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Applicability

This procedure is applicable to the entire NCSX Project. 

Introduction

This procedure provides the NCSX Project-specific requirements for design reviews, including peer and prototype design reviews.  This procedure is intended to supplement the PPPL Procedures ENG-02, Work Planning, ENG-033, Design Verification, and PPPL Engineering Standard ES-DRFT-002, Pro/INTRALINK Users Guide.  

Although PPPL Procedure ENG-032 specifically excludes the requirement to prepare a Work Planning (WP) Form for “work performed during the conceptual or design phases, several parts of the WP are directly applicable to the design phase of NCSX and other projects.  This procedure implements the applicable sections from the WP into the design review requirements.

For the NCSX Project, the development of design review input documentation; the initial planning tool is the Systems Engineering Master Logic (SEML).  The SEML is intended to define the specific detail documentation/analyses needed for the specific design review.  The SEML is developed early in the preliminary design phase to provide visibility of the tasks required to be accomplished before a Preliminary Design Review (PDR) can be scheduled.  Likewise, an updated SEML is prepared early in the final design phase to provide visibility of the tasks required to be accomplished before a Final Design Review (FDR) may be scheduled.

As the design of the NCSX Project evolves, several design reviews will be scheduled.  These reviews should be performed a major project decision milestones for the respective design that may prove costly, time consuming, or difficult to reverse.  For the NCSX Project, three classes of design reviews are defined:

· Peer Reviews 

· Prototype Design Reviews

· Design Reviews

Referenced Documents

	NCSX-PLAN-PEP
	NCSX Project Execution Plan

	NCSX-PLAN-SEMP
	NCSX Systems Engineering Plan

	NCTX-PLAN-CMP
	NCSX Configuration Management Plan

	NCSX-PLAN-DMP
	NCSX Data Management Plan

	NCSX-PLAN-DOC
	NCSX Document and Records Plan

	NCSX-PLAN-ICMP
	NCSX Interface Control Management Plan

	PPPL-ENG-008
	PPPL Procedure on Failure Modes and Effects Analysis (FMECA)

	PPPL-ENG-032
	PPPL Procedure on Work Planning

	PPPL-ENG-033
	PPPL Procedure on Design Verification 

	PPPL ES-DRFT-002
	PPPL Engineering Standard on Pro/INTRALINK Users Guide

	PPPL ESH-004
	PPPL ES&H Procedure on Job Hazard Analysis

	PPPL ESH-014
	PPPL ES&H Procedure on the NEPA Review System


Procedure

This procedure consists of four sections:

A Systems Engineering Master Logic (SEML)

B Peer Reviews

C Prototype Design Reviews

D Design Reviews

A. Systems Engineering Master Logic

A Systems Engineering Master Logic (SEML) will be developed prior to the start of each phase of the project (Preliminary Design; Final Design; and Fabrication, Assembly, Installation, and Test) by the Engineering Manager in collaboration with the cognizant Project Engineers and WBS Managers.  The SEML defines project expectations for the WBS Managers for each phase of the project in the form of a checklist of activities and deliverables that need to be provided for a design review.  These activities and deliverables are addressed by WBS Managers in the development of the detailed schedules.

Attachment 1 to this procedure is a sample generic SEML for a preliminary Design Review (PDR).

	Responsibility
	Action



	WBS Manager 
	1.
Determines how the design will be phased and completed (e.g., by individual component, tooling, or overall system or subsystem. 

	
	2. Develops specific SEML appropriate for the design phase using the template provided in Attachment 1 to this procedure.  Provides detailed and specific descriptions of the tasks and analyses to be completed for the appropriate design review.

	
	3. Utilizes the proposed SEML as a basis for developing detailed work plans and schedules

	
	4. Forwards proposed SEML to the cognizant Project Engineer for review, comment, and approval.

	Cognizant Project Engineer
	5. Reviews proposed SEML and either iterates content of the SEML with the WBS Manager or approves the proposed SEML and forwards the SEML to the Systems Engineering Support Manager 

	WBS Manager
	6. If required, modify SEML and resubmit to cognizant Project Engineer

	Cognizant Project Engineer
	7. Once agreement is reached on content of SEML with the WBS Manager, approve the SEML electronically (e-mail approval satisfactory) and forward to the Systems Engineering Support Manager for posting on the Engineering Web Page. 

	Systems Engineering Support Manager
	8. Posts the approved SEML on the Engineering Web Page.


B. Peer Reviews

Peer Reviews are intended to be a tool that provides a mechanism for the design engineer to utilize the technical expertise of others to critique and provide suggestions on means and methods to improve the design and/or process being reviewed.  Peer reviews are usually held early in the design process to provide a firm foundation upon which the conceptual and further design and/or process evolution may proceed.  The scope of the peer review is determined jointly between the cognizant design engineer and the NCSX Responsible Line Manager (RLM).  For the NCSX Project, the Engineering Manager is the designated RLM.

Peer Reviews shall be scheduled and conducted in accordance with the requirements laid out in the latest version of PPPL Engineering Procedure ENG-033.  Attachment 2 to this procedure contains slightly modified and expanded Objectives and Documentation check lists for design reviews.

C. Prototype Design Review

Prototypes are typically required early in the design process, either as part of the conceptual or preliminary design phases.  Prototypes are intended to obtain/confirm information for the design so it is important that the technical documentation being provided to the vendor be verified as a sound basis upon which the vendor may proceed with the detailed design and fabrication.  Prototypes usually involve off-site fabrication by vendors in accordance with specific technical and contractual requirements.  Since the need for awarding prototypes might very well precede any formal design review, it is important to conduct a very focused review of the technical design documentation that will be provided (specifications and drawings) and will be used by the vendor as the basis for the procurement.  The prototype design review will confirm that the prototype concept is consistent with the overall design concept of the project.

Prototype Design Reviews shall be conducted in accordance with the Design Review section of PPPL Procedure ENG-033.  Attachment 2 to this procedure contains slightly modified and expanded Objectives and Documentation check lists for design reviews.
D. Design Reviews

The physical and functional description of the components, systems, and software/firmware comprise the “configuration” of the NCSX MIE Project.  The NCSX project and details of its design configuration is progressively described in greater detail as it proceeds through the design process, fabrication, assembly, and installation.  Since not all components, tooling, and/or systems and subsystems will be at the same stage of design, design reviews of separate components (whether needed for R&D activities or final installation), tooling related to R&D or final installation activities), subsystems, or full systems will undergo their own design review at the appropriate time rather than waiting for the entire system to reach the design review level.  Hence there may very well be a series of design reviews within a specific system held at different times.  Nonetheless, the same degree of rigor and discipline outlined in ENG-033 shall be adhered to.

Design Reviews shall be conducted in accordance with the Design Review section of PPPL Procedure ENG-033.  Attachment 2 to this procedure contains slightly modified and expanded Objectives and Documentation check lists for design reviews.
Attachments

Attachment 1:
Sample Generic PDR SEML

Attachment 2:
Objectives and Documentation for Design Reviews

	
	
	Entry Data (Exit Data)
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	Item
	Point of Contact
	Requirement
	Success Criteria
	Job #

	Specifications
	WBS Manager
	All relevant development ("design-to") specifications are approved and under change control. No TBDs allowed.
	Approved by the Cognizant Project Engineer and the Engineering Manager 
	

	
	
	A road map is provided which shows when other equipment specifications will be developed and other design reviews will be held.
	Approved by the Cognizant Project Engineer.  Coordinated with the Engineering Manager. 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Configuration Identification
	WBS Manager
	Develop an equipment/spec tree identifying all known/anticipated equipment.  Identify whether a specification is anticipated, what type of specification, and the responsible individual.  Include software and support equipment as well as hardware.
	Approved by the Cognizant Project Engineer.  Coordinated with the Engineering Manager. 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Design vs. Requirements
	WBS Manager
	Demonstrate how the design concept satisfies each requirement and design constraint in the relevant development specifications.
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Interface Identification
	WBS Manager
	Signed scope sheets for all primary interfaces.  No TBDs allowed.
	Approved by Systems Engineering Support Manager
	

	
	
	Signed ICDs for all primary interfaces.  TBDs allowed with closure plans.
	Approved by Systems Engineering Support Manager
	

	
	
	Applicable chits closed
	Approved by PDR chair
	


	
	
	Entry Data (Exit Data)
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	Item
	Point of Contact
	Requirement
	Success Criteria
	Job #

	Models and drawings
	WBS Manager
	Develop a drawing tree with at least enough detail to identify all components necessary to support final design and production planning.  The drawing tree should have a numbering system which correlates to the equipment/spec tree.
	Approved by the Cognizant Project Engineer 
	

	
	
	Sufficient drawings to support developmental design and analytical evaluation of the inherent ability of the design to attain the required performance.  The drawings shall be suffcient to develop manufacturing approaches and cost estimates. All models and drawings promoted to Preliminary Design Release.  Drawings shall be provided which define where the equipment will be located in the facility. Preliminary Design Release models and drawings should form a self-consistent package and provide the basis for cost and schedule estimates.
	Models and drawings approved for promotion by the Cognizant Project Engineer 
	

	
	
	Develop a drawing tree with at least enough detail to identify all components necessary to support final design and production planning.  
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Design Basis
	WBS Manager
	Design criteria to establish limits for acceptability are in place. Sufficient analysis shall be provided to establish that the proposed design is feasible and meets established design criteria. Analyses must be documented in an auditable way - not a viewgraph presentation. The following analyses shall be accomplished (or reasons given for not performing):

· Seismic Analyses

· Thermal Analyses

· Eddy Current Force Analyses

· Radiation/Neutron Calculations

· Other Calculations (specifiy)
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	


	
	
	Entry Data (Exit Data)
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	Item
	Point of Contact
	Requirement
	Success Criteria
	Job #

	Qualification and Acceptance Testing
	WBS Manager
	Qualification and acceptance test plans consistent with verification requirements in the development specifications.  Identify when these tests would be performed.  These plans provide the basis for subsequently developing test procedures.
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Manufacturability
	WBS Manager
	Provide evidence (if necessary) from R&D activities that the design is manufacturable and has been optimized for manufacturability.
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Constructability
	WBS Manager
	Document plans for assembly, installation, and test.  Provide evidence that risk-related issues have been satisfactorily addressed.  These plans provide the basis for subsequently developing assembly, installation, and test procedures.
	Approved by Cognizant Project Engineer(s)
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Transportability
	WBS Manager
	Determine feasibility of transportability.  Identify any environmental factors such as shock, temperature, moisture, dust, etc. during transport that require mitigating provisions.
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Value Engineering
	WBS Manager
	Determine what design areas would likely benefit from additional value engineering at the beginning of Preliminary Design.  Conduct and document results of value engineering studies (if any).
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	RAM 
	WBS Manager
	Provide FMECA per ENG-008 identifying potential failure modes and recovery provisions.  Explain how design has been optimized for reliability, maintainability, and safety through systematic evaluation of design options and application of proven design approaches. 
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	


	
	
	Entry Data (Exit Data)
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	Item
	Point of Contact
	Requirement
	Success Criteria
	Job #

	ES&H
	WBS Manager
	Identify hazards and mitigating features, including any special hazards controls needed or comtemplated
	Approved by the the Cognizant Project Engineer and NCSX ES&H Manager
	

	
	
	Complete NEPA Planning Form per ESH-014
	Approved by the the Cognizant Project Engineer and NCSX ES&H Manager
	

	
	
	Complete Job Hazards Analysis (JHA) Form per ESH-004
	Approved by the the Cognizant Project Engineer and NCSX ES&H Manager
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Human Engineering
	WBS Manager
	Demonstrate that sound human engineering principles have been followed in the design of the modular coils
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	COTS and Legacy Equipment 
	WBS Manager
	Identify use of COTS commercial, off-the-shelf (COTS) or legacy equipment.  Describe plan for testing the performance of legacy equipment.
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Standardization Considerations
	WBS Manager
	Identify how design has been optimized for standardization, including a list of standardized components
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Software and Firmware
	WBS Manager
	Identify and describe all planned software and firmware, including the functional requirements allocated to them.
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Preliminary Weight and Size Data
	WBS Manager
	Demonstrate that weight and sizes are compatible with structural supports and size constraints
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	Risk Management
	WBS Manager
	Identify areas of significant risk and mitigation plans
	Approved by the Cognizant Project Engineer 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	


	
	
	Entry Data (Exit Data)
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	Item
	Point of Contact
	Requirement
	Success Criteria
	Job #

	Baseline Maintenance
	WBS Manager
	Update cost and schedule estimates in P3 database consistent with proposed technical baseline as defined by Preliminary Design Release Level models and drawings and other documentation.  Cost and schedule updates should generally be of a higher quality than the prior estimate with increased input from industry.
	Approved by the Cognizant Project Engineer.  Coordinated with Engineering Manager.  Incorporated in P3 database by Project Control Manager. 
	

	
	WBS Manager
	Provide input to omnibus ECP to reflect proposed changes to the technical, cost, and schedule baselines.  ECP will be processed after chits which have significant design, cost, or schedule impacts have been addressed.  New baselines will be established upon approval of ECP and implementation of approved changes.
	Approved by the Cognizant Project Engineer.  Coordinated with the Engineering Manager. 
	

	
	
	Applicable chits closed
	Approved by PDR chair
	

	
	Systems Engineering Support Manager
	Process ECP to establish new baselines and implement approved changes 
	Approved by CCB
	

	Supporting Events
	
	
	
	


	Level of Review
	Objectives
	Inputs for Design Review

	Peer Review
	The objectives for any peer review might include a subset of the following:

· Communicate a proposed change to a requesting or performing group.

· Assure that the proper requirements are identified. Requirements should include functional, ES&H, regulatory, quality, reliability, interfaces, project specific, test, cost, and schedule.

· Identify hazards associated with the work or its impact on operations and appropriate mitigation.

· Alert others (e.g. ES&H, QA, ER/WM) of a proposed change in order to clarify group responsibilities within the change

· Alert impacted organizations or systems of the change

· Discuss resources, schedule, and cost.
	· Updated Work Planning form, if applicable.

· Documented requirements, if required by WP. Otherwise, requirements presented as part of review presentation.

· Identified hazards and appropriate mitigation techniques.

· Resource, schedule, and cost considerations.

	Prototype Review
	The objectives for a prototype review might include a subset of the following:

· Assures that the documentation (drawings and specifications) that will provide the technical basis of the procurement contract is consistent with the established design and accurately reflects the desired design concept.

· Identify hazards associated with the work or its impact on operations and appropriate mitigation

· Identify NEPA or Job Hazards Analysis documentation needed

· Discuss resources, schedule, and cost
	· Updated Work Planning form, if applicable.

· Set of drawings and specifications proposed to be included in the procurement package.  Formal drawings, to level required to proceed with procurement/ fabrication/ assembly as applicable. Examples are P&IDs and schematics. Drawings should be checked but need not be signed pending outcome of review and chit resolution.

· Job Hazards Analysis form completed, if required

· NEPA Review Form completed, if required

· Updated resources, schedule and costs


	Level of Review
	Objectives
	Inputs for Design Review

	Conceptual

(CDR)
	· Assure that the proper requirements are identified and can be satisfied within acceptable envelops. Requirements should include functional, ES&H, regulatory, quality, reliability, interfaces, project specific, and test

· Review development and design plans and schedules.

· Review cost and schedule estimates, including contingencies.

· Review configurations or designs that are novel to PPPL.

· Obtain input when competing design approaches exist.

· Identify hazards associated with the work or its impact on operations and appropriate mitigation

· Review and discuss key ES&H considerations 

· Review and assure that appropriate design and development plans and schedules have been developed.

· Discuss resources, schedule, and cost
	· Updated Work Planning form, if applicable.

· Draft Project Execution Plan, if applicable

· Requirements.

· Design and development plan consistent with the requirements.

· Resource, schedule, and cost estimates consistent with the requirements.

· Resolution of chits from prior reviews, if any.

· Completed NEPA Review Form and Job Hazards Analysis forms, if applicable

· Present the results of key design analyses/calculations to verify the proposed design concept.  These analyses and calculations should include a subset of the following:

· Seismic Analysis

· Thermal Analysis

· Eddy Current Force Analysis

· Mechanical Analysis

· Radiological/Neutron Analysis

· Other Calculations (specify)




	Level of Review
	Objectives
	Inputs for Design Review

	Preliminary

(PDR)
	· Verify that all requirements are being addressed.  Identify requirements or design conflicts and potential "show-stoppers"..

· Review the results of analyses, calculations, and tests conducted to obtain additional information for the design.

· Review the ability to implement the proposed design taking into consideration capabilities, tolerances, costs, quality, reliability, and ES&H.

· Review procurement issues, e.g. build vs. buy.

· Review test requirements and plans.

· Review updated design and development plans and schedules.

· Assure the appropriate incorporation of recommendations from previous design reviews.

· Review manufacturability.

· Review updated resource requirements and cost and schedule estimates.


	· Updated Work Planning form, if applicable.

· Resolution of CDR Chits, if any

· Requirement changes since CDR, if held. Otherwise, requirements.

· Documentation defining proposed design approach.

· Design and development information.

· Results of calculations upon which design is based.  These analyses and calculations should include a subset of the following:

· Seismic Analysis

· Thermal Analysis

· Eddy Current Force Analysis

· Mechanical Analysis

· Radiological/Neutron Analyses

· Other calculations (specify)

· Design plans.

· Updated cost & schedule estimates.

· Drawings, as appropriate.

· List of identified procurements and build vs. buy decision.

· Completed NEPA Review Form and Job Hazards Analysis forms, if applicable

· Completed Environmental Assessment (EA) or Environmental Impact Statement (EIS), as required.




	Level of Review
	Objectives
	Inputs for Design Review

	Final (FDR)
	· Verify that the final design satisfies the requirements and is ready for implementation.

· Assure that detailed analyses, calculations, and tests to validate the design are complete and documented.

· Verify, as appropriate, that the final product can be manufactured, inspected, assembled, stored, delivered, and installed reliably, safely, and cost effectively.

· Verify that procurement issues have been identified and resolved.

· Verify that appropriate documentation is available for producing the final product (e.g. drawings, installation procedures).

· Verify that appropriate test plans for the final product have been established.

· Assure the appropriate incorporation of recommendations from previous design reviews.
· Review manufacturability.
· Review updated resource requirements and cost and schedule estimates.
	· Updated Work Planning form, if applicable.

· Resolution of PDR Chits, if any

· Requirement changes since PDR, if held. Otherwise, requirements.

· Documentation defining final design approach.

· Documented and checked calculations upon which design is based.  These analyses and calculations should include a subset of the following:

· Seismic Analysis

· Thermal Analysis

· Eddy Current Force Analysis

· Mechanical Analysis

· Radiological/Neutron Analyses

· Other calculations (specify)

· Formal drawings, to level required to proceed with procurement/ fabrication/ assembly as applicable. Examples are P&IDs and schematics. Drawings should be checked but need not be signed pending outcome of review and chit resolution.

· Revised cost and schedule estimates.

· Documentation of tests to be performed.

· Completed Safety Assessment Document (SAD), as required.
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