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in addition te generating electricity, US nuclear power plants are now major
radivactive waste management operations, siorin W concentrations of
radicactivity that dwarl those generated by the country's nuclear weapons
progiam. Beentice the propnsed Yucca Moumain nuclesr waste reposiiory
and other permanent storage plans sre in their infancy,
main iy interim ctorage ot commercial reactor
» issue of particular
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these wastes are likelv to re
sites for the indefinile future. This rea
concerm—how to store the high-burnup nuclear fuel used by most US utilities,

Hty raises one

government regulators northe utilities operating
plants understand the potential impact of used higivburnup fuel on storage
and transport of used nuclear fuel, and, ultimaiely, on the cost of nuclear
waste management.
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percentage of its key fissionable isotope —uranium 235—increased, ot

enriched, from what is found in most natural vranium ore deposits. In the

early decades of comimerdial operation, tha level of enrichment allowed US

nuclear power plants to operate for approximately 12 months between

refueling. inrecent years, howevar, US utilities have begun using what is

called high-burnup fuel, This fuel genex’aiiy containg a higher percentage of

dranium 235, aiiawing’ reacter operators 1o effectively double the amount of

tme the fuel can be used, reducing the f;‘:‘;-;quency of costly refueling outages.

The switch o] zfﬂhf’;‘:iﬁ'ﬁe? i fuel has been a major contributor 1o higher

capacity factors and lower operating cosis in the United States over the past

coupie of decades.

While this high-burnup trend may have improved the economics of nuclear
power, the industry and its regulator, the Nuclear Feguiatory Commission
{(NRC), have taken a questionable leap of faith that could, according to the
Electric Power Research Institule, "vesult in severe sconomic penaliles and in
unerational limitations w nuclear plant operators.” Evidence is mounting that
spent high-burnup fuel poses littl-studied challengas 1o the ternporary used-

set stornoe plans now in place and to any evertual arrangement for a long-
LB SLoTade Tepository.

High burmup signff] "‘j boosis the radioactivity in spent fuel and its
sortinen un e decny b OF partieudar concern s the effect of high-burnup
fuel on the cladding ;émat conitains itin the el assemblies used in commercial
reactors, Research shows that under high-burnup conditions, that cladding
may not be reliad upon as the primary barrier to prevent the escape of
radivactivity, especially during profonged storage in the "dry casks’ that are
the preferred method of tamiporary storage for spent fuel. Resolution of these

By

problems remains elusive

For éﬁstanc*w research shows that in regard to hinh-bumup waste the fuel
cladding thickness of used fuel is reduced and & hydrogen-based rust forms

P

o the zirconium metal used for the cladding, and this thinning can cause the
S sseone Britde oo in addition, under high-burnup eonditions,

incraased oressure petwest tha uranium fusl pelletz ina ?i el nssembly and

the inner wall ﬁftnﬁ ctaading tha closes thor causes cluddding o thin

from nandimg
nblies are removed from

at{)iclijlf canisters,

The NRC and the nuciear industry do niot have the necessary information to
predict when storage of high-burnup fuel may cause problems. To err on the
side of caution, high-burnup fuel might have to be left in cooling pools for 25
years—as opposed to the current three to Tive years for lower burnup spent
fuel--1o allow cladding temperatures io drop enough to reduce risks of
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cladding failure before the {uel is ransferred 1o dry storage. Also, the cooling
pools at US commercial reaciors are capidly filling, with more than 70 percent
of the nation's 77,000 metric tons of spent fuel in reactor pools, of which
roughly & fourth is high burnup. So far, a small percentage of high-burnup
used fuel assemblies are sprinkled amid lower burnup fuel in dry casks at
reactor sites. But by 2048~the Energy Department's date for opening a
permanent geologic disposal site—the amount of spont fuel could double,
with high burnup waste accounting for as much as 60 percent of the
inventory,

What's next? In 2014, the NRC adopted a "continuad storage” rule that
recognizod the strong likelihood of long-term surface storage of used nuclear
fuel—but that rule basically ignored high-burnup spent fuel. Under the rude, the

agency currently permiis dry storage casks to accommodate a uniform
loading of spent fuel below a certain level of use in reactors. The average
burnup for the US reactor fleet is measured by the amount of energy
produced, expressed in gigawatt days per metric ton of uranium; at present,
used fuel assemblies are allowed to no up to 62 gigawatt days per metric ton.

3

Accordingly, a few high burnup assemblies, with higher decay heat, may be
rixad with lower burm;‘; assorablies in a storage cunister. But there is Jit
guidance on how this can be done without exceeding NRC peak 'tempei‘ature
reguirements. NRC's current regulatory guidance concedes that “data is not
curren‘t?y available” supporting the ©a™s : srv et hicn barn spont

oL Owners of the shnwreu S g
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S roactors are not
ielas it were

neclear v

aking a chance and have pachaged hig '1 buimrg 30
damaged goods, stored in double-shell containars instead of single-shell, to

ailow for safertransport.

The impacts of decay heat from high-hurnup spent fuel on the internal
anvironinent of commercial dry casks are virtually impossible to monitor,
according 1o a 2014 NRC-sponsored study, "because of high temperatures,
tadiation, and accessibility difficully.” The uncertainties of storing a mix of
high- and low-burnup spent fuelin a canister are compounded by the lack of
data on the long-term behavior of high-buimup spent fuel. This problem was
highlighted by the Nuclear Wasts Technical Review Board, an expert panel
that provides scientific oversight for the Energy Departiment on spent fuel
disposal. That panet said there is little 1o no data to support dry storage and
transport for spent fuzl with burnups greater than 35 gigawatt days per metric
ton of uranium. In a May 2676 letter to the Energy Dapartment, the hoard
raised elemental questions that shouid have been answered before the NRC
and reactor operators took this leap of faith: “What could go wrong? How likely

it

is it? What are the consequences?” The board provided no answers 1o those

questicns.

it will take the Energy Depariment at leasi a decade to complete a stu ik
invelving temperature monitoring in a specially designed dry cask containing
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high burnup fuel. Meamwhile, as high-burnup inventoiies increass, the higher
amounts of radioactivity and decay heat associated with high-burnup fusl
agsembiies are putting additional stress on cooling pool storage systems.

This is happening at a time when concerns over spent fuel pool storage
conditions are increasing. “As nucizar plants age, degradations of spent fuel
w Oal Fardge Mationsd

1

pools . are occurring at an increasing rswe.” & sy
Laboratory concluded in 2017, "Durine the [ast decade, & number of NPPs
[nuclear power plants] have experienced water leakage from the SFPs [spent
fuel pools] and reactor refueling cavities.” As a result of increasing high
purnup loadings, spent nuclear pool storage systems are likel to requira
upgrading, which will certainly drive up costs at a time when age and

dotorioration are of growing concern

These concerns were given greater prominence in May of this year by a
Mational Academy of Sciences panal estabitshed by Congress to review the
UL ma nucieor gecident. Infts report, the
panel warrmd the NRC about terrorist attacks for the second fime since 2004
and urged the agency 1o "ensure that powaer plant operators take prompt and
effective measures to reduce the consequencas of loss-of-pookcoolant
events in spent fuel pools that could resuli in prope gating zirconium cladding
fires.” Allison Madcfarlane, then chair of the U.S. Nuclear Regulatory
Commission (NRC), noted in April, 2014 that "fand interdiction [from a spent
nuctear fuel pool fire at the Peach Bottom Reactor in Pennsylvanial is
estimated 1o be 9,400 square miles with 2 lons term displacement of
4,000,000 persons.”
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Down the road, it is likely that spent nuclear fusl will have to be repackag&d 0

mitigale decay heat into sraller containars ahead of final disposal. Hiz

5, and increass costs, curremiy

estimated in t%‘e tens of billions of ff Hars. Depending on the geologic

maedium, a maximam of four assomblies for high burnup, as opposed to the
dozans in current storage casks, would be permitied after 100 years of decay,

Brveap Tyal oionly coand s Doneas)

larger packanes containing no rore than 21 assemblies might have to be
disposed if there #5 forced ventilation for 50 to 250 years—driving up

FOARQEOry o0%

The basic approach undertakan i this country for the storage and disposal of
spent nuctear fuel needs to be Tundamen ialiy revamped. Instead of waliing
for problems 1o arlse, the Nk(‘ and the tnergy Department need to develop o
transparent and comprehensive road map identifying the key elements of—

and especially the unknowns associated with—interim storage,
transportation, repackaging, and final disposal of ali nuclear fuel, including the

high-burnup variety. Otherwise, the United States will remain dependent on
feaps of faith in regard to nuclear waste storage—leaps that are setting the
stage for large, unfunded radicactive waste “balioon mortgage” payments in
the future.
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