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e Use of Codes and Standards in Assessing Safety
Margins

e Hierarchy of Nuclear Safety Requirements
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Accidents did occur — but no fatalities.
Fear of “run-away nuclear chain reaction”

Philosophy of “defense in depth”

Use of conservative design parameters and multiple
protective barriers.
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Major unknowns included

Fraction of core radionuclide inventory released
Transport and uptake mechanisms

Radioactive isotope toxicity effects
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e MCA Source Terms recognized as very pessimistic !

e RIisks to public were controlled by:

= Relatively small core radionuclide inventory
= Low population density, remote sites
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e USAEC established as government agency to set
regulations and issue licenses.

e NOTE: USAEC reorganized as USNRC (1976).
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e It is desired that “in plants finally approved for operation, there are really no
credible potential accidents remain against which safeguards have not been
provided to the extent that the calculated consequences to the public are

unacceptable.”

* Taken from paper by Dr. Clifford Beck (USAEC) delivered to World Nuclear Congress
of 1959 in Rome lItaly.
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though clearly some considerations must be given to the likelihood of
this failure or error.”

It has been suggested that this criterion be extended to assignment of
decreasing probabilities to accidents occasioned only by 2, 3, or more
independent and simultaneous errors or malfunctions, with possibility
that accidents requiring more than 3 or 4 such failures be considered
incredible....this suggestion has not been found useful.”
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Single Operator Error

Not to consider certain “incredible events”
Catastrophic failure of the Reactor Pressure Vessel
Multiple independent failure events
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Design Bases Accident or DBA Source Terms.

e 1960 revised Reactor Site Criteria proposed effects of
ECCS, Containment, Air Scrubbing, etc, factored in to DBA

Source Terms.

e Effects of Average Site Meteorology Considered.
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R (miles) ~ 0.00018 x (Power (KW))0-6L
e Source terms changed from MCA to DBA

e Scenario of DBA limited by functioning of safeguards
systems.
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e Design pases acclaent.
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Incorporation of large Design Margins where possible.

High Quality in design and manufacture.
Operation within design limits.

Testing/inspection to maintain Design Margins.
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Piping subject to In-Service Inspection & NDT exams.
Primary Coolant System leaks backed up by ECCS.

Primary Coolant System contained in hermetically sealed and cooled
Containment.

All activities subject to Quality Assurance verifications.
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“1. No single failure results in the loss of protective function..”

“2. Removal from service of any component or channel does not result
in loss of required minimum redundancy unless acceptable reliability of
operation of protection system can be otherwise demonstrated.”
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Taken from US Title 10 Code of Federal Regulations,
Part 50 Appendix A, General Design Criteria 21
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e Actual Loads can vary given circumstances and our
understanding of them.

e Actual Design Capacity can vary due to manufacturing
Processes.

IAEA Training Course on Safety Assessment of NPPs to Assist Decission Making 17 @



IDESIEINVI2IEIRGS

Mean Value of Load Mean Value of Design
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Load Magnitude
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uncertainties associated with “Loads”.

e Manufacturing QA programs, repeated qualification
testing, tends to reduce uncertainties associated with
“Design”.
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f o, (L+D,D)dLdD

where: f, ,(L+D,D) = f, (L+D)f;(D) via convolution
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e DB earthquake (peak ground acceleration)
e DBA LOCA (maximum diameter pipe rupture)

e DB wind loading (maximum wind loading on buildings)
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Design Bases Load Mean Yalue of Design
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Regulations.

e \Why not extend this to Design Capacity?
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Conservative
Design Margin

De=sign Bases Load I I Conservative Design Limit
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Design Margins.

e Examples include:

e ASME Boiler and Pressure VVessel Code
e |IEEE, IEC Electrical Standards
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= |ssued by Regulatory Body, may reference Codes & Standards

Regulatory Guidance — Suggested (Detailed)

= |Issued by Regulatory Body, defines accepted option, may reference
Codes & Standards.

Codes & Standards — “Optional?” (Detailed)
= |ssued by Professional Groups, defines acceptable option.
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e Use of Codes and Standards reduces critical safety related
design decisions on NPP Design Margins to re-
produceable, “transparent”, and mutually accepted

approaches.
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historically based on Loads in conservative Industry Codes
and Standards. (in most countries)

Fuel Rod Critical Heat Flux Design Margins typically rely
on detailed analysis of uncertainties.

DBA LOCA has been replaced by Best Estimate LOCA
which relies on detailed consideration of uncertainties.
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Assuring Reliabili riteria, anc
On-line Testability.

e Assuring Design Margins Is based on either use of
conservative Regulations, Codes, and Standards, or In a
limited number of areas performing detailed margins analysis
(Fuel Rod CHF limits, Best Estimate LOCA).
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