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I. INTRODUCTION

In this analysis, the Atlantic Council has set out to estimate the value
that the civilian nuclear power sector contributes to the United States’
national security apparatus. Based on a series of inputs, this analysis
and conservative estimation found that the nuclear power complex
contributes an equivalent of more than $42.4 billion to US national se-
curity, as broadly defined. In other words, the lack of a civilian nuclear
sector would present an immediate and significant economic shock
(and impact on the labor force)—which, in turn, would have immediate
and longer-term budgetary implications for the US government.

The definition of national security can be viewed narrowly or more
broadly, in terms of both the scope of the institutional assets and pro-
viders of national security services and the types of functions or ser-
vices they undertake. This analysis includes both nuclear utilities and
nuclear generators, as well as US military and defense facilities, as pro-
viding critical national security functions. The utilities and generators
provide secure and reliable electricity, accounting for 19.3 percent of
total US electricity generation in 2018, and they contribute significantly
to the diversified energy-generation mix that the United States enjoys.

There are three main reasons for public support of the civilian nuclear
industry for national security purposes, which are identified in the anal-
ysis that follows. The reasons are

1. the civilian nuclear industry generates a vast investment in human
capital, which is a necessary condition for all applications of nuclear
energy in the national security apparatus;
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The crew of the Virginia-class attack submarine USS /ndiana (SSN 789) salute after bringing the ship to life during the
boat’s commissioning ceremony in Port Canaveral, Florida, September 29, 2018 (photo by US Navy, Senior Chief Mass

Communication Specialist Leah Stiles/Flickr).

2. thecivilian nuclear industry and its associated sup-
ply chain provide critical risk mitigation and pro-
curement safety to the national security apparatus;
and

3. the civilian nuclear industry’s value to national se-
curity priorities related to climate change.

The Atlantic Council Task Force on US Nuclear Energy
Leadership recently concluded that nuclear power is
an essential contributor to national security.! Nuclear
energy provides critical economic, energy security, de-
fense, foreign policy, scientific, technological, and en-
vironmental benefits. Although the United States has
the largest civilian nuclear power industry and nucle-

ar-powered navy in the world, it faces significant chal-
lenges to its leadership position on the civilian side,
and it stands at a major juncture in its nuclear energy
policy and industrial development. The research that
follows builds on the conclusion of the task force’s re-
port to quantify certain economic aspects of the issue.

Civilian nuclear power and the associated supply chain
are interwoven with key US national security priori-
ties, specifically US leadership in global nuclear non-
proliferation norms, the support of the nuclear navy,
and the nation’s nuclear deterrent. The connectivity of
the civilian and military nuclear value chain—including
shared equipment, services, and human capital—has
created a mutually reinforcing feedback loop, wherein

1 Atlantic Council Task Force on US Nuclear Energy Leadership, US Nuclear Energy Leadership: Innovation and the Strategic Global Challenge,
Atlantic Council, May 20, 2019, https:/www.atlanticcouncil.org/in-depth-research-reports/report/us-nuclear-energy-leadership-innovation-

and-the-strategic-global-challenge-2/.
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a robust civilian nuclear industry supports the nuclear
elements of the national security establishment, while
underwriting the strategic value of civilian nuclear
power to the United States and encouraging growth
over the long term.

Il. THE US CIVILIAN NUCLEAR POWER
COMPLEX AND NATIONAL SECURITY
FRAMEWORK

In its recent report, the Atlantic Council’s Nuclear Task
Force notes that the “risks and strains facing the US
nuclear power sector have significant national security
and foreign policy ramifications for the United States.”
In terms of nuclear technology innovation, export ca-
pacity, and geopolitics, a vibrant civilian nuclear en-
ergy sector is a critically important national security
asset. The anticipated closure of nuclear generators

would adversely affect the nuclear supply chain and
US human resources capabilities—mainly knowl-
edge and expertise in civilian nuclear power—as
well as services to the US military. Only two civil-
ian reactors are currently under construction in the
United States, while most new reactors are being
built in China, Russia, India, and other Asian and
Middle Eastern countries by non-US companies.
There is also intense international competition to
build the next generation of reactors, including
small modular reactors (SMRs) and advanced non-
light water reactors, which could find substantial
markets in developing countries as well as in the
United States.?

The US nuclear power complex is large, and it involves
both civilian and military organizations. At the core of
the complex are the nuclear power generators and the
US military commands and facilities. This study identi-
fies three main areas of analysis and estimation: human
capital in the workforce of the national laboratories,
universities, and the nuclear navy; the replacement
value of nuclear generation and its associated supply
chain; and the value to the national security priority
of climate change mitigation provided by the nuclear
industry. In each of these areas, there is crossover be-
tween civilian and military expertise, personnel, and

The Value of the US Nuclear Power Complex to US National Security

materiel related to nuclear energy. This study esti-
mates the dollar value that the US military would need
to spend in order to replace the (partial) loss of the
civilian nuclear sector.

I1l. ESTIMATION TECHNIQUES,
ASSUMPTIONS, AND DATA

The analysis that follows includes an estimate of the
value of the US nuclear power industry to the national
security apparatus broadly defined. While there are
important areas of overlap, this is a different exercise
from estimating the impact of the industry and its sup-
ply chains on the overall economy. The latter analysis
does give valuable boundary conditions for the analy-
sis and estimations that follow. For example, in a fre-
qguently cited analysis, the Brattle Group estimates
that the nuclear industry accounts for approximately
475,000 jobs and contributes $60 billion to US gross
domestic product (GDP) annually.® That same analy-
sis includes the sizeable contribution to federal and
state taxes (approximately $10 billion and $2.2 billion,
respectively), which is excluded from the analysis that
follows. Part of the excluded value of the industry also
comprises its contribution to the trade balance by ex-
porting nuclear fuel, technology, and services. The
US Census Bureau statistics for 2017 show worldwide
exports of nuclear fuel materials totaling $916 million.
Exports of nuclear technology were $949 million.

This analysis is additionally sensitive to a number of im-
portant assumptions, exclusions, and limitations, which
are introduced here and will be referenced where
appropriate.

1. “Snapshot” measure: the analysis and resulting es-
timates are conservative in the sense that they are
focused on point-in-time estimates, based on the
most recent data available, to provide a snapshot
measure of economic impact. Based on assump-
tions around economic growth, industry capacity,
and other factors, future research may assess the
economic impact of the industry in future years, to
provide discounted aggregates over different time
horizons.

2 Atlantic Council Task Force on US Nuclear Energy Leadership, US Nuclear Energy Leadership, 7.

3 Mark P. Berkman and Dean M. Murphy, The Nuclear Industry’s Contribution to the U.S. Economy, Brattle Group, July 7, 2015, https:/www.
brattle.com/news-and-knowledge/publications/the-nuclear-industrys-contribution-to-the-us-economy.
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Figure 1. Summary Table of Issue Brief Findings

Area of Analysis

Human Capital force

Baseload and Supply

Chain supply chain companies
Environmental Benefits Avoided emissions
Total

Terms Incorporated

National labs, universities, civilian nuclear work-

Gas capacity substitution, dependable baseload,

Dollar Value Estimated

$26.1 billion

$2.9 billion

$13.4 billion
$42.4 billion

Source: Compiled from authors’ own work, as presented in this issue brief.

2. Quantifiable impact: the analysis focuses on quanti-
fiable, “physical,” economic impact. It has excluded,
for example, considerations of the geostrategic
value to the United States of being the global leader
in nuclear technology. Other such areas include,
for example, the importance of plutonium to future
deep-space exploration and the importance of US
leadership in developing a new generation of small
modular and advanced reactors.

3. This analysis acknowledges that the supply chain
for the civilian nuclear industry includes many inter-
mediate goods and products that have applications
outside of the civilian or military nuclear industry.
This estimation is an effort at quantifying the bene-
fits solely to the national security apparatus.

4. Additionally, there are forms of existing bespoke
support to the industry. In many cases, such as loan
guarantees or standby insurance provided by the
federal government, it is not practical to discern how
these instruments benefit the industry more than
other industries, and this analysis was conducted
without consideration of these support instruments.

The human capital dimension of this analysis is based
on budgetary allocations that “price” the contribution
of nuclear engineering and related fields, as well as an
analysis of average wages for nuclear and other en-
gineers compared to the national average. The value
of nuclear generation and the related supply chain is
bounded by the results of prior inter-industry analysis
estimating the impact of the supply chain on the entire

economy, and further informed by replacement value
at constant reliability. Estimates of nuclear energy’s
environmental benefits to the national security appa-
ratus build on prior research.

In summary, using conservative assumptions, this anal-
ysis found an overall estimated value to the national
security apparatus of approximately $42.4 billion, di-
vided between human capital ($26.1 billion), nuclear
baseload and the supply chain ($2.9 billion), and envi-
ronmental benefits ($13.4 billion).

IV. AREAS OF ANALYSIS

HUMAN CAPITAL

The civilian nuclear industry generates a vast invest-
ment in human capital that is a necessary condition
for all applications of nuclear energy in the national
security apparatus. The following analysis considers
the staff in the nuclear supply chain at private com-
panies, research universities, and the National Nuclear
Security Administration (NNSA), among others. At dif-
ferent levels of specialization, the employees command
wage differentials in the labor market that can serve as
a useful quantitative indicator of the investment that
would be needed in the case of a significant reduction
or disappearance of the civilian nuclear industry. As
shown in the above table, this element constitutes the
largest component of estimated total costs and would
certainly be difficult to reconstitute if lost.

ATLANTIC COUNCIL
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US Department of Energy (DOE) National
Laboratories and Research and Development (R&D)

The DOE national laboratories are often referred to as
“national treasures,” and they have extensive equip-
ment and human scientific and technological exper-
tise. They support both civilian and military energy
programs, both nuclear and non-nuclear. Congress
appropriated $37 billion in fiscal year 2019 (FY19) for
the DOE laboratory system.* The laboratories manage

The Value of the US Nuclear Power Complex to US National Security

the implementation of most of the DOE nuclear en-
ergy programs, which in FY19 were funded at $1.326
billion, with Congress increasing the levels from the
Trump Administration’s request. The Idaho National
Laboratory is one of the leading nuclear labs, and re-
ceived $1.6 billion in FY19, including about $318 million
for management of the DOE Nuclear Energy Office
programs. Another laboratory at Oak Ridge has 4,400
research and mission support staff, including 1,100

Figure 2. US Department of Energy National Laboratories

Office of Science Laboratories

Other DOE Laboratories

NNSA Laboratories

© Ames Laboratory
Ames, lowa

1 Idaho National
Laboratory
Idaho Falls, Idaho

© Argonne National
Laboratory 2 National Energy
Argonne, lllinois

© Brookhaven National
Laboratory
Upton, New York

Albany, Oregon

v

@ Fermi National
Accelerator Laboratory
Batavia, lllinois

© Lawrence Berkeley
National Laboratory
Berkeley, California

© Oak Ridge National
Laboratory
Oak Ridge, Tennessee

© Pacific Northwest
National Laboratory
Richland, Washington

© Princeton Plasma
Physics Laboratory
Princeton, New Jersey
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Newport News, Virginia
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Pittsburgh, Pennsylvania
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Accelerator Laboratory 6 .
Menlo Park, California @
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(10] ;::l;l::' i‘::fcf::::(r;ntor @ Office of Science Laboratory

3 National Renewable
Energy Laboratory
Golden, Colorado

@ Lawrence Livermore
National Laboratory
Livermore, California

4 Savannah River
National Laboratory
Aiken, South Carolina

© Los Alamos National
Laboratory
Los Alamos, New Mexico

© sSandia National
Laboratory

Albuquerque, New Mexico
Livermore, California

e

() Other DOE Laboratory
@ NNSA Laboratory

Source: “The DOE Laboratory System,” US Department of Energy

4 Department of Energy FY 2020 Congressional Budget Request: Laboratory Tables Preliminary, US Department of Energy, March 2019, https://
www.energy.gov/sites/prod/files/2019/03/f60/doe-fy2020-laboratory-table.pdf.
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Figure 3. Nuclear Engineering Degrees Awarded in the Past Ten Years
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staff scientists and engineers. It has 3,200 users and
visiting researchers annually, and in 2018 had program
expenditures of $1.6 billion. Of course, not all these re-
sources are devoted to nuclear projects, but this gives
an indication of the size of one of the major national
labs. In FY18 and FY19, the nine national laboratories
with major nuclear energy programs received a total
budget of about $10 billion.

Education, Universities, and Human Capital

Universities in the United States house leading centers
of nuclear engineering and research, and they work
closely with the DOE national laboratories and pri-
vate companies on training and R&D. US companies
are making extensive use of these capabilities in their
efforts to develop advanced nuclear reactors, as well
as to apply innovative technologies to improve the effi-
ciency and operation of existing reactors. Due to tech-
nological advancement and improved management,
the operating costs of US reactors have dropped 25
percent since 2012, to the lowest level since 2004. On
the research side, TerraPower, a US company develop-
ing an advanced molten-salt reactor, indicated at the
2019 Nuclear Energy Institute (NEI) Nuclear Summit

iy

2009 2010 201 2012 2013

2014 2015 2016 2017 2018

B Doctoral

that it has been working with twelve universities and
eight national laboratories in its development efforts.
The DOE Gateway for Accelerated Innovation, man-
aged by Idaho National Laboratory, is actively working
with US universities on various research projects. A di-
rectory under the Gateway for Accelerated Innovation
in Nuclear (GAIN) project samples the nuclear research
and other related activities undertaken at nine univer-
sities and colleges.®

In this section, estimates are conservatively based on
the most specialized sector of the labor market sup-
porting the civilian and military nuclear industries in the
United States—US university graduates in nuclear engi-
neering, at both the undergraduate and graduate levels.
Data on enrollment compiled by the Oak Ridge Institute
for Science and Education (ORISE) since the 1960s pro-
vide the basis for the below estimates. The enrollment
data present a comprehensive reflection of the state of
play in the US educational system and provide a good
proxy for the health of the labor market for nuclear en-
gineers at different levels of educational attainment.

The latest survey, published in April 2019, discusses the
findings of the 2018 survey and, in general, describes

5 “University Directory,” Gateway for Accelerated Innovation in Nuclear, accessed August 20, 2019, https://gain.inl.gov/SiteAssets/Forms/
Allltems.aspx?RootFolder=%2fSiteAssets%2fUniversityEngagement&FolderCTID=0x012000556C9CDO0O1B43BF458916 A221A352F303.
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Figure 4: Employment Intent of Nuclear Engineering Ph.D. Graduates

1975
Academic 14%
Government incl. Military 32%
Industry 37%
Other 17%
Number of graduates* 92

Source: Oak Ridge Institute for Science and Education

*Excludes those still seeking employment

healthy enrollment trends relative to historical norms.
According to the survey, thirty-five nuclear engineer-
ing academic programs awarded 623 bachelor’s de-
grees, 260 master’s degrees, and 195 doctoral degrees
in 2018.

As part of its studies, ORISE also tracks the post-grad-
uation job market or further-study intent of gradu-
ates in the nuclear engineering field. As others have
discussed, here the survey continues to show a long-
term trend away from anticipated employment in the
commercial nuclear industry and toward government
and academic employment in nuclear-related fields.®
With the lack of civilian nuclear new builds, this is not
unexpected. This trend could, of course, change with
new technology demonstrations, e.g., the NuScale
twelve-module, 720 megawatt (MW) SMR project
with the Utah Association of Municipal Power Systems
(UAMPS), and commercialization of advanced tech-
nologies over the next ten to fifteen years.

2015 2018
24% 30%
40% 40%
24% 25%
12% 5%
15 150

As the figures that follow indicate, nuclear engineers
command a wage differential that is a reward for the
acquisition of human capital by those with advanced
degrees: the reward for the opportunity cost inherent
to the pursuit of the degree, usually measured by the
foregone earnings during the years spent in a degree
program. Nuclear engineers also benefit from the gen-
eral trend of the widening wage gap between highly
skilled and lower-skilled labor. While the educational
system in the United States has, in the past, responded
relatively quickly to increased demand for nuclear en-
gineers, the supply of nuclear engineers (and highly
skilled workers in general) is still inelastic relative to
the general labor market, pushing up wages faster in a
time of higher demand.”

Using data from the Bureau of Labor Statistics (BLS),
the following analysis attempts to quantify the cost of
procuring a labor force of the size, skill level, and depth
as the one currently employed by the civilian nuclear
industry.®

6 The U.S. Nuclear Energy Enterprise: A Key National Security Enabler, Energy Futures Initiative, August 2017, https://staticl.squarespace.com/
static/58ec123cb3db2bd94e057628/t/59947949f43b55af66b0684b/1502902604749/EFI+nuclear+paper+17+Aug+2017.pdf.

7  Atlantic Council Task Force on US Nuclear Energy Leadership, US Nuclear Energy Leadership.

8 “Occupational Employment Statistics Query System,” US Department of Labor, accessed September 9, 2019, https://data.bls.gov/oes/#/
geoOcc/Multiple%200occupations%20for%20one%20geographical%20area. The average hourly wage for an engineer in each state is based
on a composite average derived by combining occupation the codes for Aerospace Engineers (172011); Biomedical Engineers (172031);
Chemical Engineers (172041); Civil Engineers (172051); Computer Hardware Engineers (172061); Electrical Engineers (172071); Electronics
Engineers, except Computer (172072); Environmental Engineers (172081); Health and Safety Engineers, except Mining Safety Engineers and
Inspectors (172111); Industrial Engineers (172112); Materials Engineers (172131); Mechanical Engineers (172141); Nuclear Engineers (172161); and
Engineers, All Other (172199). Where needed, wages were annualized by multiplying by 2080 hours.
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Figure 5. Employment and Wages at Nuclear Plants by State

Average
state nuclear
engineer
wage

Direct
employment at
plant

Average state
wage

Average state
engineer wage

Plant(s)

Browns Ferry,

2300 21.05 48.39 49.09
Farley
Palo Verde 2500 23.70 47.06 -
Arkansas Nuclear 900 19.97 29 41 )
One
Diablo Canyon 1500 28.44 54.80 63.55
Millstone 1500 29.22 47.64 54.06
StLucie, Turkey 1600 2212 43.93 49.85
Point
Hatch, Vogtle 1750 23.21 4297 -
Braidwood, Byron,
Clinton, Dresden,
La Salle, Quad 5900 25.86 46.72 56.59
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Duane Arnold 500 22.19 41.10 -
Wolf Creek 1000 21.77 44.40 54.66
River Bend,
Waterford 1500 20.51 49.41 47.55
Calvert Cliffs 900 28.25 52.99 66.31
Pilgrim 600 30.72 50.04 -
Cook, Fermi, 2650 23.80 42.95 48,51
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Monticello, Prairie 1500 26.06 4775 )
Island
Grand Gulf 675 18.95 4316 48.03
Callaway 800 22.33 4414 46.67
Cooper 675 22.46 42.82 49.70
Seabrook 500 25.17 47.76 60.25
Hope Creek,
Oyster Creek, 1600 27.98 53.97 -
Salem
FitzPatrick, Ginna,
Indian Point, Nine 3125 29.75 48.92 54.04
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Brunswick,
McGuire, McGuire, 2600 22.69 44,92 54.38
Harris
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Source: The Nuclear Energy Institute and the US Bureau of Labor Statistics, as of 2019
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While there are gaps in the data, the following stylized
conclusions can be drawn from the data summarized
in the table below.

1.  Nationally, engineers as a group earn almost double
the average hourly wage ($46.27 versus $24.20).

2. Nuclear engineers, in turn, earn an average hourly
wage of $53.63 nationally ($52.47 if one excludes
the two states without nuclear plants for which
data are provided), significantly higher than engi-
neers on average nationally and/or in states with
nuclear plants ($46.74).

3. This pattern holds for all but two states for which
comprehensive data exist to facilitate compar-
isons—in Washington and Virginia, the average
engineer earns a higher wage than the average nu-
clear engineer, presumably due to the demand for
specialized engineers in aircraft manufacturing and
national security-related fields in those economies.

4. Data on nuclear engineer wages in states without
plants are thin: the data for Idaho ($20.90 average
hourly wage, $47.15 average hourly engineering
wage, and $61.67 average hourly nuclear engi-
neer wage) and New Mexico ($21.83, $54.81, and
$65.53, respectively) are indicative of the presence
of the Idaho National Laboratory and Los Alamos
and Sandia facilities, respectively.

With these data in mind, it is possible to derive esti-
mates of the annual national wage bill of the plants
alone, based on assumptions of the employment mix
and using existing estimates of secondary jobs cre-
ated to get at some notion of a procurement cost for
this labor force. The plants combine to employ close
to 54,000 workers, with estimates of secondary jobs
created going up to 475,000. Redeploying at average
national wages, the labor of the plants and generators
alone (assuming that the labor force is roughly bal-
anced between workers making close to each of the
three average wages) would incur a national bill of
$4.64 billion ($905 million for workers making close to
the national average, $1.73 billion for workers making
close to the average engineering wage, and $2 billion
for nuclear engineers). Taking the high-end estimate
of 475,000 secondary jobs, and assuming the aver-
age salary of those is close to the national average, a
full redeployment would run $23.9 billion. As such, it
is reasonable to state that it would have a significant

The Value of the US Nuclear Power Complex to US National Security

spillover economic impact and longer-term impact on
the labor force, which, in turn, would have meaningful
budgetary implications for the national government.
As a conservative initial impact estimate over a short-
term horizon, “purchasing” approximately half of this
combined labor force would have a budgetary impact
of $14.28 billion ($2.3 billion plant labor and $11.96 bil-
lion secondary).

The Nuclear Navy and the Veteran Workforce

The US nuclear power complex is especially important
for the US Navy and its development, operation, and
maintenance of about one hundred nuclear reactors in
submarines and aircraft carriers. In the future, nuclear
power sources may become integral to other services
and commands, including the Army, Air Force, and
new Space Command. The navy (and national secu-
rity) currently benefits from externalities generated
by the activities of the civilian industry and the asso-
ciated research facilities that it would otherwise need
to procure.

This analysis defines this complex as also including uni-
versities, national and independent research-and-de-
velopment laboratories, fuel providers, and suppliers
of equipment and technical services. These compa-
nies and institutions are active internationally. Nuclear
fuel, technology, and services exports are also in-
cluded in this national security equation. The role of
these institutions in innovation and the R&D of new
technologies is also of growing importance. The
Trump Administration’s National Security Strategy
and National Defense Strategy both highlight the
need to maintain and enhance what is being called the
“National Security Innovation Base” and the increasing
interaction between civilian and military technologies.

A major component of the US nuclear power complex
is the development, operation, and maintenance of nu-
clear reactors in the US Navy'’s fleet. The nuclear fleet
includes sixty-eight submarines; eleven aircraft carri-
ers; and four research, development, and training plat-
forms, and constitutes 45 percent of the navy’s major
combatants. This program is funded under the National
Nuclear Safety Administration of the Department of
Energy and managed by the Office of Naval Reactors.
Enacted funding in FY19 was $1.789 billion. The FY20
DOE Congressional Budget Request of $1.648 billion
focused on three major programs: Columbia-class
Reactor Systems Development, the Land-based S8G
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a7

The National Spherical Torus Experiments is an
innovative magnetic fusion device that was constructed
the Princeton Plasma Physics in collaboration with

the Oak Ridge National Lab, Columbia University, and
the University of Washington at Seattle (photo by US
Department of Energy/Flickr).

Prototype Refueling Overhaul, and the Spent Fuel
Handling Recapitalization Project.® This funding serves
to support the Navy Nuclear Laboratory (NNL) and
its Bettis and Knolls Atomic Power Laboratories, the
Kenneth A. Kesselring Site, and the Naval Reactors
Facility. In late 2018, NNL issued a large contract with
ten-year options up to $30 billion to a subsidiary of
Fluor Corporation for management and technical ser-
vices.? Bechtel, which was the previous NNL prime
contractor, also has major contracts for component
equipment and construction services with the navy,
some under the navy’s shipbuilding and conversion
funds for the Ford-class aircraft carriers.” Another
longtime supplier of reactors, fuels, and other ser-
vices is BWXT, which has supplied reactors for the na-

The Value of the US Nuclear Power Complex to US National Security

vy’s Ohijo-, Virginia-, Seawolf-, and Los Angeles-class
submarines, as well as the Nimitz- and Ford-class air-
craft carriers.”?

There will be a major increase in demand for nuclear sys-
tems as the navy proceeds with its fleet-expansion pro-
grams. The “new naval force program” envisions a force
increase to 355 ships, including twelve carriers, sixty-six
attack submarines, and twelve ballistic-missile subma-
rines, including replacement with Ford-class carriers and
Columbia and Virginia ballistic and attack submarines.

BASELOAD AND SUPPLY CHAIN

Overview

The daily operation of the national security apparatus,
as well as its execution on critical national security ob-
jectives, relies in important ways on the civilian nuclear
system and its supporting supply chain. Among other
things, the civilian nuclear industry and its supply chain
provide critical risk mitigation in terms of diversity in
energy supply, as well as procurement safety to the
national security apparatus. This reliance of the mili-
tary apparatus at the federal level can, by definition,
only be partially captured by retail rates for electricity
set at the state level.

As a useful outer estimate for the value of these bene-
fits, consider the overall impact of the nuclear gener-
ation sector on the US economy. The aforementioned
Brattle Group report, for example, estimates that the
nuclear industry accounts for approximately 475,000
direct and secondary full-time jobs, in addition to con-
tributing $10 billion in federal and $2.2 billion in state
taxes each year, and undertaking $5 billion in new
capital investments annually. The total annual addi-
tion to the US GDP from these activities is estimated at
roughly $60 billion.”

9 Department of Energy FY 2020 Congressional Budget Request: National Nuclear Security Administration, Volume I, US Department of
Energy, March 2019, https://www.energy.gov/sites/prod/files/2019/04/f62/doe-fy2020-budget-volume-1.pdf.

10 “The US Navy’s Nuclear Propulsion Contracts,” Defense Industry Daily, December 4, 2018, https://www.defenseindustrydaily.com/the-us-

navys-nuclear-propulsion-contracts-04752/#FY2017%E2%80%932018.

11 Stephen Carlson, “Bechtel awarded over $1.2B in nuclear propulsion contracts,” UPI, December 3, 2018, https:/www.upi.com/Defense-
News/2018/12/03/Bechtel-awarded-over-12B-in-nuclear-propulsion-contracts/5601543854106/.

12 “Naval Nuclear Propulsion,” BWX Technologies, Inc., accessed October 4, 2019, https://www.bwxt.com/what-we-do/naval-nuclear-

propulsion.

13 These estimates, based on input-output (I/0) model-analysis technigques, measure the direct, indirect, and induced economic impact of
the civilian nuclear industry, and holistically capture its effect on employment, construction, equipment, and the like. Secondary impact
comprises the change in expenditure by supplying industries. Finally, induced or tertiary impact is the result of the increased purchasing

power of companies and individuals related to the industry.
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Figure 6. Capacity Factor of Nuclear Generators Much Higher than Alternatives
(2018 Capacity Factor, Percent)
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Source: Energy Information Administration

Baseload Power for Electricity System Reliability

The value that US utilities and generators provide to
the national security system in terms of dependable
baseload power to US consumers is difficult to break
out, although the Trump Administration has defended
the importance of nuclear for maintaining a diverse
and resilient electricity mix, especially related to the
vulnerability of gas supplies during very cold weather.
The issue of the role of nuclear energy in promoting
system reliability and reliance has been a key topic
of consideration by the Federal Energy Regulatory
Commission (FERC) and with PJM and other indepen-
dent system operators (ISOs). Some states are clos-
ing plants, while others have enacted subsidies (e.g.,
zero-emission credits) to maintain capacity. In 2018,
nuclear plants operated at a capacity factor of 92.3
percent and provided 19.3 percent of the nation’s elec-
tricity. The high-capacity factor greatly exceeds that
of other fossil and non-fossil sources in 2018: gas com-
bined cycle (57 percent), coal (54 percent), conven-

40% 50% 60% 70% 80% 90% 100%

tional hydropower (42 percent), wind (37 percent), and
solar photovoltaics (26 percent).'*

In addition, a mix of US and foreign companies supplies
nuclear fuel to US nuclear power plants and the navy
(only US fuel) for the nuclear-powered fleet. For civilian
nuclear plants, nuclear fuel costs are about 20 percent
of total generating costs, or about $5.98 per megawatt
hour (MWh) in 2018. Total estimated fuel costs in 2018
for the 807 million MWh generated were therefore $4.8
billion out of total generation costs of $16 billion.

The specific fuel costs for the naval reactors is not bro-
ken out. A rough estimate is that nuclear fuel costs are
40-50 percent of the naval-reactor operating budget,
or about $200-250 million per year.

Similarly, it is difficult to calculate the full benefits
of the defense functions provided by the US nucle-
ar-powered fleet. The budget for the Office of Naval
Reactors—including technology development, opera-

14  “Electric Power Monthly: Table 6.7.A. Capacity Factors for Utility Scale Generators Primarily Using Fossil Fuels, January 2013-July 2019,” US
Energy Information Administration, September 24, 2019, https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_07_a;
“Electric Power Monthly: Table 6.7.B. Capacity Factors for Utility Scale Generators Not Primarily Using Fossil Fuels, January 2013-

July 2019,” US Energy Information Administration, September 24, 2019, https://www.eia.gov/electricity/monthly/epm_table_grapher.

php?t=epmt_6_07_b.

12
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Figure 7: Levelized Cost of Energy

$ > Annualized Capital Costs + Operating Costs + Fuel Costs
LCOE = : ik

MWh

Total Generation

tions, and maintenance—has been around $1.5 billion
per year, and the FY20 budget request is $1.6 billion.
For US bases, one source cites a figure of $4 billion for
electric power purchases.”” The nuclear portion of the
grid electricity provided to military facilities varies by
state, but it is not estimated here.

Nuclear plants provide dependable, baseload power to
US consumers, and contribute to the nation’s energy se-
curity, grid reliability, and resilience. In order to achieve
a similarly dependable amount of baseload power using
gas combined-cycle plants, one would have to use ap-
proximately 1.6 times the installed capacity.

To examine the cost of nuclear closure, this analysis as-
sumes, consistent with earlier labor estimates, that half
the current nuclear fleet is closed, and that 70 percent
of the reduced generation is replaced by new gas com-
bined cycles. The issue of substitution requirements is
complicated by the substantial, continuing retirement
of baseload coal plants in some regions. This analysis
therefore assumes that generation from gas combined
cycles would supply about 282 billion kilowatt hours
(kWh) (compared with nuclear generation of 807.1 bil-
lion kWh in 2018).® Applying the Energy Information

Administration’s (EIA) projected average levelized cost
of energy (LCOE) for new gas combined cycle plants
introduced in 2023 of $42.8/MWHh,"” the cost of supply-
ing the 282 billion kWh is $12.1 billion. This calculation
is very sensitive to gas fuel and replacement capital
costs. It does not include the substantial costs of de-
commissioning nuclear plants, nor the growing issue of
storage of spent fuel. Most plants have been licensed
for sixty-year operation. If they are prematurely closed,
major decommissioning costs will kick in. On the other
side of the ledger, spent fuel is building up at the plant
sites, and higher costs will likely be incurred to manage
this problem in the future.

Using the relationship of national security spending to
the overall federal budget as a rough proxy for the na-
tional security share of the benefit of stable, dependable
baseload power. In 2019, this spending in the budget
of the US Departments of Defense (DOD), Veterans
Affairs, and Homeland Security is equivalent to around
$900 billion, or around 24 percent of the total. Based
on LCOE-based installed-capacity cost averages for re-
liability-equivalent options,”® the benefit of half of the
baseload nuclear power currently provided to national
security has an approximate value of $2.9 billion.”

15 Jeffrey Marqgusee, Craig Schultz, and Dorothy Robyn, “Power Begins at Home: Assured Energy for US Military Bases,” Noblis, January 12,
2017, https://www.pewtrusts.org/~/media/assets/2017/01/ce_power_begins_at_home_assured_energy_for_us_military_bases.pdf.

16 Nuclear by the Numbers, Nuclear Energy Institute, March 2019, https://www.nei.org/CorporateSite/media/filefolder/resources/fact-sheets/

nuclear-by-the-numbers.pdf.

17 Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy Outlook 2019, US Energy Information
Administration, February 2019, https:/www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf.

18 “Cost of Building Power Plants in Your State,” Natural Resources Defense Council, accessed September 9, 2019, https://www.nrdc.org/cost-

building-power-plants-your-state.

19 To examine the cost of nuclear closure, this report assumes that half the current nuclear fleet is closed. Nuclear generation in 2018 amounted
to 8071 billion kWh, so the replacement need for half of that would be 403.55 billion kWh. Providing 70 percent of the replacement with
gas combined cycles would necessitate a supply of 282.48 billion kWh. Applying the EIA-projected national average LCOE for new gas
combined-cycle plants introduced in 2023 of $42.8/MWh, the cost of this supply is $12.1 billion. Using the 24 percent budgetary proxy then
leads to an economic/budgetary estimated impact on national security of $2.9 billion.
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Supply Chains in Nuclear Fuel, Technology, and
Services

US nuclear generators are supported by a large complex
of companies and institutions that stretches beyond just
the commercial supply chain, which the Energy Futures
Initiative (EFI) estimates at more than seven hundred
companies in forty-four states, based on an inventory
compiled by the American Nuclear Society (ANS).
These companies provide a wide range of goods and
services to the nuclear generation industry at differ-
ent levels of specialization, and they are predominantly
located in states with operating nuclear plants. Along
with the ongoing decline in the number of nuclear re-
actors, there is an ongoing loss of domestic production
capacity for critical components such as pressure ves-
sels. These growing gaps in the domestic supply chain
increase industry reliance on global supply chains.

Office of Naval Reactors officials have indicated that
several hundred companies, which must meet strin-
gent standards, are involved in supporting their pro-
gram. There are about twenty-eight prime contractors
that work for the Office of Naval Reactors in three
major areas: power block (only one), pumps and flow
equipment, and instrumentation and control.?°

While the United States imports more than 90 percent
of its uranium, mainly from Canada and Australia, the
uranium is converted in the United States, enriched
to 3-5 percent U-235, fabricated into pellets, loaded
into fuel rods, and combined into fuel assemblies for
specific reactors. There is currently one low-level en-
richment facility (Urenco’s gas-centrifuge uranium-en-
richment facility near Eunice, New Mexico) and three
fabrication plants (Global Nuclear Fuel Americas plant
in Wilmington, North Carolina; Westinghouse Columbia
Fuel Fabrication Facility in Columbia, South Carolina;
and Framatome facility in Richland, Washington) in the

The Value of the US Nuclear Power Complex to US National Security

United States.?' Utility and nuclear generator purchases
of fuel were estimated to be about $4.8 billion in 2018
($5.98 per MWh), which represented about 18.7 per-
cent of total US nuclear generating costs.?? President
Trump, to further a congressional inquiry into the na-
tional security implications of US dependence on im-
ported uranium, signed a memorandum in July 2019
expressing concern about the situation and creating
an interagency US Nuclear Fuel Working Group, co-
chaired by the assistant to the president for national
security affairs and the assistant to the president for
economic policy, to examine the issue.

ENVIRONMENT

Finally, environmental and climate-change threats
have, for some time, been recognized by the DOD as of
growing relevance to national security. The US nuclear
utilities are central assets in US emission-mitigation ef-
forts, currently providing the largest source of US car-
bon-free electricity at 55 percent.?® A full valuation of
national security should estimate the costs of climate
change and the externalities of fossil-fuel generation
and its carbon emissions.

Early closures would increase carbon-dioxide (CO,)
emissions by as much as 6 percent by 2035, based on a
report by the Union of Concerned Scientists, depend-
ing on whether the plants are replaced by natural gas
units.?* The NEI estimates that CO, emissions avoided
in 2018 were 528 million metric tons, representing
about 10 percent of total estimated US energy-related
CO, emissions.?® After adding avoided sulfur-dioxide
(§0,) and nitrogen-oxide (NOx) emissions, NEI calcu-
lates a social cost of $28.1 billion, or a little more than
$50 per ton of CO,. If one uses a conservative $25-per-
ton assumption, the benefits from nuclear amount to
$13.2 billion.?¢

20 “Nuclear Energy, Naval Propulsion, and National Security,” Center for Strategic and International Studies, October 2, 2018, https://www.csis.

org/events/nuclear-energy-naval-propulsion-and-national-security.

21 The Front End of the Nuclear Fuel Cycle: Current Issues, Congressional Research Service, July 29, 2019, https://fas.org/sgp/crs/nuke/R45753.pdf.

22 Nuclear by the Numbers.
23 lbid.

24 Steve Clemmer, Jeremy Richardson, Sandra Sattler, and Dave Lochbaum, The Nuclear Power Dilemma: Declining Profits, Plant Closures,
and the Threat of Rising Carbon Emissions, Union of Concerned Scientists, November 2018, https:/www.ucsusa.org/sites/default/files/

attach/2018/11/Nuclear-Power-Dilemma-full-report.pdf.

25 BP Statistical Review of World Energy 2019, BP, June 2019, https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/
energy-economics/statistical-review/bp-stats-review-2019-full-report.pdf.

26 Nuclear by the Numbers.
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Alongside the Nimitz-class nuclear powered aircraft carrier USS Ronald Reagan (CVN 76), the Royal Australian Navy
Anzac Class Frigate HMAS Ballarat (FFH 155) takes on fuel during a fueling at sea evolution in the Arabian Gulf, April 21,
2006 (photo by US Navy, Photographer’s Mate 3rd Class (AW) Aaron Burden/Flickr).

V. CONCLUSIONS AND
RECOMMENDATIONS

The United States has a large educational, R&D, and
industrial-support system that underpins its civilian
nuclear power sector, as well as its military nuclear
enterprise. Closure of nuclear reactors erodes this
system and impacts both current and future military
operations, technologies, and the national security in-
novation base.

The reliability of the US electricity system is import-
ant to the national security apparatus, since US bases
and facilities rely mostly on power from the civilian
grid. Dependable baseload power from nuclear plants
enhances this reliability. Closed nuclear plants would
likely be replaced by gas combined cycles and renew-
able generation, which may be more expensive and/or
reduce reliability.

Climate change has important implications for military
facilities and their operations. The DOD has assessed
the adaptation needs for bases and facilities in the
United States, but no public estimate of these costs
was found. The closure of nuclear plants will lead to
increased CO, emissions and contribute to DOD adap-
tation costs over time.

This report concludes that—based on conservative es-
timates of the value it provides due to human capital,
dependability of the energy supply, vibrancy of the
supply chain, and contributions to green power—the
civilian nuclear energy industry contributes at least
$42.4 billion annually to the pursuit of US national se-
curity priorities. In other words, an economic shock of
at least that size, as well as almost-immediate federal
budget implications, would result immediately in the
case of a more rapid erosion of civilian nuclear capac-
ity than the one currently underway. Therefore, this
report recommends that the federal policy and bud-
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getary implications of a continuing, and even more
rapid, potential erosion of civilian nuclear capacity be
seriously addressed. Since it abstracts from such other
factors as the role and value of US international lead-
ership and innovation capacity in this critical geostra-
tegic field, it is likely that longer-term costs would be a
multiple of the $42.4 billion estimate.
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