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AN EXAMINATION OF THE SAFETY AND ECO-
NOMICS OF LIGHT WATER SMALL MOD-
ULAR REACTORS

THURSDAY, JULY 14, 2011

U.S. SENATE,
SUBCOMMITTEE ON ENERGY AND WATER DEVELOPMENT,
COMMITTEE ON APPROPRIATIONS,
Washington, DC.

The subcommittee met at 10:02 a.m., in room SD-192, Dirksen
Senate Office Building, Hon. Dianne Feinstein (chairman) pre-
siding.

Present: Senators Feinstein, Alexander, and Graham.

OPENING STATEMENT OF SENATOR DIANNE FEINSTEIN

Senator FEINSTEIN. This hearing of the Subcommittee on Energy
and Water Development will come to order and I want to welcome
everyone. This is an oversight hearing on the safety and economic
issues for the proposed light water small modular reactor (LW
SMR).

The program proposed by the administration is a major invest-
ment of taxpayer funds to help two private companies develop their
designs and submit them to the Nuclear Regulatory Commission
(NRC) for certification.

In today’s hearing, we will look at the safety features and poten-
tial economics of LW SMRs. We may not arrive at definitive an-
swers today to the questions that are raised. That will likely re-
quire the NRC to take action on the actual application.

However, it’s important that we try to understand the potential
benefits and deficits and acknowledge uncertainties to determine
whether such a large investment by the Federal Government is jus-
tified.

My friend, the distinguished ranking member of this sub-
committee, often talks with me about subsidies for wind energy. 1
look at this program and think that it appears to be one heck of
a proposed subsidy.

The administration has proposed a 5-year, $452 million program
to develop the designs for two LW SMRs. These designs would then
be presented to the NRC for certification.

It’s important to note that the program will have a cost share of
at least 50 percent from industry, but this immediately raises, I
think, a significant point.

I'm told that the total cost to take two designs through the pro-
posed process will cost at least $1.5 billion. On a 50-50 cost-share
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basis, that would make the Federal contribution $750 million, not
$452 million.

So one thing we must determine is how the administration plans
to make up this difference. Will it require a higher industry cost
share, say 70 percent? Will the administration choose only one de-
sign rather than two? Or will we blindly move forward hoping $300
million in additional funding will be approved by the Congress?

As with any hearing in the nuclear industry, we have to recall
the recent earthquake, tsunami, and subsequent nuclear disaster
in Japan. Just this morning the Japanese Prime Minister—in The
Washington Post, at least—has said that he wants the country get
out of nuclear power entirely.

These events have rightly caused an examination of nuclear safe-
ty internationally and here in the United States.

For me, one of the fundamental issues raised by events in
Fukushima is whether multiple reactors should be collocated. The
threat of high-level radiation exposure at one plant clearly com-
promised the ability of workers to adequately respond to events at
nearby plants in the Daiichi site.

The premise of the SMR program is that utilities could start with
a small number of units and then install more as funding allowed
and demand necessitated. Now, how does that premise stack up
against possible problems?

The Fukushima crisis also demonstrated the potential danger of
storing spent fuel in pools on site, and yet the proposed SMR de-
signs do not appear to make any improvements in this method of
spent-fuel storage.

Bluntly, I'm struggling to reconcile the lessons of Fukushima
with the principal design premise of SMRs, and so I look forward
to witnesses addressing these issues today.

This hearing is not about spent fuel, but it’s hard to have a hear-
ing on new nuclear power without considering the issue of what we
do with the waste. This country has not—and I stress not—done
a good job dealing with defense or commercial nuclear waste.
That’s simply a fact.

Today, we have no national policy to address our commercial
spent nuclear fuel, and we store it at every nuclear plant in the
country in pools and dry casks for decades without end.

Yet, today we’re considering investing $452 million in LW SMRs
that will result in more spent fuel stored at sites with no perma-
nent storage for waste.

By law, the Federal Government must take this waste and store
it permanently but, today, the Federal Government is being sued
and is making payments for lost cases because it cannot fulfill that
obligation.

This is not inexpensive. The Government Accountability Office
estimates that we face $12.3 billion in liability through 2020 if we
fail to take the spent fuel from utilities. That’s $12.3 billion of li-
ability.

Now, that’s a very deep concern and should concern every one of
us in this Congress. Presumably, building new plants licensed
under the SMR program would only increase this liability.
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While we discuss the specific safety and economic issues of LW
SMRs, I continue to view these issues with the absence of a spent-
fuel policy.

I visited our two reactors in California and, candidly, I don’t
know how the NRC can say it’s fine to keep re-racking spent fuels,
adding more rods, keeping them there in California for 24 years,
transferring to dry casks, most of which are designed for transpor-
tation to permanent storage, and we have no permanent storage.
We have no repository. We have no regional storage. We have no
permanent storage, and yet we're looking at a new start.

So I'm struggling to understand how these reactors will also be
economical. The central premise I've been given is that for SMRs
to be economical, they must offset the loss of economies of scale
with economies of manufacturing.

If true, we need to determine how many reactors must be con-
structed to achieve cost effectiveness and competitiveness and how
many must be sold to maintain a factory production level necessary
to justify the capital investment.

The Nuclear Energy Agency, an arm of the Organization for Eco-
nomic Cooperation and Development, recently released a report
that said that electric power from SMRs would cost 10 to 40 per-
cent more than large reactors.

I've been told that anywhere between 20 and 1,000 reactors
would be needed to be produced in order to be economical. How
many are needed to be cost effective? Clearly, a larger number
makes the endeavor questionable.

I understand the University of Chicago is completing a study for
the Department of Energy (DOE) on the economics of these reac-
tors and perhaps that will provide some clarity. But, in the mean-
time, my hope is that representatives from the companies that are
here today will elaborate on this particular issue.

Whether the companies would be selling these units in the
United States or overseas, I would like to have a better under-
standing of what is necessary in terms of production levels to be
economical and thus be a justified expenditure of Federal re-
sources.

On our first panel today, we will hear from Pete Lyons, the As-
sistant Secretary for Nuclear Energy at the DOE. Dr. Lyons also,
at one time, was a commissioner at the NRC.

We will also hear from Dr. Bill Magwood, a current commissioner
on the NRC. Interestingly, he used to hold the position Dr. Lyons
holds today.

On our second panel, we will hear from Dr. Ed Lyman from the
Union of Concerned Scientists and Dr. Ernie Moniz of Massachu-
setts Institute of Technology. Both of these have spent time consid-
ering the merits of SMRs.

The second panel will also feature Mr. Jim Ferland from Wes-
tinghouse, Mr. Christofer Mowry from Babcock & Wilcox and Mr.
Paul Lorenzini from NuScale. These gentlemen represent three
companies interested in pursuing the cost-shared program, but I
understand there may be other companies interested as well.

So I look forward to everyone’s testimony, and even more so to
the question-and-answer period and I thank everyone for coming.
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Now, I'd like to turn to our distinguished Ranking Member, Sen-
ator Alexander.

OPENING STATEMENT OF SENATOR LAMAR ALEXANDER

Senator ALEXANDER. Thanks, Madam Chairman, and thank you
for the way you’re approaching this hearing in your typical style,
which is straightforward and with a fair presentation and an at-
tempt to get the answers. I appreciate that very, very, very much.

As the chairman said, we're talking about a 5-year, $452 million
program that will end up with two SMRs operating by 2020. And,
as she said, we’re talking about LW SMRs.

We know how to build and operate LW SMRs. The NRC knows
what they are. All 104 of our big, commercial reactors are LW
SMRs, and these are smaller versions of those.

I believe we need to move ahead with this program of research
and development as quickly as possible if we want to get to the
2020 timeline.

The goal should be are these designed to be safe? Can exporting
our technology that is safe around the world make the world safer,
keeping nuclear materials out of the hands of people who shouldn’t
have them? And, third, is this a useful way to promote clean elec-
tricity in a country that uses nearly 25 percent of all electricity in
the world?

Talking about safety first, it’s a subject we take very seriously.
I believe we have the best regime of making reactors safe in the
world. We certainly have the best record. No deaths ever, either at
our Navy reactors or at our commercial reactors. No one was even
hurt at Three Mile Island, our big nuclear accident. No one was
hurt at that. No other form of energy has that record.

So the NRC’s review of the design and licensing will help us
know whether they themselves are safe and the places they will be
located are safe, and I'm very interested in that result.

There are several questions that I'll be interested in hearing
more about. I'm told the passive design of the systems, which
means they’ll work automatically without using any device that
cmf%ld fail in the event of an accident, will make them perhaps
safer.

The problems at Fukushima with nuclear power all had to do
with no water, no electricity to pump the water to cool the reactors.

We’re not the only country in the world that is interested in
small nuclear reactors. There are at least five or six other countries
that are moving ahead with them—Russia, China, France, South
Korea, Argentina, and Japan.

If we don’t, arguably, the world will be deprived of our safety re-
gime and our technology, and we’ll be deprived of an industry that
will make it easier and cheaper for us to create private-sector jobs
by new ways to have low-cost, reliable, clean electricity.

It’s important to note there are now 60 countries that are consid-
ering introducing nuclear power to their power grids. South Korea
is helping the United Arab Emirates build reactors. I would argue
that the world needs our technology and our safety standards as
much as we do.

My final point is this: The Energy Information Administration
estimates that electric consumption in the United States will rise
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by more than 20 percent by 2035. Where will that electricity come
from?

We know where it comes from now—nearly one-half coal, 20 per-
cent nuclear power, 20 percent natural gas, and a very small
amount from renewables.

Most of us believe we need clean electricity, and we know where
that comes from—67 percent nuclear power, .10 of 1 percent from
solar, a little less than 8 percent from wind. So any new way to
safety and inexpensively create new options for nuclear power, I
would argue, is something we should treat seriously.

The Tennessee Valley Authority has recently said it would close
a number of coal plants, 18 of its coal plants. What will it replace
them with? It will still have coal—35 percent—but it’ll be going up
to 40 percent nuclear power. That’s really its only option, other
than natural gas, and we’ve seen the natural gas prices go up and
down over the years.

So because of our safety record, because of the opportunity that
it presents for an American business, because of the lower cost and
the possible improved safety standards, even though the reactors
we now have are safe, I think this is a promising opportunity and
I welcome the chairman’s decision to hold this hearing to consider
whether to go ahead.

I would make these points, if I may, in commenting on what
Chairman Feinstein said. In terms of used nuclear fuel, I agree
with her. We badly need a place to put, in the end, used nuclear
fuel. But all the used nuclear fuel we have today from all of our
plants would fill one football field 20 feet deep. So it’s not that
much mass, but we need a place to eventually put it.

The NRC and Dr. Chu have said it is safe where it is for 100
years, and the President has appointed distinguished people to fig-
ure out how to deal with that. I think we can do it.

In terms of subsidies, my view on subsidies is we should use sub-
sidies to jump start technologies, like offshore wind, but we
shouldn’t be spending $26 billion over the next 10 years to support
subsidies for mature technology, which is existing wind, and the
104 commercial nuclear reactors today operate without Govern-
ment subsidy.

So I would expect to hear from the industry folks whether they
would expect subsidies once we get past this research and develop-
ment stage.

Those are my comments, Madam Chairman. I agree with you.
The questions and answers will be the most important part of this,
and I thank you for the balanced cast of witnesses that we have
and your inquiry into important questions.

Senator FEINSTEIN. Thank you very much, Senator. I very much
appreciate your comments and really look forward to working with
you, as we always have.

Senator ALEXANDER. Thank you.

Senator FEINSTEIN. Mr. Secretary, can we begin with you, Sec-
retary Lyons?
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STATEMENT OF PETER B. LYONS, ASSISTANT SECRETARY FOR NU-
CLEAR ENERGY, DEPARTMENT OF ENERGY

Dr. LyoNs. Thank you, Chairman Feinstein, Ranking Member
Alexander and Senator Graham. Thank you very much for the op-
portunity to appear before you today to discuss SMRs and the ad-
ministration’s request to begin a cost-shared program to accelerate
the certification and licensing of LW SMRs.

The Department believes that SMRs have the potential to pro-
vide our Nation with clean, cost-effective energy, improved safety
and an opportunity to compete in the global clean-energy market-
place.

In my written testimony, I address the role of nuclear power to
provide the Nation with clean, safe energy and the strong support
from the administration to increase utilization of nuclear power.

I also noted that the capital investment in large plants makes it
very, very difficult for utilities to move ahead with them. SMRs
offer a chance to change that paradigm by providing power in in-
crements that may better fit utilities’ fiscal constraints.

In my oral comments today I'll just focus on a few of the issues
that are sometimes raised with SMRs.

In general, enhanced safety is easier to achieve in smaller reac-
tors as many design challenges are simplified when reactor size is
reduced.

Current SMR designs offer notable safety advantages, including
passive safety features that minimize the need for prompt operator
actions in any upset conditions. In addition, these SMRs utilize so-
called integral designs resulting in a much lower susceptibility to
a loss of coolant accident.

You'll hear from some prospective vendors in the second panel
about a host of innovative approaches that they are including to
significantly enhance SMR safety and security.

For example, features like underground siting offer increased re-
sistance against seismic events while also providing for more ro-
bust security. SMRs are also designed for long periods of unat-
tended operation under accident conditions.

Some have suggested that SMRs can only succeed if safety and
security requirements of the NRC are weakened. Such statements,
I think, confuse weakened safety or security with the reality that
the character and risk presented by SMRs may enable identical or
enhanced safety and security to be addressed with alternative pre-
scriptions, and, in any case, licensing of any SMR would be consid-
ered through the normal, rigorous, open, transparent processes of
the NRC.

Concerns have also been raised about the potential proximity of
multiple SMR modules and the potential that any concern with one
module might affect the safety of other modules.

These modules are being designed such that their safety systems
are completely independent, but, again, the NRC will address any
potential common failure mode as the licensing process progresses.

And, finally, I'd like to just very briefly address the intertwined
issues of global competitiveness and global security. Innovative
technologies certainly contribute to our Nation’s global competitive-
ness providing good jobs for American workers.
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As Secretary of Energy Steven Chu noted in his Wall Street
Journal editorial about SMRs: “If we can develop this technology
in the United States and build these reactors with American work-
ers, we will have a key competitive edge.”

As part of a robust, nuclear industry supply base in the United
States, SMRs may also contribute to our national security interests
by helping to increase the global reach of U.S. nuclear technology.

The nations that export and build the majority of nuclear power
plants will strongly influence safety standards for the world. A
strong U.S. presence in the global marketplace will allow U.S. safe-
ty standards to be adopted more broadly around the world while
also improving the ability of the United States to influence deci-
sions about waste management and nonproliferation.

PREPARED STATEMENT

In conclusion, while there are significant uncertainties in the fu-
ture competitiveness of SMRs, the DOE’s proposed LW SMR licens-
ing tech support program would address those uncertainties to en-
able a demonstration of their market potential.

The United States is by no means the only country exploring
these technologies. Some countries are already licensing or building
SMRs. In my view, SMRs represent our best and perhaps our only
option for regaining a larger share of the nuclear technology global
market.

Thank you and I'll look forward to your questions.

[The statement follows:]

PREPARED STATEMENT OF PETER B. LYONS

Chairman Feinstein, Ranking Member Alexander, and members of the sub-
committee, thank you for the opportunity to appear before you today to discuss
small modular reactors (SMRs) and the administration’s request to begin a cost-
share program to accelerate the certification, licensing, and deployment of light
water (LW) SMRs. The Department believes SMRs have the potential to provide our
Nation with clean, cost-effective energy, improved safety, and an opportunity to
compete in the global clean-energy marketplace.

Today in the United States, nuclear power provides about 20 percent of all elec-
tricity consumed. It accounts for 70 percent of our carbon-free electricity. And it has
demonstrated an outstanding safety record. Many attributes of our nuclear power
operations contribute to this record, starting with independent regulation from the
Nuclear Regulatory Commission (NRC). In addition, industry groups such as the In-
stitute for Nuclear Power Operations (INPO) help maintain robust operational ex-
cellence in the industry. The NRC provides the necessary regulatory enforcement
and INPO relies on peer evaluation, peer pressure, information sharing among oper-
ators, and financial incentives. Our combination of efforts has established the inter-
national “gold standard” for nuclear operations.

President Obama has repeatedly emphasized the importance of clean energy to
our Nation’s future. During his State of the Union Address earlier this year, he out-
lined a goal of obtaining 80 percent of our electricity from clean-energy sources by
2035. It’s an ambitious goal. And as he noted, we’re going to need all clean-energy
sources—including nuclear energy—to achieve that goal. As the President has said,
“To meet our growing energy needs and prevent the worst consequences of climate
change, we’ll need to increase our supply of nuclear power. It’s that simple.”

The reactors being considered by utilities today are in the gigawatt (GWe) class—
meaning they provide at least 1,000 megawatts of electrical power. These are large
plants and the size of the investment to build them is correspondingly large. A new,
GWe class nuclear powerplant requires an investment on the order of $6 billion to
$10 billion, which poses a challenge even to large nuclear utilities whose market
capitalizations are around $19 billion. A major rating agency has characterized this
kind of investment as a “bet the farm” endeavor for most utilities. Certain polices
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can help mitigate some of this risk, but construction of such plants remains a sig-
nificant financial risk for a utility.

THE CASE FOR SMRs

SMRs may provide an alternative to these larger plants that overcomes some of
these challenges. Because we expect that they would be built in factories in a mass
production format, SMRs could achieve cost savings through replication, rather than
relying upon the economies of scale for larger reactors built individually at each con-
struction site. Of particular note is the prospect for driving down costs over time
through the process of learning-by-doing in a factory setting with an experienced
workforce. The Department anticipates that SMR powerplants will be able to be
purchased in smaller sizes that better fit the financial needs of the utilities, and
generation capability could be expanded to meet demand.

For this business model to work the economics of factory fabrication will need to
prove successful and that is still uncertain. Based upon the experience of cost sav-
ings in the U.S. Navy submarine program or in the aerospace industry, there is rea-
son for optimism that these learning effects can be substantial, but it is unproven
for this application.

Operational efficiencies may also be possible for SMRs, but the NRC will deter-
mine if any such possibilities are acceptable without compromising safety or secu-
rity. For the SMR business model to be viable, an improved economic case must ma-
terialize. The proposed DOE light water reactor (LWR) SMR Licensing Technical
Support program will focus on engineering support related to design certification
and licensing for two LWR-based SMR designs through cost-shared arrangements
with industry partners, which is expected to help to reduce some uncertainties and
increase the potential for reducing costs over time.

To understand these issues, the Office of Nuclear Energy has supported a study
on the economics of nuclear energy with a particular emphasis on SMRs. This report
is currently undergoing review, but one of the anticipated findings is that a mature
SMR industry will likely be competitive with natural gas generation. The smaller
upfront capital investment should reduce the financial risk of the projects, but more
work is still needed to reduce the uncertainties around the construction costs for
SMRs over time.

SAFETY FEATURES OF SMRs

The Department anticipates that enhanced safety can be more readily achieved
in small reactors. Current SMR designs offer notable potential safety advantages.
LW SMR designs proposed to date incorporate passive safety features that utilize
gravity-driven or natural convection systems—rather than engineered, pump-driven
systems—to supply backup cooling in unusual circumstances. These passive systems
should also minimize the need for prompt operator actions in any upset condition.
Some concepts use natural circulation for normal operations, requiring no primary
system pumps. In addition, many SMR designs utilize integral designs, meaning all
major primary components are located in a single, high-strength, pressure vessel.
That feature 1s expected to result in a much lower susceptibility to certain potential
events, such as a loss of coolant accident, because there is no large external primary
piping. In addition, LWR SMRs would have a much lower level of decay heat than
large plants and therefore require less cooling after reactor shutdown.

Vendors are proposing an additional host of innovative approaches to significantly
enhance SMR safety and security. For example, features like underground siting
can offer increased resistance against seismic events while also providing more ro-
bust security. These systems are also designed for long periods of unattended oper-
ation under accident conditions and no emergency diesel generators are required for
several of the designs. Several of the concepts rely only on stored energy in an acci-
dent, so that there is no dependence on external power sources. And these are only
a sampling of the enhanced safety features that could potentially be part of these
systems.

The NRC—through their rigorous, open, and transparent process—will determine
the precise requirements for future SMR deployment and issue any future licenses.
In that process, the NRC will evaluate whether the smaller size and anticipated im-
proved safety and security envelope enables adequate safety and security with some-
what different operational mandates than those applied to the large plants.

SAFETY OF MULTIPLE MODULES

Some have raised questions about safety of multiple modules at a site and wheth-
er a serious problem in one module might affect the safety other modules. The NRC
will address any common mode failures and many more questions as the licensing
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process progresses. The onus will be on the SMR vendors to convince NRC that no
common mode failure, including those due to natural events such as a tsunami or
earthquake, could lead to a common failure of multiple modules or that a failure
of one module could prevent the safe shutdown of other modules. The NRC will de-
mand, as they do for any design, that the safety case proposed by SMR vendors be
subjected to intense study and evaluation, both within the NRC staff review and
through their standard, extensive, public opportunities for participation in the li-
censing process.

FUEL

The SMR concepts of near-term interest are based upon the well-understood LWR
technology. This 1s important because our current regulatory knowledge base and
experience are built on LWR technology. The choice to stay within the proven per-
formance envelope of the existing commercial, low-enriched uranium, nuclear fuel
cycle has two important benefits. First, it means that the most promising near-term
SMRs can build upon the well-established LWR fuel industry, avoiding the need to
establish a parallel fuel manufacturing capability. Second, this fuel cycle minimizes
the technical risk of the most demanding technology component of any new nuclear
reactor system, a new fuel design, and reduces the time to license within the NRC
regulatory system.

WASTE MANAGEMENT

For the LW SMR designs that would be considered in the Department’s proposed
program, the amount of electricity produced per kilogram of waste will be about the
same as for current LWRs since these units utilize very similar, and very well-un-
derstood, technologies. But in contrast to the current fleet of plants where used fuel
pools were not initially designed to hold a lifetime of used fuel, most current LWR
SMR concepts propose storing the used fuel underground where it may be more eas-
ily protected from external hazards or sabotage. Provisions have also been incor-
porated in the current SMR concepts to provide long-term cooling so that the used
fuel remains safe under potential upset conditions.

In the longer term, after the operational lifetime of an SMR, a used-fuel manage-
ment program will be essential, just as it is for the current fleet. This question of
used fuel disposition is currently the subject of examination by the Blue Ribbon
Commission. The Department is eagerly awaiting their recommendations to inform
the administration as it develops a strategy on used fuel management. Used fuel
from newly deployed SMRs should not need another storage location during the
plants’ operational lifetime.

SITING

Traditional siting of large nuclear power stations has primarily been limited to
locations that have abundant water for cooling, sufficient demand to justify the size
of the plant, transportation capabilities suitable to handle the very large compo-
nents, and other defining attributes that limit the places where large plants are fea-
sible. While these factors will continue to be considered in the siting of SMR plants,
the draft designs of most LWR SMRs may be able to overcome these limitations
with reduced cooling water requirements, the ability to tailor the generation capac-
ity to meet the needs of the local market, and more flexible transportation options
based on transport of much smaller components to any site. Hence, new SMR de-
signs could potentially open up new markets to nuclear, a step that could be useful
for meeting our clean-energy goals.

Some have taken these design features to imply that SMRs could be sited without
due consideration of safety and security. Nothing could be further from the truth.
The NRC remains the regulatory authority that must license any commercial reac-
tor including an SMR and their review will be no less thorough for SMRs than it
has been for the existing plants.

ADVANCED R&D

DOE also proposes to support the development of advanced small reactor concepts
that depart from the well-known LWR technology base. These advanced SMRs are
in the very early development stage, but have the potential to greatly increase the
amount of electricity produced per kilogram of waste. Such systems could increase
uranium utilization through the use of long-lived cores, for example, which may also
have nonproliferation benefits. Moving beyond LWR technology would allow for sys-
tems that are better suited to serve markets that are not practical for the current
reactors, such as the use of nuclear energy for process heat or transportable deploy-
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ments. The fuel cycles for these advanced reactors could also open the possibilities
of long-lived cores or could enable transmutation of elements in used fuel.

The R&D performed today will establish the knowledge base that will be needed
to inform further development of these designs by industry.

GLOBAL COMPETITIVENESS

Innovative technologies can effectively contribute to our Nation’s global competi-
tiveness, which can mean good jobs for American workers. As Secretary of Ener;
Steven Chu noted in his editorial in the Wall Street Journal supporting SMRs, “If
we can develop this technology in the United States and build these reactors with
American workers, we will have a key competitive edge.” As part of a robust nuclear
industry supply base in the United States, SMRs may also contribute to our na-
tiolnal security interests by helping to increase the global reach of U.S. nuclear tech-
nology.

Today, about 60 new reactors are under construction around the world. The TVA
Watts Bar 2 unit is completing construction, four Westinghouse AP-1000s are in
pre-construction in the United States, and four are under construction in China. By
any measure, the U.S. share of the global market in terms of new reactor builds
is currently small. About 26 reactors are under construction in China alone, almost
one-half of the world’s total. China plans substantial expansion of its nuclear power
capabilities, with estimates reaching about 130-180 GWe by 2030. They intend to
quickly become self-sufficient in reactor construction, and are clearly poised to take
over the global lead in nuclear energy capacity in the coming decades.

This situation is in sharp contrast to the early days of nuclear power. In the
1960s and 1970s, the United States was the world leader in nuclear technologies;
we invented most of the technologies and successfully implemented many of them
in commercial systems. In the 1980s, virtually all U.S. nuclear plant equipment was
manufactured domestically. Today, that figure is more like 25 percent. The United
States still has a seat at the table internationally, but domestic deployment of this
technology could lead to increased domestic manufacturing, which in turn would
likely create increased export opportunities for the United States.

The Nations that export and build the majority of nuclear powerplants are ex-
pected to strongly influence safety standards for the world. If industry chooses to
deploy SMR technology, it can provide an opportunity to gain a share of the global
market, and more importantly, leadership in this new area of nuclear technology.
A strong U.S. presence in the global marketplace will allow U.S. safety standards
to be adopted more broadly around the world while also improving the U.S. position
in decisions about waste management and nonproliferation.

CONCLUSION

While there are significant uncertainties in the future competitiveness of SMRs,
the Department of Energy’s proposed LW SMR Licensing Technical Support pro-
gram will seek to address those uncertainties and provide a concrete demonstration
of their market potential. But the United States is by no means the only country
exploring these technologies. The recent report from the Nuclear Energy Agency of
the Organization for Economic Co-operation and Development listed seven countries
with strong SMR programs, some of which are already licensed or under construc-
tion.

In addition to meeting part of our own clean-energy needs, I've also tried to em-
phasize that SMRs could help strengthen U.S. competitiveness in the global nuclear
technology market. This would not only be supportive of good jobs in America, but
aIS(i directly supportive of international nuclear safety and our nonproliferation
goals.

Senator FEINSTEIN. Thank you very much, Mr. Secretary.
Commissioner Magwood, welcome.

STATEMENT OF WILLIAM D. MAGWOOD, IV, COMMISSIONER, NUCLEAR
REGULATORY COMMISSION

Mr. MAGWOOD. Thank you, chairman. Thank you, chairman and
Ranking Member Alexander and Senator Graham for the oppor-
tunity to speak today.

Senator FEINSTEIN. Could you see your mike is on?

Mr. MAGWOOD. Yes, it is. I'll try——

Senator FEINSTEIN. Well, bring it a little closer please. Great.
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Mr. MAGWOOD. I've provided a written statement for the record
and so I'll summarize my remarks very briefly.

I also want to stress I appear today as an individual member of
the NRC and will provide my personal views and perspectives and
will not speak for the agency or the NRC as a whole at this par-
ticular hearing.

The various concepts known as SMRs have garnered a great deal
of interest both inside the Government and in the public, and I un-
derstand this interest for all the reasons that Dr. Lyons has out-
lined. I won’t try to repeat all those points.

These are all laudable and important interests. However, I'm
sure the subcommittee will hear, over the course of the morning,
that all these possibilities are really just still that, possibilities.
We're really only at the very early first steps of this venture and
there’s much work to be done.

I wanted to highlight in my remarks today that SMRs are really
not a new idea. We've been talking about this subject for quite
some time. For example, the potential advantages of small reactors
prompted the Government to provide considerable financial support
for the development of midsize passively safe reactors in the early
1990s.

Unfortunately, these efforts proved unable to overcome the eco-
nomic realities of building and operating nuclear plants, realities
that tend to penalize small reactors and reward larger designs.

Thus, instead of the AP-600 and the 500 megawatt Simplified
Boiling Water Reactor of the early 1990s, the market pushed ven-
dors to increase the size of their designs.

Today, vendors offer the Generation III+ technologies based on
those small systems, including the 1100 megawatt AP-1000 and
the 1600 megawatt ESBWR reactor from General Electric.

So the big question is why is today different from yesterday?
Well, as Secretary Lyons pointed out, the greatest difference is the
fact the technology has evolved quite significantly over the years.

Having learned the lessons from the development of Generation
IIT+ technologies and from the failures of previous small reactors,
today’s vendors clearly believe they have solved the riddle of small
reactor economics.

Today’s SMR technologies apply novel design approaches, such as
integral pressure vessels that contain reactor systems and are com-
prised of far fewer parts. These new SMRs are also much smaller
than the systems of the 1990s. This choice was made to assure they
could be factory built and shipped by rail for deployment.

Importantly from a regulatory standpoint, today’s SMRs also
have features that could lead to very important safety benefits. For
example, design concepts I've seen thus far further the advanced
use of passive safety systems by applying gravity, natural circula-
tion and large inventories of cooling water to reduce reliance on
human intervention.

And those large inventories are also used to make the spent-fuel
pools safer, which I think is a very important aspect of designs.

There’s still a great deal of work to be done, and this is really
much the same place I think we were in the 2000 timeframe when
the DOE launched the Nuclear Power 2010 program (NP2010) to
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spur the development of the certification of Generation III+ de-
signs, such as the AP-1000.

At that time, the level of design completeness was insufficient to
enable vendors to provide utilities with reliable cost estimates.
After this cost-shared work was completed, vendors and utilities
were able to negotiate contracts on realistic bases.

A decade later, utilities are awaiting final regulatory approval to
begin constructing new plants based on technologies advanced by
NP2010.

At the same time, one often hears the industry is concerned that
the NRC might make decisions that will render these new systems
to be uncompetitive. In my opinion, these concerns are not well
grounded in an understanding of how the NRC develops regulatory
requirements.

Using security as a general example, the size of guard forces and
the nature of security barriers protecting U.S. nuclear powerplants
is not determined in accordance with a set formula that might
somehow be applied to SMRs. The security strategies of each indi-
vidual plant are designed by licensees to defend their facilities
against threats postulated by NRC.

These strategies are tested on a periodic basis using force-on-
force exercises, and when issues arise as a result of these exercises,
licensees are obligated to make necessary adjustments. I believe
this exact same process will work very well with SMRs.

Whatever else they are SMRs are power reactors. While the size
of SMRs may eventually prove to have financial or implementation
benefits the fact that they are small has far less significance from
a regulatory standpoint than I think many expect.

That said, SMR vendors have proposed design components that,
if fully realized, incorporate technologies and approaches that can
have significant safety benefits and, therefore, must be considered
as risk-informed regulatory decisions are made.

PREPARED STATEMENT

At the end of the day, as the many issues SMRs present are dis-
cussed and resolved, I do not expect the decisions made by NRC
will be the critical factor in the success or failure of these tech-
nologies.

More likely, the success or failure of this newest attempt to build
small reactors will depend on the ability of today’s vendors to avoid
the pitfalls of the past.

Thank you very much. I look forward to answering your ques-
tions.

[The statement follows:]

PREPARED STATEMENT OF WILLIAM D. MAGWOOD, IV

Chairman Feinstein, Ranking Member Alexander, and members of the sub-
committee, I thank you for the opportunity to speak to the subcommittee this morn-
ing. I appear today as an individual member of the Nuclear Regulatory Commission
(NRC) and will provide my personal views and perspectives. I am not here today
to represent the NRC as a whole or to speak for the agency.

The various technology concepts that have become known collectively as small
modular reactors (SMRs) have generated a great deal of attention and interest in
recent years. The prospects for SMRs have garnered considerable press coverage,
significant interest in industry circles, and support from Members of Congress and
the administration.
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I understand this interest. For utilities, SMRs present the possibility of a new fi-
nancial model for nuclear powerplant deployment—one which allows generating as-
sets to be built and installed on a more certain and predictable basis. Utilities are
also attracted by the idea that reactors could be deployed in a modular fashion,
avoiding the large, upfront costs inherent to today’s nuclear plants.

For vendors, SMRs are technologies that could be manufactured in U.S. facilities
at lower and more predicable cost than is typical of conventional nuclear reactors.
They envision large numbers of SMRs being built to meet a range of energy require-
ments, including the possible replacement of outdated, small coal-fired powerplants
across the country.

For many Government officials, SMRs provide a means to support the revitaliza-
tion of the Nation’s heavy manufacturing base, providing thousands of well-paid,
skillled jobs, and reducing U.S. reliance on overseas suppliers for vital energy tech-
nologies.

These are all laudable and important interests. However, as I'm sure the sub-
committee will hear over the course of this morning, all of these possibilities are
still just that—possibilities. We are only at the first early steps of this venture and
there is much work still to do.

That is not to say that SMRs are a new idea. The conceptual benefits of small
reactors have been the subject of discussion and analysis for decades, and all the
potential benefits I’'ve mentioned have been considered in the past. The potential ad-
vantages of smaller reactors prompted the Government to provide considerable fi-
nancial support for the development of the mid-size, passive-safety reactors in the
1990s and to encourage the pursuit of the pebble-bed modular reactor in the early
years of this century. Both efforts proved unable to overcome the economic realities
of building and operating nuclear powerplants—realities that tend to penalize small
reactors and reward larger designs. Thus, instead of the AP-600 and 500 megawatt
Simplified Boiling Water Reactor of the early 1990s, the market pushed vendors to
increase the size of their designs; today, vendors offer Generation II1+ technologies
based on those smaller systems—the 1,100 megawatt AP-1000 and the 1,600 mega-
watt Economic Simplified Boiling Water Reactor.

Around the turn of the century, both DOE and industry became interested in the
Pebble Bed Modular Reactor, or PBMR. This was a small, high-temperature, gas-
cooled reactor with a generating capacity of about 165 megawatts. This technology
captured considerable media attention after United States companies became in-
volved in an effort to build a commercial pilot in South Africa. However, as the high
costs of the project became apparent, commercial participants began to peel away
and eventually the South African project was abandoned.

All small reactor technologies of the past failed to find a way to overcome the fact
that the infrastructure required to safely operate a nuclear power reactor of any size
is considerable. Tons of steel and concrete are needed to construct containment
buildings. Control rod drives, steam generators, and other key systems are hugely
expensive to design and build. A larger plant with greater electric generating capac-
ity simply has an inherently superior opportunity to recover these large upfront
costs over a reasonable period.

So why is today different from yesterday? The greatest difference is the fact that
the technology has evolved significantly over the years. Having learned lessons from
the development of Generation III+ technologies and from the failure of previous
small reactors, today’s SMR vendors clearly believe they have solved the riddle of
small reactor economics. They are presenting novel design approaches that could
lead to significant improvements in nuclear safety. For example, design concepts
that I have seen thus far further advance the use of passive safety systems, apply-
ing gravity, natural circulation, and very large inventories of cooling water to reduce
reliance on human intervention during an emergency. SMR designs also apply novel
technologies such as integral pressure vessels that contain all major system compo-
nents and use fewer and smaller pipes and pumps, thereby reducing the potential
for a serious loss-of-coolant accident.

Very importantly, these new SMRs are much smaller than the systems designed
in the 1990s; this choice was made to assure that they could be factory-built and
shipped largely intact by rail for deployment. The ability to “manufacture” a reactor
rather than “constructing” it onsite could prove to be a major advantage in terms
of cost, schedule reliability, and even quality control.

MB{L will innovations like these allow this new breed of SMRs to be successful?
aybe.

Many years of work remain for SMR vendors to refine their designs and allow
for the development of realistic and reliable cost estimates. This is much the same
state of affairs that existed in the 2002 timeframe when DOE launched the Nuclear
Power 2010 program (NP2010) to spur the development and certification of Genera-
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tion IIT+ designs such as the AP-1000. At that time, the level of design complete-
ness was insufficient to enable vendors to provide utilities with reliable cost and
schedule estimates. After the cost-shared effort to complete more design and engi-
neering work, vendors and utilities were able to negotiate contracts on a realistic
basis. A decade later, utilities are awaiting final regulatory approval to begin con-
structing new plants based on technologies advanced by the Nuclear Power 2010 ini-
tiative. I understand that DOE has proposed a similar approach that is generally
modeled after the success of NP2010 in order to further the development and licens-
ing of SMRs.

At the same time, one often hears that the industry is concerned that the NRC
might make decisions that will render these new systems uncompetitive. Industry
representatives have voiced concern over regulatory issues such as the number of
operators needed to run these reactors, the size of the security forces needed to pro-
tect them, and the requirements for emergency planning. According to these con-
cerns, if NRC holds SMRs to the same requirements as currently operating plants,
the operating costs will be too high and utilities will turn away from the potential
benefits of small reactors.

In my opinion, these concerns are not well-grounded in an understanding of how
the NRC develops regulatory requirements. Using security as a general example, I
note that it is certainly true that NRC requires licensees to maintain significant se-
curity capabilities to protect existing nuclear powerplants from a range of potential
threats. U.S. nuclear plants are protected by highly trained security professionals,
many of whom have military or law enforcement backgrounds. With these people
on the job, U.S. nuclear plants are the most secure, best-protected, privately owned
commercial facilities on the planet. Given the threats that exist in the world today,
it is essential that U.S. nuclear plants be secured in this manner.

But the size of guard forces and the nature of security barriers protecting U.S.
nuclear powerplants are not determined by NRC in accordance with a set formula
that might somehow be applied to SMRs. The security strategies of each individual
plant are designed to defend these facilities against postulated threats. These strat-
egies are tested on a periodic basis using Force-on-Force exercises and when issues
arise as a result of these exercises, licensees are obligated to make the necessary
adjustments. If, for example, the layout of a particular plant creates a blind spot
that could be exploited by a potential adversary, then the security strategy must be
modified to eliminate this vulnerability.

In my opinion, it would be perfectly reasonable to apply the same basic approach
to SMRs. Future operators of SMRs should be required to deal with the same poten-
tial security threats as today’s plants. The size and configuration of the security
forces required for a given SMR should depend on what is needed to assure the pro-
tection of the facility. As issues are found, SMR operators should have the same re-
sponsibility as current licensees to close any security concerns.

From the early discussions I've had with SMR vendors, I understand that they
are designing facilities that are to be largely subsurface facilities with security re-
quirements anticipated in the choices made with regard to their configuration. I
would expect to see the regulatory process credit the security benefits of design, con-
figuration, and plant lay-out—just as it does in the case of today’s plants. I therefore
believe the current regulatory approach provides a reasonable framework for indus-
try to pursue the development and deployment of small reactors.

Hopefully, this simple example illustrates what I believe is a vital point. What-
ever else they are, SMRs are power reactors. While the size of SMRs may eventually
prove to have financial or implementation benefits, the fact that they are “small”
has far less significance from a regulatory standpoint than I think many expect.
SMR concepts may have unique characteristics that prompt issues such as the size
of security forces and control room operations, but the basic concepts related to the
licensing of reactors should not fundamentally change as a result of the size of the
reactors. That said, SMR vendors have proposed design concepts that, if fully real-
ized, incorporate technologies and approaches that can have significant safety bene-
fits. The application of passive safety design strategies, very large water inventories,
and subsurface configurations all must be considered as risk-informed regulatory de-
cisions are made.

The safety and security of the American people require a clear, strong, and con-
sistent regulatory approach if the construction and operation of SMRs is to be per-
mitted. At the same time, it is only rational to apply this regulatory approach in
a graded manner that takes account of the safety and security risks presented by
each design. I have been informed that the NRC staff is already working on these
issues and considering how best to apply this framework to SMR designs.

While I have attempted to draw a clear line today to identify fundamental issues,
there remain numerous complex regulatory decisions to be made. I still have many
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questions that will need to be answered. For example, what are the safety and secu-
rity implications of installing single SMRs in remote locations? In the case of multi-
module facilities, what measures might be necessary to assure the safety of adjacent
modules should a problem occur with one reactor?

It is important to highlight the fact that industry has not yet submitted SMR ap-
plications for regulatory review. Once this is done, I'm certain that for each SMR
design, there will be a public, transparent discussion about these and no doubt
many other issues. In anticipation of applications that could be forthcoming in 2012
and 2013, the NRC staff recently issued a general schedule anticipating that SMR-
relevant analysis, stakeholder interaction, and publication of guidance documents
regarding issues such as emergency planning requirements and control room staff-
ing will continue into next year.

At the end of the day, as these issues are discussed and resolved, I do not expect
that the outcomes of decisions made by NRC are likely to be the critical factor in
the success or failure of SMRs. More likely, the success or failure of this newest at-
tempt to build small reactors will depend on the ability of today’s SMR vendors to
avoid the pitfalls of the past.

Thank you for your attention.

FEDERAL SUBSIDY FOR NUCLEAR POWER

Senator FEINSTEIN. Thank you very much.

I have a question. In 2005, the Congress enacted legislation cre-
ating a 2-cent-per-kilowatt-hour subsidy for the first eight newly
built nuclear reactors in our country. So there’s an existing tax
subsidy for nuclear power, and it’s the same subsidy that wind
power gets in value, as I understand it.

The new plant being built in Georgia will claim this subsidy, but
seven more plants will take it into the future. If those plants are
SMRs, then they will get a subsidy. Is that correct, Secretary
Lyons?

Dr. LyoNs. Senator Feinstein, I believe that is correct. I would
need to reread exactly the wording as to whether there was an ex-
piration date on the production tax credit, but the 1.8-cents-per-kil-
owatt-hour that you described, yes, that is correct. It is limited per
plant.

SAFETY AND LOGISTICS OF CLUSTERING REACTORS

Senator FEINSTEIN. It is my understanding that these plants on
their own are not cost effective and that the eventual plan is to
cluster them, so that you cluster 6, 7, maybe 10, maybe 15 of them
together, again, without permanent waste disposal, with waste re-
maining on the site. As you look at that, do you find that to be in
the best interests of this country?

Dr. LYONS. As I noted in my written and oral comments, Senator,
the plants are designed to be completely independent, from a safety
standpoint, between modules. That has to be verified by the NRC.
The vendors will need to convince the NRC that that is the case.

In addition, the underground siting, which can be well hardened,
the large quantities of water, as Commissioner Magwood men-
tioned, and the substantially enhanced safety features of these
smaller units, yes, I think we can end up with a very effective safe-
ty case. But it remains to be verified or not verified by the NRC.

Senator FEINSTEIN. Are you saying then that lining up 5 or 10
or more SMRs is safer than one 1,100, 1,200 megawatt plant?

Dr. Lyons. I'm saying that the NRC will evaluate however many
modules are at a site from a safety perspective just as they would
evaluate the safety of a single unit. And to the extent that the ven-
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dor can demonstrate to the NRC’s acceptance that that is achieved,
then, yes, they can proceed.

NEED FOR FEDERAL APPROPRIATION

Senator FEINSTEIN. Okay. Your Department is proposing this
$452 million program to pay one-half the cost of licensing, yet the
firms before us today seeking this help are extremely financially
capable. B&W, for instance, had revenues exceeding $2.6 billion in
2010.

In other parts of our economy, we don’t invest Federal dollars to
pay for private industry to obtain a safety license. We don’t help
Ford comply with the crash test, nor do we pay Boeing to obtain
FAA certification.

I don’t understand why it’s necessary for the taxpayers to pay
one-half of the cost of licensing. I just said it is likely that they will
get a subsidy. Now, in addition to that, we’re going to pay one-half
the cost of licensing?

Dr. LyoNs. The NP2010 program was a 50-50 cost share and I
think highly successful. As part of the competitive solicitation that
we will put out for these plants, we will give preference to situa-
tions where a vendor comes in with greater than a 50-50 cost
share. So I don’t know what the cost share will actually end up
being until we have gone through the procurement process.

But I am quite confident that, looking at the number of countries
that are moving ahead rapidly with SMRs, that if we want to see
this country competing at the table for those opportunities that we
do need to provide Government encouragement to take some of the
first-mover costs of exploring whether this model—and there is un-
certainty in this model—but whether this model of relying on man-
ufacture in factory settings, can result in sufficient economies-of-
scale to gain a competitive system.

Senator FEINSTEIN. Would you agree that taking two SMR de-
signs through design certification will cost at least $1.5 billion?
That means the Federal cost share at 50-50 would need to be $750
million, not $452 million. Do you agree with that? If not, why not?

Dr. LYoNs. Until we have gone through the procurement process,
I don’t know what those numbers will be.

If you look at NP2010, for the two designs, you would end up
with numbers right in the range that you are describing. Those
were for different systems. They're much larger systems, and ex-
actly how the overall costs for the gigawatt class can be compared
to the smaller units, I don’t know until we go through the procure-
ment process.

And, in any case, I indicated that we will give preference to com-
panies that can depart from the 50-50 cost share.

SPENT-FUEL MANAGEMENT

Senator FEINSTEIN. My final question: Why should the Govern-
ment fund a new reactor design instead of investing in additional
R&D to help find solutions to the waste issue?

Dr. LYONS. Our research portfolio, I believe, has a balanced ap-
proach based on the resources that your subcommittee and others
are providing to us. We certainly have strong programs looking at
a range of different approaches to management of used fuel.
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We also are awaiting—and we won’t be waiting much longer—
for the interim report of the Blue Ribbon Commission (BRC), which
I'm hoping will provide useful guidance to the administration, and
to the Congress to help to move toward what you indicated the
country so needs, which is a comprehensive policy on used-fuel
management.

CONCERNS RAISED IN LIGHT OF JAPANESE NATURAL DISASTER

Senator FEINSTEIN. I would like to make a comment and then I'd
like to turn it over to the ranking member. I have a hard time with
a new start before we have any permanent method of fuel storage.
It just seems that it is not the right thing to do for safety reasons.

I was profoundly impacted by Fukushima and the Daiichi issues
that have come up, and I think we haven’t seen the end of reaction
yet. You know, this was at the time the grouping of large reactors
together. Now, with no permanent fuel safety, we’re proposing,
well, maybe we won’t do large ones. Let’s do small ones and let’s
group them together. But the bottom line is we still have no per-
manent spent-fuel site.

To me, that is putting the cart before the horse. I think we have
to assure people that the waste can be taken care of. We have a
permanent site. We have regional sites. The Government is moni-
toring it. It is safe. We can’t say that to people, and we've got $13
billion in liability for not doing it.

Dr. LYoNs. You just said that was a comment. Do you want me
to respond or

Senator FEINSTEIN. Sure. Spice it up a little.

Dr. Lyons. No, I will agree with many of your comments, but we
are waiting for the BRC. Many of the suggestions you have made
are incorporated within at least the subcommittee recommenda-
tions of the BRC. It remains to be seen what the full committee re-
port will be, and it remains to be seen how the administration and
the Congress will respond to that report.

But I think a very key point with the SMRs is that the spent-
fuel pools for the SMRs are in hardened underground enclosures
with very, very large quantities of water. These are extremely ro-
bust systems designed to hold fuel for many decades.

When the fuel eventually emerges from underground, it certainly
could go in dry casks, but we’re also looking at a time probably at
least 2050, 2060, something like that. I would sincerely hope that
the actions of the BRC, the actions of the administration and the
Congress will have us well on the path to used-fuel solutions well
before then.

Senator FEINSTEIN. I hope so, too. Thank you, Mr. Secretary,
Senator.

Senator ALEXANDER. I'll defer to Senator Graham since he didn’t
have an opening statement.

Senator GRAHAM. Well, I want to thank the chairman and the
ranking member for having this hearing. This is a great debate,
long overdue.

Mr. Lyons, I've had the pleasure of meeting with you several
times. Do you agree with the general statement that the world is
passing us by as Americans when it comes to nuclear technology
development?
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Dr. LYyoNs. I'm afraid, Senator Graham, that you would reach
that conclusion from any number of indicators.

Senator GRAHAM. As a matter of fact, in the last 30 years, we
haven’t built a reactor and we’re trying to build the first one in 30
years. Is that correct?

Dr. LyoNs. It’s more than 30 years since the last one was li-
censed.

Senator GRAHAM. I stand corrected.

So to my really good friend from California who is very smart
and has asked a lot of good questions.

Senator FEINSTEIN. Uh-oh, something’s coming.

Senator GRAHAM. Something’s coming. That’s right.

NUCLEAR WASTE REPROCESSING

The point of not having a storage plan is that we don’t have a
plan at all for nuclear power. If you shut down Yucca Mountain
after you've spent $12 billion and say you can’t have central stor-
age, you've got nobody to blame but yourself. The French have been
reprocessing for decades. So have other countries, and we have no
reprocessing plan.

Now, here’s where I want to applaud the administration. The
small nuclear reactor—modular reactor is the future. Either we're
going to embrace it or get left behind and all the jobs that are
going to be created from the nuclear power industry are going to
come overseas or theyre going to come here in America. We've got
a chance to lead, finally.

I embrace the administration’s effort to try to lead. Why should
you subsidize this? Because if I'm in business, I would be very re-
luctant to spend a bunch of money in a country where nobody’s
been able to build a reactor for 30 years, we’ve been building air-
planes all the time.

So, if 'm in the private sector, I'd be willing to pony up some
money, but this is a very iffy deal because the Congress seems to
be very schizophrenic. We complain about the lack of a storage
plan, but we won’t allow storage at Yucca Mountain and we can’t
reprocess. So the only alternative available to you is on-site stor-
age. That’s the problem we’ve created. We've got nobody to blame
but ourselves.

Now, the administration has put together a blue ribbon panel.
Are you familiar with that, Dr. Lyons?

Dr. LyoNs. Yes, Sir.

Senator GRAHAM. All right. Here’s what I'm proposing to the
ranking member: Secretary Chu is, I think, one of the best Secre-
taries of Energy I've dealt with since I've been here since 1995.
He’s convinced me rather than spending billions of dollars on try-
ing to duplicate the French PUREX system, let’s spend a decade or
so looking at ways to come up with a reprocessing system that’s a
generation or two advanced.

That makes sense to me, and I'm here to offer to the country H-
Canyon at Savannah River Site as an experimental program to see
how you could come up with advanced reprocessing technologies.

So to the ranking member, our choices are not new starts, cur-
rent system. We've got to do both. We're going to have to lead or
we’re going to follow.
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So I'll support the administration’s efforts to come up with a new
generation of reprocessing. That’s going to cost money. At the same
time you’re spending money in developing the new reactors of the
future, you have to do both. If you don’t do both, you're going to
get left behind on all fronts.

So, Mr. Lyons, when it comes to SMRs, the United States Navy
has been doing this for a long time, haven’t they?

Dr. Lyons. Yes, Sir.

Senator GRAHAM. I think an aircraft carrier is about 5,000 peo-
ple?

Dr. LYONS. At least, yes.

Senator GRAHAM. Yes, or more. So the concept works. Now,
whether or not we can get it for a city of 100,000, that’s what
you’re trying to do. So on the nuclear waste storage front, I think
it was a mistake to shut down Yucca Mountain, but I don’t see that
changing any time soon.

So what I would like to do is urge this subcommittee to be for-
ward thinking, embrace the administration’s suggestion to develop
a waste-disposal system beyond what the French have today and
encourage this subcommittee to embrace the competition to build
a SMR in America.

NUCLEAR TECHNOLOGY COMPETITION

Mr. Lyons, do you believe more competition, generally speaking,
is better than less?

Dr. LYONSs. Yes, Sir.

Senator GRAHAM. So rather than having two sites that could de-
velop this technology, I would urge you to think outside the box
and there are a bunch of companies out there who are dying to get
into this business. There are a bunch of sites, like Savannah River
Site, Tennessee Valley Authority (TVA) and other places, Oak
Ridge that would love to be able to show the country we can do this
safely. So would you consider more competition rather than less if
the Congress gives you the go-ahead?

Dr. Lyons. Certainly, we will be following the direction of the
Congress, Sir.

Senator GRAHAM. Okay. Now, my time is about up. Do you agree
that we have to do two things at once? We have to come up with
a way to reprocess beyond the French. And, at the same time, we
have to invest in new starts, because, if we don’t, America is going
to lose a golden opportunity to create jobs and lead the world when
it comes to clean energy.

Dr. Lyons. Senator, I'll agree if you’ll let me rephrase it ever so
slightly.

Senator GRAHAM. You certainly can.

Dr. Lyons. I very much agree we need to continue with new
starts on power reactors. I would hope that instead of mandating
that we move ahead with reprocessing that we could mandate that
we move toward a comprehensive fuel management program for
the country which may well include reprocessing, and that, to me,
should be the subject of the research programs of the BRC output.
There are




20

Senator GRAHAM. But we have to do both at the same time. But
we have to deal with the waste-stream situation as well as new
starts. You can’t pick one over the other?

Dr. Lyons. That is the intent of the research program in my of-
]f;me and that is what we will continue to do assuming it is funded

y_

H-CANYON

Senator GRAHAM. Final question. Do you see H-Canyon as a na-
tional asset when it comes to being able to figure out what kind
of waste disposal systems to adopt in the future?

Dr. Lyons. H-Canyon is very much a national asset, and, as you
know, Senator, we're in the process of evaluating ways in which H-
Canyon can contribute to research in used-fuel management.

Senator GRAHAM. Well, I applaud your efforts.

And, Mr. Magwood, I'm sure you’ve enjoyed these conversations.
Do you believe as an individual member of the board that the coun-
try should lead when it comes to SMR because it is indeed the fu-
ture of nuclear power?

Mr. MAGwWOOD. Well, certainly, from an NRC standpoint, I don’t
think we’re in a position to encourage one way or the other wheth-
er we lead in those technologies or not.

What I can say is that we’re going to be prepared to deal with
whatever applications come before us, and I can assure you that
the staff is very eager to take on the new challenge that these tech-
nologies present.

Senator ALEXANDER. Thank you, Senator Graham.

Senator Feinstein had to take a call. I hope she would hear the
answers to some of these questions, but we can go back over them
in a little time.

ON-SITE SPENT-FUEL STORAGE

Mr. Magwood, has the NRC made a decision about whether it’s
safe to store spent fuel on site?

Mr. MAGWOOD. Yes, the NRC has issued a waste-confidence de-
termination—in fact, we did it just late last year—indicating that
spent fuel can be stored safely on site for up to 60 years past the
licensed life of a reactor.

Senator ALEXANDER. Up to 60 years. And that’s a determination
by the NRC.

Mr. MAGWOOD. Yes.

Senator ALEXANDER. The chairman of the NRC has testified that
spent-fuel rods can be safely stored on site for

Senator FEINSTEIN. 100 hundred years.

Senator ALEXANDER [continuing]. 100 hundred years. And Dr.
Chu has said the same.

Mr. Magwood or Mr. Lyons, do either of you have—my under-
standing of the President’s BRC to study used nuclear fuel is that
while we safely store this material on site, which—I mean, it’s the
job of the NRC to decide whether we can or not, and they have re-
peatedly said we can. And the amount of mass we’re talking about
is about one football field worth of material 20 feet deep.

Do you think it’s likely that within the next 10 to 20 years that
we’ll come up with new and better ways to recycle used nuclear
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fuel in a way that doesn’t isolate plutonium and that reduces the
mass even further? Either of you want to comment on that?

Dr. Lyons. Well, certainly, Senator, the research programs with-
in our fuel cycle R&D program are focused on exploring more ad-
vanced approaches than PUREX toward used-fuel management.

At the same time, we’re definitely not ruling out variations on
the—cycle that we have now. And, again, the BRC will provide ad-
vice very soon now—dJuly 29 being the deadline—on their views for
how to move ahead with an effective used-fuel management pro-
gram for the Nation.

Senator ALEXANDER. So where we really are is that the people
who are in charge of looking at the safety of nuclear power and
have so far presided over a system where there’s never been a
death in a commercial reactor and where no one was hurt at Three
Mile Island and they have been so effective in looking at safety
that we haven’t been able to build any for 30 years, they've said
that we can store it safely on site for 60 years.

And the President has said—he’s appointed a distinguished com-
mission to say let’s look carefully at the very best ways to recycle
used nuclear fuel as a way of reducing any proliferation risk and
reducing the mass.

I want to go to a couple of points that the chairman raised, which
I think are appropriate points, first. Madam Chairman, I agree
with you that a good use of our research and development money
would be to take the recommendations of the President’s BRC on
used nuclear fuel and do an extensive—In fact, I've described it as
a mini Manhattan Project to find out the very best way to do it.
And I think that’s an appropriate use.

I've come to the conclusion that R&D is a proper use of Federal
money and that jump starting new technologies may be and that
long-term subsidies probably are not, which leads me to the sub-
sidy point that we’ve gone back and forth about a little bit.

I support, for example, jump starting electric cars. The President
has supported that. There’s a bill in the Congress to do that, but
not over the long term.

I support jump starting better batteries. I would like to see us
have several of these hubs, as we've discussed, which I call mini
Manhattan Projects, in recycled nuclear fuel, in batteries, in mak-
ing solar cost $1 a watt to give us a jump start, but then leave it
to the private sector.

And so that’s the line I would draw is to say that R&D for bat-
teries, for solar, for the first small modular nuclear reactors is ap-
propriate. Long-term subsidies are not.

I would support subsidies for offshore wind, which we don’t know
how to do yet, but I don’t support them anymore for the mature
technology.

Mr. Lyons, for the 104 commercial reactors that are operating
today, what is the Government subsidy in terms of operating cost
to those 104 reactors?

Dr. LyoNs. There is none.

Senator ALEXANDER. There is none. There’s none at all. And we
have $26 billion of subsidies going to wind power over the next 10
years. It’s already committed to.
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As far as the production tax credit for nuclear power, it probably
won’t be available to the small reactors because that production tax
credit is limited to the first 6,000 megawatts. No one’s getting it
yet because there have been no new plants and there probably
won’t be small reactors in time to take advantage of it.

Mr. Magwood, I wonder if you or Mr. Lyons would have any com-
ment on this quote by Dr. Moniz who will testify later this morn-
ing. In referring to the SMR, he said the program proposed by the
administration is modest, but sensible.

Obviously, the Federal budget deficit makes it difficult to start
any new programs, but a hiatus in creating new clean-energy op-
tions, be it nuclear SMRs or renewables or advanced batteries, will
have us looking back in 10 years lamenting the lack of a technology
portfolio needed to meet our energy and environmental needs eco-
nomically or to compete in the global market. Let’s get on with it.

Do either of you have a comment on that?

Dr. Lyons. I am very happy to endorse Professor Moniz’s com-
ments and I have also learned over the years that one had better
be very careful before one argues with Professor Moniz on an issue.

Senator ALEXANDER. Mr. Magwood.

Mr. MAGWOOD. I've trained myself not to answer questions like
that since moving into the NRC. I'll let Dr. Lyons take that.

Senator ALEXANDER. I understand that, and, Madam Chairman,
I thank you for the time.

Senator FEINSTEIN. Oh, thank you very much.

COST TO FEDERAL GOVERNMENT

I have another question and I don’t know whether the commis-
sioner can explain this or Dr. Lyons can explain it, but why does
it cost $1.5 billion to take this small reactor design through the
NRC design process? Could even be more even with a 50-50 cost-
share basis.

Mr. MagwooD. Well, I can start that and Dr. Lyons can certainly
add to it.

I think that when—I'm not familiar with the specific number
you're quoting, so I don’t know what entirely is contained in that
$1.5 billion, but when I reflect on NP2010, which was going on
while I was at DOE, the money that was spent was not simply for
licensing costs at the NRC.

A lot of the money was also spent for design and engineering
work. And it was work that was necessary to make not just to an-
swer questions from the NRC. It was work that was done to estab-
lish sufficient design detail to make negotiations with utilities via-
ble, because before that point there wasn’t enough information for
utilities to make a decision.

So I think that the money that gets spent on these programs
isn’t just for the licensing. It’s also to develop the engineering work
in the background to be able to have those commercial discussions.

Dr. LYONS. The only thing I'd add to that is certainly some of the
NRC questions can be very detailed and should be very detailed
and do require significant engineering design for the companies to
provide effective answers to the NRC, and that also—that certainly
ties in with the commissioner’s response.
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Senator FEINSTEIN. Yes. I understand that, but these are very
profitable companies. We've already established they’re going to be
subsidized. Now, something that I learned today is that the engi-
neering phase is essentially going to get paid for by the Federal
Government, and I have a problem with that.

You know, I'm watching everything get cut back. We're in one
fierce argument over the debt limit. There isn’t going to be money.
We’ve had two continuing resolutions during the year that have cut
back money, and the one thing that is going ahead without any
problem so far is the nuclear stuff. Everything else is getting cut
back.

It seems to me that we’re in a brave new world and these are
big companies. They make profits. This is going to be very profit-
able. It’s estimated it’s going to raise everybody’s utility rates. To
me, it’s just not the best thing since sliced bread.

Dr. LYONS. Senator, if I may.

Senator FEINSTEIN. Go ahead, please.

Dr. LYONS. Whether these units will be profitable remains to be
seen. There are significant first-mover costs that they are going to
have to take on in order to prove whether this model can be effec-
tive.

So, certainly, I'm sure the companies that you’ll talk to in a sec-
ond panel are hoping to be profitable, but I think they would agree
that there is substantial uncertainty in the models at this point as
to exactly what will be the outcome of this.

The other point I would make is you've highlighted the large
companies several times, and you've also suggested concern over
the 50-50 or whether it should be more cost share.

I've been in several discussions with different folks on whether
the number should be changed from 50-50. To me, it is far better
to say as we are doing—that we will give preference to someone
going above 50-50, but we won’t put that in the demand.

If you do demand a very large industry share, you will, I think,
be guaranteeing that only the large companies can compete, and
some of the companies who will be sitting here in a few minutes
I don’t think would fit into the category of large companies. Some
would. Some wouldn’t.

I don’t know if that response helps.

Senator FEINSTEIN. Well, it does help. It gives me something else
to think about as to whether this is appropriate for the Govern-
ment to do in a day when we just don’t have money.

I mean, we face terrible things happening right now on August
3 and yet here’s a whole, huge, new-start program that I'm trying
to grasp what the public costs are. Does this add to our liability
of having no permanent waste? We’'ll get sued; I'm sure, somewhere
and have to pay for the fact that we’re keeping this hot stuff in
pools and in casks on site.

You know, I'm trying to, I guess, grasp the whole picture of what
it means. Does it increase rates 10 to 30 percent as I'm told? Do
they have to be clustered together to be cost efficient?

I think all of this goes into the decision as to whether the Gov-
ernment should subsidize which we’re already doing, and then pro-
vide these additional funds as well, so that the Government is
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bearing, really, a substantial part of the cost, well more than 50
percent with the subsidy.

Anyway, those are just my humble thoughts. Do you have any
comments you want to make?

NUCLEAR PLANT OPERATION SUBSIDY

Senator ALEXANDER. The only one, Madam Chairman, I think it’s
important that we establish as a matter of fact I asked Dr.—Mr.
Lyons, is there any Government subsidy to the operation of the 104
c&mmercial nuclear plants we have today and his answer was,
13 O.”

Senator FEINSTEIN. That’s because the subsidy was passed in
2005.

S(;znator ALEXANDER. That’s correct. There’s a production tax
credit

Senator FEINSTEIN. Two cents per kilowatt——

Senator ALEXANDER. Two cents per kilowatt hour for new nuclear
plants of which there haven’t been any.

Senator FEINSTEIN. Correct.

Senator ALEXANDER. Now, it’s unlikely—and we can ask the oth-
ers here when they come—that the new SMRs would benefit from
that because under the terms of the law they’d have to be under
construction by 2014 and in operation by January 1, 2021, and
there’d be a limit of $175 million for that and the estimate is there
might be two by then.

So there’s no subsidy today for the operation of a nuclear power-
plant. There is for new ones up to 6,000 megawatts. It’s limited
and it’s unlikely, I believe, that these small reactors would benefit.

At the same time, if you'll excuse me for mentioning it again, the
production tax credit for wind, a mature technology, continues
through this year and next year at the rate of a couple of billion
or $3 billion a year.

So we could take some of that money and use it for this prom-
ising new technology. I'd like to make a difference between jump
starting new technologies and subsidizing mature technologies.

Senator FEINSTEIN. I very much appreciate that. I think that’s a
lot of food for thought. I think, before we get into it, we really need
to think it out what it actually means, and, hopefully, the next
panel will be able to add some additional clarity.

Secretary Lyons, Mr. Magwood, thank you very much for coming.
Did you have a comment you wanted to make?

LESSONS LEARNED FROM FUKUSHIMA

Mr. MAGWOOD. I just want to make one comment, something you
said earlier in your opening remarks—which I think covered a lot
of important issues. There was one item I wanted to highlight.

You mentioned the example of the Fukushima event, and, as you
know, the NRC is working very hard to deal with the lessons
learned at Fukushima.

And for me personally, and I think you had the same reaction,
watching the four reactors lined up and realizing that the loss of
one of those reactors could lead to a very unfortunate set of cas-
cading events certainly gives one pause when you think about the
idea of having multiple reactors in one place.
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One thing I'd like to say about that is that, first, I myself have
a lot of questions about how these multi-module reactors will work
and what the safety parameters will be and how we’ll make sure
that if there’s a problem in one module that we’ll be able to protect
the rest of them and make sure that there’s not a cascading event.
So that’s something we’re looking forward to interacting with the
vendors about when they make their applications.

But as we work to learn the lessons of Fukushima, whatever con-
clusions we reach, those conclusions and those lessons learned will
be applied to every technology that ever comes before the NRC. It’ll
apply to the existing reactors. It’'ll apply to Generation III+ reac-
tors like the AP-1000. And if they’re ever approved, it'll apply to
the SMRs as well. So we will apply those lessons learned well into
the future. We’ll not stop with what we’re doing today.

Senator FEINSTEIN. Well, I very much appreciate that, and you
certainly have my full support to do that. I mean, it’s clear that the
NRC has a big, big task in front of it.

So I thank you for being here and for representing your personal
views. And I thank you, Secretary Lyons.

And we’ll move on to the next panel.

Welcome, gentlemen. I wish I could say ladies and gentlemen,
but this is a field that we clearly need to level in terms of female
gender.

In any event, what I'd like to do is just begin with Dr. Lyman
and go right down the line, and we have a very distinguished wrap-
up person in Dr. Moniz.

So, Dr. Lyman, why don’t you begin?

STATEMENT OF DR. EDWIN LYMAN, SENIOR SCIENTIST, GLOBAL SE-
CURITY UNION OF CONCERNED SCIENTISTS

Dr. LYyMAN. Good morning. On behalf of the Union of Concerned
Scientists (USC) I would like to thank you, Chairman Feinstein,
Ranking Member Alexander, for the opportunity to provide our
views on the safety and economics of LW SMR.

UCS is neither pro- nor anti-nuclear power, but we have served
as a nuclear power safety and security watchdog for more than 40
years.

The Fukushima Daiichi crisis has revealed significant
vulnerabilities in nuclear safety and has shaken public confidence
in nuclear power around the world.

If we want to reduce the risk of another Fukushima in the fu-
ture, new nuclear plants will have to be significantly safer than the
current generation. And to this end we do believe that it is appro-
priate for some level of support for the DOE to work with the nu-
clear industry to develop safer nuclear plant designs.

But we do think that that money should be directed to spend tax-
payer money only on supportive technologies that have clear poten-
tial to significantly increase levels of safety and security compared
to currently operating reactors.

Also, in light of Fukushima, we do believe it is appropriate for
the Department to devote resources to addressing safety and secu-
rity issues with the current fleet that have been revealed by the
Fukushima crisis.
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Proponents of SMRs claim that their designs have inherent safe-
ty features compared to larger reactors and some even argue their
reactors would have been able to withstand an event as severe as
Fukushima.

We find these claims to be unpersuasive. For any plan, whether
it’s large or small, the key factor is the most severe event that it’s
designed to withstand, the so-called maximum design-basis event.
But unless nuclear safety standards for new reactors are strength-
ened, one cannot expect that either small or large reactors will be
able to survive the beyond-design-basis event like Fukushima.

Although some LW SMR concepts may have desirable safety
characteristics, unless they are carefully designed, licensed, de-
ployed, and inspected they could pose comparable or even greater
risks than large reactors.

Some SMR vendors argue their reactors will be safer because
they can be built underground. While underground siting could
clearly enhance protection against certain events, it could also have
disadvantages.

For instance, at Fukushima, emergency diesel generators and
electrical switched gear were actually installed below grade to re-
duce their vulnerability to seismic events, but this increased their
vulnerability to flooding. In the event of a serious accident, emer-
gency crews could have difficulty accessing underground reactors if
intervention was necessary.

Some SMR vendors emphasize their designs are passively safe,
but no credible reactor design is completely passive and can shut
itself down in every circumstance without need for intervention.

Small reactors may have an advantage because the lower the
power of a reactor, the easier it may be to cool through passive
means, but accidents involving multiple small units may cause
complications that could outweigh the advantages of having lower
heat removal requirements for each unit.

Moreover, passively safe reactors do require some equipment,
such as valves that are designed to operate automatically, but are
not 100 percent reliable.

All passive systems will have to be equipped or should be
equipped with highly reliable active backup systems in order to
compensate for these uncertainties, but more backups mean gen-
erally higher costs and this poses a particular problem for SMRs,
which begin with a large economic disadvantage compared to large
reactors.

Given there is no apparent capital cost benefit for SMRs, we are
concerned that the industry is trying to cut the potential operating
maintenance costs by asking the NRC for regulatory relief for a
number of requirements.

These do include reduced operator staffing for each unit and po-
tentially reducing the number of operators that you need to mon-
itor the safety of each individual unit. They also are interested in
reducing emergency planning zone sizes and also adjusting security
requirements that may end up with a reduced number of security
officers.

We think one of the early lessons of Fukushima is that you need
to prevent serious accidents with significant margins of safety, so
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now is not the time to start reducing regulatory requirements for
small reactors.

Emergency planning zone should be maintained. Security cer-
tainly should be maintained, especially in light of potential in-
creased threats following the potential for retaliation of the death
of Osama bin Laden, and we believe that the multiple reactor
issues will require additional enhancements to regulations for collo-
cated units to make sure that you do not have interactions that can
affect the safety of each site because of an accident its neighbors.

So all these suggest that we need to increase nuclear safety
standards, not reduce them, and to the extent that that may fur-
ther impact the economics of SMRs, it could be an issue for their
economic viability.

Just one last point, with regard to export, we believe that SMRs
should only be exported to areas where there’s an established infra-
structure to cope with emergencies and you can provide sufficient
numbers of trained operator and security staff.

PREPARED STATEMENT

We do agree that U.S. safety standards are worth exporting, but
that’s exactly why we need to maintain and strengthen them rath-
er than weaken them.

And I refer to my written remarks for more details. Thank you.

[The statement follows:]

PREPARED STATEMENT OF DR. EDWIN LYMAN

Good morning. On behalf of the Union of Concerned Scientists (UCS), I would like
to thank Chairman Feinstein, Ranking Member Alexander, and the other distin-
guished members of the subcommittee for the opportunity to provide our views on
the safety and economics of light water small modular nuclear reactors.

UCS is neither pro- nor anti-nuclear power, but has served as a nuclear power
safety and security watchdog for more than 40 years. UCS is also deeply concerned
about global climate change and has not ruled out an expansion of nuclear power
as an option to help reduce greenhouse gas emissions—provided that it is affordable
relative to other low-carbon options and that it meets very high standards of safety
and security. However, the Fukushima Daiichi crisis has revealed significant
vulnerabilities in nuclear safety and has shaken public confidence in nuclear power.
If we want to reduce the risk of another Fukushima in the future, new nuclear
plants will have to be substantially safer than the current generation. To this end,
we believe that the nuclear industry and the Energy Department should work to-
gether to focus on developing safer nuclear plant designs, and that the Congress
should direct the Energy Department to spend taxpayer money only on support of
technologies that have the potential to provide significantly greater levels of safety
and security than currently operating reactors. The nuclear industry will have to
work hard to regain the public trust.

Proponents of small modular reactors (SMRs) claim that their designs have inher-
ent safety features compared to large reactors, and some even argue that their reac-
tors would have been able to withstand an event as severe as Fukushima. We find
these claims to be unpersuasive. For any plant—large or small—the key factor is
the most severe event that the plant is designed to withstand—the so-called max-
imum “design-basis” event. Unless nuclear safety requirements for new reactors are
significantly strengthened, one cannot expect that either small or large reactors will
be able to survive a beyond-design-basis event like Fukushima. Although some light-
water SMR concepts may have desirable safety characteristics, unless they are care-
fully designed, licensed, deployed and inspected, SMRs could pose comparable or
even greater safety, security and proliferation risks than large reactors.

Some SMR vendors argue that their reactors will be safer because they can be
built underground. While underground siting could enhance protection against cer-
tain events, such as aircraft attacks and earthquakes, it could also have disadvan-
tages as well. For instance, emergency diesel generators and electrical switchgear
at Fukushima Daiichi were installed below grade to reduce their vulnerability to
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seismic events, but this increased their susceptibility to flooding. And in the event
of a serious accident, emergency crews could have greater difficulty accessing under-
ground reactors.

Some SMR vendors emphasize that their designs are “passively safe”. However,
no credible reactor design is completely passive and can shut itself down and cool
itself in every circumstance without need for intervention. Some reactor designs—
large or small—have certain passive safety features that allow the reactor to depend
less on operator action for a limited period of time following design-basis accidents.
Small reactors may have an advantage because the lower the power of a reactor,
the easier it is to cool through passive means such as natural convection cooling
with water or even with air. However, accidents affecting multiple small units may
cause complications that could outweigh the advantages of having lower heat re-
moval requirements per unit. Moreover, passively safe reactors generally require
some equipment, such as valves, that are designed to operate automatically, but are
not 100 percent reliable.

Operators will always be needed to monitor systems to ensure they are func-
tioning as designed, and to intervene if they fail to do so. Both passive systems and
operator actions would require functioning instrumentation and control systems,
which were unreliable during the severe accidents at Three Mile Island and
Fukushima. Passive systems may not work as intended in the event of beyond-de-
sign-basis accidents, and as result passive designs should also be equipped with
highly reliable active backup systems and associated instrumentation and control
systems.

But more backup systems generally mean higher costs. This poses a particular
problem for SMRs, which begin with a large economic disadvantage compared to
large reactors.

According to the standard formula for economies-of-scale, the overnight capital
cost per kilowatt of a 125 megawatt reactor would be roughly 2.5 times greater than
that of a 1,250 megawatt unit, all other factors being equal. Advocates argue that
SMRs offer advantages that can offset this economic penalty, such as a better match
of supply and demand, reduced upfront financing costs, reduced construction times,
and an accelerated benefit from learning from the construction of multiple units.
However, a 2007 paper by Westinghouse scientists and their collaborators that
quantified the cost savings associated with some of these factors found that they
could not overcome the size penalty: the paper found that at best, the capital cost
of four 335 megawatt reactors was slightly greater than that of one 1,340 megawatt
reactor.1

Given that there is no apparent capital cost benefit for SMRs, it is not surprising
that the SMR industry is seeking to reduce operating and maintenance (O&M) costs
by pressuring the Nuclear Regulatory Commission (NRC) to weaken certain regu-
latory requirements for SMRs. Deputy Assistant Energy Secretary John Kelly told
the NRC in March that the NRC’s regulatory requirements for SMRs will “directly
influence the operating cost, which will be a large determinant into the economic
feasibility of these plants.”

For example, the industry argues that regulatory requirements for SMRs in areas
such as emergency planning, control room staffing, and security staffing can be
weakened because SMRs contain smaller quantities of radioactive substances than
large reactors and therefore pose lower risks to the public. The NRC is currently
considering the technical merits of these arguments.

However, small reactors will not necessarily be safer than large reactors on a per-
megawatt basis. Simply put, the risk to the public posed by one 1,200-megawatt re-
actor will be comparable to that posed by six 200-megawatt reactors (assuming that
all units are independent), unless the likelihood of a serious accident is significantly
lower for each small reactor. But such an outcome will not be assured under the
current regulatory regime. The NRC has a long-standing policy that new nuclear
reactors—Ilarge or small—are not required to be safer than operating reactors. One
consequence of this policy is that new reactor designs that have inherent safety fea-
tures not present in current reactors may not actually end up being safer in the
final analysis if designers compensate by narrowing safety margins in other areas,
such as by reducing containment strength or the diversity and redundancy of safety
systems. Any safety advantages will be eroded further if the NRC allows SMR own-
ers to reduce emergency planning zones and the numbers of required operators and
security officers.

1M.D. Carelli et al., “Economic Comparison of Different Size Nuclear Reactors”, 2007 LAS/
ANS Symposium, Cancun, Mexico, 1-5 July 2007. Available at http:/www.las-ans.org.br/
Papers%202007/pdfs/Paper062.pdf.
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One of the early lessons from Fukushima is that prevention of serious nuclear ac-
cidents requires significant margins of safety to protect against extreme events. Ear-
lier this week, UCS and the NRC’s Fukushima Near-Term Task Force each issued
recommendations for strengthening nuclear safety requirements. Consider the fol-
lowing examples:

—Emergency planning zones around U.S. nuclear plants extend to a radius of 10
miles. Yet significant radiological contamination from the Fukushima accident
has been detected well beyond a distance of 10 miles from the plant. In fact,
radiation levels high enough to trigger resettlement if they occurred in the
United States have been detected more than 30 miles away from the
Fukushima site. The discussion we should be having today is whether current
emergency planning zones need to be increased, not whether we can shrink
them for SMRs.

—As we have seen at Fukushima, nuclear plants with multiple reactors that ex-
perience severe accidents present extreme challenges. In its June 2011 report
to the International Atomic Energy Agency, the Nuclear and Industrial Safety
Agency of Japan (NISA) stated that:

“The accident occurred at more than one reactor at the same time, and the
resources needed for accident response had to be dispersed. Moreover, as two
reactors shared the facilities, the physical distance between the reactors was
small . . . The development of an accident occurring at one reactor affected the
emergency responses at nearby reactors.

“Reflecting on the above issues, Japan will take measures to ensure that
emergency operations at a reactor where an accident occurs can be conducted
independently from operation at other reactors if one power station has more
than one reactor. Also, Japan will assure the engineering independence of each
reactor to prevent an accident at one reactor from affecting nearby reactors. In
addition, Japan will promote the development of a structure that enables each
unit to carry out accident responses independently, by choosing a responsible
person for ensuring the nuclear safety of each unit.”

The NRC will need to consider these issues in developing its licensing ap-
proach for small modular reactor sites, which may host two to four times the
number of units present at the largest U.S. nuclear plant site today. The NRC
has acknowledged that some of its current regulations and procedures do not
account for events affecting multiple units on a site. For instance, according to
the NRC, emergency planning regulations focus on single-unit events with re-
gard to requirements for emergency operations staffing, facilities, and dose pro-
jection capability. Also, the NRC’s guidance for probabilistic risk assessment, an
analysis tool which is used in many regulatory applications, does not require
the consideration of multiple-unit events. The NRC Fukushima Near-Term Task
Force is recommending that emergency preparedness requirements be revised
to address multi-unit events, which could have a significant impact on SMR 1i-
censing.

—Fukushima also demonstrated how rapidly a nuclear reactor accident can
progress to a core meltdown if multiple safety systems are disabled. A well-
planned and executed terrorist attack could cause damage comparable to or
worse than the earthquake and tsunami that initiated the Fukushima crisis, po-
tentially in even less time. And although Osama bin Laden is gone, the terrorist
threat to domestic infrastructure may actually increase over time if al Qaeda
seeks to retaliate. This is the wrong time to consider reducing security require-
ments for nuclear powerplants, regardless of their size. However, SMR vendors
have emphasized that reducing security staffing is critical for the economic via-
bility of their projects. Christofer Mowry of B&W told the NRC in March that
“whether SMRs get deployed in large numbers or not is going to come down to
operations and maintenance (O&M). And the biggest variable that we can at-
tack directly . . . is the security issue.” A Nuclear Energy Institute representa-
tive said in a presentation in June that “optimal security staffing levels (for
SMRs) may appreciably differ from current levels.”

UCS is also concerned that reducing safety and security requirements for SMRs
could facilitate their sale to utilities or other entities in the United States and
abroad that do not have prior experience with nuclear power. Some SMR vendors
argue that their technology is so safe that it can be deployed to remote areas, mili-
tary bases, and countries in the developing world that have relatively low electric
demand and no nuclear experience or emergency planning infrastructure. However,
SMRs deployed in this manner could raise additional safety and security concerns
compared to their deployment by established and experienced nuclear utilities.
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The distributed deployment of small reactors would also put great strains on ex-
isting licensing and inspection resources. Nuclear reactors are qualitatively different
from other types of generating facilities, not least because they require a much more
extensive safety and security inspection regime. Similarly, deployment of individual
small reactors at widely distributed and remote sites around the world would strain
the resources of the International Atomic Energy Agency (IAEA) and its ability to
adequately safeguard reactors to guard against proliferation, since IAEA inspectors
would need to visit many more locations per installed megawatt around the world.
Maintaining robust oversight over vast networks of SMRs around the world would
be difficult, if feasible at all.

UCS believes that SMRs are only suitable for deployment where there is an estab-
lished infrastructure to cope with emergencies, and if sufficient numbers of trained
operator and security staff can be provided. It is unrealistic to assume the near-term
availability of SMRs that are so safe they can be shipped around the world without
the need to ensure the highest levels of competence and integrity of local regulatory
authorities, plant operators, emergency planning organizations, and security forces.
Fukushima has demonstrated the importance of timely offsite response in the event
of a severe accident, so the accessibility of reactors in remote locations also must
be a prime consideration. Even within the United States, small utilities with little
or no experience in operating nuclear plants need to fully appreciate the unique
challenges and responsibilities associated with nuclear power and should not expect
that small modular reactors will provide any relief in this regard.

UCS acknowledges the concerns of Members of Congress who fear that the United
States is lagging in creation of a robust SMR export market and may lose out to
a country like China if it takes too long to develop and license SMRs. However, we
believe that the best way for the United States to maintain a competitive edge is
to establish American brands with the highest safety standards. If, as some say,
NRC design certification is seen as a “gold standard” worldwide, it makes sense to
preserve that standard rather than erode it by weakening SMR safety requirements.

To this end, the Congress should prohibit DOE from selecting SMR proposals for
its cost-sharing program if their business case depends on a weakening of NRC safe-
ty and security regulations or marketing reactors to countries with inadequate safe-
ty rules and regulatory oversight mechanisms.

Thank you for your attention. I would be pleased to answer your questions.

Senator FEINSTEIN. Thank you, Dr. Lyman.
Mr. Ferland is representing Westinghouse.

STATEMENT OF E. JAMES FERLAND, JR., PRESIDENT, AMERICAS WES-
TINGHOUSE ELECTRIC COMPANY, LLC

Mr. FERLAND. Thank you. I'm very happy to be here this morn-
ing, Madam Chairman

Senator FEINSTEIN. Could you press your microphone button?

Mr. FERLAND. Chairman Feinstein and Ranking Member Alex-
ander, thank you very much for the opportunity to speak to you
this morning.

I am here representing Westinghouse where I serve as the presi-
dent and oversee our operations in the United States. And what I'd
like to do in my few minutes of introduction is see if I can address
some of the items that you highlighted this morning in your intro-
ductory comments.

So let me start with the success of NP2010. NP2010 was a col-
laboration cost-sharing program meant to kick start Generation III
technologies.

Westinghouse was a participant in that program, and the end re-
sult for us was an AP-1000 that’s in the final stages of design cer-
tification today.

And, as you know, four units in the United States are under
preconstruction right now, two in Georgia and two in South Caro-
lina, as a direct result of the success of that program, generating
in excess of 1,000 jobs to those sites, and that number will multiply
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once we receive the design certification and the combined operating
license and we move into nuclear construction.

The theory behind NP2010 was as you stated. It was to kick
start the design certification on these new passive-safety plants.

And to give you a ballpark feel from a numbers perspective, the
cost share received from Westinghouse as a result of NP2010 was
about $300 million, which was matched by Westinghouse upfront,
and then the cost share stopped, and Westinghouse, on its own,
given that we’d proven the viability of that design, spent—and is
still spending—several hundred million dollars more on our own
with no Government money to take that plant to completion where
we have a set of design drawings that are ready to go to the field.

So that program worked very well. Our view is that if we could
extend the successes of NP2010 into a SMR program where, again,
we used the concept to kick it off and get it going, prove the eco-
nomic viability, get through the upfront design certification, we can
move to a new generation of technology centered in the United
States generating thousands of U.S. jobs and putting us in the mid-
dle of new nuclear development going forward. So we see an awful
lot of benefit in the concept of an SMR collaboration cost-sharing
program.

A couple of comments on the Westinghouse SMR from a safety
perspective, again, a passive plant, so we’re taking advantage of
what we learned in NP2010 with the AP-1000s that we’re working
on today in extending those passive features—smaller plant, single
containment with everything inside it.

So that reduces the amount of piping, significantly enhances the
safety profile of those units, and, again, we can rely even more on
passive technology—gravity, natural circulation—in the event of an
incident.

So, for example, on the Westinghouse SMR, in the event of a sig-
nificant incident—for example, a loss of offsite power, as happened
in Fukushima—the Westinghouse SMR would look at 7 days, no
operator action, no outside power required, where those units tak-
ing advantage of the passive features of the plant would be safe
and give us plenty of time to go ahead and respond, so a significant
step in safety in that design.

Stand-alone units, I think very good questions. Commissioner
Magwood, Assistant Secretary Lyons addressed some of the con-
cerns about multiple units next to one another.

The concept behind the Westinghouse SMR is that each unit is
stand-alone, has stand-alone people, and has stand-alone equip-
ment, no common systems. So each unit is able to fend for itself
in that matter.

I recognize that we have the detailed design yet to finish to make
sure we can stand up to that, and we will receive extensive ques-
tioning and scrutiny from the NRC as we go through the design
certification process, and from the public, to be able to prove that,
but it’s my belief that you can safely put stand-alone units next to
each other, SMRs, and not magnify a potential problem. So that’s
our responsibility to prove that to the NRC, but I believe that will
be the outcome of this.

From an economic competitive standpoint, the key is to take ad-
vantage of modular construction, factory construction, shipping to
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site, and we do need some scale to make that happen, as you men-
tioned.

Our numbers upfront show at about 10 units we come down the
learning curve to the extent where we believe these are now com-
petitive at or below the price of current units today.

PREPARED STATEMENT

Last comment, on safety, safety is always our number one pri-
ority. That’s the case at Westinghouse and in this industry as a
whole, and we would not ever put forth a design that lowered safe-
ty standards, and we would never expect the NRC to lower safety
standards. So we expect to live up to the standards that are in
place today or will be in the future when we incorporate the les-
sons learned from Fukushima.

Thank you.

[The statement follows:]

PREPARED STATEMENT OF E. JAMES FERLAND, JR.

Chairman Feinstein, Ranking Member Alexander, and members of the sub-
committee. Thank you for the opportunity to provide Westinghouse’s views on the
importance of proceeding with the Department of Energy’s (DOE) program to de-
velop and license light water small modular reactors (LW SMRs). The advancement
of this technology is certain to benefit the American energy landscape by offering
new investment options for emissions-free, baseload electricity that operates as an
increasingly safe and secure generating resource. Westinghouse has appreciated the
opportunity to provide input to DOE on the development of the SMR program and
will continue to offer our finest scientists, engineers, and analysts in this productive
partnership.

Westinghouse has been at the forefront of applying advanced nuclear energy tech-
nology since 1953 and approximately one-half of the operating plants in the world
today are based on Westinghouse reactor technology. We are currently working with
the NRC, and utilities in Georgia and South Carolina, to build four Westinghouse
AP-1000® reactors.! NRC licensing of these projects is anticipated to be completed
around the end of this year and will benefit the nuclear fleet by demonstrating pas-
sive safety design.

These projects have already created thousands of jobs across the United States
to support engineering, manufacturing, and construction preparation. Thousands
more American jobs will be created when safety-related construction begins next
year. Moreover, these communities will benefit from the economic multipliers of ca-
reer employment for thousands of professional and specialized labor personnel who
will operate the plants over their lifetime.

As I'm sure you know, the Georgia and South Carolina projects were made pos-
sible by the DOE’s Nuclear Power 2010 program. We thank the Department, this
subcommittee, and the entire Congress for their support of this technology develop-
ment partnership. We believe that the SMR initiative represents an even more valu-
able investment because we will be incorporating the improved safety and power
performance levels developed with the DOE NP2010 program into the SMR design.
Leveraging these technology breakthroughs, and combining them with the customer
choice for lower capital cost, significantly smaller footprint, and incremental build-
out, will open new markets for emissions-free nuclear energy in the United States.

The DOFE’s investment in the NP2010 program was an unprecedentedly successful
model for collaboration between government and industry that we believe should be
reproduced. This public/private partnership provides value to the public, the DOE,
utility customers and their rate payers, the NRC, and commercial vendors. The
model produces multiple benefits: it allows the DOE to focus on research and tech-
nology development that ensures U.S. leadership in safe nuclear technology; it in-
volves the NRC early to result in the highest safety possible in licensable designs;

1AP-1000 is a trademark and registered trademark in the United States of Westinghouse
Electric Company LLC, its subsidiaries and/or its affiliates. This mark may also be used and/
or registered in other countries throughout the world. All rights reserved. Unauthorized use is
strictly prohibited. Other names may be trademarks of their respective owners.
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it invests in job creation; and it reduces investment and market risk to encourage
large private sector investment.

Around the globe, the hunger for emissions-free, baseload electricity supply has
invigorated a vibrant export market for Westinghouse technology bearing the stamp
of stringent U.S. Federal Government review. Sales of Westinghouse technology and
expertise has created thousands more jobs for Americans who are managing the con-
sctﬁuction, installation, fuel supply, and supply chain for AP-1000 plant projects in

ina.

The essential technology advancement of the SMR designs being considered for
the DOE program is the passive safety system, pioneered and licensed by Westing-
house for its AP-1000 plant design. Passive design means that—in the event of a
significant, abnormal event—cooling to the nuclear reactor is produced by the phys-
ics of nature using gravity, evaporation, and natural circulation. In contrast, all of
the nuclear plants operating in the world today have active safety equipment which
relies on pumps and mechanical means requiring uninterrupted sources of elec-
tricity to respond to emergencies. Rigorous evaluation proves that passive systems
perform as expected with full confidence, without requiring human intervention or
back-up electrical sources, and can be sustained for days instead of hours without
outside intervention.

The SMR reactor power output is about one-fifth that of our AP-1000 reactor de-
sign and uses a dramatically smaller containment vessel to enclose the reactor. The
reactor coolant system comprises a single, tall vessel with no need for loop system
piping. This simplification and reduction of components cuts costs while it improves
safety by eliminating accident scenarios associated with pipe breakage. Moreover,
the small, robust containment can be buried underground, adding protection against
outside events.

In light of recent events, it’s important to note that the Westinghouse SMR design
will not require any human operator action for 7 days after a shutdown or accident.
And because the Westinghouse SMRs are stand-alone units that will not share
equipment, structures, or operating personnel, concerns about response to simulta-
neous accidents at multiple units on the same site will be avoided. Onsite, used fuel
storage will benefit from the same passive safety technology that works much like
the reactor safety system.

After safety, the most important factor in our ability to develop a viable SMR
market is that it be economically competitive. The Westinghouse design achieves
major efficiencies by dramatically increasing the use of factory fabrication for mod-
ules that can be used to build the plant.

Almost all of the nuclear plants currently operating in the world today were de-
signed to be unique, assembling every system and structure, one stick at a time.
In contrast, the Westinghouse SMR uses a process that fabricates standardized sys-
tems and structures into modules in an assembly line, factory environment for in-
stallation onsite. Modular design allows tremendous advantages in productivity and
schedule controls. Likewise, fabrication, transportation, and construction costs have
greater certainty. And because of the compact size, it will allow us to fabricate
major components, such as the reactor vessel and steam generator, here in the
United States for shipping overseas, creating thousands more high-paying jobs here
at home.

The laws of economy-of-scale would say that—all things being equal—a 225 MWe
nuclear plant would be much more expensive than an 1,117 MWe nuclear plant, on
a per-unit-of-power basis. But our evaluations indicate that making extensive use
of inherent SMR features trumps the economy-of-scale penalty.

In the interest of time, I will close my comments by addressing two specific issues
that we believe are at the heart of the subcommittee’s final approval to move for-
ward with the DOE SMR program.

First, in regard to price and economic competitiveness of SMRs, I can assure you
that Westinghouse does not casually guess or estimate the market potential for any
of the products or services in any of our business lines. As we designed our SMR,
our team focused design on the least-cost engineering solutions and developed new
and improved configurations. Our customers want the safest technology with the
most efficient design. Both retail and wholesale utilities tell us there will be a sub-
stantial market for SMRs if the per-megawatt cost is close to that of large nuclear
plants.

In testimony to the this subcommittee on June 7 of this year, Dr. Edwin Lyman
of the Union of Concerned Scientists referenced a 2007 paper by Westinghouse em-
ployees, which estimated that factors such as passive safety technology and modular
fabrication could produce costs for a particular SMR as being only slightly above the
cost of a large nuclear plant, when compared on a per MWe basis. Four years later,
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Westinghouse believes our passive technology and increased modularity can enable
SMR delivery at or below the current costs per MWe for today’s plants.

Many utilities in the United States and overseas simply cannot afford to invest
several billion dollars all at once for a large plant, but they could invest in small
portions for one or more SMRs. In an increasingly carbon-regulated world, utilities
are looking at nuclear as a preferred, emissions-free, baseload investment. And in
many cases, the SMRs are the best business strategy for long-term asset investment
and fuel portfolio strategy.

On the second issue, we disagree with, and object to statements made by nuclear
power critics that NRC safety standards and regulation will be weakened to accom-
modate SMRs in order to help them achieve economic competitiveness. Westing-
house, and the entire nuclear industry, has a vested interest in insuring that nu-
clear energy is supplied in a safe and reliable manner. As such, Westinghouse and
others in the nuclear industry support thorough and transparent regulation and
oversight conducted by the NRC. We have never asked the NRC to lower its stand-
ards or alter a regulation merely to increase the economic competitiveness of SMRs;
and we would never make such a request at the expense of safety.

A safety focus is ingrained in our company culture as it is in our customers’ cul-
ture. There are few business sectors that depend more on maintaining and improv-
ing upon safety than the nuclear industry.

As a final note on safety, I want to say that as a leader in the nuclear industry,
Westinghouse understands how the events at Fukushima have undermined public
confidence in nuclear energy, and the expertise of the nuclear industry. The unique
situation in Japan has caused a legitimate review of our own United States nuclear
regulatory standards and we are participating fully in those reviews.

At Westinghouse, we believe that a partnership between industry and the DOE
is the most effective path for making progress on the policy, regulatory, economic,
and infrastructure issues related to deployment of SMRs. We can launch the SMR
program and produce the same level of success as we’ve enjoyed working as invest-
ment partners on the NP2010 program. We stand ready to work with DOE on the
exciting potential for small nuclear technology.

On behalf of the 15,000 Westinghouse employees, we thank the subcommittee for
seriously considering our views. I would be pleased to answer any questions.

Senator FEINSTEIN. Thank you very much.
Mr. Mowry, president of Babcock & Wilcox. Welcome.

STATEMENT OF CHRISTOFER M. MOWRY, PRESIDENT, BABCOCK &
WILSON NUCLEAR ENERGY

Mr. Mowry. Chairman Feinstein and Ranking Member Alex-
ander, I do appreciate this opportunity to present testimony today
on the promise of SMRs and would ask that my entire written
statement be entered into the subcommittee record.

Senator FEINSTEIN. So ordered. All of them will be. Thank you.

Mr. MowrYy. B&W has an ongoing comprehensive effort to evalu-
ate our mPower SMR design in the context of the lessons from the
Fukushima event, an effort which is confirming that mPower’s
safety performance is already extremely robust.

Our SMR design offers significant safety enhancements to cur-
rent NRC safety goals through the use of inherently safer nuclear
plant architecture and significant defense-in-depth systems.

These design features can be summarized in five points. First, an
integral nuclear steam supply system with no large penetrations in
the primary cooling circuit, a design which eliminates the possi-
bility of typical worst-case-loss-of-coolant accidents.

Second, a small core with low-power density and large water in-
ventory, a design that provides a large buffer against short-term
challenges to core cooling.

Third, a containment and reactor building fully imbedded under-
ground, a design that effectively isolates the reactor module and all
emergency cooling water and safety systems from natural disasters
like what happened in Japan.
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Fourth, no requirements for AC power, emergency diesel genera-
tors or pumps for any of the safety systems; a design that instead
utilizes natural circulation to remove decay heat, and fifth, a fully
protected spent-fuel pool with its very large cooling-water volume
located deep underground, a design which provides protection for
spent fuel similar to that which is provided for the reactor core
itself.

Taken together these SMR design features result in a reactor
planned to be two to three orders of magnitude safer than current
NRC requirements.

The design creates a 14-day safe haven before any outside inter-
vention is required to maintain reactor core cooling and more than
30 days of inherent protection before the spent-fuel pool could expe-
rience any exposure of spent fuel.

Furthermore, our SMR design requires zero operator action for
the first 72 hours after an emergency shutdown and allows the op-
erators to focus on long-term accident mitigation.

Concerns that multi-module sites are less safe ignore these in-
herent differences between SMRs and the Fukushima plant. The
imbedding of the entire B&W mPower reactor underground, includ-
ing all necessary cooling and safety systems effectively isolates the
reactor from such events. Each module is encased in its own indi-
vidual containment together with its own independent dedicated
safety systems.

Concerns that our industry is pushing the NRC to weaken safety
requirements are a complete mischaracterization.

While the way in which an SMR design meets NRC regulations
may be different from that of large reactors, the underlying safety
requirements are exactly the same. We have no need to change or
weaken any underlying NRC safety requirements.

With regard to economics, B&W would not be investing our own
company’s resources in such an effort if we did not believe we could
produce a competitive product and create a viable stand-alone busi-
ness model in the long term.

Some people are concerned that due to the economies-of-scale
paradigm small reactors can’t compete with large reactors. This is
no longer true. Competitive costs are achievable through factory as-
sembly of integral reactors, but, more importantly, through the
simplicity of their design.

Nevertheless, based on our long experience manufacturing reac-
tors for both the Navy and the commercial customer base, we be-
lieve we can achieve our cost efficiencies after less than 10 mod-
ules.

Recent studies of the economies of SMRs failed to consider that
every utility does not have the capital, transmission grid or water
resources necessary to build a large reactor, nor does every utility
need large- generation capacity additions. In such cases, small,
more affordable SMRs offer a better solution.

New EPA regulations are likely to drive near-term retirements
of up to 50 gigawatts of coal-fired, base-load generation.

But the industry alone will not be able to develop and deploy car-
bon-free, base-load replacements for these old coal plants by 2020
without an effective public-private partnership. Such a roadmap to
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2020 is also essential to maintain America’s competitive edge in
the global marketplace.

Our international competitors are largely state-subsidized com-
panies who have already started investing in their SMRs. Failing
to move forward with this new DOE cost-share program will not
prevent the deployment of SMRs in the United States, but will only
ensure that foreign SMRs receive the substantial job and export
benefits of selling their reactors to our domestic customers.

Innovative LW SMRs has the near-term potential to raise nu-
clear safety to the next level while offering America a competitive
source of domestically produced clean energy.

In order to meet President Obama’s vision of being 80 percent
carbon free by 2050, the American energy industry needs a prac-
tical nuclear option. Turning this SMR innovation into reality will
depend on leadership from industry and government.

PREPARED STATEMENT

We, therefore, ask this subcommittee to support the proposed
DOE SMR cost-share program and help maintain our Nation’s
leadership role in clean-energy technology.

Thank you for the privilege of testifying today, I'm happy to an-
swer any of your questions.

[The statement follows:]

PREPARED STATEMENT OF CHRISTOFER M. MOWRY

Chairman Feinstein, Ranking Member Alexander, and members of the sub-
committee: My name is Chris Mowry and I am the president of Babcock & Wilcox
Nuclear Energy, a business unit of The Babcock & Wilcox Company (B&W), and
chairman of Generation mPower, LLC, which is a majority-owned subsidiary of
B&W. I would ask that my entire statement and supplemental information be en-
tered into the subcommittee record. My prepared remarks will be a summary of this
statement.

I appreciate this opportunity to present testimony today on the promise of small
modular reactors (SMRs) and describe our innovative technology—the B&W
mPower™ reactor. I will focus my testimony on the technical, safety, and economic
attributes of SMRs and I am happy to respond to any questions.

B&W has more than 50 years of continuous nuclear engineering and manufac-
turing experience. Today we provide customers with nuclear manufacturing and nu-
clear-related services from more than 17 facilities across North America. These loca-
tions are engaged in activities from manufacturing major components for govern-
ment and commercial nuclear powerplants, to operating the Nation’s nuclear energy
laboratories, to fabricating fuel for the High Flux Isotope Reactor at Oak Ridge Na-
tional Laboratory and the University of Missouri’s research reactor, both of which
provide critical research and material testing services.

B&W operates significant nuclear manufacturing facilities in Indiana, Ohio, Vir-
ginia and Tennessee, as well as Ontario, Canada. We are the only American manu-
facturer accredited and capable of producing large N-stamped components for com-
mercial nuclear powerplants. We have delivered more than 1,100 Nuclear Steam
Supply System (NSSS) components and pressure vessels, including approximately
300 nuclear steam generators worldwide. And, we employ (both directly and through
joint venture companies) approximately 12,000 U.S. nuclear professionals. As such,
we have significant experience and expertise to validate the technical, safety, and
economic value of SMRs.

INHERENT SAFETY OF SMRS—ROBUST DEFENSE-IN-DEPTH

Current and next-generation U.S. large reactor designs operate at a remarkable
level of safety, making the United States the global leader in nuclear safety and se-
curity. While the current fleet is considered safe, in the wake of the devastating
earthquake and tsunami in Japan, and the resultant emergency at the
Fukushima—Daiichi nuclear plant, the nuclear community—including the Congress,
the Nuclear Regulatory Commission (NRC), the industry and the general public—
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is evaluating what additional layers of safety are appropriate to mitigate these
types of challenges. Our efforts to work together to learn from Japan’s experiences
will help make the current U.S. fleet and new nuclear technologies even safer than
they are today.

The B&W mPower SMR offers significant safety enhancements to NRC safety
goals through the use of an inherently safer plant architecture and significant de-
fense-in-depth safety systems. This enhanced safety performance is achieved
through the following design features:

—An integral nuclear steam supply system with no large reactor penetrations in

the primary cooling circuit;

—a small core, low-power density and large water inventory that provide a large
buffer against short-term challenges to core cooling;

—deeply embedded underground containment, which effectively isolates all emer-
gency cooling water sources and safety systems from natural disasters and ex-
ternal threats;

—safety systems powered by gravity and natural circulation with no dependence
on external AC power; and

—underground spent-fuel storage with large cooling water volume, located within
the auxiliary containment structure created by the underground reactor service
building.

These innovations transcend the design of the reactor at Fukushima-Daiichi. This
design results in a reactor planned to be 2-3 orders of magnitude safer than the
current NRC requirement or EPRI Utility Requirements Document (URD) safety
benchmark, based on core damage frequency (up to 108 vs. 105 NRC requirement
or 10~¢ EPRI URD goal). In the unlikely occurrence of an event, the B&W mPower
reactor design also creates an extended period of time before outside assistance is
required to maintain safe shutdown of the plant. Specifically, our B&W mPower re-
actor design creates a 14-day “safe haven” before any intervention is required to
maintain reactor core cooling through the ultimate reactor cooling water source (ul-
timate heat sink), and provides more than 30 days of inherent protection before the
spent-fuel pool could experience any exposure of spent fuel due to loss of cooling
water volume through boiling. Furthermore, our design requires zero emergency op-
erator action for the first 72 hours after an emergency reactor shutdown, which is
best in class for all advanced LW SMR designs—large or small. This allows the op-
erators to focus on long-term mitigation of events rather than immediate emergency
actions.

The SMR industry is in a unique position to efficiently incorporate both design
and regulatory lessons learned from Fukushima into our designs. We have an ongo-
ing, extensive effort to evaluate the B&W mPower SMR design in the context of
what we are learning about the events at Fukushima. B&W’s evaluation is con-
firming that the safety performance of our SMR design is extremely robust when
confronted by a Fukushima-type event.

Integral Design and Robust Safety Margins

The B&W mPower reactor’s integral design means that the entire reactor and
steam supply system are incorporated into one vessel, rather than multiple vessels
connected by large piping. This integral design, with no penetrations in the primary
cooling circuit of the reactor vessel below the core, eliminates the possibility of the
worst-case design basis accident occurring, an accident in which a loss of cooling
water to the reactor is caused by a break in the reactor system piping. In addition,
the B&W mPower reactor’s small core combined with low density of power and large
inventory of reactor coolant, results in operating and safety margins significantly
more robust than those required by the NRC.

Deeply Embedded Underground Containment and Reactor Building

The integral B&W mPower reactor module is isolated from external events in a
steel containment structure, which is itself enclosed within a massive reinforced
concrete reactor building that is fully embedded underground. This water-tight un-
derground reactor building contains all emergency cooling water sources (including
the refueling water storage tank and ultimate heat sink), isolates all safety equip-
ment from natural disasters, and creates an auxiliary containment for the protected
underground spent-fuel pool. In a Fukushima-type event, this means that all sys-
tems and cooling water needed to protect the reactor core for an extended period
of time are well isolated from the effects of natural disasters. This underground con-
figuration also offers inherent protection against external manmade threats such as
aircraft and projectiles.
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Inherent Safety Systems

The B&W mPower reactor incorporates the most advanced inherent safety system
architecture. This means that no AC power, either onsite or offsite, is required to
power any safety systems. No pumps are required to inject cooling water to the core.
Instead, the emergency core cooling system is powered by gravity—natural circula-
tion removes decay heat and a gravity-drained storage tank supplies make-up water
to cool the reactor core. This ultimate heat sink provides up to 14 days of cooling
without the need for external intervention. Unlike at Fukushima, no diesel genera-
tors are required to provide power for any of these safety systems to perform their
intended functions. However, in keeping with our defense-in-depth philosophy, two
back-up diesel generators are provided anyway, in seismically qualified structures,
for further protection. In addition, a 3-day battery supports all plant monitoring and
control for 72 hours without reliance on AC power. After 72 hours, which is the
NRC’s current regulatory requirement for passive safety designs, auxiliary power
units inside the underground reactor building recharge the battery system, again
without reliance on external power sources. Finally, passive hydrogen recombiners
prevent the build-up of hydrogen, from either the reactor core or the spent-fuel pool,
in the containment and reactor building. Most importantly, all of the inherent safety
systems, including the ultimate reactor cooling water source (ultimate heat sink),
batteries, battery recharging system, and hydrogen recombiners are housed inside
the protected underground reactor building, isolated from natural disasters.

Robustly Protected Spent-fuel Pool

Our design includes a fully protected spent-fuel pool located within the auxiliary
containment structure created by the underground reactor service building, at the
lowest point of the structure. Consistent with the design philosophy of an advanced,
inherently safe reactor, the B&W mPower SMR provides protection for spent fuel
similar to that which is provided for the fuel in the reactor core itself. As shown
at Fukushima, protection of spent fuel is most critical in the first few years after
it is removed from the reactor core. Therefore, the spent-fuel pool’s auxiliary con-
tainment structure, inside the underground reactor building, has a similar level of
robustness as that protecting the reactor vessel. This ensures an enhanced level of
protection for spent fuel recently removed from the core. In addition, it is designed
with a large heat sink to ensure more than 30 days of fuel cooling without the need
for external intervention, before the loss of water inventory sufficient to uncover fuel
could occur—which may have been experienced at Fukushima within 1 week of the
accident.

These design safety features are summarized in Figure 1. The underground reac-
tor building is illustrated in Figure 2.

Design Considerations for “Fukushima-Type” Events nm

Events and Threats B&W mPower Reactor Design Features
Em— edded : iiati i 5
and Floods * "Water-tight”: Sep proof reactor comp address unexp events
Loss of Offsite Power + Passively safe: AC power not required for design basis safety functions
* Defense-in-depth: 2 back-up diesel for grid AC power

Station Blackout * 3-day batteries: Safety-grade batteries support all accident mitigation for 72 hours
+ Auiliary Power Units: Protected inside reactor bullding for recharging batteries
* Long-duration "station keeping™: 7+ day battery supply for plant monitoring/control

Emergency = Gravity, not pumps: Natural circulation decay heat removal; water source in containment
Core Cooling * Robust margins: Low core power density and small core limit energy release
* No operator action required: for 72 hours to mitigate consequences of an accident
Containment Integrity Passive hyd bir of exph without need for power supply
and Ultimate Heat Sink | cooling it heat sink inside underground shielded reactor building
P Up to 14 days without need for external intervention
Spent Fuel Pool ground, inside auxiliary

Integrity and Cooling * Large heat sink: 30+ days before boiling and uncovering of fuel with 20 years of spent fuel

Multi-layer defense ... mitigates extreme beyond-design basis challenges

FIGURE 1.
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B&W mPower™ Reactor @Power

FIGURE 2.

Some groups, including the Union of Concerned Scientists (UCS), have raised con-
cerns related to the safety of SMRs. I agree that we have an obligation to re-exam-
ine nuclear safety based on the events at Fukushima. However, the UCS statements
regarding SMR safety are unfounded and inaccurate. In particular, I would like to
address concerns the UCS has raised related to an alleged “weakening” of NRC reg-
ulation to support SMRs, and locating multiple reactors on one site.

No “Weakening” of NRC Regulation

In testimony provided to the Senate Energy and Natural Resources Committee
earlier this year, the UCS made several statements implying that SMRs require
softer regulatory standards to be viable, stating that we as the SMR industry are
“pressuring the Nuclear Regulatory Commission to weaken certain regulatory re-
quirements for SMRs.” This is a mischaracterization. The B&W mPower reactor de-
sign, will meet or exceed all of the NRC’s current safety and security requirements.
While the way in which an SMR design intends to meet or implement an NRC re-
quirement may differ from large reactor designs, the underlying safety regulations
are exactly the same. The B&W mPower SMR will be able to meet regulatory re-
quirements through the robust features of its underground nuclear island architec-
ture, which is being designed to exceed the current NRC safety goal by 2-3 orders
of magnitude. In addition, there is no intention or need to weaken NRC regulatory
requirements in order to reduce operational and maintenance costs, as the UCS im-
plied. On the contrary, we plan to meet or exceed NRC requirements while simulta-
neously maintaining competitive costs, by designing the plant itself to be more oper-
ationally efficient. For example, we believe the inherently safe and secure design of
the B&W mPower nuclear island will require fewer personnel to meet the NRC re-
quirements to safeguard the plant against security threats. Therefore, we have no
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plans and no need to change or weaken underlying regulatory requirements in order
to license the B&W mPower SMR.

Co-location of Multiple Modules at One Site
The UCS also stated:

“As we have seen in Fukushima, nuclear plants with multiple reactors that expe-
rience severe conditions present extreme challenges. At Fukushima, the need to
manage multiple simultaneous crises resulted in what sometimes appeared to be a
game of ‘whack-a-mole’ as the plant operator was forced to shift limited resources
from one unit to another as new problems cropped up. These considerations make
multiple-reactor sites less attractive from a safety perspective.”

The events at Fukushima were more than anything else the result of plant and
site configuration. This statement ignores the inherent differences between SMRs
and the Fukushima plant. As explained earlier, the embedding of the entire reactor
building, including all necessary core cooling and safety systems, in an underground
containment, significantly isolates the reactor from the threats of external events.
In addition, each module is embedded in its own individual containment with inde-
pendent, dedicated safety systems. There is no sharing of safety systems. Finally,
due to the reactor’s inherently safer design, including small size, low-power density,
large water inventory and inherent safety systems, reactor safety after a shutdown
is not dependent upon immediate assistance from operators or outside help. As stat-
ed earlier, for the B&W mPower design, no emergency operator action is required
for the first 72 hours to mitigate accidents, allowing operators to focus on managing
long-term effects.

Extensive Test Program

We are currently engaged in an extensive test program to provide the NRC in-
depth analytical and physical data to evaluate the safety of the B&W mPower reac-
tor. This includes an Integrated Systems Test facility in Bedford, Virginia, with an
unfueled, scaled prototype reactor system to demonstrate the thermo-hydraulic char-
acteristics of the reactor. We expect this testing, which represents a significant in-
vestment, to demonstrate to the NRC that the B&W mPower reactor will far exceed
current safety requirements. We are working with the NRC to ensure that our de-
sign meets or exceeds regulatory requirements, and we will continue to do so as we
learn more from the events at Fukushima.

THE ECONOMICS OF SMRS—COMPETITIVE AND FINANCEABLE

Market analysis has concluded that the addressable market for SMRs, both in the
United States and globally, ranges from 100-125 GWe through 2030, and that, in
addition to benefiting from the factors contributing to the resurgence of nuclear
power in general, SMRs directly address the key challenges such as financing risk,
cost and time certainty, production bottlenecks and expensive grid upgrades associ-
ated with the construction of large-scale, traditional nuclear plants. We would not
be investing our company’s resources in this effort if we did not believe we could
produce a competitive product on both a Levelized-Cost-of-Electricity and per-kilo-
watt (per-kW) basis to serve this meaningful market.

In addition, we have a Consortium of 15 U.S. utilities and an Industry Advisory
Council of 26 utilities, both U.S. and international, which demonstrates broad indus-
try interest. In addition to the investment B&W has made, utilities in our Consor-
tium have also invested resources in the B&W mPower development process. We are
working closely with our Consortium, Industry Advisory Council, and our Engineer-
ing, Procurement and Construction (EPC) partner to validate the economic value of
our reactor and incorporate their valuable input on life-cycle costs.

There has been much discussion surrounding the economics of SMRs, particularly
concerns that due to the principle of economies-of-scale, smaller reactors cannot
compete with large reactors. This is untrue. The design, size and inherently safe
features that ensure that SMRs will raise safety to the next level also enable SMRs
to offer the carbon-free advantages of nuclear power in a cost-competitive, more
financeable form. This is achievable through a paradigm shift from “economies of
scale” to factory assembly of simplified, integral reactors in a manufacturing set-
ting—the next step beyond onsite modular construction. In fact, based on the Navy’s
successful experience with modular submarine construction, we have engaged a sub-
marine industry leader to provide lessons learned from this effort as part of our
B&W mPower design team. Through this paradigm shift, we believe we will be able
to offer SMRs to our customers without any cost premium—that we can compete
with any new-generation large reactor. In addition, based on our experience manu-
facturing reactors for both government and commercial customers, we believe we
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will achieve nth-of-a-kind costs in less than 10 modules, rather than thousands as
some SMR opponents have implied. Our utility customers require that SMRs be
competitive on a per-kW basis with large reactors. This is achievable through:

—modular, integral design and factory assembly for a fully manufactured product;

—the ability to maintain a skilled workforce in a manufacturing setting;

—improved quality, efficiency, and process standardization in factory settings; and

—simplified construction onsite.

In addition, a significant economic advantage of SMRs is the ability to incremen-
tally add individual modules to a site to support load growth and minimize financ-
ing risk. Improved financing reduces costs, while individual modules provide utili-
ties the flexibility to replace old fossil plants with carbon-free nuclear power while
using existing grid and site assets, further reducing costs. While SMRs require more
staff than a similarly sized fossil plant, the replacement of such plants with SMRs
simply trades the higher cost of fossil fuels and impact of emissions, as compared
to nuclear fuel, for more highly skilled, better paying nuclear jobs.

External Economic Studies—The Value of a Smaller Option

There are several studies available on the economics of SMRs, some with widely
varying views of the cost-competitiveness of SMRs. Unfortunately, many of these
reach erroneous conclusions. For example, a recent study by the OECD Nuclear En-
ergy Assembly, which is currently receiving attention, concluded that “the invest-
ment component of the Levelized Unit Electricity Cost (LUEC) for a SMR would be
at least 10—40 percent higher than in the case of a Nuclear Powerplant (NPP) with
a large reactor”. We disagree with this viewpoint. This study was completed without
direct input by B&W, and is not consistent with our internal estimates. Any studies
that compare estimated SMR costs to large reactor costs are simply comparing esti-
mates to estimates. We have not yet built a new generation large reactor in this
country, and therefore it is impossible to compare SMR costs to large reactor costs
without making several significant assumptions about the next class of large reac-
tors.

More importantly, this type of comparison assumes that every utility has the
same needs, that require the same solution. Not every utility has the capital, grid
and water resources to build a large reactor, nor does every utility need capacity
of that size. In these cases, which represent numerous utilities across the country,
small, more affordable SMRs offer a better solution. In fact, despite the OECD
study’s inflated comparative cost estimates, it goes on to conclude that SMRs have
significant potential for several market segments, including replacing old fossil
plants, grid-limited sites, water-limited sites, and those utilities for whom lower up-
front capital investment, lower cost of financing and flexibility are important. It also
concludes that “SMRs could be competitive with many non-nuclear technologies.” In
short, it validates our value proposition, which is that SMRs offer utilities a more
flexible, financeable, competitive carbon-free option.

PUBLIC-PRIVATE PARTNERSHIP—INVESTMENT IN CLEAN ENERGY AND U.S. JOBS

I will conclude with a discussion of the critical need for the DOE’s proposed SMR
cost-share program. This program, which would share the costs and risks associated
with developing and licensing any new nuclear technology, is critical to the market
development and viability of SMRs. Due to the regulatory and policy environment,
there is significant risk associated with developing and deploying any first-of-a-kind
nuclear technology. A public-private partnership to develop SMRs is necessary to
share these risks and make the long-term, significant investment justifiable to
shareholders and investors, by showing the Government’s commitment to the future
of nuclear power and SMRs. This will provide a level of certainty critical to market
development, competition, and long-term associated investment. In addition, broad
market adoption of SMR technology is dependent on a successful first-of-a-kind
project. Such projects include significant nonrecurring costs, which represent a bar-
rier to deployment of SMRs without a mechanism for public-private partnership.

The DOE has established a goal to reduce emissions from DOE facilities by 28
percent by 2020. In addition, new Environmental Protection Agency (EPA) regula-
tions are likely to drive the retirement of 25-50 GW of coal-fired baseload genera-
tion near-term, based on recent industry projections. Most U.S. SMR vendors, while
proactively pursuing development of SMRs, are unable to independently invest at
the pace needed to deploy the first SMRs by 2020, or potentially at a pace necessary
to ensure a viable business case. Without SMR technology available to provide in-
kind baseload power sized to replace these old coal plants, utilities will face grid
stability and reliability issues. It is critical that utilities have viable carbon-free op-
tions to replace old, baseload coal plants by 2020. To reach this goal of deployment
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by 2020—a goal driven by government policy and regulation—a public-private part-
nership to share costs and risks is critical.

This timeline is also critical to maintain the U.S.’s competitive edge in the inter-
national nuclear power market. Our international competitors are largely state-
owned or subsidized companies making large investments in nuclear technology, in-
cluding SMRs. There are currently several SMRs being developed internationally,
in China, Russia, India, Argentina, South Korea, and elsewhere.

Failing to move forward with this program will not stall the deployment of SMRs
in the United States or worldwide, but will simply stymie the U.S. industry’s cur-
rent early mover advantage in SMR technology and manufacturing leadership. Fail-
ure to fund an SMR cost-share program will ensure that foreign SMRs (like the
South Korean SMART reactor) receive the manufacturing jobs and exporting bene-
fits by selling to U.S. utility customers. At a time when we need to ensure that pub-
lic policy promotes U.S. competitiveness in technology innovation and leadership,
the SMR cost-share program is the conduit to maintain U.S. leadership and create
the manufacturing base here instead of overseas. Conversely, the sharing of risks
and costs through public-private partnership will ultimately result in a return on
investment to Government by supporting nuclear technology, which can compete in
the market without government support or subsidy, while creating U.S. design, sup-
ply chain, construction, and operations jobs.

As Ernie Moniz, the Director of MIT°s Energy Initiative and Laboratory for En-
ergy and the Environment, testified before this subcommittee, on March 30, 2011,
2 weeks after the events at Fukushima:

“A 2020 SMR option will be available only if we start now, and even then it will
be tight. Prior to Fukushima, the Obama administration submitted to the Congress
a proposed 2012 budget that would greatly enhance the level of activity in bringing
SMRs to market . . . The program is modest, but sensible. Obviously the Federal
budget deficit makes it difficult to start any new programs, but a hiatus in creating
new clean-energy options—be it nuclear SMRs or renewables or advanced bat-
teries—will have us looking back in 10 years lamenting the lack of a technology
portfolio needed to meet our energy and environmental needs economically or to
compete in the global market.”

CLOSING COMMENTS

Innovative SMRs, like the B&W mPower reactor, have the potential to raise nu-
clear safety to the next level, while offering America a competitive source of near-
term, domestically produced, clean energy. In order to meet President Obama’s vi-
sion of being 80 percent carbon-free by 2050, industry needs a practical nuclear op-
tion. The President has explicitly acknowledged and endorsed that nuclear should
and must be part of the generation portfolio. B&W has heard repeatedly from indus-
try that a near-term light water SMR option is essential to a practical nuclear gen-
eration solution. Turning this innovation into reality will depend on leadership and
foresight from both the nuclear industry and government through a true public-pri-
vate partnership. We therefore ask that this subcommittee support the DOE cost-
share program and help maintain our Nation’s leadership role in nuclear power and
clean-energy technology.

Thank you for the privilege of testifying today. I am happy to answer any ques-
tions the subcommittee may have.

Senator FEINSTEIN. And we thank you for being here. We thank
all of you. I know you've come a distance, and it’s very much appre-
ciated. So thank you.

Next is Dr. Paul G. Lorenzini, CEO of NuScale Power, Inc. Wel-
come, doctor.

STATEMENT OF DR. PAUL G. LORENZINI, CEO, NUSCALE POWER, INC.

Dr. LORENZINI. Thank you, Madam Chair and ranking member.
I am the CEO of NuScale Power, Inc., a startup company that is
making no profits and is facing a very sizeable investment chal-
lenge as a barrier to ultimately commercializing an SMR.

Let me confine my oral remarks to four areas—economics, safety,
spent fuel and the importance of an SMR program.

With regard to the economics, we've all known that there are
economies-of-scale that would suggest that small reactors cannot be
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competitive. We challenged that with simplicity and with offsite
manufacturing, but we also knew we would need to overcome our
skeptics.

So we worked with our engineering and manufacturing partners
to develop a credible cost estimate, investing more than 16,000
man-hours over 2 years to develop an estimate in which we had
confidence. That estimate showed that our unit costs were not just
competitive with large plants, they were actually lower.

We were then challenged, and so we retained an independent
firm to review the analysis. They confirmed our estimates to within
10 percent.

We, too, hear all the challenges to the economics of small reac-
tors, but we’ve done the estimating on an actual design starting
from the ground up. The results establish quite clearly that we
have a plant that will completely change the economic story for nu-
clear power, and that, by the way, was for a first plant. And our
numbers would agree with the others you've heard, that we reach
economies-of-scale for manufacture with about the 8th to the 10th
module.

Next, let me address the safety question. When the NuScale con-
cept was first funded by the DOE in 2001, the principal designer,
a professor at Oregon State University, Dr. Jose Reyes, set out to
design what he hoped would be the safest LW SMR ever built.

He’d spent 10 years in the NRC and he’d been involved in the
analysis of Three Mile Island and he understood the importance of
making plants inherently safe. The result is the plant we’re com-
mercializing at NuScale Power.

First, he revolutionized the containment design. It is factory built
and can withstand much higher internal pressures. It’s also im-
mersed in a pool of water underground. This pool holds 4 million
gallons of water and is sufficient to remove all the decay without
ever adding more water to the system.

In our system, the operator doesn’t have to do anything. After 30
days, after 7 days there’s enough water, followed by air cooling to
completely keep these reactors cool. The pool is below ground and
the building that holds it is seismically very robust.

Second, he took advantage of simplicity. He designed the reactor
to be entirely cooled by natural circulation eliminating pumps and
pipes and valves and all the potential failure modes and costs that
go with them. He also eliminated by doing this the large break loss
of coolant accident.

Finally, he sought out expert advice. Very early in our program
he convened two expert review panels, one chaired by Dr. Graham
Wallace, a former chair of the Advisory Committee on Reactor
Safeguards, and a second chaired by Dr. Michael Corradini, a
member of the National Academy of Engineering and a member of
the ACRS.

These independent reviews not only validated our belief in the
safety of the plant, they also made helpful recommendations to en-
hance the safety even further.

Now, the question has come up about multi-module configura-
tions, many modules in one building. If you could imagine for your-
self taking one Fukushima plant, breaking it up into 12 small
pieces, each now a smaller unit, each now with a smaller potential
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for an accident, separately containing each unit, making it simpler
and safer, and then putting it in a pool of water, so you now have
an ultimate heat sink, putting it in a common building where you
now have a single control room that can watch all 12 at the same
time. We believe categorically that we’ve made that configuration
safer by doing that.

Prior to submitting our application for design certification, we
will have a complete simulation of the control room and we will
test the operators. We will challenge them with every multi-module
configuration that we can think of. The NRC will as well. We won’t
be able to license our plant the way we have it configured unless
we can demonstrate that we’ve made that plant safe and made it
safer by doing it the way we’ve done it.

Let me speak to the question of spent fuel and make three brief
points.

First, spent fuel in the NuScale plant is housed in an under-
ground, protected structure.

Second, it has approximately four times the water volume of a
conventional spent-fuel pool per megawatt of thermal power.

And, finally, it uses what are called low-density fuel racks that
make it much easier to remove the heat from these spent-fuel as-
semblies.

Madam Chair and ranking member, an SMR program serves the
national interest by bringing to market a nuclear option, a non-
carbon source of base-load energy that overcomes financial barriers
and reaches markets not accessible to larger reactors.

Second, it strengthens the domestic manufacturing base creating
jobs and exports.

Third, it enhances the safety of nuclear plants and assures that
the NRC will participate in establishing the global regulatory
framework for SMRs.

PREPARED STATEMENT

There will be SMRs and they will be marketed throughout the
world. The question is whether we are going to be in the game.

Madam Chair and ranking member, I urge your support for this
program.

Thank you very much.

[The statement follows:]

PREPARED STATEMENT OF DR. PAUL G. LORENZINI

Madam Chair, members of the subcommittee, thank you for this opportunity to
appear before you today. My name is Paul G. Lorenzini. I am the chief executive
officer of NuScale Power, Inc., located in Corvallis, Oregon.

NuScale Power was incorporated in 2007 and has been funded entirely from pri-
vate sector capital. To date just under $40 million has been invested in our com-
pany.

The genesis of our 45 MWe “integrated pressurized” small-scale power module
began more than 10 years ago with a Department of Energy (DOE) grant through
the Idaho National Lab and Oregon State University. This grant came at a time
when this very same subcommittee set as a goal to “spin off’ more private sector
investments from the national lab community and leverage private capital in new
companies.

This program included the construction of a one-third scale, electrically heated
test facility to validate the safety features of the plant. In other words, our plant
design rests on a solid foundation, which involves more than paper studies.



45

Since our founding in 2007, we have been encouraged by the growing recognition
of the value of SMRs in developing a balanced energy policy.

First, we have seen the response of customers. They like several unique aspects
of the NuScale SMR—the lowered financial barriers, the elimination of so-called sin-
gle shaft risks—if a single 45 MWe unit goes down, the rest of the plant continues
to operate eliminating the need to find replacement power for the grid; and they
especially like the ability to incrementally add new generation to match load
growth. All of these features provide significant benefits to their customers. We cur-
Eentlg have more than 10 major utilities participating on our customer advisory

oard.

Second, the NRC’s policy guidance issued in March 2010 for potential SMR appli-
cants was a very positive step forward. This key guidance from our safety regulator
has given us the preliminary roadmap we needed to submit a high-quality applica-
tion.

Finally, the inclusion of Federal cost sharing for the development of commercial
SMR’s in President Obama’s budget last February has been critical to our ability
to attract the investors who are obviously necessary for our success.

As we now consider the future of that program, let me focus my remarks in four
areas:

—First, the economics of small modular reactors (SMRs);

—Second, the ways in which they enhance the safety of nuclear power, a critical

question in a post-Fukushima world;

—Third, a few brief comments on spent fuel; and

—Last, the key question—does an SMR cost-sharing program serve the national

interest?

Let me speak first to the economic question.

Small nuclear plants have been around for a long time and in recent years they
attracted interest because they could serve remote locations and electrical systems
with smaller grids.

It was always known that the investment required to build a small nuclear plant
would be less. But it was also believed—indeed, it has become almost an article of
faith—that the economies-of-scale would make them uneconomic compared with
larger plants.

When we first started NuScale in 2007, we knew this is what people believed. Yet
we believed those old chestnuts might be wrong.

We saw the economic advantages of the simplicity of our design.

We saw the economic value of taking virtually the entire nuclear system, includ-
ing its containment, to a factory where they could be manufactured under more con-
trolled conditions.

But we also knew no one—either inside or outside the industry—would believe
our assessment of the economics without some kind of proof.

In 2008, working with our engineering and manufacturing partners, we developed
a detailed, bottoms-up cost estimate. When we got the results, we saw where we
could make improvements in design and construction, so we spent an additional
16,000 man-hours in 2009 to take a second run at it.

We came up with unit costs—meaning $/kw—that surprised even us—they not
only compared very well with large plant numbers—they were actually lower. When
we showed these numbers to utility executives, they challenged us to independently
validate them. We used a firm that has done independent cost estimating on many
large nuclear plants, and they confirmed our estimates within 10 percent.

We too hear all the challenges to the economics of small reactors based on scaling
and old rhetoric—but we’ve done the estimating—on an actual design, starting from
the ground up. That’s the only real way to answer the question. and the results es-
tablish quite clearly that we have a plant that will completely change the economic
story for nuclear power, by not only lowering the financial barriers, but by doing
so with a unit cost that is actually lower than competitive larger nuclear plants.

Next let me speak to the safety question.

When the NuScale concept was first funded by DOE in 2001, the principal de-
signer, a professor at Oregon State University, Dr. Jose Reyes, set out to design
what he hoped would be the safest light water reactor ever built. He had spent 10
years in the Nuclear Regulatory Commission (NRC) , he had been involved in the
analysis of Three Mile Island, and he knew not only of the importance of safety,
but the importance of validating safety through both large- and small-scale tests
and experiments.

With the benefit of having designed the test facilities that demonstrated the pas-
sive safety features of the Westinghouse AP-1000—a very important advance in the
safety of nuclear power and one that, by itself, would have prevented the accident
at Fukushima—he asked what more could be done.
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The result is the plant we are now seeking to commercialize at NuScale Power.

First, he developed a revolutionary concept for the containment—one that can be
factory built, one that can withstand much higher internal pressures, and one that
can be totally immersed in a pool of water underground.

The significance of this latter feature is very important. It means we have a very
resilient and effective passive system for removing decay heat. About getting rid of
the decay heat. This pool holds 4 million gallons of water and is sufficient to remove
all the decay heat without ever having to add more water to the system.

This pool of water is housed in a stainless steel lined concrete building that, be-
cause it is mostly underground, is seismically very strong. The effect of this pool
and the building is not only to provide security for removing decay heat, it also
makes it much more difficult for any radioactive release to occur because there are
now additional barriers outside the containment structure.

Second, he took advantage of simplicity. Drawing on the natural circulation learn-
ing from the AP-1000 tests, he designed the reactor to be entirely cooled by natural
circulation—which eliminates pumps, pipes and valves and all the potential failure
modes (and costs) associated with that equipment. In so doing, he eliminated the
so-called large break loss of coolant accident that largely dominates the safety anal-
ysis of large plants.

Finally, he sought outside expert advice. Very early in our program, he convened
two expert review panels, one chaired by Dr. Graham Wallace, a former chair of the
Advisory Committee on Reactor Safeguards (ACRS), and a second chaired by Dr.
Michael Corradini, a member of the National Academy of Engineering and a mem-
ber of the ACRS. These independent reviews not only validated our belief in the
safety of this plant, they also made helpful recommendations to enhance the safety
even further.

We have since completed an initial probabilistic safety analysis, which shows that
the probability of any event leading to fuel damage in this plant is once every 50
million years. This exceeds the requirements of the NRC by a factor of 5,000.

Because I know it is important to members of this subcommittee, let me speak
also briefly to the question of spent fuel.

I will make three quick points:

—First, spent fuel in the NuScale plant is housed in an underground protected

structure.

—Second, it has approximately four times the water volume of conventional spent-
fuel pools per MW of thermal power.

—Finally, it uses what are called low-density fuel racks that make it much easier
to remove heat from these spent-fuel assemblies.

Madam Chair and members of the subcommittee an SMR program serves the na-

tional interest in several ways:

—It serves the national goal of bringing to market a noncarbon source of baseload
energy—that is, energy available all day, every day. Nuclear power achieves
that goal and SMRs further it by overcoming financial barriers, and by reaching
markets not accessible to larger reactor designs.

—Second, it builds the domestic manufacturing base, and thus creates jobs and
the potential for exports.

—Third, and perhaps most important, it takes the safety of nuclear power to a
new level, something that will be demanded in a post-Fukushima world.

—Finally, and most importantly this program assures that our own NRC will be
engaged in the safety analysis and licensing of this next generation of reactors
and will preserve what is known around the world as the “gold standard“ of
safety reviews.

Madam Chair and members of this subcommittee, it takes a substantial invest-
ment to bring these technologies to market. It may not happen without some kind
of assistance. we have an opportunity to move this program forward and capture
the unique advantages of this next advance in the use of nuclear energy—both on
an economic and a safety front. I urge your support for this program.

Thank you for giving me this opportunity and I would be happy to answer ques-
tions.
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NuScale’s Passive Safety
Approach

Inherently Safe Reactor Modules

45 MWe Reactor Module

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




48

Large Pool of Water Holds Reactor Modules

12-module, 540 MWe NuScale Plant

NuScale nuclear power
reactors are housed inside
high s steel
containment vessels and
submerged in 4 million
gallons of water below
ground level inside the
Reactor Building.

The Reactor Building is
designed to withstand
earthquakes, floods,

tornados, hurricane force
winds, and aircraft Reactor and containment aro
impacts. | ged in underg |
steel-lined concrete pool with is
30-day supply of cooling water.
oxygen available to create a
3 o M

Added Barriers Between Fuel and Environment

Conventional Designs
1. Fuel Pellet and Cladding
2 Reactor Veessel

3. Containment

NuScale's Additional Barriers

4. Water in Reactor Pool (4 million
gallons)

5. Stainless Steel Lined Concrete
Reactor Pool

6. Biological Shield Covers Each
Reactor

7. Reactor Building
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Stable Long Term Cooling

Reactor and nuclear fuel cooled indefinitely without pumps or power
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Increased Cooling Capacity

+  More w.
than current designs

«  Low Density Spent Fuel Racks permit air cooling in
the event of loss of coolant

* Redundant, cross-connected reactor and refueling pool
heat exchangers provide full back-up cooling to spent
fuel poaol.

+  Stainless steel refueling pool liners are independent
from concrete structure to retain integrity

External Coolant Supply Connections
*  Auxiliary

external water supply connections are
easily accessible to plant personnel and away from
potential high radiation zones (current problem in

Japan)

E-elow Ground, Robust Deep-Earth Structure.
Below ground spent fuel pool is housed in a
seismically robust reactor building

*  Pool wall located underground is shielded from
tsunami wave impact and e

i lirm al any leaka
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Protection Against Extreme Events

AIRCRAFT IMPACT

Dt o !M. T T T S T S R R

COMPLETE STATION BLACKOUT/ LOSS OF

+ Passively Safe Nuclear Fuel and Containment Cooling Systems do not require onsite

OFFSITE POWER power, offsite power or diesel genarators for safety.
« No external water required for safety,
EMERGENCY + Cont: ub v in und steel-lined pool filled
CoRE COOLING with 30 day supply of cooling water.
+ Al cooling adk for Indefiiile period of decay hest val beyond 30 d:
CouT, ENT INTEGRITY * No mixture of hydrogen and oxygen inside containment.
A . p No need for external intervention.
+ Housed in rgr :
* Has Iy 4 times the water volume of tional spent fuel pools per MW

SPENT FUEL POOL INTEGRITY AND COOLING dﬂ;ﬁlm.

* Uses low density Spent Fuel Racks that can be air cooled in the event of loss of
coolant.

Comparison of NuScale to Fukushima-Type Plant

gency Diesel quired None Required
External Supply of Water Required Containment immersed in 30 day supply of water
Coolant Supply Pumps Required None Required

m.mlwnm:mwmlm
to

Spent Fuel Pool
High Density Fuel Rack Low Density Fuel Racks
Water Cooling ‘Water or Air Cooling Capability
Elevated Spent Fuel Pool Deeply Embedded Spent Fuel Pool

Standard Coolant Inventory

Large Coolant Inventory
4 times the water of conventional spent fuel pools per
MW power
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Senator FEINSTEIN. Thank you very much.

Before we proceed to Dr. Moniz, I just want to thank the three
heads of the companies for your straightforward presentations. It’s
very much appreciated, and I know there’s a fiduciary issue here,
but it’s really appreciated, and I look forward to the Q and A.

Dr. Moniz, welcome back. It’s good to see you again, Sir.

STATEMENT OF DR. ERNEST J. MONIZ, PROFESSOR OF PHYSICS, MAS-
SACHUSETTS INSTITUTE OF TECHNOLOGY

Dr. MonNiz. Thank you, Madam Chair, Ranking Member Alex-
ander. It’s a pleasure to be back in front of you.

Let me start by declaring very clearly what my reference frame
is, I think, for the key question before the subcommittee and that
is that the core argument for Government support to accelerate
new nuclear powerplant construction in the United States is, in my
view, the provision of a zero-carbon option for base-load power gen-
eration to mitigate climate risks in a timely way.

Obviously, there are issues around what we will or will not do
on carbon policy, but let me say that I certainly feel a sense of
great urgency and believe that Mother Nature will be giving us in-
creasingly clear signals.

But I do hope that, in any event, we would all agree that it is
prudent to prepare the technology options that we will need for the
marketplace in the future should we, in fact, have a significant
price on carbon dioxide emissions.

In that context, nuclear is one of those many options, and I ap-
preciate the earlier reading of my earlier statement, Senator Alex-
ander, about some of the other technologies as well.
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Now, when it comes to the issue of Government support, I do be-
lieve there are a number of barriers to the private sector assuming
the full risk for the major capital investment needed upfront right
now for new plants incorporating new technology, and these in-
clude the lack of a price signal on carbon, the absence of end-to-
end testing of streamlined licensing procedures at the NRC, new
uncertainties about regulatory requirements following in the events
at Fukushima and the lack of experience at NRC in licensing reac-
tor technologies other than large light water reactors. So I believe
these are market imperfections that do merit considering some
public support.

I think it’s important for, again, the public to help provide op-
tions for this future marketplace that could look quite different
from where we are today.

Now, a major factor for nuclear plants is obviously the cost of
capital, and, there, a major issue is the financing structure. Our
MIT baseline economics evaluation of base-load plants includes a
risk premium for any nuclear plant, a higher equity-to-debt ratio
and a higher cost of capital.

The question is will SMRs—and, by the way, it has a large im-
pact, that financing risk premium. An issue is will SMRs, smaller
cost et cetera help to work down that premium that, in itself, is a
very, very large issue as far as the cost of nuclear plants.

In fact, I would note that even if the so-called overnight unit cost
of an SMR is larger than that of a large reactor, it does not mean
the project unit cost is higher if construction times are shorter and
financing is available at a more attractive rate.

The 2020 SMR option, in fact, will be available only if we start
now, and even then it will be very, very tight, and it’s in that con-
text that I do support the administration’s request of $67 million
to move toward essentially license or engineering certification stud-
ies for these technologies.

In fact, that comes to the safety and security issues. I will not
repeat all the issues that had been stated about advantages of
SMRs and safety.

I will note that these features need to be certified by the NRC,
and there are questions. For example, I would say the long-term
integrity and maintenance of steam generators in integral design
and the integral system transient characteristics need verification.
Judgments about passive safety should be a system judgment, not
something around individual technologies.

In that context, I will just note that an emerging very important
tool is large-scale simulation, and I would note that, including at
CASL, at Oak Ridge and the Nuclear Energy Advanced Modeling
and Simulation program, I think we are moving to do that.

I would urge that the NRC should remain very close to these de-
velopments to be able to suggest ways in which this helps safety
reviews and positions them for rapid adoption of new tools.

I will just also observe that earlier it was stated that—the word
“cascading” was used at Fukushima. They should be very careful.
There was no cascading of events between reactors. They were es-
sentially independent, driven by a common event, obviously, the
tsunami.
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What it does raise, however, a point that Mr. Lyman made, is
that when we think about the staffing of multi-modular units, we
think about staffing in cases where there might be common prob-
lems in multiple modules.

My last point involves policy considerations. While I do support
moving forward, I want to point out there are, I think, policy risks
that need to be addressed.

The first is that we do not want this program to end up with the
Government choosing the technologies that go forward. We have
many contenders, not only the three at this table, not only LW
SMRs, and I believe it’s important that we have a transparent pro-
gram design from the DOE that leaves open the possibility of oth-
ers coming in for some assistance.

Frankly, we don’t want to repeat history and be left with only
light water options for the long term, only because it’s what we’ve
always done.

The last point I will make is that—In fact, I should add that the
SMRs have this very attractive feature, frankly, in comparison to
the nuclear business. There has been an unusual amount of inno-
vation. That’s what we want to encourage and not suppress, for ex-
ample, with policies that channel us to one particular technology.

My second and last point is that, as with light water reactors—
I mean, conventional light water reactors—there will inevitably
arise a request down the road for direct construction support for
the SMRs, and I believe the case here—I will put an advance
marker on the table—is far less compelling than it was for the light
water reactors.

Nevertheless, I would want to emphasize a principal as we go in
this direction. For light water reactors, the Congress has ap-
proved—as was mentioned earlier, I believe—a substantial loan-
guarantee program.

Whereas, in our MIT 2003 report, we emphasized, rather, ap-
proaches that reward success and don’t provide insurance against
failure, which is one way to interpret a loan guarantee.

PREPARED STATEMENT

So, as we go forward, whether it’s a production tax credit or a
purchase-of-power agreement, we need to have any subsidies be
those that reward the production of electricity according to the eco-
nomics expected with successful construction and operation and not
ensuring against failure.

Thank you.

[The statement follows:]

PREPARED STATEMENT OF DR. ERNEST J. MONIZ
LIGHT WATER SMALL MODULAR REACTORS

Chairman Feinstein, Senator Alexander, and members of the subcommittee,
thank you for the opportunity to present and discuss views on the economics and
safety of Light Water Small Modular Reactors (LW SMRs) and on some policy issues
regarding possible Government support for accelerating their deployment. I must
start by emphasizing that this testimony represents my personal views, not those
of the President’s Council of Advisors on Science and Technology, the Blue Ribbon
Commission on America’s Nuclear Future, or my home institution, Massachusetts
Institute of Technology (MIT).
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The core argument for Government support to accelerate new nuclear powerplant
construction in the United States is, in my view, the provision of a “zero”-carbon
option for baseload power generation to mitigate climate risks in a timely way. En-
ergy security concerns are not a compelling reason, given the substantial coal and
natural gas resources of the United States, as well as renewables with expanding
deployments, such as wind and solar. Also, material displacement of oil as a trans-
portation “fuel” is quite some time away.

There are currently 104 nuclear plants operating in the United States. The ur-
gency of the climate change risk mitigation imperative argues for a move toward
low-carbon power generation, but there are a number of barriers to the private sec-
tor assuming the full risk for the major capital investment needed for a new nuclear
plant incorporating current technology. These include:

—The lack of price signals for the climate change risks associated with green-

house gas emissions from fossil fuel combustion;

—The absence of end-to-end testing of streamlined licensing procedures for new

nuclear plants; and

—New uncertainties about regulatory requirements following the events at

Fukushima.

Policies are in place to accelerate introduction of “conventional” large LWRs (GWe
and bigger) through, for example, loan guarantees. Some projects are moving ahead
on this basis, but the number is far fewer than were anticipated when the legisla-
tion was passed. In this testimony, I will discuss the motivation for advancing SMRs
toward design certification and, if the economic case can be made, their licensing
and construction.

Baseload Electricity Economics

The costs of nuclear powerplants should be put in the context of baseload alter-
natives. These are illustrated in the table showing levelized electricity costs for new
nuclear, coal, and natural gas plant construction. These data are taken from a 2010
MIT report on the “Future of the Nuclear Fuel Cycle”. Today’s natural gas prices
are in the $4-$5/MBtu range, making natural gas plants much more economical
with respect to both capital requirements and levelized electricity cost. We have
however been through many significant excursions in natural gas prices over the
last decades, and the recent MIT interdisciplinary study on “The Future of Natural
Gas” finds that natural gas prices slowly rise on average over time, suggesting the
need for caution about over-reliance on any single fuel source. Furthermore, eventu-
ally natural gas itself becomes too carbon-intensive in a few decades if carbon diox-
ide emissions are severely limited relative to today’s levels.

These factors emphasize the importance of providing options for a future market-
place that could look quite different (e.g., a substantial price on carbon dioxide emis-
sions). Nuclear is one such option. The generation portfolio decisions are likely to
be different in different parts of the country depending on the integrated resource
planning methodology of public utility commissions, the availability of infrastruc-
ture, the ability to incorporate costs into a rate base, generation portfolio standards,
and State/regional carbon dioxide emissions requirements.

COSTS OF ELECTRIC GENERATION ALTERNATIVES
[In 2007 dollars]

Levelized cost of electricity (cents/kWh)
Overnglgk%)cost l;g7l\|lll§? S} $25/ton-CO S t of
( u on- ame cost of
Base case price 2 capital
NUCIBAT .o 4,000 0.67 8.4 8.4 6.6
Coal 2,300 2.60 6.2 8.3
Gas 850 4/7/10 4.2/6.5/8.7 5.1/7.4/9.6

Coal (without carbon dioxide capture), like natural gas at the low- and mid-range
fuel prices, has lower capital and levelized electricity costs than our baseline nuclear
costs. However, coal is the most carbon intensive fossil fuel and even a modest car-
bon dioxide emissions charge of $25/ton would make nuclear competitive with coal.
For reference, $60/ton is generally viewed as a somewhat optimistic emissions
charge to warrant carbon dioxide capture and geological sequestration on economic
grounds; such a charge would drive the coal levelized electricity cost beyond 11
cents/kWh.

A major factor is the cost of capital, which hits nuclear powerplant construction
particularly hard because of the high capital costs and the longer construction times
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(5 years) that are typically required. Our baseline financing model assigns a risk
premium for nuclear, meaning both a higher equity/debt ratio and a higher cost of
capital. The risk premium has a large impact, as seen in the table. Elimination of
the premium brings the nuclear levelized cost into line with coal and with mod-
erately priced gas even with no carbon dioxide emissions price. Of course, there is
still the issue for many utilities of the $6-$10 billion project cost for a large LWR.

An entirely different approach to new nuclear powerplant construction lies with
SMRs. This has the possibility of addressing the cost/financing issue. SMRs come
in a variety of proposed forms, some based on the same underlying light water reac-
tor (LWR) technology that is used in almost all nuclear plants today, while others
are based on gas- or metal-cooled designs. They range in size from 10 to 300
megawatts. None have been through a licensing procedure at the Nuclear Regu-
latory Commission (NRC), and this is a time-consuming process for any new nuclear
technology—especially those that are farther away from the NRC’s established expe-
rience and procedures.

A major advantage of SMRs is that their small size compared with LWRs means
that the total capital cost is more in the $1 billion range rather than an order of
magnitude higher. Capacity can be built up with smaller bites, and this may lead
to more favorable financing terms—as we have seen, a major consideration for high
capital cost projects that take years to license and build. Furthermore, the possi-
bility of bringing part of a larger multi-module plant online means that cash flow
can start earlier. This is obviously good for the plant owner, but it can also be im-
portant for regulators who are increasingly being asked to place part of the nuclear
construction cost into a rate base before electricity is generated. Other benefits lie
with more flexibility in providing reserve margins for shutdowns, with grid integra-
tion, and with replacement options for fossil plants (which typically are sized well
below a 1,000 MWe).

Still, the SMR must come in with a capital cost that is also competitive with
LWRs on a unit basis; however, it is quite possible that a higher unit overnight cost
can still yield a lower unit project cost because of improved financing terms and a
shorter construction time. The LWRs have been driven to larger and larger size in
order to realize economies of scale. The SMRs may be able to overcome this trend
by having factory construction of the SMR or at least of its major components, pre-
sumably with economies of manufacturing, the ability to train and retain a skilled
workforce at manufacturing locations, quality assurance, continuous improvement,
and only fairly simple construction onsite. The catch-22 is that the economies of
manufacture will presumably be realizable only if there is a sufficiently reliable
stream of orders to keep the manufacturing lines busy, and this in turn is unlikely
unless the large number of designs is winnowed down fairly early in the game.
Reaching the n-th plant for a small number of reactor types is likely to require a
complex interplay between Government support and proponents of the many con-
tending SMR designs.

A 2020 SMR option will be available only if we start now, and even then it will
be tight. Prior to Fukushima, the Obama administration submitted to the Congress
a proposed 2012 budget that would enhance the level of activity in bringing SMRs
to market. LWR-based technology options would be advanced toward licensing ($67
million request), and other SMR technologies would be supported ($29 million re-
quest) for R&D needed to have them follow in the licensing queue. The program is
modest, but sensible in light of today’s fiscal realities. Obviously the Federal budget
deficit makes it difficult to start any new programs, but a hiatus in creating new
clean-energy options—be it nuclear SMRs or renewables or advanced batteries—will
have us looking back in 10 years lamenting the lack of a technology portfolio needed
to meet our energy and environmental needs economically or to compete in the glob-
al market. We need to get on with the business of providing low-carbon options for
a carbon-constrained future, with a principal role of government being to help estab-
lish the engineering and economic performance information for credible competitors
in a future marketplace conditioned by an explicit or implicit carbon dioxide emis-
sions price. Public investment is too low by about a factor of three (PCAST, Novem-
ber 2010). The 2012 proposal offers a start for SMRs.

Safety and Security

The U.S. record for nuclear power safety and security has been a good one for the
last 30 years. Nevertheless, Fukushima has clearly raised the stakes. New LWR de-
signs incorporate a greater reliance on passive safety systems that can help amelio-
rate some of the problems that developed with loss of power and active cooling at
Fukushima, but SMRs have mostly been designed to enhance safety further. The
designs generally emphasize natural convection cooling such that cooling can be sus-
tained for a considerable time without external power. The small size of the reactors
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facilitates decay heat removal by natural means. Integral designs, wherein various
primary system components such as steam generators are brought inside the pres-
sure vessel, tend to eliminate large loss of coolant accidents. Below-grade construc-
tion for both the reactor and spent-fuel storage pools and enhanced seismic protec-
tion are also common features of SMRs.

Nevertheless, there is some way to go before these design features are certified
by the NRC (this would be supported partially by the DOE program proposed for
2012). This is especially so for non-LW SMRs, since the NRC experience and licens-
ing procedures are almost exclusively based on LWRs. It is very important that an
investment be made in diversifying and deepening the NRC technical strength for
dealing with multiple nuclear technologies—such as gas reactors, fast reactors, mol-
ten salt reactors. Otherwise we will block out or seriously delay innovative tech-
nologies for lack of a regulatory basis.

There will be questions for LW SMRs as well. For example, the long-term integ-
rity and maintenance of steam generators in integral designs and the integral sys-
tem behavior during transients, including startup, needs verification. Judgments
about passive safety will need to be made in the context of an integrated appraisal
of system design.

An important emerging tool for advancing design and design certification is lead-
ing-edge, large-scale computer modeling and simulation. The 2003 MIT report on
the “Future of Nuclear Power” placed the highest priority for DOE nuclear R&D on
development of such capabilities, with a perspective that the nuclear industry
lagged far behind many others in this regard. The latter observation, in my view,
remains true, but the DOE now has a focus on rectifying this both through the Nu-
clear Energy Advanced Modeling and Simulation program and the specific innova-
tion hub Consortium for Advanced Simulation of Light Water Reactors (CASL). The
latter is headed by Oak Ridge National Laboratory and involves several other na-
tional laboratories and universities, including MIT (I should note that I serve as
chair of the CASL advisory board). I believe that these advanced simulation capa-
bilities, when fully developed, will serve as key facilitators of nuclear technology cer-
tification and of nuclear science and technology innovation. In particular, such tools
can be enablers of SMR deployment at the end of this decade. The LW SMR design
certification could benefit specifically from the tools being developed at CASL, but
alternative technologies, such as gas and fast neutron spectrum SMRs, should also
be addressed. The NRC should remain close to these developments so as to be able
to suggest development paths useful to the regulatory challenge and to position for
rapid adoption and utilization.

The SMR configuration may have security advantages as well, such as the bene-
fits of below-grade installation. Nevertheless, the safety and security requirements
deemed necessary by the NRC remain to be determined and could have a significant
impact on the economics of SMRs. Post-Fukushima, the NRC will re-examine seis-
mic, flooding, power cutoff, backup, and spent-fuel management requirements. If the
judgment is that various functions, such as security, do not scale with size of the
reactor or that operational savings are not realizable for operation of a cluster of
modular reactors, then the operational costs for SMRs could be challenging. In the
extreme, if the preferred position of nuclear power in the dispatch order based on
marginal operating cost is compromised, the value proposition of SMRs would be se-
riously reduced because of the large sunk capital costs. These issues remain to be
clarified in the licensing process.

Nuclear weapons proliferation stemming from misuse of fuel-cycle technologies is
another security concern. SMRs do not pose a particular problem relative to “reg-
ular” LWRs. Indeed there can be some advantages, for example for technologies that
require less frequent refueling. However, apart from possible technologies that have
the full reactor module returned to the country of origin or special fuel forms (e.g.,
TRISO particle fuel for gas reactors), the proliferation issue is not an especially
strong differentiator among LW reactor technologies.

Spent-fuel management is also a concern, especially in the absence of a licensed
geological repository or suitable consolidated storage sites. The SMRs are generally
designed to accommodate a lifetime of spent-fuel storage in below-ground pools.
However, especially for a multi-module plant, these design features can equally be
incorporated into the design of new large LWRs.

Policy Considerations

While I do believe that SMRs represent a sufficiently novel and promising ap-
proach to nuclear power to merit public risk-sharing for first movers, much remains
to be thought through on the specific implementation plan. There are some major
policy risks.
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The first, and more important, is that Federal assistance at this stage for two LW
SMRs, among the many serious candidate technologies in the U.S., could lock-in
these technologies. This is especially so for SMRs (versus large LWRs) since serial
production of a significant number of units with an identical design in a manufac-
turing environment is crucial for the value proposition. This is a challenging issue
since, as noted earlier, practical pursuit of serial production will require narrowing
down the options—but the Government must be very careful about being the arbiter
of technology choice. This tension needs to be addressed transparently. Indeed the
smaller scale of SMRs relative to traditional LWRs has encouraged an unusual
amount of innovation in the nuclear technology space, and it is important to nurture
such innovation, not suppress it. This applies both to LW SMRs and to the other
SMR technology pathways that are not part of the initial design certification cost-
sharing program. The DOE needs to propose from the beginning a program struc-
ture that, subject to congressional appropriations, will leave open the possibility of
risk-sharing with promising non-LW technologies that have successfully emerged
from the R&D phase. If not we will repeat history and be left with LW options be-
cause that is what we have always done. The Quadrennial Energy Review rec-
ommended by PCAST, and the first installment Quadrennial Technology Review
being carried out by DOE, offers the proper venue for carrying out the underlying
analysis, but DOE presently lacks sufficient capacity to carry out the needed level
of quantitative analysis for the QER/QTR; rectifying this is central to the Depart-
ment’s future effectiveness in formulating energy technology policy. With regard to
SMRs, the marketplace should be left to decide the appropriate time for down-select-
ing to one or two designs that can be manufactured in serial fashion to very high-
quality standards, using the information gained from the Government cost-shared
program.

This raises the issue of the degree to which the public benefits from the experi-
ence of first movers that are beneficiaries of public support. This issue is not specific
to SMRs, but nevertheless deserves emphasis. When all is said and done, the
public’s investment in the first mover plants should provide information for equip-
ment vendors, users, policymakers, investors, and others. The Government’s interest
is in stimulating further innovation and competition. This is not to say that specific
IP is shared, but to date the pendulum has swung too far toward the cost-sharing
company having proprietary rights to control data and information. This needs to
be addressed to assure taxpayers that their funds are not being used to cement mar-
ket control by individual companies.

Second, as with LWRs, there will inevitably arise a request for direct construction
support for the first SMRs. The case is less compelling here, given the relatively
smaller capital exposure. For large LWRs, the Congress put in place a substantial
loan guarantee program. The 2003 MIT report supported a production tax credit
(PTC), at least for tax-paying entities, on the basis that such a credit rewards suc-
cess in the project. In contrast, a loan guarantee can be interpreted as insuring
against failure. Clearly, the opportunity to reduce the cost of capital on such a major
capital commitment is understandable for the companies involved. For the reduced
commitment needed for an SMR, we do not see the need for a major extended SMR
construction subsidy beyond the legitimate areas of design certification review and
R&D. However, if they are implemented, the principle should be to implement first
mover subsidies designed to reward project success for different performers (versus
failure insurance); this will help sort out the contenders for Federal support.

Conclusions

SMRs represent technology innovation that could change the trajectory of nuclear
power deployment in a relatively short period. However, much remains to be under-
stood before they are licensed for material deployment, and the DOE should con-
tinue and grow support for key enabling analytical tools. The arguments for public
“first” mover risk-sharing are reasonable, and should be pursued to a degree, but
the public’s interest in gaining and disseminating experience from demonstrations/
first movers should be promoted more strongly.

Thank you, and I look forward to addressing your comments and questions.

NoOTE.—The MIT reports “Future of Nuclear Power” “Future of the Nuclear Fuel
Cycle”, and “Future of Natural Gas” can be found at web.mit.edu/mitei/.

Senator FEINSTEIN. Thank you very much, all of you. There is
much to think about.
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ECONOMICS OF INDIVIDUAL SMRS

Dr. Moniz you’re an academic. You're an expert in this area. Are
these things commercially viable on their own?

Dr. MoN1z. I think that’s exactly what we need to find out. We
have two questions. We need to certify the safety characteristics
through a system evaluation, and I believe that’s what this pro-
gram will help accomplish, and then we have to find out—excuse
me—if the dog hunts in terms of economic viability.

I do believe that, for this decade, in my context of moving toward
lower carbon, natural gas will be a major bridge, but it’s only a
bridge to what I believe will be a required deployment of zero-car-
bon options, and we have to see what nuclear’s role is in there.

I do believe the SMRs do have a lot of these attractive features
that provide them much more flexibility in meeting market de-
mands.

Senator FEINSTEIN. Okay. Let me put this out on the table. My
big concern is that they’re not cost effective on their own, that they
have to be clustered, and, therefore, how many do you cluster?
Where do you stop, that kind of thing.

The second point is whether, in fact, they will raise the cost to
the consumer of power. That’s the 10 to 30 percent.

So let me ask each of the three CEOs if they would care to com-
ment on that question, and then Dr. Lyman, if you would, why
don’t we begin with you, Mr. Ferland.

Mr. FERLAND. Sure, I'm happy to comment on that.

You know, our view of this is that what you have in the past is
economy of scale has been driven by large plant, spread out your
costs over a large number of megawatts that are produced.

On the AP-1000, which we’re constructing today, we are shifting
to more of a module-type design where we manufacture pieces of
those units somewhere else and we bring them on site and assem-
ble them. So it’s a step in the right direction, but we still rely on—
honestly—on the relatively large size of that unit.

And then the big jump on SMRs is true modular construction
where we can really gain an assembly line like efficiency, and we
think, as I said before, we can do that in the ballpark of about 10
units, ship the units to site and finish them and put them into op-
eration.

Senator FEINSTEIN. Let me see if I understand you. So to be cost
effective, you have to manufacture 10 units, but that doesn’t mean
you have to cluster them all together, right?

Mr. FERLAND. That’s

Senator FEINSTEIN. So it’s just the manufacture of 10, and then
is one separately operating cost efficient over time?

Mr. FERLAND. Yes, Madam Chairwoman. You're exactly correct
in that we think we need to have 10. They do not necessarily have
to be clustered together.

And from that point forward, our goal is to have the cost of these
units be at or below the current cost of nuclear today, so it’s ex-
tremely competitive, and my belief is that we’ll get there and ex-
ceed those numbers.

Senator FEINSTEIN. Thank you.

Mr. Mowry.
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Mr. Mowry. Thank you, Madam Chairman. With regard to the
economics, first of all, we would not be investing our own com-
pany’s resources, and regardless of the degree of cost sharing that
would go forward, we’re talking about several multiples of our
yearly earnings that we would have to invest on our own after this
program, and this represents a significant business risk and busi-
ness investment, and, clearly, we would not be pursuing this if we
didn’t believe that, in the long term, we would have a competitive
product that we could sell.

And we believe that we are going to have a competitive solution
not only because of what Mr. Ferland said with regard to the fac-
tory assembly, but there is an inherent simplicity around SMRs be-
cause of this idea of an integral reactor design that allows you to
simplify all of the other costly systems that you need around this
thing to protect it properly.

Senator FEINSTEIN. Stop for a second. Are you essentially saying
the same thing that Mr. Ferland said that if you can manufacture
10, from a manufacturing point of view, that’s cost effective, but
that you can operate one in a cost-effective way?

Mr. Mowry. Yes, and, in fact, we have a consortium of utilities
in the United States that are funding development of policies and
other things that are important for the deployment of SMRs.

We have 14 utilities that are called GNTs that are small, re-
gional cooperatives that have in their network less than 2,000
megawatts of generation requirements. They cannot afford and
they cannot use large reactors. They don’t even need a cluster of
small ones.

They’re people who need one or two small reactors and they see
that the potential economics of an SMR can allow them to basically
own one or two of these and supplement their transmission infra-
structure with carbon-free generation.

Senator FEINSTEIN. Thank you.

Dr. Lorenzini.

Dr. LORENZINI. Thank you. First of all, I would say that the big-
gest test for cost effectiveness for us is our investors. They grill us
pretty hard, and they’re not going to make the investment unless
they’re satisfied that we have a technology that’s going to reach the
market. And reaching the market means that it has to be competi-
tive economically with other opportunities and customers have to
validate that.

So our investors go back and forth between scrutinizing us, talk-
ing to customers and going back and forth with that dialogue.
Those are people with skin in the game.

Senator FEINSTEIN. So you're saying the same thing. Is your cost
of pgoduction at 10 to be cost effective and one will stand on its
own?

Dr. LORENZINI. Our model does not involve marketing a single
module necessarily. We can market a single module in some mar-
kets. We don’t think it’s cost effective for us to market one module
because if you do that you wind up with a 45-megawatt module dis-
tflibuted throughout the system and it’s just not practical to do
that.

What we think we’ve done actually by creating this modular de-
sign that clusters reactors is create a huge flexibility for customers.
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We build a single building and we add modules, each one with its
own independent system and each one totally contained in its own
system that allows them to increase their load to match demand.

The National Association of Utility—has endorsed small reactors,
because they’re looking at it from the perspective of customers.

We've got as well an 11-member customer advisory board. All of
them are interested because they see this as a huge opportunity for
them to serve their customers and lower their cost to customers.

Senator FEINSTEIN. Thank you.

Let me go to Dr. Lyman first. Dr. Lyman, do you have a com-
ment? We’ve heard the three companies.

Dr. LYMAN. Yes, thank you.

I'm not an economist, but I have to say that I still can’t see how
they can overcome some of these economies-of-scale hurdles with
the kind of deployment they’re talking about.

First of all, in my written testimony, I refer to the one study that
I'm aware of that tried to quantify the benefits that SMR vendors
have been arguing can actually overcome the economies-of-scale
disadvantage, and that study found that, at best, they could get it
close to the cost of a large reactor, but—you know. So they can’t
beat the large reactor.

With regards to the clustering issue, it has to do with the econo-
mies of scale of the balance of the plant and the infrastructure at
the site.

And so this is why I'm concerned that unless—this is why SMR
vendors want regulatory relief from certain requirements.

If you need the same number of security officers on every shift
for a single 125-megawatt reactor as you need for a 1,000-mega-
watt reactor that would lead to an excessively high operating main-
tenance cost.

So this is why I believe that there is a fundamental tie toward
improving the economics of SMRs at single sites with some of the
relaxation of security and safety requirements that I've been talk-
ing about.

So I don’t believe unless that kind of weakening of regulatory re-
quirements is granted do they stand a chance of competing with
larger reactors.

Senator FEINSTEIN. Thank you very much. Senator?

Dr. MoNi1z. Madam Chair, may I just

Senator FEINSTEIN. Oh, I beg your pardon. Dr. Moniz, I'm sorry.

Dr. Moni1z. I beg your pardon. May I—I have a couple of com-
ments.

Thank you, Madam Chair, because I want to say that I do see
how one can draw a conclusion that one cannot beat a large reac-
tor, because there are many variables, including the potential—I'm
not predicting this—but the potential for very different financing
structures, which has an enormous impact in a technology where
it’s all upfront capital. So I think that remains to be seen.

Number two, nevertheless, I would say, while I support this early
support, as I said earlier, when it comes to construction, risk
should remain with the private sector. Let these guys prove it. And
if not, well, they and their investors will lose the money.
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LOW-CARBON ENERGY OPTIONS

Third, we should note again in this context of options for the fu-
ture—in particular low-carbon future—that about one-third of our
coal fleet is more than 40 years old, less than 300 megawatts and
inefficient. Those plants are not going to get any kind of major in-
vestment for retrofits. I don’t mean only carbon capture. I mean for
criteria pollutants and mercury, et cetera.

We are going to need some technologies, which I hope will be
very low-carbon technologies, whether it’s nuclear or wind and stor-
age, et cetera, but we’re going to need those technologies in a 10-
to-20-year timeframe in spades.

That’s why I feel that even though our finances are pretty
stretched at the moment, and I have sympathy for your job on ap-
propriations, we just need to make some low-carbon options avail-
able in 10 years. We do not have very attractive options at this
stage in terms of cost.

Senator FEINSTEIN. Can you be more precise on whether coal can
be a real source for these?

Dr. MonNi1z. Well, I think that will be a decision to be made, of
course, by the utilities and the plants, but another point about fi-
nances, which is why I think we should not make black-and-white
statements, is that the cost of a—let’s say a green-field plant of any
type, it’s not just the power source, it’s all the balance of plant—
hooking up the transmission systems, et cetera, et cetera.

Well, if you're replacing an existing 250-megawatt plant and you
can use—you’re all set up into the grid, et cetera, that’s another
huge financial implication.

So all I'm saying is I don’t know the answer, but it sure sounds
like the kind of option we’d like to have if these guys can produce
what they're saying, and if they can’t, I'd say put the risk on them.

Senator FEINSTEIN. All right. Thank you very much, Senator,
very interesting.

Senator ALEXANDER. It is, and I thank all five of the witnesses
for the diversity of views here.

SMR PRODUCTION BUSINESS MODELS

Senator Feinstein has honed in on a very important point. Let
me ask the three of you in the middle, Mr. Ferland, does your busi-
ness model—I'm not asking you to say whether you would turn
down Federal money if Senator Feinstein offered it to you. I'm just
saying does your business model for SMRs include a Government
subsidy after the first 10?

Mr. FERLAND. No, it does not. The assumption is that we use it
to kick start the program upfront. It lets us accelerate the R&D
spending and the engineering work faster than we normally would,
and then we rely, as my colleagues have said, on the fundamental
business case——

Senator ALEXANDER. So it'd be the marketplace. So you
wouldn’t—well, I'm not asking you to say you'd reject it, but you're
not moving ahead with the idea that after the first 10 are made
that you need Government support to succeed in the marketplace.

Mr. FERLAND. That’s correct. We just need the upfront help.

Senator ALEXANDER. Mr. Mowry, what about you?
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Mr. MOwWRY. Our business model does not include subsidies.

If T could just amplify for a moment here, there was a comment
made earlier with regard to a cost premium, and I can say, in dis-
cussions with our potential customers, they’re not looking nec-
essarily for a relative cost reduction. They would like to have the
ability to invest in incremental power generation without a cost
premium.

In other words, if you're going to sell me a reactor that’s 10 per-
cent of the size, I would like to invest 10 percent of the money.

And this whole discussion about subsidies, a lot of the challenges
that we have today are related not to the relative cost of nuclear,
but to the—as Dr. Moniz said—to the large magnitude of the in-
vestment that’s required that, frankly, it’s betting the farm for a
lot of utilities.

You can cut that investment down by a factor of 10, all of a sud-
den a lot of the drivers for things like loan guarantees go away and
this becomes a more standard economic decision for a utility.

And so we don’t see the need for subsidies in the long term. Our
goal is to create a carbon-free, base-load option that is competitive
in the marketplace without long-term subsidies.

What we are looking for is risk sharing as we try to get a first-
of-a-kind option out there by 2020.

Senator ALEXANDER. Mr. Mowry, without—even though Senator
Feinstein is chairman of the Intelligence Committee, I don’t want
to get you in any trouble with classified information, but you al-
ready know something about making small reactors, right?

Mr. MOwRY. Yes, we do.

Senator ALEXANDER. Would you say the United States is the
world’s leader in the production of small reactors today?

Mr. MOWwRY. At this point, yes.

Senator ALEXANDER. Yes. And does your company make money?

Mr. MOWRY. Some. Yes.

Senator ALEXANDER. Well, I mean, is it a profitable business?

Mr. MowRry. Yes, it is profitable.

Senator ALEXANDER. Yes. So you're already in a very profitable—
you’re already in a profitable business making small reactors for
the United States Government.

Mr. MOwWRY. Yes, we are.

Senator ALEXANDER. Is that right?

And they’re used in 103 nuclear Navy vessels. Is that correct? Or
a number——

Mr. MowRyY. They are used in the Navy, yes.

Senator ALEXANDER. Whatever the number might be.

Senator FEINSTEIN. Yes.

Senator ALEXANDER. Mr. Lorenzini, does your business model in-
clude subsidies, say, after the first 10 from the Government?

Dr. LORENZINI. No, Sir. Our business model says it requires a
substantial front-end investment to develop the design and to get
the design licensed and certified before the NRC. Once that’s been
done, we go to market. We don’t need any further subsidies.

Senator ALEXANDER. So Dr. Lyman thinks you may not make
money, but that’s really your problem, right? I mean, unless the
Government decides it wants to create some sort of permanent sub-
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sidy for what you're doing, which I think is very unlikely and
which I would not be inclined to support.

REACTOR DESIGN IN LIGHT OF FUKUSHIMA

Dr. Moniz, I believe Mr. Mowry said that the design of his SMR
would make it such that—well, let me ask this way: What hap-
pened at Fukushima was that there was no water to cover the
spent-fuel rods, basically, right?

Dr. MoN1z. That was one of many problems.

Senator ALEXANDER. Well, let’s say if there had been water to
cover the spent-fuel rods from the instant of the natural occur-
rences, there wouldn’t have been a problem. Is that right?

Dr. Mon1z. Both for the spent fuel and for the reactor cores as
well if they had remained——

Senator ALEXANDER. So, now, he said that there wouldn’t be—
with his passive system that nothing would happen for 7 days.
Does that sound plausible to you?

Dr. MoNI1Z. Sounds plausible, but, again, I would rely upon a
hard review by the NRC.

Senator ALEXANDER. Now, as I understand your testimony,
you're saying that this is not something that we should barge for-
ward with 100 miles an hour today to start building small reactors.

You're saying that we should move ahead with the R&D phase
as quickly as we can to see whether we should license the safety
of these and the sites upon which they should go.

Dr. Mon1z. Well, I would term it not so much R&D as it is kind
i)f design and engineering certification and an evaluation to get a
icense.

Senator ALEXANDER. And some of those dollars are spent so that
the Government can do its job properly in terms of supervision of
such reactors. Is that not correct?

Dr. Moni1z. I agree with that, yes.

Senator ALEXANDER. Now, as I also understand

Dr. Moniz. If I may just add, and, again, I think we need to
also—and it’s not only for LW SMRs. I think we need more invest-
ment in the NRC to develop the capability on a broader range of
technologies to move promptly into a licensing——

Senator ALEXANDER. I have two other questions, if I may,
Madam Chairman.

Senator FEINSTEIN. Yes.

CLEAN ENERGY

Senator ALEXANDER. One is you began with the climate-change
point, which is that we’re going to need as many good options of
clean electricity as we can have. And by clean, that means without
sulfur, nitrogen, mercury, carbon, and you mentioned natural gas.

Today, coal is 46 percent of our electricity. Natural gas is 22—
going up fast, because that’s what utilities are buying, but natural
gas has considerable carbon in it. Does it not?

Dr. MonNi1z. Well, it’s carbon light and

Senator ALEXANDER. Forty or 50 percent as much as the cleanest
coal plant?

Dr. Mon1z. Well, if you factor in efficiencies of the plants, I
would call it about 45 percent of the carbon intensity of coal.
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Senator ALEXANDER. Yes.

Dr. MoNi1z. And if we look—we do have at MIT a recent report
on the future of natural gas and fundamentally the analysis comes
out confirming the idea of gas as a bridge for a while. If it sub-
stitutes for coal, it’s a key part of carbon reduction, but, eventually,
it itself is too carbon intense and needs zero carbon.

Senator ALEXANDER. And am I correct in saying that nuclear
power today is nearly 70 percent of our carbon-free electricity?

Dr. MonN1z. Yes, I would say roughly, yes.

Senator ALEXANDER. And you mentioned the closing of the coal
plant, Senator Feinstein, on the TVA region. They've decided to
close 18 coal plants, which mean they’re too dirty to operate, and
they’re too expensive to put on the pollution-control equipment.
And that means they’re going to go from 50 percent to 35 percent
coal.

So the question is then what do we do, because we don’t want
expensive power. Otherwise, our companies go overseas, and the
decision we’ve made in the TVA area is that we’re opening new nu-
clear plants, which is the—so nuclear power is going from 30 per-
cent to 40 percent.

As you envision a future for the United States, Dr. Moniz, do you
see a situation where we could do what we need to do to have car-
bon-free electricity at a reasonable cost as a reliable source without
nuclear power?

Dr. Mon1z. Well, my view is we have a limited number of arrows
in the quiver. We have nuclear. We have renewable, especially
wind and solar, in terms of a possible more ubiquitous deployment,
and we have carbon capture and sequestration.

Today, I think that nuclear and wind, obviously are poised to
make major contributions, and are. Solar has a ways to come, al-
though I'm very optimistic in the long term for solar, but we have
to solve storage problems.

CCS, frankly, of those I must say I would call at the moment the
most challenged in terms of the economics.

Senator ALEXANDER. I agree. I think the Holy Grail of—the sci-
entist who figures out how to capture carbon from a coal plant

Dr. MonN1z. More cheaply.

Senator ALEXANDER [continuing]. Will win many prizes.

ENERGY STORAGE

Madam Chairman, this gets to a discussion we’ve had before and
we’re likely to have again.

Dr. Moniz mentioned storage. Batteries we’ve had a little discus-
sion about, but wind or solar or any intermittent power is not going
to be very useful to us unless we have much better batteries, cor-
rect?

Dr. MonNi1z. Well, storage, in general. Batteries, but also

Senator ALEXANDER. Batteries are the leading opportunity:

Dr. MoN1Z [continuing]. Or other opportunities, but storage is ab-
solutely critical for intermittent renewable.

Senator ALEXANDER. And here’s my last question. Dr. Chu is or-
ganizing his Department around objectives which I find very inter-
esting.
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For example, R&D to try to get the cost of driving an electric car
down to 1 cent a mile for fuel, getting the cost of solar down to $1
per kilowatt, finding new ways to recycle used nuclear waste.

ROLE OF FEDERAL SPENDING IN RESEARCH AND DEVELOPMENT

Does that sound like—and batteries, trying to find ways gen-
erally to improve that. Does that sound like an appropriate way to
spend Federal dollars as opposed to permanent subsidies to energy
companies that might be operating mature technologies?

Dr. MoNi1z. I am strongly in favor with your statement that ex-
tended subsidies for any technology are just an indication of a
failed policy and a failed technology.

So I think there is a role, as you have emphasized, for limited-
time subsidies when they offer the real prospect of having the tech-
nology become marketplace competitive at the end of that period of
support. I think that’s the criterion.

I just might add, by the way, earlier you did scare me a little
bit when you said jump-start batteries. It reminded me of February
in Boston, but anyway, that’'s—but I think—I totally agree with
that philosophy, certainly.

Senator ALEXANDER. Thank you, Madam Chairman.

Senator FEINSTEIN. Thank you very much, Senator.

I want to thank everybody. I think this has been a very good
hearing. It’s been a very interesting hearing for me.

CONCERNS ABOUT NUCLEAR WASTE DISPOSAL

I think it’s fair to say that my colleague, who I have great re-
spect for, has been an enthusiastic supporter, and I think it’s fair
to say that I am very reticent about this.

I'm reticent about it because if we let this go without a policy for
spent fuel, if we close the plant or the repository in Nevada after
spending $14 billion on it, we have $13 billion in liabilities because
we can’t dispose of the waste as we're supposed to. Adding to these
problems doesn’t seem to me to make good sense.

So I think the question comes—and something that I really want
to tackle, and, Lamar, that I hope you’ll work with me on is how
do we develop a spent-fuel policy for the Nation. Is it a regional
system? Is it one repository?

I think the last report I was reading said it should be voluntary
on the part of the State. I agree with that, and I gather there is
at least one State that’s willing to step up.

I think we have to deal with these issues. Otherwise, I feel from
my vote that I just compound the problem down line.

I've also come to believe that nobody knows what Mother Nature
is capable of in terms of earthquake or hurricane or tornado. I
never thought I'd see a nuclear plant encircled by water, but we
saw it in Nebraska. I never thought I'd see a tsunami the height
of this tsunami, but we saw it. I never thought that the Ring of
Fire would be setting off earthquakes of the size that are now hap-
pening around the Pacific.

So my own view is that we need to solve that waste issue, and
I would certainly welcome any suggestions for anyone that’s listen-
ing to this or particularly the people at this table.
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Candidly, 'm much more—how can I put it? I'm much more per-
suaded to your point of view by hearing your presentations. And
yet I have a certain amount of doubt. You know, are they just say-
ing what we want to hear or do they really mean they won’t take
a subsidy or what is it really going to do to the cost of electricity
for the average Joe and Susie Smith?

And yet what Dr. Moniz—who I have respect for—points out is
we have all these coal plants, aging and dirty. What do you replace
them with? Maybe this is the logical answer.

So there’s a lot to think about, and I'd like to work with you on
it.

Senator ALEXANDER. Well, I thank you for the hearing. This has
been very helpful. This is the kind of hearing that we welcome here
to have such diverse and well-informed views.

AGREEMENT ON FEDERAL POLICY

I think we’ve identified some things we can work together on, the
kind of—you know, what’s the appropriate role for limited Federal
dollars in terms of energy? I mean, where do we draw the line in
terms of what is R&D, what is joint cost sharing, what is a subsidy
and what is a permanent—we should tackle that one.

Second, what are we going to do with used nuclear fuel?

And the President’s BRC is coming out. I commend President
Obama on his approach to this. He appointed a distinguished panel
and good NRC board members and I think we can work:

Third, I'll be glad to go with you and talk to Harry Reid about
reopening Yucca Mountain if you want to, but I don’t think we're
going to have any success.

And, finally, I think back when I was Governor. The previous
Governor hadn’t been able to locate a prison because he wanted to
put it somewhere.

So I was not having any success either. So I announced that we
only had one and we’d have to have a competition for it. And we
actually had four counties compete to get it and we located it and
then we located another one.

So I think the idea of having Federal incentives to persuade com-
munities or States either to have a single repository or more than
one is the obvious way to go, but I think we wait until we hear
from the President’s BRC.

In the meantime, though, as you could tell from my comments,
I think we should go ahead and make sure we have this option. I
mean, all we're talking about is doing the preliminary work to see
if industry can make it—in such a way so that they can make
money and so that the Federal Government can do it in such a way
so they can regulate it safely, and then we get to the point where
then we go forward.

That’s probably—I mean, the talk is about one or two or three
small reactors by 2020. So just having the arrow in our quiver, as
Dr. Moniz said, I think is what we'’re talking about, and obviously
we've got a lot more talking to do.

But this—I thank the chairman for her open mindedness and
W}illlingness to hear points of view that might not agree with hers.
That’s—

Senator FEINSTEIN. How many at TVA?
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Senator ALEXANDER. Small reactors?

Senator FEINSTEIN. Yes.

Senator ALEXANDER. TVA is thinking of one, which would be—
they have a partner with the Oak Ridge National Laboratory, and
the Oak Ridge Laboratory—Dr. Chu would like to do that as part
of his carbon-free quota for his Department.

And Oak Ridge would like to do it. They estimate that a single
reactor of about 125 megawatts would power the entire complex
there—the super computers, the nuclear weapons operation and
the citizens in the community.

I think they’re working with B&W on that. Is that right or are
they working with anybody in particular?

Mr. MOWRY. Yes, they’re hoping to, yes.

Senator ALEXANDER. But TVA and the Oak Ridge Laboratory
have an agreement to explore it, but it would all depend upon this
several years of work by the NRC and the companies whether it
would come to reality or not.

CONCLUSION OF HEARING

Senator FEINSTEIN. Well, thank you very, very much. We appre-
ciate the testimony. There’s much food for thought, and the hearing
is concluded.

[Whereupon, at 12:06 p.m., Thursday, July 14, the hearing was
concluded, and the subcommittee was recessed, to reconvene sub-
ject to the call of the Chair.]






MATERIAL SUBMITTED SUBSEQUENT TO THE
HEARING

[CLERK’S NOTE.—The following testimony was received by the
Subcommittee on Energy and Water Development for inclusion in
the record.]

PREPARED STATEMENT OF THE NUCLEAR ENERGY INSTITUTE

In testimony provided to this subcommittee on April 7, 2011, the Nuclear Energy
Institute (NEI) ! supported the administration’s request for fiscal year 2012 funding
of $67 million for the Department of Energy’s (DOE) Small Modular Reactor Licens-
ing Technical Support program. This cost-shared, public-private partnership built on
a similar request by President Obama for fiscal year 2011, which the nuclear indus-
try also supported. In its April testimony, NEI noted that this cost-shared develop-
ment program is the nuclear energy industry’s highest priority in the fiscal year
2012 budget request. I urge you to approve DOE’s request to begin this program
during this fiscal year.

NEI also provided testimony for the record in support of small reactor develop-
ment to the Senate Energy and Natural Resources Committee on June 7, 2011.
NET’s testimony focused on S. 512, the Nuclear Power 2021 Act, which we support
broadly. The Nuclear Power 2021 Act also contemplates a cost-shared, public-private
partx(lg{vslll‘iip) to accelerate the development and deployment of small modular reac-
tors S).

SMALL REACTOR DEVELOPMENT ADVANCES ENERGY, ENVIRONMENTAL BENEFITS IN NEW
MARKETS

Analyses by the Environmental Protection Agency and the Energy Information
Administration, and global studies by the UN’s Intergovernmental Panel on Climate
Change and the International Energy Agency, conclude that a significant expansion
of nuclear energy and other carbon-free generation sources is needed to meet the
world’s growing electricity requirements and reduce the electric power sector’s emis-
sions of carbon and other air pollutants.

Small-scale reactors can complement large nuclear plant projects by expanding
potential markets in the United States and abroad for carbon-free energy produc-
tion. Smaller reactors provide energy companies and other users with additional op-
tions to achieve strategic energy and environmental objectives.

Their small size—less than 300 megawatts—and innovative features like dry cool-
ing expand the range of sites suitable for deployment, such as remote and arid re-
gions. These and other attributes make them well-suited to replace older coal-fired
generating capacity. (Various analyses show that 30,000-50,000 megawatts of older
coal-fired generating capacity may be shut down before 2020 as a result of tighter
air quality requirements.)

Modular construction will allow these new small reactors to be manufactured in
a controlled factory setting, transported to the site by rail, truck or barge, and in-
stalled module by module. This manufacturing approach is more efficient than on-
site field construction, and should reduce cost and construction time. Modern ship-
building uses modular construction extensively, and it has been adopted for the con-
struction of large advanced nuclear powerplants, such as the four Westinghouse AP-
1000 plants under construction in China and the four reactors in pre-construction
today in Georgia and South Carolina. Because they can be manufactured in North

1The Nuclear Energy Institute (NEI) is responsible for establishing unified nuclear industry
policy on matters affecting the nuclear energy industry, including regulatory, financial, tech-
nical, and legislative issues. NEI members include all companies licensed to operate commercial
nuclear powerplants in the United States, nuclear plant designers, major architect/engineering
firms, fuel fabrication facilities, materials licensees, and other organizations and individuals in-
volved in the nuclear energy industry.
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America to meet growing domestic and export demand, SMR deployment will create
high-tech U.S. jobs and improve our global competitiveness.

According to a February 2011 Commerce Department study?2 on small reactors,
a “robust program of building SMRs could make use of existing domestic capacity
that is already capable of completely constructing most proposed SMR designs. This
ability could mean tremendous new commercial opportunities for U.S. firms and
workers. A substantial SMR deployment program in the United States could result
in the creation of many new jobs in manufacturing, engineering, transportation, con-
struction (for site preparation and installation) and craft labor, professional services,
and ongoing plant operations.”

In addition, small reactors manufactured in America will help the United States
re-establish its leadership position in nuclear energy technology around the world.
By developing the innovative, clean-energy technologies the world demands, the
United States can transfer its safety, security, and nonproliferation culture with the
technology.

SMALL REACTOR SAFETY AND SECURITY—ENHANCED BY DESIGN, REQUIRED BY
REGULATION

SMRs being developed today benefit from decades of advancements in materials,
design, instrumentation, controls, and operational experience.

SMRs are being designed with separate, independent underground containments
for each module, as well as separate, independent safety systems protected within
those underground containments. These same features provide the capability to
withstand aircraft impacts and, coupled with their small footprint and limited ac-
cess points, provide improved defense against any terrorist threat.

SMRs rely less on engineered safety features (so-called “active” safety systems
like pumps and motors), and rely instead on natural safety features (so-called “pas-
sive” safety systems like gravity feed of cooling water in the event of loss of elec-
trical power, and natural convection to carry away heat). This design approach pro-
vides significant safety advantages.

In addition, each of the lead light-water SMR designs uses an integral approach
where the steam generators, pressurizer, control rod drive mechanisms, and coolant
pumps (if used) are contained within the reactor vessel. There are no penetrations
into the reactor vessel below the top of the core, which eliminates the possibility
of large-break loss of coolant accidents.

Because of their small size, integral design, and reliance on natural convection
and gravity-based cooling systems, these small reactors can remain safe, even with-
out onsite or offsite AC power, for 7 days or longer.

PUBLIC/PRIVATE PARTNERSHIPS ARE ESSENTIAL TO SUPPORT SMALL REACTOR
DEVELOPMENT

A number of analyses have documented the potential economic, energy security,
and environmental benefits of SMRs. There are challenges to realizing those poten-
tial benefits, however, including design and first-of-a-kind engineering costs, Nu-
clear Regulatory Commission (NRC) licensing costs, and fabrication/construction
costs. These challenges inevitably influence the economics of small reactors.

In order to determine the business case for small reactors, NRC design and oper-
ational requirements must be finalized. Small reactors must meet or exceed all of
the NRC’s safety and security goals and requirements. Today’s regulations are de-
signed to ensure that large, light water-cooled reactors achieve these requirements.
Tomorrow’s small reactors may need new or modified regulations to ensure that
they also meet or exceed these safety and security goals and requirements.

The nuclear industry and other stakeholders are working with NRC to define the
regulatory requirements for SMRs. This work is at a relatively early stage. The
NRC and the industry have identified a number of generic regulatory issues—in-
cluding license fees, decommissioning funding assurance, emergency planning re-
quirements, security, control room staffing, loss of large areas of the plant due to
terrorist activity and a number of others—that should be considered when devel-
oping the licensing framework for SMRs.

The industry is developing position papers on many of these issues, and dis-
cussing them with NRC staff. These interactions between NRC and the industry are
conducted in public meetings open to all.

Based on these discussions and its own analysis, NRC will develop the licensing
and regulatory requirements for SMRs that, in its view, would protect public health

2The Commercial Outlook for U.S. Small Modular Nuclear Reactors, U.S. Department of Com-
merce, February 2011.
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and safety. These requirements will be subject to review by (among others) NRC
senior management, the NRC’s Advisory Committee on Reactor Safeguards, and the
NRC commissioners before they are finalized. Since these regulatory requirements
will be promulgated as rules, they will also be subject to public review and comment
before being finalized.

Once finalized, these requirements must be factored into the design, licensing,
construction and operation of a standardized small reactor. Only at this point will
the initial economics be known for the first-of-a-kind or lead plant. Further work
will be needed to optimize the factory fabrication and reduce the cost of future
SMRs in much the same way our shipbuilding and aerospace industries have done.

The cost-shared, Government-industry SMR program proposed by the President is
designed to address these issues and reduce the risk and uncertainty of moving for-
ward. Traditional partnerships among technology vendors, component manufactur-
ers and end users are necessary—but not sufficient in themselves. Industry is pre-
pared to absorb its share of these initial development costs, but revenues from the
sale and operation of the first SMRs are some years away, and some level of Gov-
ernment investment in this promising technology is both necessary and appropriate.
Absent additional business risk mitigation through Government investment, the po-
tential benefits of these SMR concepts may go unrealized, or may be realized later
than desirable.

Leveraging private sector resources through public partnerships with the Depart-
ment of Energy and other Government entities will help move these new reactor
technologies to market, capturing their many benefits while maintaining U.S. nu-
clear energy technology leadership.

CONCLUSIONS AND RECOMMENDATIONS

The potential benefits of small, modular, nuclear powerplants are substantial.
These technologies should be pursued and supported. These designs expand the
strategic role of nuclear energy in meeting national environmental, energy security
and economic development goals.

While the United States has the lead today in developing these small reactors,
other countries are already developing them. Reducing the time to market is key
to ensuring that U.S. companies gain a share of the global market and influence
the international safety and security culture. The proposed DOE cost-shared small
reactor program will help achieve this goal.
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