable rigor of management controls to the risk posed by the structures, systems, and components (SSC) under design.  The gradation of risk and the applicable controls shall be codified in the FEMP and implementing procedures / forms used during the design process.  Engineering Change Order (ECO) forms shall be used as cover sheets, or “travelers,” accompanied by design documentation to capture the assessed risk, identify the levels of reviews, and capture required signatures / approvals as the design moves through the stages of development.

As a minimum, the PEMP will contain definition and processes for:

· Configuration control system for design efforts

· Design basis archive requirements

· Requirements for design basis and cross-checks including calculations, drawing generation, and interface requirements

· Review requirements for both internal and between sub-element projects 

· R&D archival requirements for design specification development and control.  This includes items such as ideas tried and abandoned, and why; shop floor changes, reason, and impact; and results of tests against a prescribed (assumed) specifications

· Change management processes using a risk-based graded approach that defines who can authorize changes and under what circumstances

· Process that identifies critical designs (e.g. safety significant SSCs) and the additional  requirements to control them

1.1.1.1. DESIGN PROCESS

1.1.1.1.1. The design process is controlled by the designated design authority (DA). The design process controls are applicable to in-house, outsourced, and inter-laboratory design activities and services.  Those providing design services from outside the Laboratory must be evaluated and selected based on their ability to meet specified requirements demonstrated by equivalency of their programs or adherence to Fermilab processes.

1.1.1.1.2. The DA for existing systems will be a Cognizant Engineer (CE).  The CE will be designated in writing by Fermilab management and meet qualification / certification requirements contained in [tbd TRAINING DOCUMENT REFERENCE HERE].
1.1.1.1.3. Design processes apply to original design and design changes / modifications of existing SSCs. A requested design change is defined as one that either alters a component or system function, method of performing the function, or design configuration.  All design efforts undergo risk evaluation by the DA to define the level of steps / level of rigor of controls prior to commencement of work.  The risk evaluation is independently checked for correct application of the graded approach.  This effort is to establish the correct level of control and thereby limiting the administrative burden while still maintaining the required safety margins.  For example, minor modifications (those that are small and simple in nature) will utilize selected steps of the full engineering design process deemed appropriate and applicable, using the graded approach.
1.1.1.1.4. In determining requirements for design activities, consideration must be given to items being graded according to their risk and complexity in areas such as: safety, consequences and probability of failure, uniqueness, applicable codes and standards, performance quality, fabrication capability, software code ability, and cost.
1.1.1.1.5. When applied to research and development activities, design processes are tailored to meet the controls necessary for successful outcomes.  As appropriate, R&D / experimental plans must specify the necessary controls and documentation contained in the activity’s / project’s Project Execution Plan (PEP) and be approved by the DA.  ANSI/ASQ Z1.13, Quality Guidelines for Research, provides a model for research and development activities.
1.1.1.1.6. Design process controls include such items as, but not limited to:

· Using sound engineering/scientific principles and appropriate standards

· Incorporation of applicable requirements and design bases in design work and design changes

· Identifying and controlling design interfaces

· Validating the adequacy of design using individuals or groups other than those who performed the work

· Validating work before approval and implementation of the design

· Verifying results of design activities by one, or a combination of, monitoring, testing, checking, and /or assessing.

1.1.1.2. DESIGN AUTHORITY RESPONSIBILITIES

The DA is responsible to ensure the assigned design effort follows the prescribed Fermilab processes.  DAs can be:

· A cognizant engineer (CE) of existing SSCs

· A principal investigator (or equivalent position) for research facilities, equipment and apparatus

· The project engineer or other appointed individual as designated by the Program Manager of a project

DAs are expected to consult with subject matter experts including individuals, safety committees, and operations management; but are ultimately responsible for the final design and configuration of SSCs.  Specifically, DAs are responsible for:

· Design control and technical adequacy of the design process (conventional);

· Experiments and associated experimental activities (R&D); and

· Use of appropriate quality level designations for acquisition of products and services in support of design, construction, and installation activities.

1.1.1.3. DESIGN PHASES

Design phases are identified as logical points in the life cycle of conceptual to final design, procurement and fabrication, installation and startup, and closure of a project.  Levels of control vary by phase and are used to check and review design basis / calculations, integration of individual components into a system, and quality of procured / fabricated items.  Controls, also referred to as barriers, are used to catch and correct issues during the engineering process so the final SSC is safe and performs as required.

1.1.1.3.1. CONCEPTUAL DESIGN PHASE

Design inputs and constraints, including applicable orders, codes, standards, policies, and procedures, etc., will be identified into a design request.  Design inputs must be reviewed for accuracy and completeness and to identify any ambiguity or conflict.  The safety designation of SSCs are determined, using the graded approach, and based on the documented risk evaluation including safety plans, statutory and regulatory requirements, Fermilab requirements (pressure safety, hoisting and rigging, etc.), and controlling documents affecting the design, as applicable. Consideration for schedule, cost, and rigor of quality must also be accommodated in the conceptual design phase.  

Preliminary drawings are created and “frozen.”  From this stage forward changes are captured and archived in the [central design repository] for use by project personnel and future engineers / users (DAs et al.) in accordance with the Configuration Management Plan and implementing procedures (CMP) [configuration management plan number here].

1.1.1.3.2. PRELIMINARY DESIGN PHASE

Design activity is initiated based on the information in the design request. Any conflicts between design input requirements are noted and logic for resolution is defined and documented.  Scoping analyses and calculations will be performed as necessary.

After the preliminary design is prepared, the output of the design effort (e.g., plans, specifications, analyses and calculations, etc.) is packaged along with the design request into a preliminary design review package. A preliminary design review is held to verify / validate adequacy of design.  The verification / validation is performed using individuals or groups other than those who performed the design work. The results of the review are documented, including the resolution of comments and recommendations.

1.1.1.3.3. FINAL DESIGN PHASE

The DA is responsible for finalizing the design.  The signoff for the final design indicates completeness and closure of all previous activities leading to the final, accepted design and that it is ready for final review.  These activities include, but are not limited to, recommendations from earlier design reviews, design review documentation, plans, specifications, analyses, and calculations.

The final design phase concludes with a rigorous design review.  The design review uses independent reviewers that second check all items of the design including:

· Drawings

· Specifications

· Safety reviews and hazard analysis

· Quality reviews and inspections

· Interface requirements

· Reference documents, codes, and regulations

· Design calculations

· Component lists and spare parts identification

· Set-points

· Operational constraints and parameters

· Operational procedures

· Maintenance requirements and periodicity

· Inspection and testing requirements

· Functional requirements

· Acceptance and performance criteria / test plans

· System design descriptions

This final step is rigorous as it is the last check prior to release of funds for procurement / fabrication.

An action plan is developed and documented to address concerns / recommendations generated during the design review.  The results of post final design review activities, including action plan implementation and resolution of concerns and recommendation, are documented.

The results / changes are independently reviewed by an individual, if minor in nature.  If reconciliation includes large or major changes in design basis, the review committee may be reconvened prior to release for procurement and fabrication. 

1.1.1.3.4. DESIGN IMPLEMENTATION PHASE

After completion, review, and acceptance of the final design, an engineering order (EO) is prepared by the DA that, along with the completed final design documents, is issued and distributed to project personnel to provide the technical and quality requirements to support procurement, fabrication, and/or construction of the structure, system, or component (SSC), including acceptance of proof testing or inspection, and documentation requirements.

1.1.1.3.5. PROCUREMENT/FABRICATION PHASE

1.1.1.3.5.1. The structures, systems and components (SSC) can be procured from a vendor / contractor or fabricated by Fermilab organization(s). The procurement process is controlled to ensure that SSCs conform to the technical and quality requirements specified in the engineering order.
1.1.1.3.5.2. Vendors and contractors are evaluated and selected based on their ability to meet the scope of work and applicable quality processes as part of the procurement process.  Quality Assurance personnel will accompany procurement professionals as part of the review of the selected vendor.
1.1.1.3.5.2.1. Procurement will maintain a Qualified Suppliers List (QSL) and accompanying documentation for vendors that have been reviewed.  Vendors shall be re-visited periodically to ensure that the quality standards are being upheld.  The frequency of the subsequent reviews is dictated by the risk to Fermilab programs posed by the procured article.  The periodicity shall be documented and planned as part of the procurement management process. 
1.1.1.3.5.3. The procurement or fabrication and associated documentation, including material certifications and test reports, final revisions of fabrication drawings, marked-up as-built drawings, and inspection/test results must be inspected, reviewed, and accepted in accordance with the Fermilab QA Inspection Manual and implementing procedures (QAIM)  [QAI Manual Reference Here].
1.1.1.3.5.3.1. Procured items must have the required pedigree commensurate with the quality requirements of the host SSC.  Quality checks, described and controlled by the Fermilab Suspect / Counterfeit Inspection (S/CI) program, shall be performed on applicable components as described in Section XX of this manual.
1.1.1.3.5.4. Fermilab allows the use of items from alternative sources not managed by the procurement system such as salvage and customer-provided materials.  The same quality requirements as those items procured apply to these items.  The DA is responsible to ensure the process to obtain these items includes validation and verification of the quality requirements.
1.1.1.3.5.5. All divisions must safeguard the conformity of their work during internal processing and delivery to the intended destination. The safeguarding must address such things as identification, handling, packaging, storage, and protection.
1.1.1.3.5.6. Where special handling equipment is made by modification of commercial equipment, the manufacturer's engineering or an equivalent engineering approval of the modification shall be obtained and documented.

1.1.1.3.6. INSTALLATION AND COMMISSIONING PHASE

1.1.1.3.6.1. The structures, systems and components (SSC) may be installed by a vendor / contractor or by Fermilab organization(s).  The procurement process is controlled to ensure that installation conforms to the technical and quality requirements specified in the engineering order. Installation vendors and contractors are evaluated and selected in the same manner as the fabricator.
1.1.1.3.6.2. The installer for the newly designed SSC receives copies of all design documents required to perform installation activities.  Any deviations encountered must be documented and resolved / dispositioned with the DA.  The affected design documents must be marked with any approved deviations by the vendor or Fermilab organization installing the SSC and provided to the DA as part of the installation process.  Any deficiencies or inadequacies in must be documented as non-conformances in accordance with the Corrective Action Plan (CAP) / Non-Conformance Report (NCR) procedure [tbd CAP / NCR procedure number here].
1.1.1.3.6.3. Red-lined “as-built” drawing(s) shall be part of the package supplied by the installer to the DA in preparation for closeout.  Associated documentation, including material certifications, test reports, and inspections must be inspected, reviewed, and accepted by the DA.

1.1.1.3.7. CLOSE OUT

Upon completion of installation acceptance, the final design must be commissioned (i.e., proof-tested, operational readiness review/readiness assessment performed, etc.) in accordance with a startup plan prior to placing the SSC into service. Upon completion of commissioning, a documentation package including qualification test results, final revisions of fabrication drawings, marked as-built drawings, proof-tests, operational readiness review/readiness assessments, etc., must be assembled and retained as the final design closeout package.

A final as-built drawing will be verified / validated by Fermilab personnel as part of the closeout.  The final red-lined document shall be provided to the DA for incorporation into a final set of drawings.

1.1.1.3.8. AS-BUILT STATUS AND CONFIGURATION MANAGEMENT

1.1.1.3.8.1. Changes, additions, and modifications to the design processes shall be controlled in accordance with the Configuration Management Plan and implementing procedures (reference number here).
1.1.1.3.8.2. Items under configuration control include plans, specifications, analyses, and design basis calculations to provide an accessible, archived history of SSC modifications and changes.
1.1.1.3.8.3. Proposed changes to SSCs shall be reviewed, as a minimum, by the same organizations as those that reviewed and approved the original design.  This ensures that changes do not inadvertently challenge or violate safety or operational boundaries or conditions set by the original design.

1.1.1.4. DESIGN REVIEWS

Design reviews are a vital component of the successful design process.  Standard reviews shall be prescribed by the level of risk and requirements found in DOE O 413.3, Program and Project Management for the Acquisition of Capital Assets.

1.1.1.4.1. Reviews shall be explicitly included in project schedules as inviolate milestones
1.1.1.4.2. Design reviews shall be formal, structured, and documented to ensure that the reviews are comprehensive, objective, and professional.
1.1.1.4.3. Design reviews for research and development efforts are accomplished by stakeholder reviews of research plans and by peer review of research results being offered for publication.  Once the transition point to design-build approaches, design reviews will follow the structured design process.

1.1.1.4.4. The FEMP and implementing procedures shall include templates and checklists for what materials must be produced by design teams in advance of each review, to include calculations, design bases etc.  These will provide an internal QA tool for the engineering team and provide the required materials to allow comprehensive independent technical reviews.  The checklists will help ensure that all elements of the design are reviewed including inter-disciplinary checks and all specifications, boundary conditions, testing requirements, and operational environments have been considered and appropriately applied.
1.1.1.4.5. Design reviews shall include technical experts from outside the design team and in certain cases outside of the lab.  This will assist in providing fresh, independent assessments of completeness.  A budget to pay for this reviewer’s time from outside the team or from outside experts shall be established as part of the associated project cost.
1.1.1.4.6. Design reviews should include sufficient time for on-board review of specification/drawings assumptions etc.  The review team shall be provided sufficient time to review these materials in an independently.  The review team shall prepare its own set of written comments and suggestions and then be engaged subsequently to review how the design team addressed or incorporated the comments.
1.1.1.4.7. Presentation or PowerPoint® review portion shall be limited so as not to conflict with the time required to perform technical reviews (or alternatively advance material such as in a PowerPoint® format can be emailed to the review team in advance of the review meeting to facilitate their being aware of progress since the last meeting in advance of the current meeting).
1.1.1.4.8. Changes to the functional requirements and specifications shall be a component for technical design reviews to verify that the design is consistent with the current requirements.  As an example, design reviews will contain items such as, but not limited to, the following:
1.1.1.4.8.1. Address the loads and stresses the SSCs will experience under different circumstances:
· Pre-loaded stress 
· Stress experienced under operating conditions

· Stress experienced during transition such as cooldown and heatup

· Stresses during emergency transition such as quench, helium leak, and loss of power
1.1.1.4.8.2. Verify:

· Verify connections, welds, and interfaces are acceptable by inspection and certification prior to use (independent inspection separate from personnel involved with design, procurement, and assembly of components)

· Ensure the destructive and non-destructive tests of procured materials demonstrate that they meet design specifications and systems needs

· Ensure the following are known, documented, and used during the engineering review:

· Pressure, temperature, and atmospheric conditions (operational performance specs/data)

· Anticipated dynamic loads at all joints, hard-points, and supports (operational performance specs/data)

· Allowable movement/flex built into design 

· Stresses from the design basis earthquake have been analyzed

· Seismic loads under normal and abnormal conditions (operational performance specs/data)

· Make a determination whether anticipated movement/flex is within tolerance of designed allowance for movement

· Determine whether integrated test plans address the following:

· The test mimics actual static and dynamic conditions

· The test incorporates the connections and ties that will be in place once in operation

· The test does not induce operational parameters beyond the design limits

· The test specifies anticipated response of the system, stop points, and abort scenarios (designed to protect components from damage)
1.1.1.4.8.3. Ensure that SSCs are properly integrated by asking:

· Do we have sufficient knowledge of anticipated system operational parameters to determine whether the SSC will work as desired?

· Have we captured all of the operational performance specifications?

· Do we understand how the system will be tested and is the system robust enough to pass?

· Have the models used to demonstrate performance and to determine anticipated conditions been appropriately peer-reviewed to ensure accuracy?

· Have any changes been made as a result of this review?

· If so, have we gone back to the integrated model to ensure that the change has not affected any of the critical boundary conditions or parameters?

· Is there need for additional testing?
1.1.1.4.8.4. Verify / validate that QA has been appropriately addressed:

· Have the procured/fabricated components been appropriately inspected?

· Material supplied per specifications

· First manufactured article been subjected to non-destructive and destructive tests and found to perform as expected

· Accompanied by required documentation/certifications

· Was the design for the newly procured/fabricated components given an independent review to ensure it meets expected performance specifications for strength, durability, and service-life?

· Were the machined articles done in accordance with supplied drawings?
1.1.1.4.8.5. Verify engineering documentation is correct:

· Are all of the drawings and specifications verified to be the most recent, controlled, and signed/stamped, as required?

· Are all decisions and calculations captured in engineering notes and given independent review/validation?

· Did we receive the correct PE stamp(s), if required?
