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3.1
Scope


This section establishes the responsibilities and requirements by which DDO program management ensures that D&D design, data acquisition, and design requirements are defined, controlled, and verified for design activities, design documents, and design interfaces.

3.2
Applicability
This section applies to the control of the design of appropriate D&D items and activities to ensure that adequate provisions for functional capability of those items are established at the earliest practicable time consistent with the schedule for accomplishing those activities.  The require​ments and responsibilities for the control of design activities apply to research and development, testing, equipment and instrumentation, packaging and storage, transportation, and information collection activities conducted to obtain design input data.  This section shall also apply to control of changes in design.

3.3
Responsibilities
3.3.1
The DDO Program Manager shall have the ultimate responsibility for the approval of D&D design baseline documents and shall ensure the establishment of interface controls for design and design correction activities for safety-related items.

In cases where the DDO Program Manager maintains an independence from D&D datagathering activities and their report preparations, he/she may serve as an independent technical reviewer of technical reports and any design activities.

3.3.2
Managers for D&D projects are responsible for
a.
Ensuring that preselected design input and design output documents and activities receive the required technical, design, or peer review
b.
Ensuring that design inputs and output are consistent with codes, standards, regulations, licenses, and other requirements
c.
Ensuring that the design output satisfies the established needs and design criteria.

3.3.3
The DDO Quality Manager is responsible for
a.
Reviewing design reports (including but not limited to peer, tech​nical, and design reviews) prior to their approval to verify incorporation of appropriate quality provisions
b.
Participating in design reviews
c.
Verifying that peer, technical, and design reviews are conducted in accordance with requirements
d.
Review and approval of deviations from applicable quality standards
e.
Verifying that an independent design verification has been conducted
f.
Reviewing peer, technical, and design review results for compliance with Quality Program requirements.

3.4
Requirements
Procedures shall be established and implemented for D&D program responsibilities described in this section as applicable to design control and related activities.

The requirements for design and data-gathering activities shall be identified and documented in the applicable procedures, specifications, plans, drawings, or other appropriate documents.  These documents shall be controlled in accor​dance with the requirements of this section.

3.4.1
Design Information

Data that will be used in design activities for the development and verification of design are considered to be design information.  Acqui​sition and protection of data shall be controlled to assure that only properly identified and traceable data are used in design activi​ties. Data may include any related measurements or recordable obser​vations and the results of any associated analyses.

In general, data include any information generated for use in the technical assessment of related evaluations or experiments.  Data analysis includes the initial step of data reduction as well as broad level systems analysis (such as performance assessment) which inte​grates many other data and analysis of individual parameters.

Methods of data acquisition and processing may be subjected to peer review, as appropriate.

3.4.1.1
The activities related to data acquisition from sample col​lection, analyses, and the reporting of the analyses results shall be controlled.

3.4.1.2
Data acquisition controls shall include the establishment of methods to provide traceability from the data to the data acquisition activities; selection, calibration, control, and use of appropriate measuring and test equipment; and proce​dures for data validation and the identification and dispo​sition of data that are erroneous, rejected, superseded, or otherwise determined to be unsuited for use.

3.4.1.3
Data acquisition activities shall, where possible, be based on nationally recognized and accepted methods.  The methods used for data acquisition shall be evaluated prior to use and reevaluated periodically during their use to verify their accuracy and completeness.

3.4.1.4
Data generated and/or acquired during experiments and devel​opmental work and testing that will be used as design input shall be acquired in a controlled manner to assure the accuracy, validity, repeatability, and integrity of the data.

3.4.1.5
Data collected through the use of monitoring systems shall be accepted only to the degree to which the accuracy and com​pleteness of the data can be ensured through performance verification of the monitoring system.

3.4.1.6
Data reduction techniques shall be determined prior to their application and shall be documented and reviewed for adequacy. 
3.4.1.7
Documentation related to the acquisition of data that could be used as design input shall be controlled to assure the pedigree and trace​ability of data from its source through integration into design.

3.4.2
Design Inputs

Applicable design inputs, such as regulatory requirements, design bases, performance requirements, codes and standards, and design infor​mation shall be identified and documented.  A determination shall be made of which items or features within the scope of the design are quality-affecting.  Additionally, a determination shall be made of which quality requirements shall be applied to the various items and fea​tures.  The selection of design inputs shall be reviewed and approved by the responsible design organization.  
3.4.2.1
Design inputs shall be detailed to the level necessary to permit the design activity to be carried out in a correct manner and to provide a consistent basis for making design decisions, accomplishing design verification measures, and evaluating design changes.

3.4.2.2
Changes from the approved design inputs, including the rea​son for the changes, shall be identified, approved, docu​mented, and controlled in the same manner as original design inputs.

 3.4.2.3
Applicable information gained from experience and the results of related studies (e.g., data, reports, analyses, etc.) shall be made available to cognizant design personnel to support design improvement activities.

3.4.2.4
Packaging design for radioactive materials shall address items such as radiation shielding, stress, thermal, hydraulic, and accident analyses; compatibility of materials; accessibility for in-service inspection, mainte​nance, and repair; features to facilitate decontamination; and delineation of acceptance criteria for inspection tests.

3.4.3
Design Methods

Design organizations shall prescribe and document the design methods to be used in sufficient detail to allow the design process to be carried out correctly and to permit verification that the design meets require​ments.  Design documents shall be adequate to support item, component, or facility design, construction, operation, decontamination, decommissioning, and demolition.  Appropriate quality standards shall be identified and documented and their selection reviewed and approved prior to use.

3.4.3.1
Design methods, materials, parts, equipment, and processes that are essential to the function of the final design shall be selected and reviewed for suitability of application.

3.4.3.2
Changes from specified quality standards, including the rea​sons for the changes, shall be identified, approved, docu​mented, and controlled.

3.4.3.3
Applicable information derived from experience, as set forth in reports or other documentation, shall be made available to the cognizant design personnel.

3.4.3.4
The final design output (and all changes to the output) shall be traceable to the design input by documentation in suffi​cient detail to permit design verification.  The design shall also identify assemblies and/or components that are part of any items being designed.  If modifications are required to any assemblies and/or components, or if special testing, inspection, or handling requirements are necessary for the design to function, the design documents shall state what actions are necessary.

3.4.3.5
When assemblies or component parts are commercial grade items that, prior to their installation or use, are modified or selected by special inspection and/or test​ing to requirements that are more restrictive than the supplier's published product description, the component parts shall be represented as different from the commer​cial grade items in a manner traceable to a documented definition of the difference.

 3.4.3.6
Design methods and the practices established to control design shall be documented in instructions, procedures, specifica​tions, or any other form that provides adequate control and permits reviewing, checking, or verifying the results of the activity.

3.4.4
Design Analyses

Analyses necessary for the completion of design shall be performed in a planned and controlled manner with documentation that is traceable to the specified and approved requirements.

3.4.4.1
Design analysis documents shall be legible and in a form suitable for reproduction, filing, and retrieval.  Calcula​tions shall be identifiable by subject (including the struc​ture, system, or component to which the calculation applies); originator, reviewer, and date; or by other meth​ods such that the calculations are retrievable and traceable to a specific analysis.

3.4.4.2
The documentation of calculations shall be sufficiently detailed as to purpose, method, assumptions, design input, references, and units that a person technically qualified in the subject can review and understand the analyses and ver​ify the adequacy of the results without recourse to the originator.

3.4.4.3
Documentation of design analysis shall include
a.
Definition of the objective of the analysis
b.
Definition of design inputs and their sources
c.
Results of literature searches or other applicable back​ground data and identification thereof
d.
Identification of assumptions and identification of those assumptions that must be verified as the design proceeds
e.
Identification of any computer calculations, including computer type, name, or designation of the computer pro​gram utilized; revision of the program utilized; code or program inputs and outputs; reference to code or program verification; and the bases for application to the com​puter program for the specific application
f.
Review and approval of the analysis.

3.4.5
Design Verification

Design control measures shall be established to verify the adequacy of the design by one or more of the following:  performance of design reviews, use of alternate calculations, performance of quali​fication tests, and conducting of peer reviews.

The responsibility of the verifier, the areas and features to be veri​fied, the pertinent considerations to be verified, and the extent of the documentation to be generated shall be identified and documented in specific instructions or procedures, prior to the performance of design verifications.

3.4.5.1
The design verification method(s) used shall be identified, the results clearly documented, and the identification of the verifier clearly indicated.  The qualifications of the verifier shall be documented.

3.4.5.1.1
Design verification, for the level of design activity accomplished, shall be performed prior to release for procurement, manufacture, construction, or release to another organization for use in other design activities except in those cases where this timing cannot be met, such as when insufficient data exist.  In those cases, the unverified portion of the design shall be identified and controlled. With the exception of research and development work, the design verification shall be completed prior to relying upon the component, system, or structure to perform its function.

3.4.5.1.2
Design verification shall be performed by any com​petent individual(s) or group(s) other than those who perform the original design.  This verification may be performed by the originator’s supervisor, provided the supervisor did not specify a singular design approach or rule out certain design consid​erations.  Additionally, the supervisor must not have established the design inputs used in the design.  Routine supervisory reviews do not satisfy the intent of this requirement unless the super​visor is the only individual competent to perform the verification; in which case, the verification documentation must include a justification for the supervisor performing the verification.  The super​visor’s manager shall approve the supervisor per​forming the verification, and the Quality Manager shall concur with the decision process, prior to the per​formance of the verification.





3.4.5.1.3
The extent of the design verification required is a function of the importance to quality of the item under consideration, the complexity of the design, the degree of standardization, the state of the art, and the similarity with previously proven designs.  Where the design has been subjected previously to a verification process, the verifi​cation process need not be duplicated for identical designs.  However, the applicability of standard​ized or previously proven designs, with respect to meeting pertinent design inputs, shall be verified for each application.  Known problems affecting the standardized or previously proven designs and their effects on other features shall be considered.  The original design and associated verification mea​sures shall be adequately docu​mented and referenced in the files of subsequent application of the design.

3.4.5.1.4
Where changes to a previously verified design have been made, design verification shall be required for the changes, including evaluation of the effects of those changes on the overall design and on any design analyses upon which the design is based that are affected by the change to the previously verified design including the design change effect upon health and safety.

3.4.5.2
Non-conformance dispositions of “use-as-is” and “repair” shall be identified and documented.

3.4.5.2.1
Technical justification for the acceptability of a non-conforming item, dispositioned “repair” or “use-as-is,” shall be documented.

3.4.5.2.2
Non-conformances to design requirements determined to be “use-as-is” or “repair” shall be subject to design control measures commensurate with those applied to the original design.  Additionally, non-conformances dispositioned as “scrap” due to deficiency in design specification shall be subject to design revision with design control measures commensurate with those applied to the original design.
3.4.5.3
Alternative calculations are calculations or analyses that are made with alternative methods to verify the correctness of the original calculations or analysis.  The appropriateness of assumptions made, the input data, and the computer programs or other calculation methods used shall also be reviewed.

3.4.5.4
Where design adequacy is to be verified by qualification tests, the tests shall be identified and the test configura​tion shall be clearly defined and documented.  Testing shall demonstrate the adequacy of the performance under con​ditions that simulate the most adverse design conditions.  Operating modes and environmental conditions shall be considered in determining the most adverse conditions.  Where the test is intended to verify only specific design features, the other features of the design shall be verified by other means.  Test results shall be documented and evaluated to ensure that test requirements have been met.  If qualifi​cation testing indi​cates that modifications to the item are necessary to obtain acceptable performance, the modification shall be documented and the design reverified in accordance with requirements of this manual.

When tests are being performed on models or mock-ups, scaling laws shall be established  and veri​fied.  The results of model test work shall be subject to error analysis, where applicable, prior to use.

3.4.6
Design Reviews
3.4.6.1
Design reviews are critical reviews to provide assurance that the final design is correct and satisfactory.  When a design review is chosen as the design control measure to verify the adequacy of the design per Section 3.4.5, all documents related to design input and output shall be reviewed.  Where applicable, the following questions shall be addressed:

a.
Were the design inputs correctly selected?

b.
Are assumptions necessary to perform the design activity adequately described and reasonable?  Where necessary, are the assumptions identified or subsequent reverifica​tions performed when the detailed design activities are completed?

c.
Was an appropriate design method used?

d.
Were the design inputs correctly incorporated in the design?

e.
Is the design output reasonable compared with design inputs?

f.
Has the design been properly reviewed for its affect on personnel health and safety?

g.
Are the necessary design input and verification require​ments for interfacing organizations specified in the design documents or in supporting procedures or instructions?

3.4.6.2
Design reviews are normally conducted by a design review board consisting of reviewers other than those who performed the original design, and who have technical competence in the area under consideration.  The personnel assigned to design reviews shall be provided with the design input data and any other information available about the design and the requirements established.  The design review shall be completely documented along with the qualifications of the review personnel.

3.4.6.3
Design information and technical activity results shall be reviewed to ensure that inputs, activities, and results are correct and appropriate.  Reviews shall be conducted according to applicable procedures that identify methods to complete technical and peer reviews.

3.4.7
Technical Reviews

3.4.7.1
A technical review is a documented single or multidisciplinary review by personnel who are independent of the original work but have the technical expertise to perform the work.  Inde​pendent technical reviews are analyses and evaluations of technical documents, material, or data that assess the tech​nical applicability, correctness, adequacy, and completeness of the items.
3.4.7.2
A technical review shall be performed when the information or document under review is within the state of the art and is based on accepted standards, criteria, principles, and practices.  Technical reviews shall be used when documents, activities, material, or data require technical verification or validation for applicability, correctness, adequacy, completeness, and assurance that established requirements are satisfied.

3.4.7.3
A technical document is a document of technical subject mat​ter.  Technical documents may include (but are not limited to) the following:

a.
Technical studies to develop D&D processes
b.
Technical data for programmatic decisions
c.
Technical documents describing results of a segment of work
d.
Computer software development or change documentation
e.
Conceptual designs, schematics, block diagrams, and drawings.

3.4.8
Peer Reviews

3.4.8.1
When activities involve the use of untried or state-of-the-art testing and analysis procedures and methods or where detailed technical criteria and require​ments do not exist or are being developed, a peer review shall be conducted to verify the activities.  Activities and docu​ments that may require peer review include, but are not limited to, the following:

a.
Safety analyses reports
b.
Major internally developed technical reports
c.
Major contractor-developed technical reports.
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 3.4.8.2
Peer reviews shall be conducted by reviewers having equi​valent technical expertise in the subject field and no direct involvement with the work to be reviewed. Reviewers shall be provided with sufficient information about the work, including purpose and objec​tives, for adequate evaluation of the work.  The results of peer reviews shall be documented and shall include date of review, identification of reviewers, document or activities reviewed, evaluation process used, results of evaluations, recommendations and comments resulting from review, and the disposition of recommendations and comments.

3.4.9
Readiness Reviews

Readiness reviews when deemed necessary shall be planned, performed, and documented and shall apply to major scheduled or planned activities that affect or could affect quality.  Readiness reviews shall provide visible evidence of the following characteristics:

3.4.9.1
Work activity prerequisites have been satisfied.

3.4.9.2
Detailed technical and quality administrative procedures have been reviewed for adequacy and appropriateness.

3.4.9.3
Personnel have been suitably trained and qualified or training is scheduled to be completed prior to initiating the training-related work.

3.4.10
Design Change Control

Changes to final designs shall be justified and subjected to design control measures commensurate with those applied to the original design.  Details of the design control measures shall be documented prior to commencing design.  These measures shall include assurance that the design analyses for the component, system, or structure are still valid.

3.4.10.1
The design changes shall be approved by the same affected groups or organizations that reviewed and approved the orig​inal design documents.  When an organization originally responsible for approving a particular design document is no longer responsible, the DDO Program Manager shall desig​nate a new responsible approval organization.  The designated organi​zation shall have demonstrated competence in the specific design area of interest and an adequate understanding of the requirements and intent of the original design.

3.4.10.2
Where a significant design change is necessary because of an incorrect design, errors, and/or deficiencies, the design pro​cess and verification procedure shall be reviewed and modi​fied as necessary in addition to correcting the specific problem pre​sented.  Corrective action, in accordance with Section 16.0 of this manual  shall be initiated.

3.4.11
Design Interfaces

3.4.11.1
Interface controls shall include the assignment of responsi​bility among participating design organizations for the review, approval, release, distribution, and revision of documents involving design information.

3.4.11.2
Design information transmitted across interfaces shall be documented and controlled.  Where it is necessary to initially transmit design information orally or by other informal means, the transmittal shall be confirmed promptly by a formal document.

 

3.4.11.3
Transmittals shall identify the status of the design infor​mation or document provided and, where necessary, identify incomplete items that require further evaluation, review, or approval.

3.4.12
Computer Software Control

The control of computer software for scientific or engineering applications shall be established in applicable procedures to ensure that computer software being developed for quality-affecting activities meets appropriate requirements.  Procedures shall identify requirements for specification, documentation, review/verification and/or validation, approval, and configuration control.

3.4.12.1
Computer software control shall be applied to include development, testing, maintenance, and configuration management.  The controls shall include
a.
Criteria for application of the requirements of this document
b.
Methods to be used to develop functional performance requirements, to translate those requirements into a detailed design, and to implement that design in computer software
c.
Documentation to be prepared, reviewed, and maintained during computer software design, development, implementation, test, and use
d.
Methodology for establishing computer software baselines and baseline changes and for tracking changes throughout the life of the computer software
e.
Process to be used for verification and validation of computer software
f.
Procedure for reporting and documenting software discrepancies, evaluating impacts of discrepancies on previous calculations, and determining appropriate corrective action.

3.4.12.2
Computer software shall be placed under configuration control as each baseline element is approved.  Baseline elements shall be uniquely identified to assure positive control of revisions and to provide traceability between the documentation and the computer software version.

3.4.12.3
Changes to computer software shall be systematically evaluated, coordinated, and approved to assure that the impact of a change is carefully assessed prior to updating the baseline.  Information concerning approved changes shall be transmitted to all users or affected organizations.  Changes to computer software shall be subjected to the same level of approval, verifications, and validation as the original computer software.

3.4.12.4
Computer software documentation shall include the following elements:

a.
A description of the computer software development history that identifies specific computer software versions and other basic information about the evolution of the computer software.

b.
An explanation of the mathematical model(s) and derivation of the numerical methods used in the computer software design.  Physical and mathematical assumptions on which the computer software is based shall be listed along with an explanation of the capabilities and limitations inherent in the computer software.

c.
Instructions enabling users to run the computer software and a description of anticipated errors with user responses.

d.
A description of formal reviews and of verification and validation testing.

3.4.12.5
Computer software testing shall be performed for those inputs and conditions necessary to exercise the computer software to ensure that unintended functions that would degrade the computer software will not be performed.  The documentation shall include test boundary conditions and provide suitable benchmarks or sample problems.


3.4.13
Documentation

The documentation shall include not only final design docu​ments, such as drawings and specifications, and revisions thereto, but also documentation that identifies important steps, including sources of design inputs that support the final design and design decisions. Design documentation and records, which provide evidence that the design and design verification processes were performed in accordance with the requirements of this section, shall be included.

3.5
Records
Records that provide objective evidence of compliance with the requirements of this section shall be identified, maintained, and controlled in accordance with Section 17.0 of this manual.
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