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ISSUE STATEMENT

The majority of commercial spent nuclear fuel (CSNF) being 
discharged from light water reactors around the world is 
considered “high burn-up” fuel (>45 GWd/MTU). In the 
United States, the Nuclear Regulatory Commission (NRC) 
has yet to grant licenses for the transportation of CSNF 
exceeding this level. The lack of such licenses will inhibit the 
ability of U.S nuclear plant owners to ultimately remove 
CSNF from plant sites.

The NRC’s primary concern about high burn-up CSNF is 
that its mechanical properties differ from those of lower 
burn-up CSNF, for which a large amount of data is avail-
able. Further, many nuclear plants are using “advanced” 
cladding materials – such as Ziron, Zirlo and M5, which 
were developed more recently than Zircaloy-2 and -4 – and 
for which the data is even more sparse. Continuing to collect 
detailed data on high burn-up CSNF properties is important 
in addressing technical concerns and requires high-cost, hot 
cell work.

DRIVERS

Regulatory

The NRC is not satisfied that it has an adequate technical 
basis to grant high burn-up CSNF transportation licenses. 
Some non-US regulators have the same concern. This results 
in a demand for detailed, high burn-up CSNF property data 
in several technical areas, such as cladding mechanical data, 
radiochemical assay data, and neutron cross-section data, 
especially for key fission products.

Almost all of the regulatory concerns about both high burn-
up and advanced claddings are ultimately related to critical-
ity. If the cladding is brittle at high burn-up, damage during 
transportation, especially in the case of transportation acci-
dents, could lead to geometric rearrangement that impact 
licensees’ ability to perform criticality analyses

Operational

The majority of CSNF generated by U.S. and non-U.S. light 
water reactor operators now falls in the high burn-up range.

High burn-up used fuel is already in dry storage and will 
continue to expand rapidly in the future. Utilities are pur-
chasing “dual-purpose” casks for storage and transportation, 
but they are proceeding at risk, given there is currently no 
regulation for transportation of the high-burn-up fuel pres-
ently being stored in “dual-purpose” systems.

Public Confidence

There needs to be a path in place to return a nuclear site to 
green field status at end of life. Without the ability to trans-
port the fuel, it will remain on site regardless of the status of 
a fuel repository, centralized storage, etc.

RESULTS IMPLEMENTATION

EPRI has developed a holistic framework for resolving sev-
eral CSNF transportation issues. The framework considers 
transportation risks, spent fuel and cask-design features, and 
defense-in-depth in the context of present regulations as well 
as in the context of future potential revisions of regulations 
that would reflect a risk-informed, state-of-the-art technol-
ogy approach.

Within the boundary limits of the cases analyzed, the EPRI 
sponsored work shows that there are no credible combina-
tions of accident events, accident locations, and fuel mis-
loading or reconfiguration that would result in a critical con-
figuration during the transportation of PWR spent nuclear 
fuel. The non-mechanistic criticality evaluation performed 
in the as-loaded or as-designed configuration can be consid-
ered the bounding case for all conditions of transportation, 
because this hypothetical reactivity case bounds all normal 
and hypothetical acci-dent cases that can credibly exist for 
spent fuel transportation packages. Further, the data col-
lected on advanced claddings can help establish – as a part of 
a holistic approach – a sufficient database upon which to 
provide high confidence that storage and transportation of 
high burn-up CSNF using advanced claddings will have a 
near-zero likelihood of criticality. This sets the bases for 
granting transportation licenses for high burn-up CSNF..

PROJECT PLAN

The first part of the project plan has recently been com-
pleted: the development of a holistic approach to demon-
strating that the risk of criticality during railroad transporta-
tion of CSNF, including high burn-up CSNF, is essentially 
zero. The foundation for the holistic approach is nearly a 
decade of EPRI-funded work in the areas of cladding 
mechanical property data collection and modeling, high 
burn-up radiochemical assay and neutron cross-section data 
collection, and detailed evaluation of the probability of a 
transportation accident leading to a criticality.

in use: high burn-up fuel transportation
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What remains to be done is for industry to establish the nec-
essary technical basis for NRC (and other regulatory agen-
cies) to adopt a more risk-informed approach. Thus, EPRI is 
planning to continue to interact with and resolve technical 
elements of concern to the NRC.

Collection of mechanical property data, primarily related to 
hydride reorientation effects on cladding ductility, is being 
pursued in collaboration with other organizations. EPRI is 
cofunding work related to (1) properties of hydrided clad-
ding materials made of zirconium-based alloys containing 
1% of Nb, such as Zirlo and M5, and (2) minimum cladding 
temperatures required to maintain cladding ductility (brit-
tle-to-ductile transition). It is anticipated that this data col-
lection activity will continue through 2017, and possibly 
longer as new advanced cladding materials are being con-
stantly being tested and commercialized. Modeling of 
mechanical behavior during a transportation accident is 
anticipated to be completed by the end of 2018.

RISKS

Insufficient funding to establish a sufficient database and 
models for advanced cladding mechanical properties. Given 
the majority of this work involves use of high burn-up mate-
rials in hot cells, the work will continue to require a signifi-
cant part of the Used Fuel and HLW Management Pro-
gram’s budget.

NRC and other regulators might not embrace a risk-informed 
approach to high burn-up CSNF transportation regulations 
and regulatory decision making. This will greatly increase 
the amount of information required to support a large num-
ber of combinations of fuel designs, cladding alloys, operat-
ing conditions, and cask designs.

RECORD OF REVISION

This record of revision will provide a high level summary of 
the major changes in the document and identify the Road-
map Owner. 

revision description of change

0 Original Issue: August 2011 
Roadmap Owner: Albert  Machiels

1 Revision Date: January 2012 
Roadmap Owner: Albert  Machiels

Change: Substantial revision of the first 
version.

The initial version was modified to reflect 
the following changes:

1.	The project seeking to seek regulatory 
acceptance of the EPRI-sponsored 
depletion benchmarks for full burn-up 
credit validation was moved from this 
Roadmap to a new Roadmap entitled 
“Criticality”.

2.	Updates of the ongoing work on 
cladding mechanical properties.

2 Revision Issued: August 2012 
Roadmap Owner: Albert Machiels

Changes: Clarification of previous years’ 
technical contributions made by EPRI.

3 Revision Issued: December 2012 
Roadmap Owner: Albert Machiels

Changes: Updated to provide an additional 
level of details with regard to future 
regulatory actions.
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	advanced nuclear technology
	in use: configuration management for new nuclear plants
	in use: environmentally-assisted fatigue
	in use: small modular light water reactor requirements

	chemistry, low level waste 
and radiation management
	in use: technical solutions for reducing worker radiation exposure
	in use: science and communication of low dose radiation risk
	in use: optimized storage and disposition of low and intermediate level waste
	in use: radiological environmental protection
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	equipment reliability
	in use: buried pipe integrity
	in use: cable aging management
	in use: digital instrumentation and control implementation (new/existing plants)
	in use: advanced preventive maintenance technologies
	in use: guidance for maintaining circuit cards, relays, and other instrumentation and control components
	in use: emergency diesel generator systems
	draft: relay aging management guidance

	fuel reliability
	in use: mitigation of fuel failures caused by foreign material
	in use: mitigation of pwr fuel failures caused by corrosion and crud
	in use: mitigation of bwr fuel failures caused by corrosion and crud
	in use: loss of coolant accident (loca) regulation
	draft: silicon carbide composite bwr channel development
	draft: development of accident tolerant fuel using molybdenum alloy cladding

	used fuel and high-level waste management
	in use: advanced fuel cycles
	in use: used fuel extended storage
	in use: high burn-up fuel transportation
	draft: used fuel storage, transportation, and disposal criticality control

	long-term operations
	in use: long-term operations

	materials aging and degradations 
	in use: bwr and pwr irradiated materials testing and degradation models
	in use: steam generator foreign object management
	in use: steam generator degradation prediction and mitigation
	in use: management of jet pump flow-induced vibration
	in use: ensuring reactor pressure vessel integrity through eighty years of operation
	in use: pwr reactor internals aging management
	in use: welding of irradiated materials for pwr and bwr internals
	in use: alloy 52 nickel-base filler metal weldability solution
	in use: high chromium weld metal development and cracking mechanisms
	in use: aging management of alloy 600 and alloy 82/182 in the steam generator channel head assembly
	in use: mitigation of boiling water reactor materials degradation
	in use: fatigue management in boiling and pressurized water reactor coolant systems
	in use: pipe rupture probability re-assessment (xlpr)
	in use: primary water stress corrosion cracking characterization of alloy 690 and weld metals
	in use: advance welding process development in the nuclear power industry
	in use: incorporation of fabrication, repair and joining technologies in nuclear codes and standards
	in use: steam generator tube integrity assessment
	in use: understanding of environmental effects on fracture properties

	nondestructive evaluation
	in use: assessment of cast stainless steel
	in use: concrete structure characterization and nondestructive evaluation
	in use: remote visual examination
	in use: nondestructive evaluation modeling and simulation center
	in use: nondestructive evaluation (nde) reliability

	risk and safety management
	in use: probabilistic risk assessment for internal fire
	in use: probabilistic risk assessment for seismic events
	in use: methods for risk assessment for low-power, shutdown, and transition conditions
	in use: phoenix: advanced, integrated software for nuclear plant risk management
	in use: risk assessment methodologies for external hazards other than fire and seismic


