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BACKGROUND
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® SPENT FUEL WITH BURNUPS LESS THAN 45 GWD/MTU -
DATA SUPPORTS LONG-TERM AND SHORT-TERM
TEMPERATURE LIMITS THAT ASSURE CLADDING INTEGRITY
DURING DRY CASK STORAGE

® INDUSTRY INDICATED A STRONG NEED TO STORE AND
TRANSPORT HIGH BURNUP FUELS WITHIN THE NEXT FEW
YEARS

o STAFF HAS RECENTLY EVALUATED THE TECHNICAL BASIS
FOR THE STORAGE AND TRANSPORTATION OF HIGH BURNUP
FUEL THROUGH A FEW APPLICATIONS

® STAFF IS CONSIDERING REVISING ISG-1| |




REGULATORY BASIS FOR STORAGE
(1O CFR PART 72)

SPENT FUEL CLADDING MUST BE PROTECTED FROM
DEGRADATION THAT LEADS TO GROSS RUPTURE
{72. 1221}

STORAGE SYSTEMS MUST BE DESIGNED TO ALLOW READY
RETRIEVAL OF THE SPENT FUEL FOR FURTHER PROCESSING
OR DIsPosAL {72.122(Ww}

SPENT FUEL CLADDING PROTECTED FROM GROSS RUPTURE
BY MAINTAINING BOTH AN INERT CASK ENVIRONMENT AND
CLADDING TEMPERATURES BELOW ESTABLISHED LIMITS




REGULATORY BASIS FOR TRANSPORTATION
(10 CFR PART 7 1)

® THE GEOMETRIC FORM OF THE PACKAGE CONTENTS (I.E.,
SPENT FUEL) SHOULD NOT BECOME SUBSTANTIALLY ALTERED
UNDER THE CONDITIONS SPECIFIED FOR NORMAL AND
HYPOTHETICAL ACCIDENT CONDITIONS OF TRANSPORT

® NORMAL CONDITIONS OF TRANSPORT - NO LOSS OR
DISPERSAL OF SPENT FUEL, NO SIGNIFICANT INCREASE IN
EXTERNAL SURFACE RADIATION LEVELS, AND NO SUBSTANTIAL
REDUCTION IN THE EFFECTIVENESS OF THE SPENT FUEL
PACKAGE {7 1.43(F)}

® HYPOTHETICAL ACCIDENT CONDITIONS - FUEL DAMAGE WOULD
NOT RESULT IN EXCEEDING THE CRITICALITY {7 | .55(E)},
SHIELDING AND CONTAINMENT {7 | .5 | } REQUIREMENTS




TECHNICAL UNDERSTANDING OF
HIGH BURNUP FUELS

® LITERATURE REVIEW WAS PERFORMED TO EVALUATE THE
IMPACTS OF DRY CASK STORAGE CONDITIONS ON HIGH
BURNUP FUEL CLADDING INTEGRITY

® ZIRCALOY SPENT FUEL CLADDING CAN WITHSTAND
UNIFORM CREEP STRAINS OF ABOUT ONE-PERCENT
BEFORE THE CLADDING CAN BECOME PERFORATED IF
CONCENTRATION OF HYDROGEN IS LESS THAN ABOUT
400-500 PPM WHICH CORRESPONDS TO CLADDING
OXIDE THICKNESS OF APPROXIMATELY /0O MICROMETERS




TECHNICAL UNDERSTANDING OF
HIGH BURNUP FUELS (CONT)

STRENGTH AND DUCTILITY OF IRRADIATED ZIRCALOY DO NOT
APPEAR TO BE SIGNIFICANTLY AFFECTED BY CORROSION-
INDUCED HYDRIDES AT HYDROGEN CONCENTRATIONS UP TO
ABOUT 400 PPM

THERE IS LIMITED DATA ON THE HIGH BURNUP FUEL
CHARACTERISTICS AND CLADDING PERFORMANCE UNDER
DRY STORAGE AND TRANSPORTATION CONDITIONS




REVIEW TO-DATE HAS IDENTIFIED THREE POSSIBLE CATEGORIES
OF HIGH BURNUP FUEL (I.E. BURNUPS GREATER THAN 45

Gwbp/MTU)

CLASSIFICATION OF FUEL MAY BE BASED ON CLADDING OXIDE
THICKNESS WHICH MAY BE DETERMINED BY CONSIDERATION OF

THE FOLLOWING:
NON-DESTRUCTIVE OR DESTRUCTIVE MEASUREMENTS TECHNIQUES
MEASUREMENTS CONDUCTED VIA STATISTICAL SAMPLING PLAN
CLADDING OXIDATION PREDICTIONS

POWER HISTORY VARIABLES (E.G., FLUX, NUMBER OF CYCLES,
TEMPERATURE, WATER CHEMISTRY)

CATEGORY |
INTACT SPENT FUEL WITH OXIDE THICKNESS LESS THAN 70O MICROMETERS
SUFFICIENT DATA REGARDING THE MECHANICAL AND CREEP PROPERTIES
CLADDING TEMPERATURE LIMIT METHODOLOGY EMPLOYS A ONE-PERCENT
CREEP STRAIN LIMIT A




CLASSIFICATIONS OF HIGH BURNUP FUEL

® CATEGORY 2

— SPENT FUEL WITH OXIDE THICKNESS BETWEEN 70-80 MICROMETERS
— LESS DATA REGARDING THE MECHANICAL AND CREEP PROPERTIES

— STRUCTURALLY INTACT FUEL THAT MAY DEVELOP PINHOLE OR HAIRLINE
CRACK LEAKS DURING STORAGE OR TRANSPORTATION

— CLADDING TEMPERATURE LIMIT METHODOLOGY EMPLOYS A ONE-PERCENT
CREEP STRAIN LIMIT

— CONTAINMENT ANALYSES SHOULD ASSUME INTACT SPENT FUEL BUT WITH
INCREASED ROD BREAKAGE FRACTIONS

o CATEGORY 3

— SPENT FUEL WITH OXIDE THICKNESS GREATER THAN 80O MICROMETERS OR
SPENT FUEL WITH AREAS OF DETACHED OXIDE

— INSUFFICIENT DATA REGARDING THE MECHANICAL AND CREEP PROPERTIES

— SPENT FUEL MUST BE TREATED AS FAILED FUEL (I.E., MUST BE CANNED),

OR DEMONSTRATE CLADDING INTEGRITY WITH DATA AND ANALYSES AS
IDENTIFIED IN ISG-1 | 8




OTHER NRC EFFORTS TO SUPPORT FURTHER

® OFFICE OF RESEARCH, IN COLLABORATION WITH EPRI AND
INDUSTRY REPRESENTATIVES, IS CONDUCTING A RESEARCH
PROGRAM TO EVALUATE THE MECHANICAL AND CREEP PROPERTIES
ON HIGH BURNUP FUELS.

® SFPO Is RE-EVALUATING THE CLADDING TEMPERATURE LIMIT
METHODOLOGIES AND FAILURE MECHANISMS OF HIGH BURNUP
FUEL UNDER STORAGE AND TRANSPORTATION CONDITIONS.

® STAFF COORDINATING EFFORTS AND KNOWLEDGE BASE WITH NRR,
RES, THE DivisioN oF WASTE MANAGEMENT, AND THE NATIONAL
LABORATORIES TO MAINTAIN REGULATORY CONSISTENCY AND
ANTICIPATE PROBLEMS WITH THE STORAGE, TRANSPORTATION, AND
DISPOSAL OF HIGH BURNUP FUELS.

® STAFF CONTINUES TO LOOK TO THE INDUSTRY TO DEVELOP
ADDITIONAL DATA, ANALYSES, AND METHODS TO SUPPORT THE
SAFE STORAGE AND TRANSPORTATION OF HIGH BURNUP FUEL.




