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The risks and costs of operating California's last nuclear
plant
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Earthquake risks and rising costs: The price of operating California’s
last nuclear plant

The Diablo Canyon nuclear power plant as seen from Diablo Cove near San Luis Obispo.
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By Noah Haggerty
SAN LUIS OBISPO — 
Under two gargantuan domes of thick concrete and steel that rise along California’s rugged
Central Coast, subatomic particles slam into uranium, triggering one of the most energetic
reactions on Earth.
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Amid coastal bluffs speckled with brush and buckwheat, Diablo Canyon nuclear power plant
uses this energy to spin two massive copper coils at a blistering 30 revolutions per second.
In 2022, these generators — about the size of school buses — produced 6% of Californians’
power and 11% of their non-fossil energy.

For the record:

11:01 a.m. Aug. 27, 2024A previous version of this post said that Diablo Canyon Power Plant
faced risks of suffering a Chernobyl-style disaster. However, federal regulators and nuclear
plant operators say that numerous safeguards protect against such an event. A previous
version of this story also said that the concern during a damaging earthquake would be to
shut down the nuclear reaction within the core. The concern would actually be to continue
cooling the reaction within the core.

Yet it comes at almost double the cost of other low-carbon energy sources and, according to
the federal agency that oversees the plant, carries a roughly 1 in 25,000 chance of suffering
a nuclear meltdown that could endanger life before its scheduled decommissioning in just
five years — due primarily to nearby fault lines.

Aggressive and impactful reporting on climate change, the environment, health and science.

Explore the section
As Gov. Gavin Newsom’s administration looks to the aging reactor to help ease the state’s
transition to renewable energy, Diablo Canyon is drawing renewed criticism from those who
say the facility is too expensive and too dangerous to continue operating.

Diablo is just the latest in a series of plants built in the atomic frenzy of the 1970s and ’80s
seeking an operating license renewal from the federal Nuclear Regulatory Commission as
the clock on their initial 40-year run ticks down. As the price of wind and solar continues to
drop, the criticisms against Diablo reflect a nationwide debate.
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Tom Jones, right, a regulatory and environmental senior director at PG&E, and Jerel Strickland, a
senior licensing and spent nuclear storage consultant, walk past one of two massive turbine-generator
units at the Diablo Canyon nuclear power plant recently.

(Genaro Molina / Los Angeles Times)

The core of the debate lives in the quaint coastal town of San Luis Obispo, just 12 miles
inland from the concrete domes, where residents expected Diablo Canyon to shut down over
the next year after its license expired.

Instead, Newsom struck a deal on the last possible day of the state’s 2021-22 legislative
session to keep the plant running until 2030, citing worries over summer blackouts as the
state transitions to clean energy. The activists who had negotiated the shutdown with Pacific
Gas & Electric Co. and the state six years prior were left stunned.

Today, the plant is still buzzing with life: Nuclear fission, in the deep heart of the plant,
continues to superheat water to 600 degrees at 150 times atmospheric pressure. Generators
continue to whir with a haunting and deafening hum that reverberates throughout the
massive turbine deck.
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Without constant cooling, the nuclear fission reaction can heat the core to thousands of
degrees, liquifying the metal around it into radioactive lava. If the shaking from an
earthquake is so rapid and intense that the plant’s cooling infrastructure is critically
damaged, operators could become helpless in preventing a meltdown.

PG&E’s Tom Jones talks about how the Diablo Canyon plant operates.

(Genaro Molina / Los Angeles Times)
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A display explains the fission process at Diablo Canyon.

(Genaro Molina / Los Angeles Times)

Diablo Canyon is built to endure specific intensities and speeds of shaking — but predicting
how likely an earthquake is to exceed those specifications is no easy task. Earthquakes are
the result of deeply complex underground motion and forces, and they’re notoriously chaotic.

In order to start estimating the seismic safety of the plant, geophysicists have to understand:
first, where the faults are; second, how much they’re slipping to trigger earthquakes; and
finally, when those quakes hit, how much shaking they cause.

Earthquakes account for about 65% of the risk for a worst-case scenario meltdown. Potential
internal fires at the plant make up another 18%. The last 17% is made up of everything from
aircraft impacts and meteorites to sink holes and snow.

In assessing the likelihood of all these threats, the Nuclear Regulatory Commission
estimates that in any given year, each of Diablo Canyon’s two reactor units has a roughly 1
in 12,000 chance of experiencing a nuclear meltdown similar to Japan’s Fukushima disaster.

Likewise, there’s about a 1 in 127,000 chance a failure will cause the plant to release
exorbitant amounts radioactive material into the atmosphere before residents could
evacuate.



This means that, every year, nearby residents have roughly the same chance of seeing a
nuclear meltdown as dying in a car crash. Also, in any given year, they’re about 50 times
more likely to face a mass-casualty radioactive catastrophe than get struck by lightning.

Diablo Canyon employees work around the clock to ensure the risk is as small as possible.
“Our safety culture, it’s always on the top of my mind,” said Maureen Zawalick, the vice
president of business and technical services at Diablo. “It’s in my DNA.”

Maureen Zawalick, PG&E business and technical services vice president, in her office at the Diablo
Canyon plant.

(Genaro Molina / Los Angeles Times)

The plant is the only one in the U.S. with a dedicated geoscience team that studies the
region’s seismic landscape. And like other nuclear facilities, Diablo has done countless tests
on its equipment, hosted walkthroughs with regulators to identify possible points of failure
and generated thousands of pages of analysis on the facility’s ability to withstand the largest
earthquake possible at the site.

Earthquake precautions include massive metal dampers that are fixed to essential
infrastructure, such as the duct carrying the control rooms’ air supply. In the event of a
tremor, monstrous concrete pillars sunk deep into the bedrock keep the building and
essential infrastructure grounded. The hefty concrete walls reinforced with steel rebar as
thick as a human arm safely distribute the forces throughout the structure to prevent critical
cracks or collapses.
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If the plant loses power, there are backup generators for the backup generators.

A worker pushes a utility cart past a display that lists employee goals at Diablo Canyon.

(Genaro Molina / Los Angeles Times)

Operators spend a fifth of their time on the job training for every possible nightmare. Diablo
has a simulator on site that’s an exact replica of the Unit One control room. It’s capable of
putting operators through the worst conditions imaginable. It shakes with the vigor of a real
earthquake. The lights flicker and the analog dials spin back up as emergency power comes
online.

For everyone working on site — including the senior leadership team — safety is personal.
Should something go wrong, their lives are on the line.

“With any source of energy, there is risk,” said Zawalick. “All the independent assessments,
all the audits, all the third party reviews, all of that …. is what gives me the confidence and
the security and the safety of why I’ve been out here almost 30 years.” Her office is no more
than 500 feet from the reactors.



“If there ever was an earthquake of any magnitude in this community,” she said, “I would
grab my two daughters and we’d come here.”

PG&E executive Maureen Zawalick looks out her office window at Diablo Canyon Power Plant.

(Genaro Molina / Los Angeles Times)

Many critics charge that the risks are understated — due in part to a cozy relationship
between industry and regulators. (Some scientists involved with one of Diablo Canyon’s two
independent review organizations have collaborated on scientific papers with PG&E staff
and funding.)

The Nuclear Regulatory Commission also oversees the plant and conducts its own
investigations. In July, the government agency dismissed all three formal criticisms against
Diablo’s seismic safety in the plant’s license renewal process.

Sam Blakeslee, a San Luis Opispo geophysicist and former state senator and Assembly
member, has a list of technical concerns — primarily the lack of shaking data close to fault
lines, which are used to inform the models that predict earthquake motion at the plant — but
he likens the core of his concern to the NASA Challenger disaster.
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NASA publicly touted a strong safety culture and low chances of things going wrong. Yet, the
investigation of the 1986 shuttle explosion found political and public pressures had corrupted
the emphasis on safety from the top down.

He argues this is a possibility for any large organization dealing with complex and potentially
dangerous systems. Therefore, people need to constantly hold the plant accountable.

“That’s why I tend to try to make sure that the community voice is present,” he said, “
because we are the ones that will pay the price.”

In 2022, Newsom introduced a proposal to keep Diablo Canyon open past its two reactors’
2024 and 2025 shutdown dates. His proposal, distributed to lawmakers just three weeks
before the end of the legislative session, set off a flurry of negotiations among PG&E, the
governor and the Legislature.

After discussion drew on past midnight, the Legislature passed the bill.

But the extension comes at a cost.

While the average price of solar and wind energy have dropped dramatically over the past
15 years, nuclear’s has been steadily rising. In 2009, solar cost three times what nuclear did,
and wind was about even with it. Now, nuclear is over two times the cost of both renewables.

Technical advancements have slashed the price of renewable energy, but nuclear power has
faced more outages, equipment replacements and increasingly stringent and expensive
safety requirements in the wake of the Fukushima disaster.

One study from MIT researchers found that about a third of the increasing cost could be
attributed to safety requirements from the Nuclear Regulatory Commission. They attribute
another third to research and development projects for efficiency, reliability and safety
improvements, and they assign the final third to a decrease in worker productivity — perhaps
in part due to lower morale.
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Twin containment domes rise above the facility as seen through a windshield on the drive to Diablo
Canyon.

(Genaro Molina / Los Angeles Times)

PG&E is estimating that Diablo Canyon will produce energy at $91 per megawatt-hour during
its extension. (The average U.S. household buys about 10 megawatt-hours every year.)

However, the Alliance for Nuclear Responsibility argues the plant’s cost is even higher. David
Weisman, the legislative director at the alliance, said PG&E is using optimistic predictions of
its energy output for the extended period — 5% higher than previous years.

On top of that, the state gave PG&E a $1.4-billion loan to alleviate the initial costs of
extended operations. But Weisman said the funds don’t necessarily need to go toward
offsetting the cost of running Diablo. The federal government agreed to reimburse the state
up to $1.1 billion — depending on whether the plant meets specific operating criteria — and
PG&E is expected to pay off the rest of the loan with profits.

While the loan isn’t a cost that consumers would see on their energy bills, taxpayers across
the country could foot the bill. Weisman argued that it brings Diablo’s cost to a maximum of
$115 per megawatt-hour — roughly double the cost of solar.

https://www.energy.gov/gdo/civil-nuclear-credit-program


Yet Newsom argues that if California is to meet its goals of 60% renewable energy by 2030,
Diablo needs to stay online in the meantime to ensure the state has reliable power amid
heatwaves and wildfires.

Diablo Canyon essentially runs 24/7, providing constant power to the state (assuming it
doesn’t have any issues, which it sometimes does). For solar to provide similarly constant
power, the electric grid will require a massive expansion of its battery infrastructure to store
the energy between the midday peak of energy production and the evening peak of energy
use.

However, new studies are finding that energy storage is a feasible approach to grid reliability
— and that even when adding the price of that infrastructure, solar still costs less than
nuclear.

Tom Jones talks about the number of days that Turbine Unit One has operated to bring power to
California.

(Genaro Molina / Los Angeles Times)
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Since Diablo’s extension was signed into law, California has almost doubled its battery
storage. The state now has enough to supplement about a quarter of the state’s power
needs for about half an hour during peak energy usage (although, in practice, it would likely
supplement much less for much longer).

“That’s four or five Diablo Canyons,” said Weisman. Newsom should “save the people of
California [billions of dollars] thrown down PG&E’s rat hole, declare triumphant victory in the
renewable race and accept the laurels.”

Instead, at a recent press event announcing California had reached a fifth of its storage
capacity goal, Newsom laughed off the idea that Californians will no longer have to worry
about blackouts.

“We have a lot of work to do still in moving this transition, with the kind of stability that’s
required,” he said. “So no, this is not today announcing that blackouts are part of our past.”

Diablo Canyon’s leaders and advocates view the plant as supporting California through this
challenging transition period: It’s not perfect, but it provides the state with much-needed
reliable, clean power, they say.

In a conference call shortly after Diablo’s initial 2024 shutdown date was negotiated, then-
chief executive of PG&E Tony Earley acknowledged the plant would eventually become too
expensive to operate.

“As we make this transition, Diablo Canyon’s full output will no longer be required,” he said.
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Steam rises from the Pacific Ocean where an outfall of heated water from the Diablo Canyon Power
Plant pours into coastal waters.

(Genaro Molina / Los Angeles Times)

Zawalick said the Diablo team is ready to continue operating as long as the state needs it to.
“Thinking about electrification, [electric vehicle] demand, continued drought, the
temperatures we’re seeing, wildfires ... tariffs — I mean, the list goes on,” she said. “That’s
making the equation a bit challenging to see exactly when Diablo will shut down versus how
long Diablo will be needed by the state.”
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