
repository built, is seriously underestimat-
ing the risk presented by the volcanoes. The
argument will come to a head this autumn,
just as President George W. Bush is expected
to issue his recommendation on whether the
project should proceed.

For now, the DOE does not need a firm
design proposal for the repository. Rather, it
is publishing several documents, including a
science and engineering report summariz-
ing all of the studies undertaken during the
site-assessment process, that will inform
Bush’s decision on whether or not to pro-
ceed. If he decides to do so, the project team
has another two years to finalize its design
and submit a licence application to the NRC.

For the NRC to approve the facility, the
DOE must meet the standards published
earlier this year by the Environmental Pro-
tection Agency (EPA). These demand that
for 10,000 years after the repository opens,
no members of the public should be exposed
to more than 15 millirem (0.15 millisieverts)
of radiation per year.

Desert manoeuvres
To prepare for its moment of truth, the
DOE has mounted one of the largest scien-
tific risk-assessment exercises in history, at a
cost of about $7 billion. Over two decades,
its characterization of the repository plan
has roped in experts including geologists,
microbiologists, seismologists, volcanolo-
gists, statisticians, mathematicians, sociolo-
gists, politicians, theologists and members
of the public. “So far as I know,” says Robert

At the summit of Yucca Mountain, a
gentle summer breeze breaks the
scorching heat of the Nevada Desert.

“People have two reactions when they come
up here,” says William Boyle, a geologist and
senior technical adviser to the US Depart-
ment of Energy’s Yucca Mountain Project,
which plans to store nuclear waste at the
site. “Some of them say: ‘Well, this is pretty

well as near to the end of
the world as you can get.’
The others say: ‘Are those
volcanoes over there?’.”

Across the Solitario
Canyon, three rusty vol-
canic plugs protrude from
the sandy-coloured rocks
that dominate the sur-
rounding landscape. One
of them, about 20 kilo-
metres away at Crater 
Flat, indicates relatively
recent volcanic activity in
geological terms: it is only

about 75,000 years old.
The volcanoes have not been discussed

that much during the 20-year characteriza-
tion to establish whether Yucca Mountain is a
suitable nuclear-waste repository. But they
will be — and not merely by environmental-
ists opposed to the project.

The Nuclear Regulatory Commission
(NRC) is the government-funded watchdog
that must license the proposed facility, and it
thinks that the Department of Energy
(DOE), which is responsible for getting the

Levich, a geologist and project spokesman,
“this has been studied more thoroughly
than any other geological site in the world.”

The future of US nuclear power hinges on
the process. If there is no repository and
high-level radioactive waste has to be stored
locally on the surface, as it is now, it is unlike-
ly that the United States will build any more
nuclear power stations.

Given such high stakes, attempts to find a
home for the nuclear waste got off to a rocky
start. In the early 1980s, a process was under
way to select a suitable repository from a
number of reluctant contenders, including
salt beds in Texas or Louisiana, basalt in
Washington state and granite in the north-
eastern United States. But political interven-
tions excluded the other options,and in 1987
Congress decreed that only the Nevada site
would be considered.

Many experts say that Yucca Mountain
was emerging as the most technically suitable
site in any case.“Yucca Mountain was the best
site at the time, because of the lack of water,”
says Michael Voegele, a geological engineer
who has worked on repository designs for
more than 20 years. He is now chief scientific
officer for Bechtel SAIC, the Las Vegas-based
private contractor that helps to manage the
site-characterization project for the DOE.

The DOE’s plan is for Yucca Mountain to
accommodate high-level radioactive waste
about 300 metres below the desert floor, and
yet 300 metres above the water table.It will be
housed inside stable, reconsolidated vol-
canic ash — or tuff — which has lain more or
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Out of sight,
out of mind?
Yucca Mountain in
Nevada seems like a
reasonable place to
bury the United State’s
nuclear waste — but
only if the volcanoes
there remain dormant.
Arguments on that
point are about to
erupt, reports Colin
Macilwain.
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A rock and a hard place: Yucca Mountain, proposed site of the US nuclear waste repository.

William Boyle,
senior adviser on
the Yucca project.

U
S 

D
O

E

© 2001 Macmillan Magazines Ltd



minium,this protects itself from corrosion by
accumulating a thin,passive oxide layer on its
surface. By extrapolating corrosion rates
recorded in laboratory tests over two or three
months, DOE scientists believe they know
how the canisters will fare over 10,000 years.
But Paul Craig, a retired engineering profes-
sor formerly at the University of California,
Davis,who serves on the NWTRB,is not con-
vinced.“To extrapolate four or five orders of
magnitude without some kind of mechanism
is just not credible,”he says.

Discussions between the NWTRB and
the DOE have also focused on the extent to
which heat emitted by the waste will keep the
storage tunnels dry. Last year, the NWTRB
asked the project to consider the compara-
tive merits of a radically different approach
— a low-temperature repository, in which
the fuel canisters would not be crammed so
tightly in the tunnels and would be air-
cooled during the first few decades of stor-
age, reducing the rate at which they would
corrode. Uncertainty about the percolation

of water through the tuff has also led project
planners to consider a $4-billion titanium
‘umbrella’, or drip shield, to protect the can-
isters from direct exposure to dripping water.

DOE officials remain confident that these
uncertainties will not throw the Yucca Moun-
tain Project off course. Even taking the most
pessimistic views about the ingress of water
and the integrity of the canisters, the mean
annual dose that could leak from the reposi-
tory during the 10,000 years still falls way
below the upper limit of 15 millirems. Resi-
dents of the community whose water supply
would be most affected — Lathrop Wells, a
truckers’ stopover mainly comprising two
filling stations and a brothel — would be
exposed to only one-millionth of this dose.

But the risks posed by volcanic activity
may be a different matter. So far, these have
not drawn much attention from the
NWTRB, although it will examine them at a
special meeting in Las Vegas on 12 Septem-
ber. Although the prospect of the repository
being breached by lava is remote, the conse-
quences could be catastrophic.

The DOE contends, based on studies in
the 1980s by Bruce Crowe at the Los Alamos

less undisturbed for several million years.
Inside the experimental tunnel that the

DOE has bored some 8 kilometres into the
mountain, the walls are dry and pock-
marked with thousands of metal plaques
that mark holes from which geological sam-
ples have been extracted. But the appearance
of dryness is deceptive. It is the tunnel venti-
lation that keeps the surface of the walls dry;
the rock behind contains about 10% water by
volume. This slowly seeps down from the
sporadic rain — 15 centimetres a year, on
average — that lands on the desert above.

Tunnel vision
Concerns about the water and doubts about
the wisdom of burying the waste irretriev-
ably have caused the DOE to abandon its
original plan for the repository, which
would have involved filling tunnels in the
rock with nuclear waste and permanently
sealing them up. Instead, every disused fuel
rod and shaft of glass into which waste has
been sealed will be housed in multilayered
metal canisters, weighing 20–70 tonnes
when full, which will sit on the tunnel’s floor
(see diagrams, above).

The effectiveness of the canisters is being
probed by members of the Nuclear Waste
Technical Review Board (NWTRB), an offi-
cial watchdog set up by Congress to keep a
close eye on the project. Under President Bill
Clinton, the board gradually filled up with
members who were sceptical of the project’s
early self-assurance.“The NWTRB has had a
major impact on the project,” says Kevin
Crowley, staff director for radioactive-waste
management at the National Academy of
Sciences. “They’ve pushed for fuller consid-
eration of uncertainties.”

At a meeting in Las Vegas in June, for
example, NWTRB members questioned the
integrity of the DOE’s models of how the can-
isters will behave.Each of the $1-million cans
features a protective layer made of a heat-
resistant nickel alloy called alloy 22. Like alu-
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Mountain hideaway: the nuclear waste will sit 300 metres below the desert in Yucca Mountain.

Tubular cells: a range of canisters holding
radioactive waste will line the floors of dozens 
of tunnels bored through the mountain.

The hole picture: an 8-kilometre tunnel has been bored through Yucca Mountain to allow for tests.
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National Laboratory in New Mexico and
others, that the chance of such a breach
occurring is just over one in a hundred mil-
lion per year — a sufficiently small risk that
some scientists would be happy to discount
it.But the NRC puts the risk at one in ten mil-
lion per year, which researchers at the NRC
say cannot be ignored.

The disagreement stems from the meth-
ods used to estimate the risk of an eruption
occurring at different areas around Yucca
Mountain. The original DOE assessment
assumed that all areas had an equal probabil-
ity of experiencing a volcanic eruption, says
John Trapp, an NRC geologist. Trapp and his
colleagues at the NRC’s Center for Nuclear
Waste Regulatory Analyses (CNWRA) at the
Southwest Research Institute in San Anto-
nio, Texas, used a more complex model that
takes into account the fault characteristics of
the rock in different areas (C.B.Connor et al.
J. Geophys. Res. 105, 417–432; 2000).

The NRC researchers also believe that the
DOE is severely underestimating the fallout
that would result from volcanic activity. At
the heart of this issue is the way in which an
eruption would damage the repository.

Dyke dynamics
Eruptions are caused by a vertical wall of
lava, called a dyke, that rises towards the
surface until it breaks through at the weak-
est point. At present, the DOE models
assume that a dyke would cut cleanly
through the repository, expelling the con-
tents of a few waste canisters into the
atmosphere. The models anticipate that the
radioactive fallout from such an eruption
would scatter onto the surface and eventu-
ally arrive in the water supply. They predict
an average dose at Lathrop Wells of up to a
millirem per year — far higher than the
projected dose from any other cause, but
still an order of magnitude less than the
limit permitted by the EPA rule.

But according to Trapp and other volca-
nologists,a dyke rising through the reposito-
ry would move at only about a metre per 
second — and so would be liable to flow
through many of the tunnels, heating their
contents and perhaps releasing much larger
quantities of radioactive waste. “They are
equating a dyke to an eruption,” says Trapp.
“But a dyke goes real slow.”

Trapp’s assessment appears to backed up
by two unpublished papers by groups led by
Andrew Woods at the University of
Cambridge, UK, who studies lava flow. In a
paper currently under review at the Journal
of Geophysical Research, Woods and Onno
Bokhove,a mathematician at Bristol Univer-
sity, model the behaviour of a dyke rising
through the repository. They conclude that
the shock waves created by the dyke would be
powerful enough to break open the end of
some repository tunnels and allow most of
the contents to be expelled to the surface.
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Although the paper finds that most of the
canisters would not be breached directly by
the shock wave, a second paper by Woods
and his collaborators at CNWRA, which has
been submitted for publication in Eos, finds
that after the initial shock wave has passed,
most canisters would fail as a result of being
heated — and weakened — by the lava flow.

The combined implication is that far
more waste would be expelled into the
atmosphere by an eruption than the DOE has
allowed for. NRC scientists have not yet pub-
lished an estimate of how many canisters of
waste may be released in this way,but Brittain
Hill, a volcanologist at CNWRA and co-
author of the paper submitted to Eos, notes
that there will be about 150 canisters in each
parallel tunnel at the depository, and that a
dyke would probably cut into about 10 tun-
nels.“The DOE models have a dose of 1 mil-
lirem from 10 waste canisters,”he says. So for
this scenario, the potential fallout could
clearly exceed the EPA’s limit.

Grounds for appeal
Little headway was made when NRC and
DOE volcanologists met in a Las Vegas
hotel on 22 June to discuss the implications
of the unpublished work. Greg Valentine, a
geologist at the Los Alamos National Labo-
ratory who works on the DOE project, says
that the NRC’s points “are credible, to the
extent that we can’t just dismiss it. It is
something that needs to be looked at.” But
Trapp and others argue that the DOE 
scientists have not fully taken the issues on
board. “The meeting was a tremendous 
disappointment,” he says. Hill claims that
the DOE is “giving short shrift to what they
admit is the only source of risk”.

The DOE is having to get to grips with the
issue just as Bush prepares his decision on
whether the repository should proceed.
Senior Republican politicians support the
project, and Bush is widely expected to

approve it. The Nevada state government
then has the right to veto the plan, which it is
certain to exercise.But if such a veto is issued,
the final say on whether the project can 
proceed will rest with the US Congress.

Both houses would need to vote for the
project by a simple majority, and recent vot-
ing history suggests that they are prepared to
do so. But since the Democrats wrested back
control of the Senate in May, Senator Harry
Reid (Nevada, Democrat) has threatened to
use his new position as Senate Majority
Whip to try to block the project.

In such circumstances, project advocates
can ill afford the arrival of a credible scientif-
ic challenge to their assumptions about the
site’s safety. And with just such a challenge
looming, some observers are surprised that
the DOE has not done more to revisit its
models of volcanic activity. As the National
Academy of Science’s Crowley puts it:“When
your regulator says you’ve got a problem —
you’ve got a problem.” �

Colin Macilwain is Nature’s news editor.

Yucca Mountain Project ➧ http://www.ymp.gov

Nuclear Regulatory Commission High-Level Waste Program

➧ http://www.nrc.gov/NMSS/DWM/hlw.htm

Nuclear Waste Technical Review Board 

➧ http://www.nwtrb.gov
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Digging that scene: project engineers watch the completion of the main test tunnel at Yucca Mountain.

A yucca plant in the Nevada Desert, from which
the mountain and the project gets their names.
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