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First nuclear era experienced a painful
learning curve

* In 1982, EPRI surveyed 57 management, operations,
and maintenance personnel from 11 utilities

 Some size/design-related conclusions:

— Regulator-mandated additions of progressively layered safety-
related systems too often reduce operability, maintainability,
and availability...and maybe even safety

— 1200-1300 MWe plants are too big
— Present plants respond too rapidly to transients

— Nuclear plants need to be less sensitive to events in the
secondary systems

- Catalyzed development of small, simple, “inherently
safe” reactor systems

Ref: L. Martel, L. Minnick, and S. Levey, “Summary of Discussions with Ultilities and Resulting
Conclusions,” Electric Power Research Institute, Palo Alto, CA, EPRI RP 1585, 1982



Integral LWR designs evolved in the 80s
to enhance plant robustness
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Non-LWR SMR designs also developed
during the 80s
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Contemporary SMR designs also provide
enhanced plant safety and robustness

* Elimination of ex-vessel primary piping
« Smaller decay heat per unit
* More effective decay heat removal

* Increased water inventory ratio in the
primary reactor vessel

* Increased pressurizer volume ratio

* Vessel and component layouts that
facilitate natural convection cooling
of the core and vessel

* Below-grade construction of the reactor
vessel and spent fuel storage pool

* Enhanced resistance to seismic events

~ i
Integral PWR



INTEGRAL PRIMARY SYSTEM CONFIGURATION

600 MWe
Loop-Type PWR

Integral vessel configuration eliminates loop
piping and external components, thus enabling
compact containment and plant size

* Improves safety, reduces cost
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U.S. LWR-based SMR designs for electricity
generation

Gen Il PWR W-SMR HI-SMUR mPower NuScale
Electrical Output (MW) 1200 225 140 125 45
Vessel Diameter (m) 4.6 3.7 2.7 3.6 2.7
Vessel Height (m) 13.4 24.7 40.2 22 13.7
Surface Area/Volume (1/m) 1.02 1.16 1.53 1.20 1.63
Surface Area/Power 1.00 7.25 13.31 11.39 15.00

(relative to PWR)

N

1200 MWe 225 MWe 140 MWe 125 MWe 45 MWe
PWR W-SMR HI-SMUR mPower NuScale




TYPICAL PWR CLASS IV ACCIDENTS

AND T

HEIR RESOLUTION IN IRIS DESIGN

Condition IV Design Basis

IRIS Design Characteristic

Results of IRIS Safety-by-Design

Events
1 | Large Break LOCA Integral RV Layout — No loop piping Eliminated by design
5 Steam Generator Tube ngh deS|gn pressure once-through SGs, piping, Reduced consequences, simplified mitigation
Rupture and isolation valves
Reduced probability, reduced (limited
3 Steam System Piping High design pressure SGs, piping, and isolation containment effect, limited cooldown) or
Failure valves. SGs have small water inventory eliminated (no potential for return to critical
power) consequences
Feedwater System Pipe High design pressure SGs, PIpINg. and isolation Reduced probability, reduced consequences (no
4 valves. Integral RV has large primary water heat . :
Break . high pressure relief from reactor coolant system)
capacity.
Reactor Coolant Pump - .
5 Shaft Break Spool pumps have no shaft Eliminated by design
6 gg{az(ﬁ?g Coolant Pump No DNB for failure of 1 out of 8 RCPs Reduced consequences
7 S_pecf[rum of_ RCCA With internal CRDMs there is no ejection driving Eliminated by design
ejection accidents force
Design Basis Fuel - . .
8 Handling Accidents No IRIS specific design feature No impact

€ BNFL
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Inherently Safe Reactor Modules

Natural Convection for Cooling

* Inherently safe natural circulation of water
over the fuel driven by gravity

* No pumps, no need for emergency
generators

Seismically Robust

« System is submerged in a pool of water
below ground in an earthquake resistant
building

* Reactor pool attenuates ground motion
and dissipates energy

Simple and Small
« Reactor is 1/20% the size of large reactors

» Integrated reactor design, no large-break
loss-of-coolant accidents

Defense-in-Depth
* Multiple additional barriers to protect

against the release of radiation to the
environment

2  Courtesy of NuScale Power

45 MWe Reactor Module

High-strength stainless
steel containment 10
times stronger than
typical PWR

Water volume to thermal
power ratio is 4 times

larger resulting in better
cooling

Reactor core has only
5% of the fuel of alarge
reactor

R NUSCALE
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Passive removal of decay heat is

enhanced by using smaller vessels
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Ref: P. Lorenzini, “NuScale Power: Capturing the ‘economy of small’,”
presentation at ICAPP-2010, San Diego, CA (June 2010).




Stable Long Term Cooling

Reactor and nuclear fuel cooled indefinitely without pumps or power

DECAY POWER (MW1)

TIME = 1sec 1 hour 1 day 3 days 30 days Indefinite
POWER = 10 MWt 2.2 MWt 1.1 MWt 0.8 MWt 0.4 MWt < 0.4 MWt

4 Courtesy of NuScale Power g i 3 ESWEH tE



GmP mPower™ Reactor

Gen 3 PWR B&W

Features B&W 177 (typical) mPower
Rated Core power (MW,,,) 2568 3415 425
Core average linear heat rate (kW,,/m) 18.6 18.7 11.5
Core max linear heat rate (kW,,/m) 57.8 48.9 27.1
Average flow velocity through the core (m/s) 4.8 4.8 2.5
RCS volume (m3) 325 272 91
RCS volume to power ratio (m3/MW,,) 0.127 0.080 0.21
Maximum LOCA size (m?) 1.31 0.97 0.0043
RCS volume/LOCA area ratio (m3 /m?) 250 270 310,000

Inherently more robust performance ... new operating and control paradigm

Courtesy of Generation mPower
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Features of advanced SMRs may further
enhance safety

Advanced designs such as gas, metal and molten salt-
cooled technologies may offer features that provide
additional safety margin, including:

— Low pressure coolants to reduce steam

energetics during loss of forced
circulation accidents

— More robust fuel forms that survive
extreme temperatures

— Higher burnup fuels that reduce the
volume of discharged fuel stored on-site

— Advanced cladding and structural
materials that survive extreme
temperature conditions

— Strong negative reactivity coefficients to
assure safe shutdown

TRISO fuel particle



Core geometry also can provide
passive safety
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Annular core design of modular high-temperature
gas-cooled reactor improves conduction of decay
heat to the vessel for passive heat removal
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Fukushima has already influenced SMR
R&D priorities

 While SMRs offer the potential for enhanced safety
and resilience against upset, this must be proven

 Fukushima experience emphasizes the need to fully
validate expected safety features of SMRs

— Seismic response of
below-grade construction

— Reliability of passive safety
systems

— Common-cause upset modes
In multi-module plants

— Quantification and
demonstration of plant
resilience

Fukushima Dai-ichi Unit 4 -
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Summary

« SMRs have the potential to provide significantly
enhanced plant robustness

 They achieve enhanced safety/robustness by:
— Eliminating possible accident initiators
— Reducing probability of accidents occurring
— Mitigating consequences of accidents
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* Their promise has yet to be demonstrated
— Need to be convincingly demonstrated
— Beware of the law of unintended consequences ' 3
— Still must demonstrate economics of SMRs

o= o

“If commercially successful, SMRs would significantly expand the options
for nuclear power and its applications.”

- Steven Chu, Wall Street Journal, 3/23/10




