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PRESENTATION GOALS
Address the following questions:
§ What technical advances hold significant promise
for enhancing nuclear power safety?
§ How can safety advances improve prospects for
nuclear energy going forward?
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NUCLEAR POWER SAFETY RECORD
Reduc&on in the probability of a severe accident in plant designs over the
last 50 years
Reactors Represented in the Figure

§ Overall industry
performance is
exemplary.
§ Continuous efforts
to improve safety
and reduce the
risk of accidents
from occurring.
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Accidents with fatali&es in power produc&on industries 1969-2000
Energy Chain
Coal
Coal (China 1994-1999)
Coal (without China)
Oil
Natural Gas
LPG
Hydro
Nuclear
Total

OECD Countries
Accidents
Fatali&es
75
2259
165
3713
90
1043
59
1905
1
14
0
0
390
8934

Non-OECD Countries
Accidents
Fatali&es
1044
18017
819
11334
102
4831
232
16505
45
1000
46
2016
10
29924b
1
31a
1480
72324

Immediate fatali9es only
fatali9es a@ributable to Banqiao-Shimantan dam failure in China in 1975
Source: OECD (2010)
a

B 29,000

HOWEVER, THE RECORD
IS NOT PERFECT…..
In the ~50 years since the industry began,
there have been three major accidents:
§ TMI-2 in the US (1979)
§ The US ‘severe accident’
§ No offsite consequences.
§ Spurred major safety improvements in the US as
well as internationally

§ Chernobyl in the USSR (1986)
§ Worst accident in the industry
§ ‘Outlier’ both in terms of reactor design and how
the accident was initiated.

§ Fukushima Daiichi in Japan (2011)
§ “no discernible increased incidence of radiationrelated health effects are expected among
exposed members of the public or their
descendants.” (UNSCEAR Report 4/14)

§ Although accidents are infrequent, they have large and enduring impacts
on the industry as well as the community surrounding the affected plant.
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NOW AND THEN: CONTINUOUS
IMPROVEMENTS IN REACTOR
SAFETY
Shielding
concrete

Reactor
building
exterior walls
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POST-FUKUSHIMA SAFETY
ENHANCEMENTS AT US REACTORS

Source: NEI

EVOLUTION OF REACTOR SAFETY:
GEN III AND III+ REACTOR DESIGNS
NuScale: SMR
§ Core passively cooled by
natural convection
§ Modular reactor vessels
submerged in water pool
providing large heat sink.
AP1000: Base Load Plant
§ Emergency heat removal
by passive natural
convection and
evaporative cooling
mechanisms
§ Minimal operator action
required to activate
§ 72 hour operator ‘grace
period’
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GEN IV REACTOR DEVELOPMENT
§ Gen IV concepts target significant
advances over Gen III and III+
designs in terms of sustainability,
safety and reliability, and
economics.
§ Targeted for deployment by 2030 in
both industrialized and developing
countries.
§ An interna-onal undertaking……
– Twelve na9ons (Argen9na, Brazil, Canada, China, France, Japan,
Russia, South Africa, South Korea, Switzerland, UK, USA) along with
the EU par9cipate.

HOW ARE THE NATIONAL
LABORATORIES CONTRIBUTING?
…by providing test facilities and advanced modeling
capabilities to support the industry in the continued safe
operation of current plants as well as the development of
advanced reactor concepts…
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SAFETY-RELATED PROGRAMS FOR
OPERATING PLANTS….
§ The Reactor Safety Technologies (RST) pathway of the Light Water
Reactor Sustainability (LWRS) Program is conducting safety-related
R&D in the following three areas:
§ Fukushima Forensics and Examinations: Provides insights into the Fukushima
accident progression through data collection and analysis
§ Severe Accident Analyses using computer models to provide insights into severe
accident progression to aid in developing Accident Management Guidelines
§ Accident Tolerant Components: Analysis & experiments to address hardwarerelated questions with the potential to prevent core damage or mitigate the effects of
accidents that exceed the design basis.

§ The Accident Tolerant Fuels (ATF) program is developing novel fuels
that can tolerate loss of active core cooling for a considerably longer
period of time while maintaining or improving fuel performance during
normal operations.

SAFETY-RELATED PROGRAMS FOR
ADVANCED PLANT CONCEPTS….
SHRT 45: ULOF from 100% power

§ Focus area for advanced reactor
development.
§ A prime example is the Shutdown Heat
Removal Tests (SHRT) at EBR-II that
demonstrated the inherent safety
characteristics of a metal-fueled fast reactor
through two landmark tests:
§ Unprotected Loss of Flow (ULOF)
§ Unprotected Loss of Heat Sink (ULOHS)

B302: ULOHS from 100% power

§ Tests demonstrated benign response to the
most severe accident scenarios due to a
combination of the following three factors:
§ Coolant with large margin to boiling
§ Pool configuration with large thermal inertia
§ Metal fuel with low stored Doppler reactivity
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SAFETY-RELATED PROGRAMS FOR
ADVANCED PLANT CONCEPTS….
§ Fukushima illustrated the intrinsic need for long term
passive decay heat rejection capability during an
accident.
§ Realized early in advanced reactor development, and
implemented in GE-PRISM and GA-MHTGR plant
designs.
§ Passive reactor cavity cooling concepts in which decay heat is
rejected by natural convection to air.

§ Also implemented in Gen III and III+ concepts; see
page 7.
§ Ongoing R&D at the labs providing
data to support potential licensing
of these concepts in advanced
plant concepts.
§ Example is the Natural Circulation
Shutdown Heat Removal Tests at ANL
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WHAT TECHNICAL ADVANCES HOLD SIGNIFICANT
PROMISE FOR ENHANCING NUCLEAR POWER SAFETY?
Industry got it a long time ago….
§

Design simplification
§
§
§

§

Plant shutdown capability
§
§
§
§

§

Develop passive/inherent systems that can ensure safe shutdown during off-normal events.
Depending upon reactor type, inherent shutdown capability can be built into core design.
Much progress made (and to some extent demonstrated) for other shutdown systems such
as hydraulically levitated absorbers, etc.
IAEA Technical Report currently under development for fast reactor systems on this topic.

Long-term decay heat rejection (lesson-learned from Fukushima):
§
§
§

§

Less things that can break or not function on demand
Conceptually easier for operators during an off-normal event, reducing stress.
Added benefit of reducing plant construction and O&M costs; already demonstrated in
AP1000 and ESBWR designs.

Develop and demonstrate systems that can passively reject decay heat to atmosphere.
Based on natural convection, condensation, and evaporative heat transfer mechanisms.
Approach has been demonstrated at scales up to 1000 MW(e); e.g., AP1000.

Existing plants: are there simple, low cost means for improving passive heat
rejection capability given their structure, systems, and components?
§

We believe so, and a few different concepts are being considered as part of the DOE
Reactor Safety Technologies pathway.
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HOW CAN SAFETY ADVANCES IMPROVE
PROSPECTS FOR NUCLEAR ENERGY
GOING FORWARD?
§ There is an inherent need to remove the phrase ‘severe
accidents’ from the lexicon describing nuclear power plant
operations moving forward.
§ Although accidents have been infrequent, they have had large and
enduring adverse impacts on the industry
§ Industry has made great strides in increasing safety for current
plants as well as advanced plant concepts.

§ ‘Ultimate Goal’ is to develop plant designs with ‘walk-away’
safety capability from the viewpoints of plant shutdown and
long-term decay heat rejection.
§ Progress made towards achieving this lofty goal will
increase public confidence and (likely) reduce regulatory
burden, thereby increasing prospects for sustained nuclear
energy contribution to the overall energy mix as we move
forward.
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