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Executive Summary
The United States and the South must have a diversified energy policy that fuels
environmental preservation and reduces our dependence on foreign sources of ener
30 years, the U.S. economy has grown three times faster than our energy consump
same period of time, more than 55 million jobs have been created while air polluti&o
by about 50 percent. Historically, the United States has put policies in place that em
growth, make the nation more dependent on domestic energy sources and protect it
is imperative that states enact policies to further address these urgent issues over di
Electricity demand is projected to increase by nearly 50 percent by 2030, according
Information Administration. In the Southeast and across America, policymakers xi
implementing a strategy to meet that demand from a diverse portfolio of electric g&i
while maximizing other energy resources such as renewable power, along with con,
efficiency measures.

Nuclear power plays a vital role in this diverse energy portfolio. Uranium fuel is t
affordable, and nuclear power plants already generate 20 percent of U.S. electricity
emitting any greenhouse gases or controlled air pollutants.

More than 100 nuclear power plants operate in 31 states, including 44 reactors in Sý
states. They are the nation's second-leading source of electricity, after coal, with 4V
costs that are cheaper than coal or natural gas for electricity production. Nuclear I
states meet Clean Air Act goals as well as reduce carbon. Without nuclear energy, 4
emissions would have been 28 percent greater in the electricity industry in 2004, aii
million tons of carbon dioxide would have been emitted each year-about the samec
emissions from 136 million passenger cars.

In order to fuel regional economic growth and enhance national security, our regicor
construction of advanced-design nuclear power plants. Electric companies from U-
have announced their intention to develop license applications for as many as 20 ne
These new reactors are needed to meet rising electricity demand in fast-growing SS
and they are economic drivers for communities and states where they are located.

Provisions in the Energy Policy Act of 2005 are jumpstarting interest in new reactoi
includes limited investment incentives, such as loan guaramtees for carbon-free eny
duction tax credits for new nuclear power plants and federal insurance to protect cx
avoidable delay in the government's reactor licensing process. Moreover, the Nucfi.
Initiative is a $1.1 billion partnership between the federal government and the indus
construction of advanced reactor designs. Some state legislatures have followed tht
are considering energy policy legislation to remove impediments to building energy.,ý
including nuclear power plants.

Public support for nuclear energy also is growing, including many environmentalist
leaders across the political spectrum. Public support for nuclear energy in the Unit
grown steadily as a result of excellent plant safety and performance, as well as grow
nuclear energy's benefits. A March 2006 survey revealed that 86 percent of the geii
that nuclear energy will play an important role in meeting our nation's electricity ne
ahead. In addition, 73 percent found it acceptable to add a new reactor at the neare
plant site. Overall, 68 percent of Americans surveyed support nuclear energy, whih
it (Bisconti Research 2006).



the benefits of conservation, efficiency and renewable sources of energy, opinion
litical blogger Matt Yglesias, who wrote that "it's simply not feasible to meet

nand through these routes, much less meet current demand plus the additional
conomic growth plus the additional demand imposed by the need to move away
ieans looking at nuclear power"(neinucleamotes.blogspot).

of nuclear waste disposal must move in tandem with new plant construction.
I Congress in 2002 approved a repository site at Yucca Mountain, Nevada, to
ised nuclear fuel disposal center. The Department of Energy must make



Introduction: A Bright Outlook
for the South
The key to the economic prosperity we are witnessing in the South is a stable, reli•i1
inexpensive supply of electricity. The role of nuclear power has become more signil
improved efficiency and life extension at existing reactors and because of the prosp e
production at new reactors that could begin to operate within the next decade.

As we have seen, the latest era of base-load natural gas plants presents challenges m
and as the environmental consequences of some aging fossil-fired power plants coni
power is on the brink of a remarkable return to prominence. Existing nuclear plani
States and in the South are operating at record-high capacity factors, ushering in th
seriously additional reactors in the South. With booming population growth and eco
the outlook for increased demand for electricity is evident. While some electricity ji
come from renewable power supply, such as biomass and wind sources, and new n
combined cycle plants, the South's thirst for electricity will require unprecedented
power supply from nuclear and coal.

The outlook for nuclear power has grown recently due to several other factors, inci
apprehension about global warming, fluctuating fuel prices for other electric genera
renewed emphasis on new-generation nuclear technology. Rising world temperatur
on greater use of fossil fuels for power generation, makes atomic power more attraic
supply option that does not generate greenhouse gases, such as carbon dioxide (CO.
pollutants such as sulfur dioxide (SO2) and nitrogen oxides (NOx), is attractive froi
perspective. While the capital costs of nuclear power plants are not expected to be c
greater than other emerging new baseload technologies, the fuel costs of nuclear an
generation of nuclear power plants will be safer, notwithstanding the high levels of s
reactors (Francis 2005).

The Bush Administration and Congress have signaled their continued support of nm
help reduce our dependence on foreign sources of energy and contribute to environi
solutions to electricity generation. President George W. Bush stated, when signing t
Act of 2005, that "nuclear power is another of America's most important sources of
our nation's energy sources, only nuclear power can generate massive amounts of e
emitting an ounce of air pollution or greenhouse gases, and because of advances in.-
nology, nuclear plants are far safer than ever before" (NEI 2005).

Challenges remain on key issues such as waste storage and disposal; nuclear non-p0
overall safety perceptions in some circles. Nonetheless, nuclear power seems pois'e
phase of prominence in the U. S. and globally as part of a diverse electricity supply

The Scope of Nuclear Power in the

Nuclear Power Fulfills a Need for Electricity
Many states in the South are confronted with increasing electricity demand and the'
new baseload electricity generation. In Texas, high temperatures in April 2006 creal
outs, and future electricity demand has state planners concerned. Electric utilities t)
routine power plant maintenance in the 'off-peak' months during the spring and fall,
weather event created a real capacity shortage and rolling blackouts throughout the



,COT), affecting over 600,000 residences and businesses in the north Texas area
le's surplus of electricity-about 20% in 2000-is expected to be no more than
of population growth, retirements of older power plants and a slowdown in the
lectric generation.

ent was partially blamed on abnormal temperature patterns for the spring, the
,ctrical generating capacity in the South is clear. According to the North Ameri-
y Council (NERC), electricity growth for the summer peak demand for the past
ias been around 2.4% per year, while the forecast for the next 10 years is slightly
In the South, peak demand is expected to grow at a slightly faster pace - 2.1%

beast Electric Reliability Council (SERC) states; 2.7% per year for Florida; 1.8%
and 1.3% to 1.5% per year for the Southwest Power Pool (SPP). Energy use is

Figure 1: NERC Regional, Reliability Councils

tNERC REGIONS

-1
NOTE: The Southern States Energy Board consists of member states represented, in the most
part, by the following reliability organizations of the North American Electric Reliability Council
(NERC): SERC (Southeast Electric Reliability Council)- most of the SSEB states; ERCOT (Electric
Reliability Council of Texas) - majority of Texas; SPP (Southwest Power Pool) - Oklahoma,
Missouri, portions of 7X, LA, AR; FRCC (Flordia Regional Coordinating Council) - Florida.

.imilar pattern with nationwide growth expected to be around 1.8 % per year
s energy to grow at 1.7% per year. (Figure I shows the regional reliability organi.
NERC).



44',-
Part of the increased use of electricity is due to the increased population in the regic
and 2000, the region's population grew by 17%, and eight of the states in the regio4
percentage than the national average of 13.1%. Between 2000 and 2004, the natioio
while the South grew by 5.6%. This trend is expected to continue in the future. Wi
the South representing some 38% of the total U.S. population in 2004, the expected
the South will be significant.

In the NERC regions that serve the SSEB states, the following peak loads are e:

II
Southeast Electric Reliabil Council 163.0 178.8
Electric Reliability Council of Texas 61.0 65.0
Florida Regional Coordinating Council 41.9 46.8
Southwest Power Pool 41.2 44.3

Most regions maintain a capacity reserve margin - a measure of installed capacit!
11% to 15%. As electric demand grows, supply must grow in order to maintain ac
to reliably supply energy requirements. Nationally by 2010, the peak electric loac
807.4 GW in 2010 up from an expected peak of 743.9 GW in 2006. Figure 2 shows
in electrical energy requirements, in billions of Kwh, over the next 25 years.

Figure 2: Electricity Demand Forecast Through 2030

Over the past dozen years, the majority of the capacity additions to meet additional,
been natural gas-fired combined cycle capacity (for intermediate load service) or 60
for peaking needs. From 1998-2004, 132.4 GW of combined cycle capacity was add
tion mix and 73.5 GW of combustion turbines of the total 216.1 G-W added. The f6o,



GW of combined cycle additions; 6.5 GW of combustion turbines; 19.4 GW of coal;
ine•s; and 2.9 GW of nuclear uprates and the refurbishment of Tennessee Valley
••Ferry I nuclear plant.

S'. Energy Information Administration, all regions will need additional generating
l the greatest need in the Southeast and the West. In 2025, the Southeast will -

130 percent of projected total demand due to the size of the electricity market and
grwth in the region, as described earlier. The EIA report expects coal-fired gener-
,able capacity to be among the capacity additions in the Southeast (EIA Annual
05). Electricity demand over the next 25 years will be 45% greater than it is today.

i rrent electric fuel supply mix would require building the equivalent of 50 nuclear
1W each, 261 coal plants at 600 MW each, 279 natural gas plants at 400 MW each,
ower supply sources at 100 MW each (a total of some 328 thousand MW).

ient by the public and private sectors for the construction of new nuclear plants has
nitinterest on Wall Street. Fitch Ratings is one of the Wall Street firns bullish on
v nuclear plants in the near term:

matter of debate whether there will be new nuclear plants in the industry's future.
in has shifted to predictions of how many, where and when. New nuclear plants

wer plants using new coal technologies are least likely to appear in the populous and
V'Jtheast or in California, regions that already have significantly higher energy
Southeast and Midwest. For political or geological reasons, these regions are likely to
s-fired powerfacilities or costly investments for other resources, such as wind or
freences will tend to favor lower energy prices in the Southeast and Midwest to the
the Northeast and California (Fitch Ratings 2006).

n ew electrical load of the next 20 years will be met by wind power and other
ptions, including small-hydro, the bulk of the requirements will have to fall to a,n power supply option. Limitations to the amount of energy that can be generated
example, include the fact that there are certain periods of the day when the wind
lequate or sustained speed to ensure
•Jk Typically wind genera- Figure 3: Map Showing Current
ýcity factors ranging Nuclear Units in Member SSEB States
'nL Wind
re.large
'Pically located

es from the
gificant

ýgses. Solar
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Nuclear Power Plants Operating in the Soul
Since they first started to come on line in the early 1970s, the 44 nuclear generatic
region have been a reliable, efficient source of electricity for a growing economy a'
Nuclear plants in the South have a combined electrical generating capacity of app
Gigawatts (GW). In 2005, these reactors contributed about 341 billion Kwh of eleA
billion Kwh of total generation in 2004. The operating capacity factor of those uni
three years is 90.3% (excluding Browns Ferry 1, which is not currently operating).
nuclear plants is also located in the South at the Tennessee Valley Authority's Wal
MW reactor that began commercial operation in 1996. Figure 3 is a map of the nu
units in the South while Table I lists the nuclear generating units in the SSEB me
with their capacities and license expiration dates. Table 2 shows recent state-by-st
nuclear capacity along with the percentage of generation in each state that comes

Table 1 - Nuclear Generating Units in the Southern States

I Browns Ferry 2-I.
I Browns Ferry 3 1 NC.1 Brunsvwick I

i Brunswick 2Farley I

AR: Arkansas Nuclear I
Arkansas Nuclear 2

FL-* Crystal River 3
St Lucie 1

2016
2014
2021
2023

_r _JMcGuire 1 1 I
McGuire 2 1100

2014 1 Shearon-Harris 900 2026
2018

SC Catawba 1 1129 2024
2016 Catawba 2 1129 2026
2016 Oconee 1 846 2033

St Lucie 2 839 2023 Oconee 2 846 I 2033
Turkey Point 3 693 2012 Oconee 3 846 2034
Turke Point 4 693 2013 Robinson 2 710 2010

o al 3 Summer 966 2022
GA: Hatch 1 869 2034

Hatch 2 883 2038 -TN Sequoyah 1 1150 2020
Voatlf I 1152 2027 1127 2021

o .gte 2 1149 2029 W

LA;.- River Bend 968 2025 IX -. C(
Waterford 3 1087 2024 Ct

MD: ICalvert Cliffs 1 873 2034 S10
Calvert Cliffs 2 862 2036

1171

IJAuunvu rclfA I I
omanche Peak 2
nth Texas I

2035

2030
2033
2027
2027

.2018
2020
2012
2013

rtb Anna I 2
orth Anna 2 1MS: -.. Grand Gulf 1 1270 2024 IN

Surry
Q__"1I



Generation by State and Percentage of State Generation - 2005

Alabama 1 __- 08 1 31.7 23 J
Arkansas 1,837 13.7 29
Florida 3,902 28.8 13
Georgia 4,053 31.5 24
Louisiana 2,055 15.7 17
Maryland 1,735 14.7 28

73.5
90.4
88.5
92.5
90.2
94.8
93.6Mississippi 1,270 10.1 22

Missouri 1,137 8.0 9 85.5
North Carolina 4,938 40.0 31 94.2
South Carolina 6,472 53.1 52 90.8
Tennessee 3,398 27.8 29 90.2
Texas 4,860 38.2 10 88.5
Virginia 3,440 27.9 35 89.4

Total 44,105 340.4 88.1
(90.3 without

Browns Ferry 1)

iergy is a Stable, Reliable Power Supply

its supply electricity around the clock and help ensure the stability of the nation-
Jy. Since the fuel costs and other operational costs of nuclear plants are relatively
er options (except hydro and other renewables), nuclear generating capacity

S, base load' generation operating at full output every hour of the day.

.p.lants typically operate for long periods of time between either scheduled refueling
•al outages due to unplanned maintenance. Originally the operation of nuclear
ed so that refueling outages were planned for every 12 months, but the industry
ed over time to 18 months to 24 months. As a point of reference, the longest
.. U.S. light water reactor is LaSalle 1, which completed a 739 day run in February

have been steadily reducing the period of time it takes to refuel reactors, thereby
that they are producing electricity. In 2005, the average refueling outage was 38
104 days in 1990. The shortest refueling outage by a U.S. nuclear power plant is
n-.ied by TVA's Browns Ferry Unit 3 in 2002 (NEI 2006). Industry-wide im-
!rg outage duration is due to "significant improvements to processes; planning;
pections of equipment; simultaneous performance of more work; and the use of
erform routine tests more efficiently" (Power 2005).

,re of overall reactor performance is capacity factor. In the past three years, the
•tor - the amount of energy actually produced divided by the maximum energy
ime - was 89.2% for U.S. nuclear plants. This includes plant down time due to
-and unplanned maintenance shutdowns.

Inuclear plant capacity factors have grown steadily over time from the first six
i_ factors ranged between 54% and 58% to the most recent five years (2001-2005),
ws were at an all-time high of 87%to 90.3%. During that time, the median capacity
increments has steadily climbed from 56.6% in 1980-1985 to 70.9% (1991-1995) and



89.6% percent from 2001 -2005 By comparison, the average capacity factor for c
72.6%; natural-gas plants, 37.7%; hydropower, 29.3%; wind, 26.8%; and solar, 18

Figure 4: Nuclear Unit Capacity Factors Improve Over Time

Price Stability Relative to Other Fuel Tlypes
Nuclear energy is characterized by low production costs, high capital costs, stable
operational life and significant regulatory costs.. Existing nuclear power plants are
tive even in deregulated markets and particularly when initial investment costs ha
(NEA 2003,59).

The total cost of producing electricity from nuclear power consists of three major 6
ment in capital costs; operation and maintenance; and fuel. Although capital costs
overall production cost of electricity from nuclear generation is relatively stable ove
low fuel costs and continued reductions in operating and maintenance costs.

Nuclear fuel has been a relatively abundant resource for which there is little conce,
availability or price stability. Fuel costs include purchasing uranium, and conversic
fabrication services. For a typical 1,100-MW reactor, the approximate cost of fuel f1
(replacing one third of the core) is about $40 million, based on an 18-month refuelir
average fuel cost at a nuclear power plant in 2004 was 0.42 cents/Kwh, cheaper tha
sources for electric generation (NEI 2006).

Operating and maintenance costs include expenses apart from fuel cost, including t
and support staff, training, security, health and safety, and management and dispose
waste. In addition, the costs of ongoing maintenance and inspection are also includ
Total production costs of electricity from a nuclear generating unit consist of appro)



I maintenance (O&M) cost. For a coal unit, some 76% of the production cost of
ile 24% is O&M. For gas-fired generation, approximately 91% of the total
iel cost. Figure 5 shows production costs for various generating sources.
i costs of nuclear energy increased from 2.54 cents/Kwh to a high of 3.63 cents/

Figure 5: Production Costs of Various Generating Options

wclining steadily to an average in 2004 of 1.68 cents/Kwh (2004 dollars). Al-
r than the production costs of coal-fired electricity during the 1990s, the produc-
id coal were essentially the same at the turn of this century. In 2004, production
ts were slightly lower than the cost of coal-fired generation (1.68 cents/Kwh for
-nts for coal).

roduction costs for gas-fired generation was 5.87 cents/Kwh in 2004, several
of nuclear energy. Because nuclear plants refuel every 18-24 months, fuel costs
price volatility like natural gas and, more recently, coal-fired power plants.
ent of the Palo Alto, CA-based Electric Power Research Institute (EPRI), said
on future generating costs that as the electric industry begins to recognize and
d with CO. emissions, the total operating cost of the coal-fired generation will
Lclear generation (2006).



Economic Impact of Nuclear Power Plants
The average U.S. nuclear plant employs approximately 500 employees in the local-
jobs typically pay salaries that are 40 percent higher than the average salaries in tl
nomic activity by the plant also generates 500 additional jobs in the local area, accd
several nuclear power plants by the Nuclear Energy Institute.

A nuclear plant generates approximately $350 million in total output for the local 0
roughly $60 million in total labor income. These figures include both direct and se'
The direct effects reflect expenditures for goods, services, and labor made directly I
secondary effects include subsequent spending effects and reflect how plant expend
down" through the local economy.

Another way of measuring the secondary effects of a plant is by using multipliers,i
ratio of the plant's "total economic impact" to its "direct economic impact" and car
each geographic region. Multipliers essentially measure how many dollars are crei
for every dollar spent by the plant. The local output multiplier for the average nuci
proximately 1.13. That means that every dollar spent by a nuclear plant results in,-
$1.13 in the local community.

Nuclear plants also account for a significant amount of tax revenue to their state a]
ties. The tax impacts from a nuclear plant extend beyond the tax revenue generate
plant. Spending from the plants has direct impacts on income and value creation, N
affects taxes paid on that income and value. Similarly, the secondary effects of plax
other products and services, in addition to the increased economic activity itself, leE
income and value creation, as well as additional tax revenues. The average nuclea,
total state and local tax revenue of over $20 million. These tax dollars benefit scho,
state and local infrastructure needs.

A specific example of the benefits of nuclear plants is found in a 2004 report on the
to local communities and the states of Duke Power's nuclear power plants. In this
estimated that the
economic impact
on the counties
surrounding the
nuclear plants at
McGuire and
Catawba are more
than $1.5 billion,
and those sur-
rounding Oconee
plant at $791
million.

In a 2004 economic
impact study of"
Progress Energy's
Brunswick
Nuclear Power
Station, University
of North Carolina-
Wilmington econo-
mists Claude



L 'Hall Jr. found that the Brunswick facility has significant positive impacts on the
xýunties of North Carolina. The facility has impacts on gross output or income,
ll' self-employment income, property income, indirect business taxes, and local
6: facility's impact on gross output or income in the four counties was almost $901
pkrcent of the value of total regional output in the four-county area.

Oity supported 2,030 jobs (1.3 percent of total employment) and $88.4 million in
iii in 2003, with an annual average salary per job of $43,500. "Prior to this report,
own about the faciliiy's economic impact inside or outside of Brunswick County. It
,wn and, perhaps, at times, misunderstood and unappreciated, major asset to the
ý"economy," the analysis found. 'Also, not to be overlooked are Progress Energy's

Mirce contributions associated with the nuclear facility."



New Nuclear Plants - An Energy
Imperative?

Improved Financial Climate for Nuclear Power ii
Independent analyses by the University of Chicago and the Massachusetts Institu. 4Tch'bi69'• in"-,
2003 and 2004, respectively, found that the first few new nuclear power plants wou 9ii n1.u... i•e
economic and financing hurdles. The Energy Policy Act of 2005 addressed these hdl whsv
financial incentives for the construction of a limited number of new nuclear plantsi` i...Un.....
States. A production tax credit, similar to the credit for wind and solar generation•i,1&A•4da longaa
tee program, available to all low- or zero-emission generation, were designed to " the oic
of and to facilitate financing for the first few new nuclear power plants. The legisl iti ' vzd-
standby support, a form of insurance, to help protect private companies against dela ca)u b
licensing or litigation owing to factors beyond their control. -• ..i

The electric utility industry has a much shorter focus than in the past. Avoiding n6ar-term .e.on6.c
risk will sometimes outweigh long-term needs resulting in the increased reliance on•n•e•• iel'so•_'urce
such as the over-reliance on natural gas in the electricity sector over the past dozes&Ayprs.,Oinýý e
issue that will impact the future of nuclear energy is the ability to finance new nuclear. po! ' r plant
In that regard, recent key financial institutions have bolstered the outlook fornew nuc`lear power plant.....
construction. , . ...

Merrill Lynch, discussing the need for environmental controls on coal plants, seesaifa _npclear.
utilities as "beneficiaries of the rising cost profile of coal generation and since the cossof nuclear
power are relatively stable, these higher prices lead to higher margins for the nuclear p]ants- I n _-
addition, nuclear utilities represent a free option on potential future carbon-reduction leisatb. ..n. and
this should be an added margin for a nuclear plant" (December 2005). Moody's s~ay-gs ;"tieif ab•e,
trend of [nuclear] plant performance is partly duo to the sector's proactive responsem meeting gmuch
stricter inspection requirements imposed by the NRC" (February 2004).

Finally, Prudential Equity sees a convergence of "powerful economic and political for-eis at sho ld
lead to a renaissance of nuclear power," with momentum for new nuclear constructionil•eiigsus
tained by industry and federal officials who see nuclear as emission-free, secure soýrce`bf electric•ity
(Prudential Equity Group, January 2005). 7

Of course, the first investors to gain access to funds for a new nuclear plant will be c'HiinI aneW
course-or at least one that has not been navigated with the current market, policY..
variables. Uncertainty will continue to create some investment angst until the new 'e& 6ifeiic1
power expansion is well underway. The Energy Policy Act of 2005 will also play a 'rlo iiim iiir-gorat
investor confidence and enabling new nuclear power plants to come on line. A -,

Implications on Nuclear Power of Energy Pol .
1992 and 2005 cy• !tsof
Energy Policy Act of 1992.... .......-
Although this law had energy-efficiency and conservation as its key features, sever " As f the;act
deal specifically with nuclear power and the role it plays in the electricity mix of the I Saes
The act codified the framework for the licensing process for new nuclear plants, give..p'.'rced: ...-rU
delays and ensuing financial difficulties posed by the former process. The revisedlicen6sgpress

V



ut early, so that energy companies can resolve issues before they make a large
it to build a new reactor.

gy companies are now pursuing license applications for new reactors using ap-
under the framework provided by the 1992 law. These include the early site
-h allows a company to gain pre-approval of a site for a new reactor in advance of
nd combined operating process, which allows a company to pursue a construction

license for a new reactor simultaneously. The law established the United
Lorporation (USEC) for the purpose of managing uranium and uranium enrich-
0omestically and to foreign entities. USEC today is a $1.6 billion corporation that
amum enrichment facility in the United States, a gaseous-diffusion plant, at

ith uranium supply and processing, including the establishment of the National
leserve; and health, safety and environmental issues associated with uranium

In addition there was a focus on the commercialization of advanced nuclear
n particular the advanced light-water technology and the modular high tempera-
tbr technology, along with the liquid metal reactor technology. The act set in place
hing a company to gain certification for a new plant design, paving the way for
-s - an approach not applied on a large scale with the construction of today's

Nct of 2005
figust 2005, this law includes a range of measures supporting both currently
the construction of new nuclear plants. The act provides limited incentives for
*s, including loan guarantees, production tax credits, and investment protection for
jilder's control; extends the Price-Anderson Act framework for industry-funded
trance; and provides added nuclear energy research and development funding.

iredit provides a credit of 1.8 cents/Kwh for the first 6,000 Mwh of generation from
6r its first eight years of operation for units in service before 2021. The loanit of the act provides loan guarantees up to 80 percent of the zero-emission or low-
ts, while the standby insurance provision protects for financial impacts of delays
control for the first six reactors. These delays could be due to delays in NRC
On.

ýatural Resources Chair Pete Domenici of New Mexico, in hearings in May 2006,
h delays is an essential part of the act and believes new nuclear generation of up
be in place between 2015 and 2020. "It's important that this risk insurance be
ft seen a new nuclear power plant ordered in three decades. I consider an effec-
un to help utilities cover the cost of delays caused by law suits or regulatory
i, making those proposed plans a reality" (Energy Senate Press Release 2006).



New Nuclear Plant Licensing - Plant Design
Certification, Early Site Permits, and Combii e
Operating License
Interest in one-step nuclear power plant licensing was accentuated following lenglty
dures for the Shoreham Nuclear Plant in New York and the Seabrook plant in M#i
1980s. According to the NRC, it was "apparent that the complicated licensing probe
deterrent to utilities who might consider building nuclear plants." The NRC propT-Aý
licensing procedures by replacing the traditional two-step process with a one-step sy
system, the NRC established a graded approach that applied to the systems, struct:iu
nents and their relationship to plant safety, thus ensuring safety while providing fle•iI
ment of new designs (NRC 2003).

NRC Chairman Nils Diaz suggested the use of a revamped 10 CFR Part 52 for li•l
plants depends on numerous factors, including the quality of the application submit•i
company. "The primary purpose for establishing the new Part 52 process for licenal]
facilities was to encourage early resolution of issues to increase regulatory predicbib
major financial commitments while maintaining the requisite safety reviews."

Recognizing the number of potential applications for new plants that are expected. t
the economic simplified boiling water reactor (ESBWR) and the economic pressurizý
"there is much appeal in an approach that resolves specific design details for all imipc
in the process - early resolution of environmental issues and emergency preparednes
tal of the combined construction and operating license (COL) application, could bcib
timely completion of the COL reviews." Standardization in both industry planningi
tion review is the key to making this approach work for potentially scores of licens',e
the three reactor designs (Diaz Febiruary 13, 2006).

The certification of new standard reactor designs resolves all safety issues with the!do
ordered for a particular site. The design certification process is a lengthy process bui
cessfully completed for four advanced reactor designs: the Westinghouse AP-600 (Pr4
Reactor or PWR); the Westinghouse AP-1000; Combustion Engineering System 80-
GE Advanced Boiling Water Reactor (BWR). The GE ESBWR is currently under -it
AREVA intends to pursue certification of its EPR design.

Early Site Permits (ESP)

The early site permit (ESP) process allows an applicant to address site-related issueis
mental impacts, for possible future construction and operation of a nuclear power p1
NRC's review process requires both a technical review of safety issues and an envir
for each application. If approved, an ESP gives the applicant up to 20 years to decid4
one or more nuclear plants on the site and to file an application with the NRC for' a]j
construction.

To date, three ESP applications have been submitted, all at sites where nuclear powe
currently operating. Dominion, Entergy and Exelon have submitted applications, a.n
have taken place within Duke Energy to consider application for ESP for a new reac
Diaz 2004, 83). The NRC issued a final environmental impact statement on the proj
Grand Gulf nuclear plant site near Vicksburg, Mississippi. The Grand Gulf ESP apj
in 2003 by System Energy Resources, a subsidiary of Entergy Nuclear.



fnies, including Southern Company, are either preparing or considering filing
ie NRC has recently held public meetings in Georgia, for example, to discuss
ly site permit application for the Southern Nuclear Operating Company's Vogtle
s two reactors generating electricity (NRC April 25, 2006).

struction and Operating Licenses (COL)

required to obtain an operating license is another important licensing change
entire process more efficient and manageable. Instead of filing separate applica-
on permit and then an operating license, a prospective nuclear plant operator
ied construction and operating license (COL), during which time contentious
iublic participation in the project are vetted prior to construction. "The intent is
ig issues that may be raised after the plant is built are those relating to adherence
to the design specifications and any new safety issues that may have emerged
sued" (Travieso-Diaz 2004, 84).

mar plant activity is focused in the Mid-Atlantic and Southern states. Three
I to the U.S. Department of Energy for matching grants to pursue COLs includ-
TVA-led group, and a Dominion Energy-led group. NuStart, which consists of
Duke Energy, EDF International North America, Entergy, Exelon, Florida

ess Energy, Southern Company, TVA, General Electric and Westinghouse, has
which it plans to file an application for COL. At TVNs Bellefonte site, a

)0 reactor plan will be submitted; and at Entergy's Grand Gulf site, a GE
ESBWR plant will be submitted. NuStart
Energy's mission is to keep the nuclear option
open by demonstrating the NRC application and
approval process for COL.

Progress Energy is preparing to file COL applica-
tions for possible new nuclear plants, one in the
Carolinas and one in Florida, with an application
date for both COLs to the NRC by 2008. If plans
continue on track, construction of these units
could begin as early as 2010 with power genera-
tion by 2015. According to company officials,
variables that will impact decisions regarding
which future generating options to pursue include
the power market conditions; projections of other
proposed plants in the area; fuel prices; regula-
tory environment; and the ability to obtain
financing. "Nuclear power may prove to be our
best option to provide reliably affordable and
emissions-free energy and it will provide an
opportunity to maintain a diverse fuel mix in
meeting future demand" (Progress Energy 2005).

In addition, Duke Power plans to submit a COL
within 24-30 months for the Westinghouse AP-
1000. Southern Nuclear Operating Co. plans to
submit a COL for a new reactor at its Vogtie
plant while Entergy likewise has submitted plans
for its River Bend plant.



History of Nuclear Energy

The Early Days of Nuclear Power in the United tfttes.,

After World War II, the U.S. government encouraged the development of nuclear nac-e-
civilian purposes. Congress created the Atomic Energy Commission (AEC) in 1946 T AE uh
rized the construction of Experimental Breeder Reactor I in Idaho, where electricity ":fs:ti" ene

ated from nuclear energy on Dec. 20, 1951 (DOE 1994).
To stimulate the private development of nuclear power, the Atomic Energy Commissiin

myriad supports to U.S. firms engaged in building and operating nuclear power stations-.'•ng
underwriting reactor construction costs, providingfreefuelfor reactors..fundingner
development activities, and committing the federal government to the development of uTcar4waste•:•
disposal facilities (Rodobnik 2006, 105). i*.*. * -

In 1953, President Dwight Eisenhower delivered his 'Atoms for Peace" speech at th ed 14a

declaring that the United States was intent on fostering international cooperation of ani energy tec•h•
nology "to solve humanity's energy difficulties by the end of the century." The Eis&how"erAdmis1
tration also supported congressional enactment of the Price-Anderson Act of 19573'-h'li the'
liability of utilities operating nuclear reactors to a maximum of $560 million in the ,yev ayc
dent (Rodobnik 2006,105). Today, the U.S. nuclear power industry has an umbre0liia6finore han-$102
billion in liability insurance protection to be used in the event of a reactor incident.ilitie, not the
public or the federal government, pay for this insurance.

A major goal of nuclear research in the -.---

mid-1950s was to show that nuclear energy , .
could produce electricity for commercial
use. The first commercial nuclear plant
powered by nuclear energy was located M'
Shippingport, Pennsylvania. It began
commercial operation in 1957. Light-water -
reactors like Shippingport use ordinary -

water to cool the reactor core during the
chain reaction. Private industry became
more and more involved in developing
light-water reactors after Shippingport -
became operational and federal nuclear
energy programs shifted their focus to
developing advanced reactor technologies
(DOE 1994).

The U.S. nuclear power industry grew
rapidly in the 1960s. Electric utility
companies saw this new form of electricity
production as economical, environmentally
clean, and safe. In 1963, Jersey Central
Power and Light announced a commit-.
ment to the Oyster Creek nuclear plant,
the first time a nuclear plant had been
ordered as an economical alternative to
fossil fuels (Nuclear Technology Mile-
stones). In 1973, U.S. utilities ordered 41



.l4, the first reactor of 1,000-MW size came online with Commonwealth Edison's
is(DOE 1994).

ower Grows in the South
plants in the South in the early 1970s were Carolina Power & Light's H. B.
V. lin Virginia, Turkey Point 3 in Florida, Duke's Oconee I and 2, TVA's Browns
ns ,s Nuclear 1. From an electricity dream in the sixties to large-scale power genera-
40arge boost of nuclear energy was beginning to make a major mark in the elec-
the economy in the South.

utilear power policy created by the Southern Governors' Conference in 1969 investi-
,su•s, opportunities, and environmental effects related to the increased use of nuclear
d •in the development of state and regional nuclear power policies for the public
'[oiice (1) identified and evaluated relevant information on the role of nuclear power
and regional electric energy requirements; (2) studied public issues and problems
-power operations, plant safety, radiation control, waste disposal, cooling water

icrienvironmental considerations; and (3) prepared recommendations for state or
io•er policies for consideration by governors and other state officials (Southern
'rne 1970).

ýslof the report included a statement of support for the development of nuclear power;
gram; regulatory responsibility review and sharing with the federal government;

numerous aspects of nuclear power; and cooperation and coordination among
Lgncies, among others. The Southern States Energy Board, originally formed in
the Southern Interstate Nuclear Board, has continued to be involved with nuclear

me'.

i'aieraged about 7 percent per year for a number of years, doubling every 12 years,
ýarly 1970s when nuclear power plants were being planned. In addition, projections
ra costs were relatively optimistic so that new nuclear units were being ordered
pntry at a rapid pace. In the late 1970s and 1980s, however, growth slowed. Demand
ricity decreased and concern grew over nuclear issues, such as reactor safety, waste
r environmental considerations (DOE 1994). The oil embargo of the early 1970s
ýrqwth, while delays and cost increases were occurring at nuclear power plant
e, #esc factors resulted in a number of utilities canceling baseload power projects,
lea, that were either under consideration or already under construction.

ies6 past 30 years, nuclear power in the South has been a key factor leading to stable
dAi.dequate, reliable supply of power. With generation topping 341 billion Kwh in

states, nuclear energy provides approximately one-fifth of the electricity needs of
'Witt South Carolina receives 52% of its electricity from nuclear power, while MVr-
_ad North Carolina 31%. All but three SSEB states host nuclear power plants.

&r&wer generation has tripled in the past 25 years-from 251 billion Kwh in 1980 to
'Kwh in 2005. The South's annual generation from nuclear power over select years
2 :nd has averaged 342 billion Kwh in the past four years. As a point of reference,
prOximately 44% of the nation's total electricity. Note that in 2005, the environmen-
lear energy resulted in the~prevention of 305 million tons of carbon dioxide (CO,)
iliin ton reduction in sulfur dioxide (SO2) emissions; and a 500,000-ton reduction in
Qk emissions.



Table 3: Total Nuclear Generation from SSEB Member States - Selecý

Billions of Kwh
AL. AR FL GA LA MD M'S MO• NC ISC- TN TX VA ... Total

1986 11.6 8.9 22.0 7.2 10.6 12.8 4.1 7.2 20.3 35.6 0 0 21.2 162

1996 29.7 13.4 25.5 29.9 15.7 12.1 9.2 8.9 33.7 43.6 22.9 35.7 26.3 307

2002 31.8 14.6 33.7 31.1 17.3 12.1 10.1 8.4 39.6 53.3 27.6 35.6 27.3 343
2003 31.7 14.7 31.0 33.3 16.1 13.7 10.9 9.7 40.9 50.4 24. 33.4 24.8 335
2004 31.6 15.5 31.2 33.7 17.1 14.5 10.2 7.8 40.1 51.2 28.6 40.5 28.3 350
2005 31.7 13.7 28.8 31.5 15.7 14.7 10.1 8.0 40.0 53.1 27.8 38.2 27.9 341

Continued Improvements in
Nuclear Plant Operations

Safety Emphasis in the Aftermath of Three M
The 1979 accident at the Three Mile Island Unit 2 (TMI-2) nuclear power plant 6
Pennsylvania was the most serious in U.S. commercial nuclear power plant opera
though it led to no deaths or injuries to plant workers or members of the nearby cc
this event brought about sweeping changes involving emergency response plannini
training, human factors engineering, radiation protection, and many other areas ol
plant operations. It also caused the U.S. Nuclear Regulatory Commission to heigli
oversight. Resultant changes in the nuclear power industry and at the NRC had tl
ing plant safety and performance.

The sequence of certain events - equipment malfunctions, design related problems
-- led to a partial meltdown of the TMI-2 reactor core but only controlled, small off
radioactivity.

Major industry changes have occurred since the TMI accident:

" Upgrading and strengthening plant design and equipment requirements. This inc
piping systems, auxiliary cooling water systems, containment building isolation, c
and automatic plant shutdown systems;

" Identifying human performance as a critical part of plant safety, revamping opera'
staffing requirements, improving instrumentation and controls for operating theI
Ing fitness-for-duty programs for plant workers;

* Improving reactor operating instruction to avoid the confusing signals that plagui
the accident;

• Enhancing emergency preparedness to include immediate NRC notification requii
events and an NRC operations center which is staffed 24 hours a day;

" Establishing a program to integrate NRC observations, findings, and conclusions
performance and management effectiveness into a periodic, public report;



esident inspector program, first authorized in 1977, whereby at least two inspectors
rk exclusively at each plant in the U.S to provide daily surveillance of licensee
r'egulations;

tlanta-based Institute of Nuclear Power Operations (INPO), the industry's own
nd formation of what is now the Nuclear Energy Institute to provide a unified
to generic nuclear policy and regulatory issues.

oved toward a new reactor oversight process for the nation's nuclear plants, a
intitative performance indicators and safety significance. Today's reactor over-
ned to focus industry and NRC resources on equipment, components and opera-
ýe the greatest importance to, and impact on, safety. The agency and the industry
1erience with this revised reactor oversight process and the approach is successful
isparency, objectivity and efficiency of regulatory oversight.

& process combines the results of performance indicators in 18 key, areas and
2,500 hours of NRC inspections per reactor to determine the appropriate alloca-
ources across all operating plants. The most recent results, after the fourth
as follows:

[l green (best level) performance indicators and inspection findings and will receive
)f NRC inspection (approximately 2,500 hours per year);
angle white (second-best level) performance indicator or inspection finding and ill
idl inspection beyond the baseline effort;
re than one single white indicator or finding in a performance area or had white
Igs in different performance areas and wIll receive more in-depth inspection.

nht Challenges of the Mid-1980s to Mid-

,,mbarked on ambitious nuclear programs during a period of high load growth and
the 1960s and early 1970s, but that growth pattern evaporated following the Arab
d, the nuclear industry experienced skyrocketing construction costs, partly due to
ýat grew out of the lessons learned from the accident at Three Mile Island. Many

dramatically as new, large generating units came into service in the mid-1980s,
ess capacity as a result of units prudently started but not currently needed to
growth in demand for electricity (Baliles 1987, 111-3).

Lice, "there is little doubt that one major factor in halting nuclear power expan-
p in demand growth, beginning in 1973." Demand growth averaged 7.1 percent a
F2, then dropped to 2.6 percent a year during 1973-1982. During 1982-1988, load
percent a year. Several other factors in addition to this sharp decline in demand
rV's expansion. Chief among these are: (1) loss of confidence by the financial
i•lity of utility management; (2) increasingly complex and burdensome regulation
te level; and (3) erosion of the historic cost advantage that nuclear power enjoyed
ir option for large-scale electricity generation in the United States. Nuclear

also have been affected by a sharp increase during the mid-1970s in the public's
iservation was preferable to the construction of more power plants. In addition,
ictive waste disposal played a role in the decline of nuclear power (Nealy 1990, 3).

nding the Energy Stalemate: A Bipartisan Strategy to Meet America's Energy
ional Commission on Energy Policy said that "government policies to improve



the prospects for expansion of nuclear energy are warranted by the interests of sod i Wa,
going beyond the private interests that are reflected in the marketplace-in abatin c n ate C
risks by expanding the share of no-carbon and low-carbon energy options in the efi '
mix. The policies that the commission judges to be warranted at this time are similaim.i-•espeet
to those of the recent MIT study of the future of nuclear energy: they relate to (a) t-adiifty/.
security, considered together; (b) radioactive waste management; and (c) proliferation" rik 'Ener•yN
Commission 2004).

Critics of nuclear power, such as the Natural Resources Defense Council (NRDC) et r'e':-
are still perceived risks of the accidental release of radioactivity and that there areon d
public health risks with uranium mining and milling. An NRDC position paper in!W 20,sttd1''
fortunately, in terms of helping solve the problems of global warming, the nuclear p ttu.......
present state suffers from too many security, safety and environmental exposure pfb.
sive costs to qualify as a leading means to combat global warming pollution" (Cochria•nR tbla 0 2 )
However, other organizations, such as the Pew Center for Global Climate Change_ e roessive
Policy Institute, the Earth Institute at Columbia University and Princeton Univer;ittbe eh'J .
nuclear energy is one way to meet the dual challenge of meeting our growing electricitAy dem and nd
reducing carbon emissions. ...

A May 13, 2006 editorial in The New York Times reiterated the challenges and beefits o n--lear
power, including the abundant and inexpensive fuel supply diversity offered by nuclear power-..
ability of nuclear energy to reduce carbon dioxide emissions that contribute to globa',w g a .the-
fuel diversity that gives growing economies in China and India alternatives to heavy". eedn- o
burning large quantities of coal and oil. However, making any real dent in carbon:c ein
require building many hundreds or even thousands of new nuclear plants around tewin ingi-
decades" which, most importantly, begs the question of the long-term solution for wasie disposa
(2006). ..... . .- .

Maximizing Existing Assets: License Renewa, iJn"t
Capacity Uprates and Capacity
Factor Increases
There are several methods available to increase the value
of today's nuclear generating assets, including extension of
the license of the nuclear reactor; increasing the operation
of the reactor; and changes to the unit that increase the
power rating, which results in increased capacity and
energy output.

License Renewal

While some utilities were closing reactors before their 40-
year operating licenses expired, others were weighing the
potential of extending the lives of plants beyond 40 years.
Following a detailed analysis of license renewal in 1985 and.
further study, the NRC determined that plants would be -7 '
able to apply for a maximum of a 20-year extension to their
licenses. Baltimore Gas and Electric received the first
license extension at its Calvert Cliffs plants in 1998 with
Duke Energy obtaining extensions for its Oconee nuclear
units in South Carolina. Forty two reactors have had their
licenses extended for 20 years while nine others have
applied for license renewal.



Tprates

ael and operating cost of nuclear facilities, nuclear operating companies have not
ense renewal but have also continued to upgrade the operation of the units as
a] generating capacity to the units already in service. Since the 1970s, utilities
r uprates as a way to increase the power output of their nuclear facilities. The

Figure 6: Additional Capacity from Nuclear Unit Uprates

es
ve

WRs. Extended power uprates are greater than stretch power uprates and have
-reases up to 20 percent. Extended power uprates usually require significant
or pieces of plant equipment such as the high pressure turbines, condensate
iain generators, and transformers. From the first uprate in 1977 at Calvert
ýd capacity some 5.5 percent, there have been over 4,200 MW of nuclear uprates.
i the South have occurred at Southern Nuclear Operating Companies Plant
.ent) and at Progress Energy's Brunswick plant with a 15 percent uprate in 2002.

MW of nuclear plant uprates are under consideration by the NRC to be in place
ars. Figure 6 shows the megawatts of nuclear generating capacity added through
the period 1977 to 2006.

Factors and other Operating Parameters

;plants has increased substantially with operating capacity factors now hovering
ear cycles. In addition, the frequency of unplanned reactor shutdowns has
•e than 7 per 7,000 critical operating hours 20 years ago to less than 1 per 7,000
Lprovement can be attributed to the maturation of operating practices. The
tit in nuclear plant operating and maintenance (O&M) practices is reflected by the
runs that continue to break records. In September 2005, Exelon Nuclear's
world record for the longest continuous run by a BWR by operating for 707 days

g outage in 2003 (Pettier 2005).



Nuclear Energy on the World Stage
Worldwide, 443 nuclear power reactors have an electrical generating capacity of 360
2005, 'these reactors produced over 2,628 billion Kwh of electricity. There are 103 r
United States, 59 in France, 56 in Japan, 31 in the Russian Federation, 23 in the Ui
in South Korea, 18 in Canada, 17 in Germany 17 and 15 each in India and the Ukr
Energy Institute 2006). The U.S. produced 782 billion Kwh of power in 2005, abo u
cal generation, from nuclear power. France has the second largest integrated systeb
plants, producing 431 billion Kwh in 2005, accounting for 79% of its electricity genei
Review).

Twenty seven reactors are under construction worldwide as of June 2006, includir4
rope and in the fast-growing Asia market (South Korea, China and Japan.) In Soul
plants are under construction, and contracts for two more are being negotiated. Ch
25 to 30 new nuclear plants, some 36,000 MW of nuclear generation, by 2020 to p1y
economy in a manner that doesn't contribute to an already dire environmental situi
2005). The installed electric generation capacity in 2004 in China is 440,700 MW, Or
2,187 billion Kwh, second highest worldwide. However, less than one-half of a perd
electrical generation comes from nuclear power plants. Electricity consumption coi
a significant rate in China with growth of 15.3% in 2003 from the previous year.

India, with an estimated electrical growth rate of 6.75% per year, also is planning as
of nuclear power plants. Itha an installed electric generation capacity of 115,500`1A
only 2,700 MW of nuclear power. India has over 67,000 MW of coal fired generatin,
30,000 MW of hydro. About 4,500 MW of nuclear capacity is expected to be addedi

Finland, which gets one-third of its electricity from nuclear power plants, recentlyg
build the country's fifth nuclear plant, an advanced design 1,600-MW reactor at the
The construction pernmit was the final hurdle in the approval process for the $3.9 bil
is the first to be built in the European Union since France completed its most recen
(Power 2005). A
recent announce- Figure 7: Top 10 Nuclear Generation Countries in
ment of a short delay
indicates the plant
should be operational
by 2010 (Energy and
the Environment
Daily 2006).

In European nations,
the government's
position on nuclear
power varies widely.
Germany shut down
a 37-year-old plant in
2005. The current
government has a
policy of phasing out
the remaining 17
plants over an
average of 32 years,
but that policy is in
question as Germany



ith its commitments under the Kyoto Protocol. Sweden voted in 1982 to phase out
'its 12 plants was recently closed, but now Swedish public opinion strongly favors

policy will continue as it replaces some of its aging nuclear plants with new
Britain, there is speculation the Labour government may switch to a pro-

1-2006, the United Kingdom was reviewing its energy policy, including the role of
Minister Tony Blair has said the country should build more nuclear plants.

31 outlooks toward nuclear energy, it provides 16 percent of the world's electric-
as it did in 1986 despite two decades of continued electrification around the
clear power output has grown on average 9.2 percent a year (FRANCIS 2005).
kergy. production from the nuclear units in those countries with the largest
ineration.



Policy Issues

Non-Proliferation Issues
The need to prevent the spread of nuclear weapons was evident from the first days c
By the mid sixties, there were five declared nuclear weapon states - the United S64
Union, the United Kingdom, France and China. Many predicted that the nuclear •
20-30 countries within two decades. It rapidly became clear that if the many peaceft
technology were to be developed, states needed credible assurances that nuclear pni
be diverted to military applications. Along these lines the United States has redefne
tion policy on nuclear energy through various aspects of its Global Nuclear Energy'-

" Upgrading and strengthening plant design and equipment requirements. This inclii
piping systems, auxiliary cooling water systems, containment building isolation, co
and automatic plant shutdowna systems;

" Reclcling nuclear fuel using new proliferation-resistant technologies to recoveer mo
reduce waste ill dramatically reduce the amount of waste requiring permanent d
and its international partners will work together to develop commercial recycling';
do not produce separated plutonium, thereby reducing proliferation concerns.

" Utilize the latest technologies to reduce the risk of nuclear proliferation worldide

* By developing new proliferation-resistant recycling technologies and increasing th7
of nuclear energy worldwide by providing fuel services to developing nations, GNEP?
tion risks and keep nuclear technology and materials out of the hands of rogue stat

" A Fuel Services program will enable nations to acquire nuclear energy economicalh
proliferation risks. Under GNEP, a consortium of nations with advanced nuclear tei
ensure that countries who agreeto forgo their own investments in enrichment and'
technologies will have reliable access to nuclear fuel. Once the advanced recycling'
demonstrated, the spent fuel would be returned to fuel supplier countries for recy"c:
ultimate disposition. This concept builds on the moratorium on the sale of enrichii
ing technologies that has been in place over the past two years among G-8 nationis.

" Improve nuclear safeguards to enhance the proliferation-resistance and safety ofe.ý
power. Under GNBP, an international safeguards program is an integral part of t64
nuclear energy and the development of future proliferation-resistant fuel cycle tech
goal of GNEP is to make it nearly impossible to divert nuclear materials or modify' q
immediate detection. In order for the IAEA to effectively and efficiently monitor an4
materials, GNEP will design advanced safeguards approaches directly into the plank
the expanding base of nuclear energy systems and fuel cycle facilities. The U.S. V-i H
closely with the IAEA and our international partners to ensure that civilian nuclear
only for peaceful purposes (Global Nuclear Energy Partnership 2006).

Energy Diversity and Energy Security
When President Bush signed the Energy Policy Act of 2005, he specifically mention(
nuclear energy regarding its security as a domestic fuel supply. In his 2006 State of.
he also decried America's addiction to oil and proposed increasing domestic energy s
nuclear power, to reduce U.S. reliance on imported oil. In addition, as described e-a



ificant additional sources of electricity production in the next two decades as
ogrow and as significant amounts of aging power plants are retired.

,htitled Securing America's Energy Future from the U.S. House of Representa-
her issue is as central to the continued well-being of the United States as is energy
!rnment Reform Subcommittee on Energy and Resources summarized nine
ri energy-related issues in 2005 with recommendations that will assure continued
d insulate U.S. foreign policy from coercion by producers of oil and natural gas.
cific recommendations, the committee said that "the solution is not an 'either or'
noting production and promoting conservation. The U.S. must pursue both
iittee recommended that to enhance competitiveness and protect American jobs,
ot be used for baseload electricity generation or new generating capacity. Instead,
q reserved for industries that use it as a feedstock or for primary energy which
I for by fuel-switching. "Nuclear energy must become the primary generator of
thereby relieving the pressure on natural gas prices and dramatically improving
iis" (2006).

ural gas in the electricity sector has resulted in supply and price volatility as well.
itants such as S02, NOx, mercury and C02 also could limit coal use. While
•:tly accounts for about 20% of the electricity generated in the United States and
,ercentages will decline over time without additional nuclear reactors as electricity

isting nuclear plants are decommissioned. The regional economy could be
a scenario in which there is inadequate power supply to fuel the region's economic
ino where higher than necessary cost of new generations are incurred.

Ailimate Change/Environmental Footprint
report entitled Agenda for Climate Action, the Pew Center on Global Climate
ic "continued use of nuclear power generation, pending resolution of issues such

0torage" as one of a number of key actions the U.S. should take to address emis-
gases. Specifically, it recommends actions to drive the energy system toward
ker-carbon energy sources. "Because nuclear power is one of the few options for
,,production, efforts should be made to preserve this option, which depends on the
'industry to start expanding nuclear generating capacity in the next 10-15 years,
olution of cost, safety and waste storage issues".

f suggest that:

ýuld enact legislation to encourage new fast-mover nuclear plants using
bhnologies, contingent on the resolution of these issues. Finance incen-
a production tax credit, an investment tax credit, loan guarantees, and

nisms including those in the Energy Policy Act of 2005 will increase
:for these new plants. Congress should restructure DOE's nuclear R&D
bus on the once-through fuel cycle (Pew Center 2006, 9).

ctric utilities to develop and promote the use of resources that do not create
ill be critical in the decades ahead as countries struggle to meet growing electricity
ig more environmentally sustainable energy solutions. Nuclear wastes continue
'there is considerable effort being expended to develop solutions to those issues.
•Research Initiative (NERI), a program sponsored by the Department of Energy,
lutions to help reduce and ameliorate civilian reactor waste.



Figure 8 shows a relative picture of the lifecycle emissions of C02 from various s
generating capacity. Nuclear power's lifecycle emissions are significantly lower t
generating options. In fact, nuclear power emissions are even lower than the ma
sources of energy.

Figure 8:. Carbon Dioxide Emissions from Various Generating Soi
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Used Fuel Management
Scientific Consensus on Deep Geologic Disposal
It has been the scientific and technical consensus of the National Academy of Scieri(N
most nuclear fuel management specialists for several decades that geological diso ung
of engineered and natural barriers, is the preferred means of disposal for high-Ieve.1R9
This strategy would securely isolate the byproducts from the biosphere for extremely-lng per.
time, and ensure that residual radioactive substances reaching the biosphere after Ai• o

years would be at concentrations insignificant compared to natural background levels or
Such a final disposal solution would be permanent, but would be monitored for ongoiAn s.ient
research and confirmation that it is performing as modeled, and the used fuel containers"c-on
retrieved if needed.

Prior to the decision to dispose of nuclear waste in a geologic repository, other optioqWrec
ered. These options included dropping the waste into the Arctic shelf, blasting it in't'o-• s.pac
to a remote Pacific island already contaminated by nuclear weapons tests; and burying I se
sediments (SSEB Spent Fuel Handbook 1995).



ification of Yucca Mountain Site

ýs that led to the selection of Yucca Mountain for characterization started in 1977
nnent decided to investigate the Nevada Test Site (NTS). Yucca Mountain is a
,it ridge in the Nevada desert some 90 miles northwest of Las Vegas. The NTS
•stigation because it was used for nuclear weapons testing; its land was withdrawn
it was subject to long-term institutional control. Furthermore there were many
,asons:

a, groundwater does not discharge into rivers that flow to major bodies of surface

hav'e geochemical characteristics that would retard the migration of radionuclides if
Ii the specialb, designed containers;
idwater flow between potential sites for a repository and the points of ground-water

educes the rate at which groundwater is recharged and therefore the amount of
'er is very low, especially in the unsaturated rocks.

Ventually limited to three locations on the southwestern part of the NTS, of which
s eventually selected as the site (Yucca Mountain Site Overview 1988).

.,:Secretary of Energy made the formal decision to recommend to the President
itain site be developed as the nation's repository for commercial reactor fuel and
eý waste from the nation's defense programs. His decision started the final site
ie law that created the Yucca Mountain program is very specific about the process
•approval. Once DOE has determined that the site is suitable, it notifies the
d state legislature, then 30 days later DOE notifies the President. The Secretary
.:his recommendation to the President on Feb. 14 2002. On July 23, 2002, Presi-
juse Joint Resolution 87, allowing the DOE to take the next step in establishing a
ich to store our nation's nuclear waste. Nevada vetoed the President's approval,
tity of Congress overrode the state's veto as allowed by the Nuclear Waste Policy

ukocess of preparing an application to obtain the Nuclear Regulatory Commission
iih construction and operation of the repository.

ýense from the NRC to build and operate a repository at Yucca Mountain, Ne-
ipping nuclear waste from commercial and government-owned sites to the reposi-

rent must transport used nuclear fuel according to strict federal regulations. The
•d in heavily shielded casks certified by the NRC along approved transportation
"the department will provide technical assistance and funding to states and Native
rng emergency response personnel. Over the last 40 years, the nuclear energy

6ansported 3,000 shipments of spent nuclear fuel over 1.7 million miles of U.S.
ids. Fuel containers were involved in just eight accidents, only four with fuel
ir. No radiation was released in any of the accidents.

aplementation of a multipurpose container to shield spent fuel during transport,
SThis container system will address transportation, at-reactor storage, and

id disposal of commercial spent nuclear fuel, and will be consistent with DOE's
signs.



Policy Statements in Support of Yucca Mountain *,. '

An international committee of the National Academy of Sciences' National ResearciCsoned rssle ,'*'
2001 report supporting centralized disposal of used nuclear fuel, preferably in an undergroundrepo
tory. 'After four decades of study, the geological repository option remains the only so-entifclly
credible, long-term solution for safely isolating waste without having to rely on activ ..... nt,."'.:
NAS said. 'Although there are still some significant technical challenges, the brodo.
the scientific and technical communities is that enough is known for countries to
geological disposal." This approach is sound, the committee said, as long as it invo6 '4-

reversible decision-making process that takes advantage of technological advances ibl partic
pation. "For example, geological repositories, such as Yucca Mountain in Nevada• •.•t.iitded,
controlled and monitored for many decades throughout and some time beyond their- oprationa pbas-e`
during which retrieval of waste would be possible if required." 1'. i

The leadership of the National Association of Regulatory Utility Commissioners e xp s en-,6d th"
support to Secretary of Energy Samuel Bodman for the civilian radioactive waste mangemeint
program. The commissioners also expressed their concern about the need to refor• the Nuclear
Waste Fund and bring financial stability to the program, the need for comprehensivei'and risc
program schedules, and the importance that a solution to the waste disposal problenm' ti avem
sustaining or expanding nuclear generation. .

The Southern Governors Association, in its 2005 policy priorities for energy, urged tliat full flndngiibe
made available for all past and present commitments to cleanup operations at nuc•opr,ýnergy facilities

Nuclear Waste Fund (NWF) Payments/ Interim Storage Inventory..

Funding for the federal government's nuclear waste management program, includ~ing the Yutcca
Mountain project, comes from collecting a one-tenth of a cent per Kwh fee from c0ohu" me hS
electricity generated at nuclear power plants. This fee is collected into a special tnsrfriid '6nled he,ý.
Nuclear Waste Fund, which has collected approximately $27.9 billion since 1983. Soins sou therniates,
have paid more than $500 million into the fund since 1983, including more than $Lbi l÷ri.ii:i Sout
Carolina alone. Through 2005, DOE spent approximately $9.1 billion on repository! sibe'-crcteriz aý,
tion research. Even though the fee is collected specifically for this program, Congr tsi ust r:ppro
priate money each year for DOE's work. '. ,.-7i,

The nuclear industry believes Congress has consistently failed to provide the programith, adequate
funding which is one reason the program is behind schedule. In 2006, DOEpropo0d Ie isl!iiin That
will allow funding for the project directly from the Nuclear Waste Fund rather tha i ...... wit
other programs to remain within congressional budget caps. Clearly, DOE must di 6 >ithod to
ensure that it has appropriate funding as the project moves to the constructionpaT'- . 3--.

The Southern Legislative Council, in 2005, urged federal policymakers to support regul• e.ory, legisla
tive and fiscal policies that would "reform the Nuclear Waste Fund by restoring thelfi••id& `-:ý-ts origuial
budgetary status; thus ensuring that fees paid by electricity consumers are used Isolelyto pa for the
used fuel management program." The SLC also endorsed investment stimulus for p l••a•t pl ....a.'

construction and mitigation of regulatory risks associated with new plants.

Table 4 shows the contributions each state's consumers have made to the Nuclear W
through the first quarter of 2006. ": "-.



4: Contributions by SSEB Member States to Nuclear Waste Fund

State Nuclear Fuel Contribution to Waste Fund

Nuclear Waste Fund Contributions
State ($ Millions)
Alabama 647.7
Arkansas 253.9
Florida 679.5
Georgia 585W8
Kentucky 0
Louisiana 274.7
Maryland 313.3
MIA$.Iaappl 172.5
Mlasoulri 166.4
North Carolina 716.9
Oklahoma 0
South Carolina 1086.7
Tennessee 383.1
Texas 492.0
Virginia 612.9
Walt Virginia 0

TOTAL 6386.4
Fued $awe is paoaNt olcecy geraaltd wft*4n Vmt bwfdala of af wWa*

FuW Sr-.. So . GOIatb E-a9y D..efakn I Erna-y 1.lfrn,-b0- AdO466SS.fl
Nuds, Wa.aM F-d Co o - Of Mar- 31. 2006 fon. DOnraMS of Er-Wy

-stored at 83 locations throughout the United States, including reactor storage
ýent fuel storage facilities, national laboratories, university research and training
weapons sites. The 103 commercial nuclear generating units licensed to operate
more than 2,000metric tons of spent fuel annually, a relatively small amount

kilowatt-hours of electricity generated at the plants. The total inventory was
• metric tons at the end of 2004 (Energy Information Administration 2004). Table

-ar fuel assemblies are stored in the U.S.

Table 5: Fuel Storage Sites in the United States

ttaftoo. - :-: a

52 241.4 Shearon Harris Nu"eari NC P 3814 964.5
Power Plant

Browns Ferry Nuclear Plan AL_ P 6696 1230.2 Catawba Nuclear Station SC P 1780 782.4
3. M. Farley Nuclear Plant.- AL P 2011 903.8 H.B.Robinson Steam SC P 344 147.9

___'. "__'Electric Plant
Crystal River Nuclear Power FL P 824 382-3 I 56 24.1Plant .. .• . •

St. LuckeNuclear Power FL P 2278 870.7 Oconee Nuclear Station,:. SC P 1419 665.8
Plant .____.._. .___....___..___-____'___ __.__'__" ___'___.
Turkey Point Station:. : FL P 1862 851.7 -. - 1 1726 800.4

A. W. Vogue Electric. GA P 1639 720.8 Savannah River Defense SC F 9657 28.9
GeneratimgPlant _ _"__ ___Site
E. L. Hatch Nuclear Plant GA P 5019 909-3 V. C. Summer Nuclear SC P 812 353.9

Station •_.. . .. _"
•- 816 151.2 Sequoyah.Nuclear Power TN P 1699 742.6

____i__ Plant __"_.__""_
River Bend Station. LA P 2148 383.9 Watts BarNuclear Power TN P 297 136.6

"".__.__.._ ."_".__ Plant-
Waterford Generating LA P 960 396.4 Comanche Peak Steam s TX P 1273 540.7
Station Electric Station __."__"i_

Calvert Cliffs Nuclear Power MD P 1348 518.0 South Texas Project TX P 1254 677.8
Plant _______..__ _,._ __ ....__ ,___ :___ ._...

-. 1 960 368.1 North Anna Power Station VA P 1410 652.7
CallawayNudearPlant:... MO P 1118 479.0 I 480 220.8

Grand Guff Nuclear Station NMS P 3160 560.2 Sony Power Station VA P 794 365.4

Brunswick Steam Electric NC P 2227 477.4 1 1150 524.2
Plant -

v, t'ulre N•uclJe.ar: NC. 1P 22.32 1001.1 TOTALS in SSEB -

Membeir States
65,492 18,809.5



Reactors of the Future

Advanced Reactor Technology for the Next W
Nuclear Plants
Westinghouse has earned NRC approval for its 1,000-megawatt Advanced Pressur
surized water reactor that has one-third fewer pumps, half as many valves, and mc
fewer pipes than current reactors. It can be built using modular units manufactun
transported to the nuclear plant site, cutting construction time to three years. The•

largely passive safety system in which cooling water is above the reactor core and
natural circulation for emergency cooling. In today's reactor designs, cooling wate
into the reactor core. Duke Power, Progress Energy and Southern Company have
in applying for COL applications. Duke Power plans to prepare applications to th4
bined COLs for two of these designs to be submitted within the next 24 to 30 mont]
selected the Harris Nuclear Plant site in North Carolina and an unnamed site in F
for possible nuclear expansion. Meanwhile, Southern Nuclear announced plans tc
for an early site permit in 2006, along with a combined COL in 2008 for Plant Vogi
the AP1OOD.

In 2005, GE formally submitted a design certification application to the NRC for it
design - the economic simplified boiling water, reactor (ESBWRY - which is a "Gei
design for a 1,500 megawatt reactor. According to GE, it has a simple design and p
features, depending on fewer active mechanical systems, with associated pumps a
instead on more reliable passive systems that utilize natural forces such as natural
gravity. It also occupies a smaller footprint which will result in reduced constructi4
ule. The ESBWR evolved from GE's Advanced Boiling Water Reactor design that
in 1997. That design has more than 18 reactor years of operating experience from'
Japan. Plans are underway to prepare license applications for the ESBWR at Gra
sippi) and River Bend (Louisiana) (Petrochemical News 2005).

Three manufacturers are currently involved in the "Generation III Plus" reactor r
AREVA is developing information to submit a design certification license to the NI
version of its newest reactor, one of which is already being built in Finland. The 1,
Economic Pressurized Reactor (EPR) is an evolutionary design based on the Fren
reactors designed by Framatoxne and Siemens. It is a simplified design using existi
with fewer parts. While maintaining an active rather than passive safety system, tI
design improvements, including a double-wall concrete containment dome for gre a
against terrorist attacks using an aircraft. The design also extends the dome overt
and two of the four safety buildings. In case of a severe accident and meltdown, th
designed to capture the fuel in a cavity below the containment building.

Generation IV Technology
"Generation IV" reactors are intended to be safer, more efficient, and proliferation
reactors reflect a revolutionary step from the Generation III reactors and earlier li,
but development of these designs is not expected before 2030. The goal of the Gerii
is to draw the international community together to develop long-term technological
needs. Generation IV systems are projected as prototypes in the next decade, with
tion before 2030 (NEI). One unique characteristic of Generation IV reactors is thi
to produce more heat and less spent fuel, with a different cooling mechanism than,
reactors. These reactors could produce hydrogen as a replacement for fossil fuels i



mn automobiles to electric lamps. International efforts are underway examining
that would use gases, such as H20, or liquid metal or molten salt for cooling the

tor known as the "pebble bed modular reactor" is being developed in South
Department is planning on a $1.25 billion program for a gas-cooled Generation IV
in Idaho that would also produce hydrogen (AP 2005).

,the administration envisions a hydrogen-based economy to reduce U.S. depen-
-ces of energy and to provide a clean, abundant source of energy. This initiative is
g six of the most promising new reactor technologies, including the gas-cooled fast
ast reactor; molten salt reactor; sodium-cooled fast reactor; supercritical water-
ie very high temperature reactor.

itial Benefits of Nuclear Energy

ransition to a Hydrogen Economy

reactors, DOE's hydrogen initiative will demonstrate that commercial quantities
lanufactured economically without greenhouse gas emissions. Hydrogen is
industrial commodity, with an annual world consumption of some 45 million.n the production of chemicals, fertilizer, and in oil refining. Demand for hydro-
rease significantly as high quality oil stocks diminish and cleaner fuels are man-
-esearch into replacing carbon fuels with hydrogen in automobiles. However, this
nomical methods for
Iirectly from water
fuels. Nuclear energy

ortant source of
either through the

essary high-tempera-
electricity (NEA 2003,

uinization

'or fresh water in
rid, particularly in
Middle East, are
Ait to meet. These
riculture, industry,
nd growing popula-
seawater is one
5hortage. In this
s, considerable heat is
owered desalinization
-rating in Japan and
ants currently provide
uses rather than large-
tey are successfully
uelear energy is a
)ssil fuels as the heat
(NEA 2003, 83).



Summary
The history of nuclear power in the South has been one of reliable, relatively inexj
electrical energy. As the South continues to grow, outpacing growth in the remairid
the electrical energy needed to fuel a strong and healthy economy in the South mus
The region requires a diversity of new supplies and nuclear power is a leading cont
power supply, along with renewables, new clean-coal technology, and natural gas.z

While there are challenges for the nuclear industry, particularly as new nuclear urn
constructed and licensed for the first time in over 30 years, there are major efforts!i
issues such as waste disposal. Features of the Energy Policy Act of 2005 should be
in the South so that these utilities can take advantage of early nuclear commitment
guarantees, production tax credits, stand-by support insurance and the re-authoriz
Anderson Act - all benefits provided to those who lead the way to a new era of nuei
United States.

With early site permitting, COL and new nuclear designs being reviewed and reads
of construction, states have a legitimate role in ensuring unnecessary barriers to n•
removed.

Through the Southern Governors' Association Policy Priorities in Energy issues, iI
2005 issued a statement "recognizing the re-emerging interest in nuclear energy ani
ing of various activities such as those regarding environmental sampling and analys'
complexes".

Some specific steps that can be taken by various participants in the new nuclear vii

* Utilities should study and consider capacity uprates as appropriate for existing nul

* Utilities should study and consider life extensions as appropriate;

" Utilities and state energy offices, as well as state public service commissions, shot
public outreach efforts to increase the public's awareness and understanding of eni
role of nuclear power in those concerns;

" State officials should continue to coordinate waste transport efforts, emergency p1
inter-state activities that are critical to the ongoing safety concerns of nuclear elel

* Utilities can take advantage of provisions of the Energy PolicyAct of 2005, which'p
ties for the resurgence of nuclear energy;

* State energy plans should consider methods to facilitate and ease the process forr
ties to be built within their states;

* States should review their permitting, siting and other regulatory processes to ens
a barrier to full process efficiency when studying nuclear applications;

* The nuclear industry should continue to prioritize its endorsement of safety throuj
Nuclear Energy Institute and other means of promotion of the safe and efficient us
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Part One: Economic Competitiveness of Nuclear Energy

Any policies concerned with the future of nuclear power must funnel through the
price at which nuclear power will enter the marketplace, if nuclear power is to be viable. The
levelized cost of electricity (LCOE), as the price at the busbar needed to cover the operating
plus annualized capital costs of nuclear power, must be competitive with prices of other
baseload electricity. Part One attempts to develop the most reliable estimates possible of the
future busbar cost of nuclear electricity.

A starting point is estimates of nuclear generator costs from previous studies. These
estimates for the United States are reviewed in Chapter 1. Chapter 2 is a parallel
international review.

In light of the importance of capital costs and the role they have played in
contributing to differences in LCOE estimates, Chapter 3 is devoted to the anatomy of the
estimation of capital costs. An aim is to narrow the range of uncertainty in estimates of
future capital costs. Chapter 4 proceeds to another major reason for uncertainty about
nuclear costs, which is learning from experience in constructing facilities. Drawing on
analyses of earlier nuclear experience and innovations in manufacturing more generally,
estimates are developed of the extent to which costs can be expected to fall between the
building of the first and n plants of a given technology.

Chapter 5 develops the financial model used in this study to evaluate the prospects for
nuclear power. The complications of the tax system and of private sector financing as
influenced by risk are introduced. No-policy estimates of nuclear LCOEs are estimated to set
the stage for the later policy analysis.



Chapter 1. LEVELIZED COSTS OF BASELOAD ALTERNATIVES

Summary

In Chapter 1, differences in the magnitude of levelized cost of electricity (LCOE)
estimates from previous studies are compared. These differences illustrate the challenge of
estimating a reasonable range on future LCOEs.

Reasons for differences in LCOE estimates include differences in assumptions about
nuclear technology chosen, differences in the degree of experience with a technology,
differences in equity and debt financing terms, differences in construction time, and less well
defined differences in the degree of optimism or pessimism about costs.

Delaying the complication of taxes until Chapter 5, the present chapter develops a
pre-tax LCOE model and uses it to calculate LCOEs of nuclear, coal and gas turbine
combined cycle generation based on values from recent plant models. The models compared
are GenSim, the SAIC industry model, the Scully Capital financial model, and an Energy
Information Administration (EIA) model. The results illustrate how differences in
assumptions influence estimated LCOEs.

GenSim does not specify a particular nuclear technology, but rather takes EIA's
specifications from the agency's 2001 AnnualEnergy Outlook (AEG 2001). At a base
capital cost of $1,853 per kW, increasing the discount rate from 10 to 15 percent raises the
GenSim busbar nuclear cost from $51 to $83 per megawatt-hour (MWh). GenSim estimates
for competitors to nuclear are: $37 to $48 per MWh for coal, $35 to $40 per MWh for gas
combined cycle, and $56 to $68 per MWh for gas combustion turbines. Solar photovoltaic
and solar thermal are far more costly, while wind's cost, in some areas, is comparable to gas
combustion turbine.

The SAIC model considers several nuclear technologies, with cost estimates ranging
from $39 per MWh for the Gas Turbine Modular Helium Reactor (GT-MJR) to $77 per
MWh for existing nuclear technology. Coal-fired costs are on a par with Pebble Bed cost, at
$43 to $49 per MWh. Gas combined cycle with lower capital costs is $38 to $40 per MWh.

The Scully model compares alternative financing plans for a technology that broadly
corresponds to the AP1000. The busbar cost range is $36 to $44 per MWh.

EIA's AEO 2004 nuclear capital cost and interest rate assumptions keep previously
built nuclear generation's busbar cost relatively high among these estimates at $63 to $68 per
MWh and considerably lower for coal generation at $38 per MWh.
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1.1. Introduction

Direct comparison of busbar costs frequently is hampered by different assumptions
used in their calculation: discount rates, borrowing and equity shares and interest rates,
construction time, plant life, treatment of taxes and depreciation, and quite importantly, the
magnitude of overnight capital cost. This chapter reports on recent estimates of LCOE for
baseload generation technologies. The estimates differ considerably among sources, despite
the basic uniformity in the methodology of LCOE calculation. Accounting for these
differences is the primary goal of this chapter.

Section 1.2 identifies several estimates of LCOE for nuclear, coal, and gas baseload
generation. Section 1.3 describes a pre-tax LCOE model developed to provide a common
calculation framework for comparing estimates. Section 1.4 reports the LCOE calculations
made with the model of Section 1.3.

1.2. Representative Studies of Baseload Generation Costs

This chapter focuses on studies by Science Applications International Corporation
(SAIC) (Reis and Crozat 2002), Scully Capital (Scully Capital 2003), a LCOE simulation
model developed at Sandia National Laboratory (Drennan et al. 2002), and calculations using
values from EIA's Annual Energy Outlook 2004 (AEO 2004), which itself does not report
LCOE estimates but which is an influential source of cost component estimates for others
and provides the cost inputs for the National Energy Modeling System (NEMS).

Each of the calculations uses the basic LCOE methodology which amortizes capital
costs and adds current operating costs to calculate a price in cents per kilowatt hour (kWh) or
dollars per megawatt hour (MWh) that will cover costs. Stated alternatively, the calculation
solves for the constant electricity price, in real terms, which if charged over the life of the
plant, would give investors the rate of return they require on their capital in the plant.

1.3. The LCOE Concept

The LCOE, or busbar cost, is used for comparing the cost of energy production by
different generation methods. As introduced in Chapter 2, a problem solved by the LCOE is
the annualization of the up-front capital costs of a power plant so the total cost per kWh of
generating electricity, including both fixed and variable costs, can be identified.

Capital costs are incurred during the construction period, when the actual outlays for
equipment and construction and engineering labor are expended. Overnight costs are
exclusive of interest and include engineer-procure-construct (EPC) costs, owner's costs, and
contingencies, as explained in more detail in Chapter 3 on capital costs. These expenditures
accrue interest charges during the construction period. Once electricity sales begin, the
plant's owner begins to repay the sum of the overnight and interest costs. The price charged
for electricity generated by the plant must cover these costs as well as yearly recurring fuel
and operation and maintenance (O&M) costs.
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1.4.1. Capital Cost, K

To obtain K, the total capital cost including financing is calculated by compounding
the cost plus interest from the beginning of the construction until the plant is completed,
using

K P
t

where

n years required for construction
C = total overnight cost before financing
P1 = percentage of overnight cost outlay in year t
r = weighted average of debt and equity interest rates.

1.4.2. Insurance Cost, I

Insurance cost is entered as an insurance rate that is a fraction of the capital cost.
I =C • Insurance rate.

1.43. Fixed O&M Cost, Mf

Fixed O&M cost includes items from rent to workers' wages. This cost is dependent
on the size, rather than the output, of the plant. It is given as $ per kW. Fixed O&M cost is
calculated as

Mf= Fixed cost in $ per kW - plant size in kW • plant life.

1.4.4. Variable O&M Cost, M,

Variable O&M is given in the form $ per kWh and is entered directly into the LCOE
formula as M,.

1.4.5. Fuel Cost, F

Fuel cost is calculated using the formula F •BHR, where

F = Fuel cost in $ per MMBtu
MR = Heat Rate in MMBtu.

1.4.6. Additional Factors

While this model incorporates the basic components of LCOE, it is not all
encompassing, as it omits taxes and decommissioning and decontamination (D&D) cost.
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interest rates. SAIC's coal-fired capital costs are on a par with Pebble Bed Modular Reactor
(PBMR) capital cost, giving similar busbar costs, $43 to $49 per MWh. Gas turbine
combined cycle capital costs are projected much lower, and busbar costs are correspondingly
lower, at $38 to $40 per MWh.

The latest Annual Energy Outlook (EIA 2004, pp. 5-58) reduces nuclear capital cost
assumptions below those in previous AEOs (EIA 2003, p. 73, Table 40). The two right-hand
columns of Table 1-1 use the new EIA nuclear capital cost estimates. The nuclear base case
capital cost estimate makes new nuclear generation's busbar cost relatively high among the
estimates in this table, at $63 to $68 per MWh for the nuclear base case, but lower for the
advanced nuclear case, at $43 to $53 per MWh. EIA's estimate is considerably lower for
coal generation, at $38, and for gas generation, at $41.
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Chapter 2. INTERNATIONAL COMPARISONS

Summary

Chapter 2 extends the analysis of Chapter 1 to other countries' energy systems and
electricity costs to broaden the understanding of what factors may be particular to the U.S.
electricity system and what factors are more general.

Due to its relatively low coal and natural gas prices, the United States has larger
shares of electricity from coal and gas than many other countries. On the other hand, India
and China stand out as coal users, with coal share of power generation at around 75 percent
versus 52 percent in the United States. Also, Russia is a natural gas generator, with natural
gas share of power generation at 43 percent versus 15 percent in the United States. The U.S.
nuclear share of power generation is very close to the world average, 19 percent versus the
world average of 17 percent. France has the world's largest nuclear generation share, 76
percent, while Japan and Korea have 32 and 37 percent shares, respectively. Italy stands
alone in the world with its oil generation share of 41 percent, compared to the world average
of 9 percent.

Busbar cost estimates are quite variable across countries, depending on assumptions
about discount rate, plant life, and capacity factor, in addition to differences in underlying
fuel prices and construction costs. Nonetheless, several studies permitting inter-country cost
comparisons are available. These place U.S. natural gas combined cycle costs near the low
end of a worldwide range of $30 to $101 per MWh. Similarly for coal, U.S. costs are near
the low end of a worldwide range of $31 to $84 per MWh.

U.S. nuclear busbar costs are estimated somewhat below the middle of the worldwide
range for countries not reprocessing spent fuel, of $36 to $65 per MWh. LCOEs on new
nuclear plants in the United States are not projected to be higher than those elsewhere in the
world, comparing favorably even with the prospective French costs. Nuclear power's large
share of electricity generation in France appears to be due at least partially to the fact that
generation costs from alternative sources in France are higher than for nuclear power. Total
capital cost shares of LCOEs for new nuclear plants projected in the United States and
France are similar.

Historically, France has experienced shorter and less variable construction times for
its nuclear plants than has the United States. Meanwhile, nuclear plants built around the
world since 1993, mostly in Asia, have been built in shorter times, and with lesser variability,
than even the French experience, offering some basis for optimism regarding future nuclear
construction in the United States.
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2.1. Introduction

This chapter places the U.S. electric power industry in an international perspective.
What similarities and differences are there between the U.S. sector's characteristics and those
of other countries? How do U.S. LCOEs, or busbar costs, compare with those of other
countries, and what can account for differences? How does the distribution of capacity and
generation compare across countries, and again, what can account for the differences? Of
particular interest are comparisons with the Organization for Economic Cooperation and
Development (OECD) countries and other large power-producing countries such as Russia
and China. The two primary areas of discussion are the distribution of generation types and
busbar costs for different plant types, Busbar cost information for the U.K. and Germany has
been omitted for lack of data stemming from the recent privatization of the power industry in
those two countries.

The remainder of the introduction covers similar previous studies and the data sources
used in this study. Section 2.2 discusses the distribution of generation sources. Section 2.3
discusses the busbar cost figures for each country. Section 2.4 takes a closer look at nuclear
power. Section 2.5 summarizes the results of this study and presents an overall picture of the
U.S. power industry in comparison with the rest of the world. Section 2.6 is an appendix
which details the methodology used in the LCOE calculations in this chapter.

2.1.1. Previous Studies

Although reliable data for an international comparison of the power industry are often
hard to come by, there have been a number of previous studies that are useful for orientation
and comparison. OECD (1998) is an update of a 1992 study. It uses a levelized cost
methodology to project busbar costs for new power plants in fourteen OECD countries and
five other nations. The original cost information for this study was gathered by a group of
experts drawn from the relevant countries. The recent study by MIT (2003) calculates costs
for several generation technologies in a number of countries. Although the focus is on
nuclear power, other technologies are mentioned for purposes of comparison.

Tarjanne and Kari Luostarinen (2002), discuss the economics of nuclear power in
Finland. This study includes LCOEs for new plants as well as historical data on plants
operated by Teollisuuden Voima Oy. Although the study focuses on nuclear power, it
reports cost information for other technologies as well.

Feretic and Tomnsic (2003) estimate busbar costs for new power plants in Croatia.
The study provides a slightly different approach to levelized cost calculations. Instead of
point estimates for costs and other model inputs, each parameter is given a probability
distribution, and busbar costs are then calculated as a probability distribution as well.

Smith and Hove's (2003) Deutsche Bank report covers coal, gas, and nuclear power
generation, discussing busbar costs as well as new technology options. That study's
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Table 2-1: Percent Distribution of 1998 Electricity Generation Capacity by Country

Natural Renew& Solar&
Country Nuclear Coal Gas Oil Hydro Waste Wind Geothermal Peat

Belgium 55.5 20.3 18.1 3.1 1.8 1.3 0.0 0.0 0.0

Brazil 1.0 1 2.2 0.0 3.9 1 90.6 2.3 0.0 0.0 0.0

Canada 12.7 1 19.1 4.6 3.3 59.1 1.1 0.0 0.0 0.0

China 1.2 75.9 0.6 4.5 17.8 0.0 0.0 0.0 0.0

Denmark 0.0 57.5 19.9 12.1 0.1 3.6 6.9 0.0 0.0

Finland 31.1 12.3 12.6 1.6 1 21.4 13.9 0.0 0.0 7.0

France 75.9 7.3 1.0 2.3 12.9 0.5 0.1 0.0 0.0

Germany 29.1 53.8 9.8 1.1 3.9 1.6 0.8 0.0 0.0

Hungary 37.5 26.1 20.0 16.0 OA 0.0 0.0 0.0 0.0

India 0.3 76.9 4.8 0.8 17.2 0.0 0.0 0.0 0.0

Italy 0.0 10.7 27.3 41.3 18.2 0.5 0.4 1.6 0.0

Japan 31.8 18.9 20.9 16.2 9.8 2.1 0.0 0.3 0.0

Korea 37.0 43.0 11.2 6.1 -2.6 0.0 0.0 0.0 0.0

Netherlands 4.2 29.9 57.0 3.9 0.1 4.0 0.9 0.0 0.0

Portugal 0.0 1 30.9 5.2 27.4 1 33.5 2.6 0.2 0.2 0.0

Romania 9.9 28.0 19-0 7.7 35.3 0.0 .0.0 0.0 0.0

Russia 12.5 19.3 42.7 6.1 19.3 0.0 0.0 0.0 0.1

Spain 30.2 32.3 8.3 9.0 18.3 1.2 1 0.7 0.0 0.0

Turkey 0.0 32.1 22.4 7.1 38.0 0.2 0.0 0.1 0.0
UX 28.0 34.3 1 32.4 1 1.6 1.9 1.6 0.2 0.0 0.0

US 18.6 52.3 1 14.6 1 3.8_ 8.4 1 1.7 0.1 1 0.4 0.0
Source: EEA (2000)

With regard to the degree of diversity of generation sources within a country,
Table 2-2 shows the number of generation sources in each nation providing over 5 percent of
that country's electricity in 1998. Finland, Japan, Romania, Russia, and Spain are the most
diverse, each with five sources above 5 percent, while Brazil is the least diverse, relying
almost exclusively on hydroelectric power.
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Table 2-3: Projected Percent Distribution of 2010 Electricity Generation by Country

Natural Renew & Solar &
Country Nuclear Coal Gas Oil Hydro Waste Wind Geothermal

Belgium 55.5 8.7 29.6 2.3 0.4 3.5 0.0 0.0
Canada 11.2 13.6 15.8 0.7 58.3 0.2 0.0 0.1
Denmark 0.0 42.3 26.2 8.8 0.1 7.7 14.9 0.0
Finland 22.4 39.7 13.5 1.5 14.3 8.6 0.1 0.0
France 69.8 1.5 16.3 0.2 12.3 0.0 0.0 0.0

Germany 25.1 50.5 14.5 0.8 3.6 2.7 2.9 0.0
Hungary 35.8 19.9 33.7 9.5 0.5 0.6 0.0 0.0

Italy 0.0 9.2 43.6 22.0 12.2 7.6 4.3 1.1
Japan 40.7 15.2 20.2 11.2 8.9 2.3 0.5 1.11
Netherlands 0.0 14.9 70.5 8.1 0.2 4.6 1.7 0.0
Portugal 0.0 23.0 41.0 11.1 20.4 2.9 1.5 0.1

Spain 24.4 11.0 27.0 8.0 14.7 6.4 8.6 0.0
Turkey 4.7 35.3 35.9 0.3 23.7 0.0 0.0 0.0

U.K 13.7 19.7 49.3 15.2 1.1 0.9 0.1 0.0
U.S. 15.2 48.6 24.4 1.3 7.0 2.8 0.3 0.4

Source: lEA (2000).

2.3. Cost Comparisons of New Plants

International comparison of costs is subject to several difficulties. In many cases,
accurate cost information for various countries and technologies is not available. When cost
information is available, it is not always clear what factors are included in the quoted figures.
Deregulation in the U.K. and Germany complicated the comparability for those countries so
greatly that cost figures are omitted for them.

Busbar cost data are taken from OECD (1998), Tarjanne and Luostarinen (2002), and
Smith and Hove (2003). An effort has been made to keep costs used in calculations
consistent across sources. For example, overnight capital costs for OECD countries are
calculated with and without contingency costs, the largest difference being 5.6 percent.
Thus, an actual quantitative comparison of costs between the sources has the potential to be
misleading, although discrepancies in costs included should change the total busbar cost less
than 10 percent.
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Table 2-4: Deutsche Bank Busbar Costs, 75 Percent Capacity Factor,
40-Year Plant Life, $ per MWh, 2003 Prices

Discount Rate
8 Percent 10 Percent

Country Plant Type $ per MWh
China Gas Turbine Combined Cycle 33 to 45 34 to 48
China Coal Circulating Fluidized Bed 37 to 38 42 to 43
China Coal, IGCC 33 to 36 38 to 41
China Pulverized Coal 31 to 33 34to37
China Nuclear 49 60
Japan Gas Turbine Combined Cycle 36 to 47 38 to 49
Japan Coal Circulating Fluidized Bed 38 to 40 42 to 45
Japan Coal, IGCC 33 to 38 38 to 44
Japan Pulverized Coal 39 44
Japan Nuclear 105a 118a
Western Europe Gas Turbine Combined Cycle 29 to 32 31 to 34
Western Europe Coal Circulating Fluidized Bed 37 to 42 4 to 47
Western Europe Coal, IGCC 32 to 38 37 to 44
Western Europe Pulverized Coal 38 to 40 43 to 45
Western Europe Nuclear 56 69
United States Gas Turbine Combined Cycle 30 to 36 32 to 39
United States Coal Circulating Fluidized Bed 37 to 40 41 to 45
United States Coal, IGCC 32 to 37 37 to 43
United States Pulverized Coal 38 to 39 43
United States Nuclear 51 63

Source: Smith and Hove (2003).
aJapan's higher busbar costs are the result of higher parameter values including higher

risk premiums, fuel cycle costs, and other factors.

2.3.2. OECD Busbar Costs

The OECD data, shown in Table 2-5, include cost information for new plants in
Belgium, Canada, China, Denmark, Finland, France, Hungary, India, Italy, Japan, Korea, the
Netherlands, Portugal, Romania, Russia, Spain, Turkey, and the United States. The plant
types for which cost figures are available depend on the country, so some caution should be
taken when discussing the lowest-cost plant type for a country. However, the inclusion of a
coal-fired plant and at least one other plant type for every nation except Romania allows
some discussion of least-cost plant types. Table 2-5 reports estimates for 8 and 10 percent
interest rates.
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Given configurations of plant life, capacity factor and discount rate in Table 2-5,
nuclear power is the least-cost generating alternative for two countries, although it is close to
its nearest competitor in several countries. In France, nuclear power is less costly than either
coal- or gas-fired power, and the low range of once-through nuclear costs in China is below
the Chinese pulverized cost. In Canada, nuclear is close in cost to the low end of pulverized
coal and well below the cost of circulating fluidized bed coal combustion. In Russia, the
once-through nuclear cost is close to the cost of gas-fired generation and well below that of
pulverized coal. In Turkey, nuclear power is competitive with pulverized coal, but
considerably more costly than natural gas-fired generation. France is the country where
nuclear power has by far the greatest advantage over other plant types; only at the highest
discount rate is nuclear power not the least-cost option. For most other countries, the high
capital costs of nuclear power prohibit it from being cost-competitive with coal and natural
gas-fired technologies.

Gas-fired power is most often the least-cost option. In addition to its competitiveness
at the higher discount rate, gas-fired power is the least-cost option for a number of countries
at lower discount rates as well. In Canada, Hungary, Russia, and Turkey, gas is least-cost at
discount rates as low as 8 percent. For Belgium, the Netherlands, Portugal, and the United
States, gas-fired power is the least-cost option with both discount rates.

Coal is most often the least-cost plant type at lower discount rates, although for a
number of countries with higher natural gas prices, coal is competitive at the higher discount
rate as well. In China, Denmark, Finland, India, and Japan, coal is the least-cost option at
high discount rates. It is the least-cost option at lower discount rates in Denmark, Finland,
Hungary, Italy, Japan, and Spain.

2.3.3. Other Recent European Assessments

Several European assessments of the busbar costs of new nuclear plants have been
conducted recently, in addition to the 1998 OECD study reported above: the 1997 Direction
du gaz, de l'61ectricit6 et du charbon (DIGEC) study, of the French Ministry of Energy;, a
French Parliament report of 1999; a report requested by the French Prime Minister, prepared
by Charpin et al. (2000); a 2000 report from the Belgian AMPERE commission; and a 2003
report by the French Ministry of Industry. These studies have calculated LCOEs in the range
of $26 to $38 per MWh for nuclear and $31 to $69 for the combined cycle gas turbine
(CCGT), to which are added $7 to $42 for costs of environmental impacts, using discount
rates between 5 and 10 percent, as summarized in Bouchard (2003, Attachment 1, p. 5). The
reactor designs assumed are the European Pressurized Reactor (EPR), available immediately;
the RHRl which is similar to the GT-MHR, available after 2015; and the RHR2, a second
generation high-temperature reactor available after 2040. The overnight costs range from
$1,620 to $2,040 per kW (Charpin et al. 2000, pp. 111-114). The range of gas generation
costs of these studies is wider than that calculated in the previous sections, but that for the
new nuclear plants is considerably lower.
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lengthier and more variable than the French experience. The U.S. average has been 9.3 years W
against 6.7 for the French; and the relative variability of U.S. construction time (the standard
deviation as a percent of the mean) has been 40 percent of the average, while theFrench
relative variability has been 30 percent.

Table 2-7: Years Elapsed from Construction Start to Commercial Operation
as of December 31, 2001

Average Minimum Maximum Standard Last Plant
Deviation Begun

U.S nuclear plants
connected to grid 9.3 3.4 23.4 3.8 1977
French nuclear plants
connected to grid 6.7 4.3 16.3. 2.0 1985
Plants under construction
beginning later than 1993a 5.3 4.5 7.2 0.75 2001

Source: IAEA (2002).
'China, India, Japan, and Korea.

The U.S. construction period in Table 2-7 was achieved under regulatory conditions
that have been revised, and the French construction period may be a better estimate of future
U.S. construction times, but the recent Asian experience, an average of 5.3 years with a
variability of only 14 percent, may suggest that even further reductions are possible.

Total capital costs are strongly influenced by the length of construction period. While
construction time may be influenced by the size of plant, there is no clear relationship
between overnight cost per kW and construction time. Table 2-8 shows the recent record in
overnight cost for some of the plants included in Table 2-7 as built after 1993, although the
sample of plants in the former table is broader than that in the latter table. The costs in Table
2-8 have been converted to 2003 prices with the CPI-U (BLS 2003).
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composition of coal-fired generation reflects the U.S. advantage in coal costs, which hasbeen
a major impetus to the French concentration in nuclear generation capacity.

Table 2-9: Comparison of French and U.S. Busbar Costs, 25-Year Plant Life,
Technology-Specific Capacity Factors, 10 Percent Discount Rate,

$ per MWh, 2003 Prices

Capacity Shares of Busbar Cost, Percent Busbar
Country Plant Type Factor,

Percent Capital O&M Fuel Cost

France Nuclear Closed-Cycle 70 71 13 16 55
United States Nuclear Once-Through 70 68 19 13 53

Gas Turbine Combined
France Cycle 80 25 7 68 60

Gas Turbine Combined
United States Cycle 80 28 9 63 32

Pulverized Coal
France Combustion 80 46 15 40 67

Pulverized Coal
United States Combustion 80 60 14 26 42
Source: OECD (1998), lten (2003, Table 39).
Source: MIT (2003, pp. 141-142).

2.5. Conclusion

The United States is in many ways typical when it comes to electricity. The
abundance of both natural gas and coal resources in the United States is reflected in the
relatively low cost of coal-fired and gas-fired power, yielding some of the lowest busbar
costs in the world, despite the fact that U.S. nuclear busbar costs are comparable to or lower
than nuclear busbar costs in most other nations. The one country where nuclear power is
both least-cost and highly utilized, France, does so not because of the absolutely low cost of
its nuclear power but because of the high costs of gas and coal.

When it comes to distribution of generation shares, the United States is in the
mainstream of countries around the world. Its reliance on nuclear power is close to the
world's average. Its high reliance on coal is also in no way unusual. The diversity of its
generation sources is also a common experience. Thus the United States is in fact rather
typical, with the usual reliance on fossil fuels and additional generation provided by nuclear
and hydroelectric.

LCOEs on new nuclear plants in the United States are not projected to be higher than
those elsewhere in the world, comparing favorably even with the prospective French costs.
Nuclear power's large share of electricity generation in France appears to be due at least
partially to the fact that generation costs from alternative sources in France are higher than
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where:

I = Total capital expenditures discounted to year 1
C = Contingency costs
K = Overnight capital cost (excluding contingency costs)
St = Percentage of overnight capital costs incurred in the tth year of construction
c = Length of construction period.

K, overnight capital cost (less contingency costs), is the dollar amount that would be
paid out if all capital expenses occurred simultaneously; no interest payments are included.
OECD (1998) reports contingency costs separately from overnight costs, although the U.S.
definition of overnight cost includes contingency costs and owner's costs, as described in
greater detail in Chapter 3. This data reporting difference is responsible for the separate
accounting of contingency costs in the equation for capital costs above, which treats
contingencies as being expended in the final year of construction. E, yearly electricity
generation is simply total nameplate capacity times capacity factor. F, the fuel cost, and M,
the yearly operation and maintenance expenditures, were taken directly from each of the data
sources.

All costs are reported in June 2003 U.S. mills per kWh. Costs from each data source
were first converted to dollars with the Federal Reserve exchange rates (Federal Reserve
Board 2001) if necessary, and then converted to June 2003 mills using the CPI-U (BLS
2003).

2.6.2. Relationship to OECD Cost Formula

A significant portion of the cost data used in this study was drawn from OECD
(1998). Thus it may be helpful to see the relationship between the cost formula used here and
the formula used in that study.

The OECD formula is a standard levelized cost formula, looking at the ratio between
the total sum of discounted costs and the total sum of discounted generation:

EGC= (I [(Ii+Mt+Ft)( l+r)-t])IG

t

G= [, [Et(l+r)-t ]
t

where:

EGC= Average lifetime levelized electricity generation cost per kWh

It =Capital expenditures in the year t

0
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Tarjanne and Luostarinen (2002, p. 5). Fixed O&M costs are calculated by multiplying the
given cost percentage by the given investment cost. However, these investment costs are not
used as the overnight capital costs. No construction cost schedules are given, so OECD
schedules are used. Finland's OECD schedules are used for coal, gas and nuclear. Overnight
capital costs are calculated by solving for the cost figure yielding the total investment
discounted to year 1, given the construction schedules and a 5 percent discount rate. That is,
the following equation is solved for K:

c

I= StK(1.05)c-t+1
t~=l

where:

I = Total capital expenditures discounted to year 1
K = Overnight capital cost
St = Percentage of overnight capital costs incurred in the tth year of construction

c = Length of construction period.

No mention is made of contingency costs, so they are omitted. Costs include initial
fuel loading for the nuclear plant, but do not include value-added-tax.

The OECD cost data come from OECD (1998, Tables 1-17). Plant size, contingency
cost, overnight capital cost, construction schedules, total O&M costs, capacity factor, and
discount rate are taken directly from the given data. No construction schedules are provided
for the fuel oil plant in Turkey, so all costs occur in the year previous to operation. Factors
covered in the costs vary by country and are detailed in Annex 7 of that report. In general,
taxes are not included in the costs.
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Chapter 3. CAPITAL COSTS

Summary

Capital costs are the single most important component of the costs of providing
nuclear power, as is illustrated by figures from one of the major technologies considered in
detail in this chapter. For the Advanced Boiling Water Reactor (ABWR), already built in
Asia, the overnight capital costs, or undiscounted capital outlays, account for over one-third
of LCOE, and the interest costs on the overnight costs account for another quarter of the
LCOE.

Overnight Costs

Overnight cost estimates from different sources have ranged from less than $1,000
per kW to as much as $2,300 per kW. This chapter examines reasons for differences in
estimates, with the aim of reaching a smaller range.

The first major component of overnight costs consists of engineer-procure-construct,
or EPC, costs, amounting to around 85 percent of total overnight costs paid. EPC costs are in
turn separated into direct and indirect costs. The direct costs are for physical plant equipment
and the labor and materials to assemble them, while the indirect costs involve supervisory
engineering and support labor costs, with some materials. Direct costs account for roughly
70 percent of EPC costs. About 60 percent of EPC costs are for factory equipment, 25
percent for labor, and 15 percent for materials. About 50 percent of EPC costs are for reactor
plant and turbine equipment. These figures include equipment, labor, and materials costs of
installing them. R&D targeted at these components could have a substantial impact on
overnight cost.

Overnight costs include three additional categories of costs, one for contingencies,
one for the owner's costs of infrastructure and training incurred to get the plant running
safely when it is built, and one for first-of-a-kind engineering, or FOAKE, costs.

Contingencies and owner's costs can add 15 to 20 percent to overnight costs. Before
a reactor of a particular design has been built, several hundred million dollars must be
expended to complete its engineering design specifications. These are FOAKE costs. They
are incurred only once for any type of reactor-although building a reactor of a particular
design in one country may not transfer all the preliminary engineering necessary to satisfy
safety regulations in another country, so some FOAKE costs may still be incurred for the first
construction in any given country. Nonetheless, when a U.S. firm builds a new design
overseas, much of the engineering experience may be transferable to the home country,
making it possible for routine engineering and home office services to cover those remaining
costs.

FOAKE costs are a fixed cost of a particular reactor design. How a vendor allocates
FOAKE costs across all the reactors it sells can affect the overnight cost of early reactors
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%ape
Consideration of the foregoing reactor types contributes to the choice of $1,200,

$1,500, and $1,800 per kW overnight costs in the sensitivity scenarios used in the economic
viability analysis in Chapters 5 and 9. The range is consistent with allowance for uncertainty
in the cost estimates in view of the scope for variation in overnight costs due to the other
factors reviewed in this chapter.
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3.1. Introduction

Capital costs are especially important to the competitiveness of nuclear power, since
they account for a major share of the levelized cost of electricity (LCOE). The literature on
nuclear power plant costs reports a wide array of capital costs. In analyzing why the
estimates differ, Section 3.2 of this chapter deals with the overnight cost component of
capital costs. Section 3.3 deals with the interest component. Section 3.4 uses the results of
the chapter to narrow the range of capital costs to be used in the economic analysis of the
present study, proposing to limit the analysis to three near-term reactors as the most realistic
possibility and to allow for remaining uncertainty based on analysis of the individual
components of capital costs.

3.2. Overnight Costs

3.2.1. Why Overnight Costs Differ

Estimates of overnight capital costs of nuclear plants have ranged from as high as
$2,300 per kW and to as low as $1,100 per kW. The reasons for the differences are diverse.
At the simplest explanation, the numbers refer to different reactor technologies. Estimates
for the same technology can differ as well, however. At different times, the cost estimates
for reactor components may differ, and of course, different price levels prevail at different
dates, so cost estimates produced at different dates should be adjusted for price-level
differences for comparability.

A further important source of cost difference, for identical as well as different
technologies is the allowance for contingencies. Reactor cost quotes are firm-fixed-price
offers (even if they may be subject to negotiation between vendor and buyer), and vendors
include allowances for construction costing more than their most optimistic estimate. These
costs are included in an account explicitly referred to as contingencies and are charged to the
buyer whether the contingent events occur or not. Depending on how much of the
contingency costs actually get expended-which can be more or less than 100 percent-a
vendor's profits on a project will vary.

Cost numbers sometimes refer to expected costs in different countries, and market
costs of inputs may differ across countries, for which purchasing power parity adjustments
are imperfect. When considering cost numbers of technologies of firms from different
countries, the possibility should be considered that governments are offering subventions for
some proportion of costs.

Some cost numbers refer to actual construction costs where others are expected costs
of plants not yet built. For reactors that have not been built, some estimates may include
FOAKE costs while others may exclude them. Frequently costs are expressed in terms of
ntb-of-a-kind and possibly combined with twin plant assumptions. The ne-of-a-kind cost has
reduced the first-plant cost by some presumed learning efficiency
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Table 3-1: Capital Cost Distribution for 1,144 MW Advanced Boiling Water Reactor
(ABWR), Mature Design, Including Contingencies and Owner's Costs

As Percent of TotalAccount Descriptiona CoStSb

21 Structures & improvements 13.9
22 Reactor plant equip. 20.4
23 Turbine plant equip. 14.7
24 Electric plant equip. 4.4
25 Misc. plant equip. 3.1
26 Main cond. heat rej. system 3.4

Total Direct Costs 59.8
91 Construction services 13
92 Engineering_& home office services 6.4
93 Field supervision & field office services 5.6

Total Indirect Costs 24.9
94 Owner's cost 5.1
96 Contingency 10.2

Total 100
95 FOAKE Already paid

aSource of description of accounting system structure, Delene and Hudson (1993,
assim).
Source of numbers, DOE (1988, passim).
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3.2.2.1.2. Contingencies

To these direct and indirect costs, vendors add a percentage referred to as
contingencies (account 96). They will need to justify these contingency costs to a buyer, and
they may be negotiated. Sometimes a government will agree to pay contingency costs.
These may range from 9 to 12 percent of total direct and. indirect costs, or be as low as zero.

3.2.2.1.3. Owner's Costs

Another category of costs, owner's cost (account 94), is paid directly by the buyer.
These are costs of testing systems within the plant, training a staff (which may take several
years while the plant is being built), various inspections, etc. These range from 5 to 10
percent of direct and indirect costs.

3.2.2.1.4. FOAKE Costs

Accounting practices for nuclear power plant costs have evolved in recent years, and
the identification of the costs of working out the initial engineering design of a new type of
reactor as a distinct type of cost is an important product of that development When a new
type of reactor is developed, taking that design from relatively simple conceptual stages to
detailed engineering specifications that will make all the necessary components come
together successfully is a massive undertaking. These costs can range from $300 million to
$600 million, adding as much as 30 percent to the cost of a first reactor. However, once
these design efforts are completed, they never have to be repeated for this reactor design.
Further engineering design work will have to be undertaken to place this type of reactor into
a particular site, with its particular geographical and geological setting, but those engineering
costs are contained in account 92, engineering and home office services.

FOAKE costs are specific to each reactor design. For example, two new reactor
designs, say the AP 1000 and the ABWR would have completely separate FOAKE costs.
However, if one of these designs were to be built in, say, China, a considerable portion, but
not all, of the FOAKE costs of building it in the United States would be covered by the
design work for the Chinese installation. This reduction, if not elimination, of FOAKE costs
by building a new reactor in any particular country, is motivation for more aggressive initial
pricing in overseas markets.

How a vendor accounts for these FOAKE costs can make a substantial difference in
the capital cost estimate. The effects of accounting for FOAKE costs are discussed further in
Section 3.4 below.

3.2.2.2. The Account Structureof Capital Costs

Table 3-1 shows the largest component of overnight capital costs to be the reactor
equipment. This account amounts to 20 percent of total costs, including owner's costs and
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3.2.2.5. Possible Effect of Strategic Considerations

Several reasons exist why overnight cost estimates are not entirely hard engineering
estimates. For example, if a vendor finds some indirect value to building a plant (especially a
first plant or a first plant in a particular market), it may depress its contingency cost
component, possibly eliminating it altogether, in order to obtain the sale. If some of the
contingent events do occur, the vendor may well have to take the associated costs out of its
profits. In some instances in which national governments have particularly close associations
with their countries' nuclear vendors, the governments may agree to help with contingencies,
although these actions may be limited by international trade agreements. A vendor might be
able to get a variance agreement with the buyer to reimburse additional costs, particularly but
not exclusively, inforce majeure cases.

Cost estimates may be influenced by marketing goals. When comparing cost
estimates for different types of reactors, produced by different vendors, it is even possible
that one cost estimate is a strategic marketing reaction to another cost estimate. Account 96,
contingencies, is available to assist a vendor in strategic marketing goals, with or without
government subventions.

3.2.3. FOAKE Costs and Capital Cost Estimates

Section 3.2.1 introduced FOAKE costs, and noted that they can add 30 percent to
total overnight costs. FOAKE costs are a fixed cost of a reactor design. If a lengthy
production run reasonably could be assured, comparable to, say, a new model of automobile,
the costs can be amortized over the anticipated future production. and have little effect on the
unit price. Conditions have not proven as simple for nuclear reactors.

How a vendor chooses to account for FOAKE costs may affect price and even its
ability to sell a reactor. The preferred method, of course, is to have the vendor's government
pay for these costs, but the practicality of that alternative depends on the priorities of
different countries' governments. An agreement with a utility or consortium of utilities for
the purchase of multiple reactors, possibly eight or ten, spread out over a relatively short time
period, would be an alternative that would permit the spread of these fixed costs over
multiple units. However, any utility or consortium accepting such a cost agreement would
effectively subsidize subsequent buyers of this design, which reduces the likelihood of such
an arrangement being reached in practice.

No a priori solution to this problem is apparent. Vendors may deal with the pricing
problem by either (1) quoting ntb-of-a-kind costs, which exclude FOAKE costs and include
cost reductions due to learning over the construction of the first n- I reactors or (2) quoting
capital cost for a first plant in S per kW terms and placing the FOAKE cost alongside as a
cover charge.
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overnight cost of a single-unit construction (NEA 2000, pp. 12-13, 65-70). This effect is
independent of learning effects, which themselves may be enhanced by building multiple
reactors at a single station, as reported in Chapter 4.

Significant cost reduction also may derive from standardization of plant design.
Much of this cost saving is thought to lie in reduction of overnight costs by eliminating
duplication in FOAKE costs. Reductions in construction time from standardization also
reduce interest costs (NEA 2000, pp. 12, 55-65). Again, these cost savings are distinct from
the effect of standardization on learning by doing.

3.2.6. Near-Term Reactor Designs

Table 3-3 gives dollar figures underlying the percentages in Table 3-1.

Table 3-3: Capital Cost Estimates: Advanced Boiling Water Reactor (ABWR),
Mature Design, in Mflfions of 2001 Dollars

Account Description ABWR
21 Structures & improvements 198
22 Reactor plant equip 290

23 Turbine plant equip 210
24 Electric plant equip 62
25 Misc. plant equip 45
26 Main cond. ht rej. system 48

Total Direct Costs 853
91 Construction services 186
92 Engineering & home office services 91
93 Field supervision & field office services 79

Total Indirect Costs 356
94 Owner's cost 73
96 Contingency 145

Total 1,426
Source: ABWR, DOE (2001, Tables 1-4) and consultation with international
technical nuclear expert.

For comparison, a published Westinghouse estimate for total costs of an AP1000
reactor, without FOAKE costs, is $1,100 to $1,200 per kW (Poulson 2002, p. 22). This figure
is slightly below the $1,246 F er kW for the ABWR in Table 3-3 (as implied by dividing the
total cost in Table 3-3 by 10 to obtain dollars and 1,144, which is the capacity in megawatts
of the ABWR). However, the AP1000 has not yet been built. Assigning a FOAKE cost of
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Including the three accounts additional to EPC in the Scully numbers, the resulting
overnight costs are slightly higher than in the estimates reported above. FOAKE costs are
slightly lower than the 30 percent estimate noted above. The Scully report presumes that
learning in construction would reduce the overnight costs of the second plant by 3.8 percent.
Learning would reduce the fourth plant's overnight cost by 23 percent below that of the first
plant (Scully Capital 2003, p. 1-8). Altogether, the Scully capital cost composition is roughly
similar to the two compositions reported above.

3.2.7. Cost Implications of Opportunities for Siting New Nuclear Plants

Nth-of-a-kind cost estimates sometimes assume a full 5 percent cost reduction with
each doubling of units installed. The discussion in Section 3.2.2 of the components of
learning by doing suggests that realizing the full 5 percent reduction could be optimistic.
Availability of demand will limit opportunities to build multiple 1,000 MW units at a single
site, either simultaneously or in rapid sequence, reducing the scope for on-site replication
learning. Limitations on the ability to build multiple units at a single site would also reduce
the ability to obtain the additional 5 to 7 percent cost reduction attainable from simultaneous
construction. The practicality of building multiple units at more remote sites, away from
major demand centers, is limited by the availability of transmission capacity and could be
constrained as well by availability of cooling water.

Whether siting limitations such as these constrain new nuclear power plant
construction is an open question, but the issues point to the importance of developing a
specific strategy for a program of nuclear expansion. Capital costs would be sensitive, within
a range of nearly 10 percent, to sites selected, timing patterns, and opportunities for multiple
units.

3.3. The Shares of Overnight Capital Costs and Interest Costs in LCOE

The total capital cost shares in the LCOEs of nuclear plants are only slightly higher
than those of a large coal plant,. as Table 3-5 shows. The overnight cost estimates for the
ABWR differ somewhat from those in Tables 3-3 and 3-4 above, deriving from different
sources. These sources were taken from calculations of LCOEs, which included interest
costs and the major component cost shares of the LCOEs. The principal demonstration
points are not affected greatly by the overnight cost variations.

The ABWR capital cost share is 64 percent and that of an AP 1000 is 61 percent,
while that of a large, pulverized coal plant is nearly 61 percent as well. The cost share of a
gas plant is only about 32 percent, which goes some way to explaining the popularity of gas
plants in recent years.

The similarity of the cost shares of the AP1000 and the coal plant is largely explained
by their similar overnight costs, $1,365 per kW versus $1,350 per kW. The ABWR
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5-year construction period, but the increments in interest costs are from 27 to 30 percent,
depending on the interest rate.

Construction interest costs are clearly an important component of total capital costs.
The magnitude of the interest component over a 7-year construction period at a 13.5 percent
WACC is impressive: nearly 42 percent of total capital cost. Even over a 5-year
construction period, the interest costs account for nearly one-third of the total capital cost.
The 13.5 percent WACC reflects a risk premium of about 4 percentage points over
conventional utility financing in recent years, which has averaged around 11.5 percent on
equity and 7.5 percent on debt for a WACC of 9.3 percent. These figures show nonetheless
the importance of keeping construction delays under control and offering assurances that
would reduce the risk premium investors require. Chapter 5 below goes into detail on choice
of construction time and WACC in the energy scenarios to be analyzed.

Table 3-6: Sensitivity of Overnight and Interest Cost Contributions to Total Capital
Cost: Varying Construction Time and Weighted Average Cost of Capital

(WACC), for Advanced Boiling Water Reactor (ABWR)

Construction Time: 5 Years
WACC 0.080 0.115 0.135
Interest share 0.211 0.287 0.327
Overnight capital cost share 0.789 0.713 0.673

Construction Time: 7 Years
WACC 0.080 0.115 0.135
Interest share 0.274 0.368 0.416
Overnight capital cost share 0.726 0.632 0.584

3.4. Reactor Designs and Capital Cost Scenarios for Economic Analysis

A considerable narrowing of overnight costs estimates is accomplished by
considering near-term reactor types. Choosing realistic near-term alternatives allows for
uncertainty while anchoring estimates in reality. The resulting range also allows for some
play in estimate in view of the various sources of latitude reviewed in this chapter.

Appendix A4 identifies current reactor designs and discusses their prospects for near-
term commercialization. Four reactors appear to be particularly good candidates for
deployment in the United States by the 2010 to 2015 period of concern in this study. One
candidate is General Electric's ABWR, which has been built in Asia, jointly with Toshiba.
Its prior construction by a U.S. vendor could simplify transferring it to the United States.
Full FOAKE costs should not be incurred on a first unit in the United States since the U.S.
firm's engineers would be able to transfer much of their experience with the Japanese
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The EPR's overnight cost has been estimated between $1,600 per kW and a little over
$1,900 per kW. Applying this cost to the SWR 1000, this range overlaps the range of
overnight costs experienced recently in Asia, and thus may represent other reactor designs
that could be considered. This third design's cost is taken to be $1,800 per kW.

3.5. Uncertainty in Overnight Cost Estimates

Overnight costs for each of these reactors are subject to some degree of uncertainty.
Light is thrown on the uncertainty range by comparing the account compositions of the
ABWR in Table 3-1 with the corresponding account composition for the ABWR reported in
Rothwell (2004, p. 50, Table 1). The comparison of the two sources for same technology
may give some idea of the scope for variation in total cost per kW for any particular design
of reactor.

Accounts 21, 22, 23, and 91--structures and improvements, reactor plant equipment,
turbine plant equipment, and construction services (indirect costs in Rothwell)---comprise
60 percent of the cost in Table 3-1 and 70 percent in Rothwell (2004). The difference
between the two cost shares for a particular account, as a percent of the mean cost share for
both designs, may be a reasonable scope for variation of costs in that account for either
reactor. Multiplying this percent by the mean cost share of that account yields the percent
variation in the total reactor cost that could be expected from variations in the costs in this
account. Performing the same calculation for each of these four accounts and summing over
those four accounts yields a variability of 21.5 percent of the total overnight cost.

Table 3-7 reports the range of overnight costs for each of the three reactor costs
posited here, allowing for 10 percent variability in either direction from the midpoint. The
cost ranges overlap only slightly between the upper range of a lower-cost design and the
lower range of a higher-cost design.

Table 3-7: Uncertainties in Overnight Capital Costs, $ per kW, 2003 Prices

Characterization of Reactor Lower Range Midpoint Upper Range
Average of Mature Designs 1,080 1,200 1,320
New Designs, FOAKE Costs Not Paid 1,350 1,500 1,650
Advanced New Design, FOAKE Costs 1,620 1,800 1,980
Not Paid 1,620 _ ,800_1,98

As another source of uncertainty, of the four designs considered likely candidates for
construction by 2015, only the ABWR has had its proof of concept established. The
construction costs of plants whose prototypes have never been built have to be considered
less certain.
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Chapter 4. LEARNING BY DOING

Summa

Reductions in capital costs between a first new nuclear plant and some nb plant of the
same design can be of critical importance to eventual commercial viability. In building the
early units of a new reactor design, engineers and construction workers learn how to build
new nuclear plants more efficiently with each plant they build. This chapter examines the
evidence of cost reductions for nuclear power plants contributed by learning. The findings of
this chapter are used in Chapter 9 to estimate the reduction in LCOEs due to learning effects
that would take place after construction of early nuclear plants, lessening and possibly
eliminating the need for government policies aimed at the nuclear power industry after
building the first few plants.

A case can be made that the nuclear industry will start near the bottom of its learning
curve when new nuclear construction occurs. The paucity of any new nuclear construction in
the past twenty years in the United States, together with the entry of new technologies and a
new regulatory system, has eliminated much of the applicable experience of the U.S. craft
workforce. Participation in overseas construction may have given some U.S. engineers
experience that is transferable to construction in the United States, but the international
mobility of craftsmen is much less. Consequently, considerable learning is to be expected
during the construction of the first few new plants.

Studies of nuclear plants built in the 1960s and 1970s report evidence of learning
rates of 5 to 7 percent with doubling of plants constructed. Extending the sample of plants to
those built in the 1980s weakens the ability to identify construction learning effects. Studies
have found lower costs on plants built in-house by a utility itself rather than by a contractor,
as much as 25 percent; but an earlier study found a 30 percent higher cost on in-house
construction. It is possible that the in-house effect is the result of contractors in a market
with limited competition.

A plausible range for future learning rates in the U. S. nuclear construction industry is
between 3 and 10 percent. Tbree percent is conservative. It is consistent with a scenario
involving low capacity growth, reactor orders of a variety of designs spaced widely enough
apart in time that engineering and construction personnel cannot maintain continuity, some
'construction delays, and a construction industry that can retain internally a considerable
proportion of learning benefits. A medium learning rate of 5 percent is. appropriate for a
scenario with more or less continuous construction, with occasional but not frequent cases of
sequential units built at a single facility, a narrower range of reactor designs built by a more
competitive construction industry, with delays uncommon. A 10 percent learning rate is
aggressive. It would necessitate a continuous stream of orders that keep ineering team
and construction crews intact, a highly competitive construction industry, and streamlined
regulation largely eliminating construction delays.

4-1



4.1. Introduction

The purpose of this chapter is to draw lessons for the future from the historical
experience of learning by doing. Section 4.2 defines learning by doing. Section 4.3 reports
learning rates in industries other than nuclear plant construction. Section 4.4 describes
obstacles that hinder measuring learning by doing. Section 4.5 reviews the research on firm
learning rates: Section 4.5.1 considers the standard approach studies that sought only to
measure learning by doing; Section 4.5.2 analyzes the later studies that sought to characterize
learning by doing in greater detail; and Section 4.5.3 looks at research comparing firm
learning in the United States with f= learning overseas. Section 4.6 evaluates the research
on industry learning by doing. Section 4.7 examines factors other than learning by doing that
seven studies found to be significantly related to nuclear power plant capital costs: regulation
(4.7. 1), in-house management (4.7.2), multiple-unit sites (4.7.3), economies of scale and
construction-time effects (4.7.4), and region (4.7.5). Finally, Section 4.8 discusses
knowledge depreciation, and Section 4.9 concludes'by summarizing the factors influencing
alternative learning rates.

4.2. What is Learning by Doing?

As a product is produced over and over, the marginal cost of producing it often
decreases. When this decrease is not a result of economies of scale or a drop in input prices,
it may be a result of learning by doing. Learning by doing occurs when the human beings
involved in a production process gain experience performing their tasks and, over time, find
more efficient ways to do them. Costs of production decrease until potential gains in
efficiency from learning are exhausted, at which point the costs level off toward an
asymptote.

Learning by doing is an observed phenomenon; theories exist about where in the
production process the learning occurs, but they remain theories. Epple et al. (199 1, p. 59)
offer a list of factors contributing to learning by doing:

"Factors suggested as being responsible for organizational learning include:
increased proficiency of individuals, including direct labor, management and
engineering staff; greater standardization of procedures; improvements in
scheduling; improvements in the flow of materials; improvements in product
design; improvements in tooling, layout, materials, and equipment; better
coordination; division of labor and specialization; incentives; leadership; and
learning by firms outside the focal firm, including suppliers and other firms in the
industry."

Moreover, learning rates probably capture the learning effects from multiple, different
agents within a firm: "The learning curve should be thought of as an aggregate model in the
sense that it includes learning from all sources within the firm" (Yelle 1979, p. 309).
Joskow and Rose (19 85, p. 8) write:
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were approximately two times as large (25.6 percent versus 14.1 percent)" (Yelle 1979, p.
306). The implication is that the more processes performed by human beings, the greater the
opportunities to learn. Irwin and Klenow (1994) found in the semiconductor industry that
firms learn three times more from their own cumulative production than from cumulative
production of other finms and that learning spills over as much between firms in the same
country as between firms in different countries.

In the research on learning by doing in the nuclear plant construction industry,
nuclear learning rates are generally lower than the 20 percent average of other industries.
There are many possible reasons for this phenomenon. First, and most significantly, each
nuclear power plant is a unique project, making experience from previous projects less
relevant. As McCabe writes, "Homogeneity maximizes the usefulness of past production
experience... In contrast, power plant D&C involved designs that exhibited considerable
heterogeneity, reducing the usefulness of past experience" (McCabe 1996, p. 357-358).
Second, cost uncertainty (as a result of both regulation and heterogeneous plant designs) and
cost-plus contracting may have reduced construction firm's incentives to reduce costs. Third,
experienced construction firms may have been realizing decreasing costs but charging the
higher market price (rent-capturing).

4.4. Estimation Problems

Long construction times and complex accounting practices are hindrances to
estimating learning by doing. Because power plant construction projects last a number of
years, complicated calculations are necessary to remove inflation and interest during
construction (IDC) from the nominal cost numbers reported by utilities. Zimmerman,
Komanoff, and Paik and Schriver use previous research on the typical cash flow for a nuclear
power plant construction project to estimate the proportion of the reported nominal costs
spent each year of construction (Zimmerman 1982, p. 301; Komanoff 1982, p. 316). Once
the costs are broken down year-by-year, they use average interest rates to subtract the
appropriate interest and inflation.

Cantor and Hewlett, however, are critical of the use of both the typical cash flow
model and average interest rates. They claim that the cash flow model is inaccurate and
introduces a bias correlated with time, leading "one to question the results of the other
research, since all the variables of interest are correlated with time" (Cantor and Hewlett
1988, p. 323). Cantor and Hewlett claim to solve both problems by collecting accurate
allowance for funds used during construction (AFUDC) and IDC rates from form FERC-1:
"reported AFUDC rates collected from Form FERC-1 and supplemented by information
from various State public utility commissions to incorporate important accounting
conventions are used to derive effects AFUDC rates" (Cantor and Hewlett 1988, p. 334).

Accounting practices present another barrier to calculating costs precisely: when
multiple units are built at one site, utilities often allot a disproportionate fraction of shared
costs to one of the units (Komanoff 1981, p.201; McCabe 1996, p. 365). Various methods
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Table 4-1: Summary of Regression Analyses of Learning by Doing in Nuclear Power Plant Construction

Paper/Database Size Cost Size Date/Viltage Experience' Espertence2 Multiple Cooung Tower In-Ilouse Regions Other Variables
Moon 1979 In (c per kW) SIZE CPIS LN TOWER LOCI BW TIRSID and T2RSID

54 plants issued IDC included inuignificant Date construction Natural log of dummy; Dumny; I if Babcock-Wilcox .residuals from another
permits through permit issued cumulative insignificant Northeat, 0 if manufactured the regression; insignificant
December 1972; z- number of LWR other NSSS; insignificant
0.67; teamning rate - power plants by
I 1.2 percent architect

Paik and Schriver In C in (MW) tN D0I.D4 RI RI^2
1979
65 plants issued IDC included cumulative dummy was of four regions, "Regulation Impact used algorithm to estimate
permits between 1967 number of LWR included in only two Index:? Each impact ofregulations during
and 1974 and which plants built by regression, but (unspecified) - regulation was construction
were complated or design firm results were regional dummies assigned an impact
expected to be insignificant wear asgnificas t rating (1.4); Sum of
completed by 198); 

t  
regulations in year

-0.78; leamning rate -ofcoustr=nioa

21.9 •percent
Kornanoff 1981 capital cost, K MW CUMULATIVE A.E MULTIPLE COOLING NORTHEAST DANGLING

NUCLEAR TOWER
CAPACITY

mote: only staristically $ per KW, captures effect of [anber of dummy; I if dummy ran separate only tortelsut Succe• oru
itgnflcant vartables without regulation reactors built by unit is part of a regression to region had incomplete at time
given In atudy; 46 estimated IDC; architect. multiple-unit test for inhousa significant cost of study; K. unable
reactors completed used costs engineer site, 0 if unit is effects difference to average costs
between December from data stAnd-alone across reactors at
1971 and December reported "year site
1978; r- 0.923; following
adjusted r- .908; commercial
learning rate - 7 operation"
percent (p. 198)
Zinumerman 1982 log actual cost, SIZE YEARI (l/(I+EXPF) (i/(I+EXPI) FIRST T SELFCO R7-RI I LETIME LUTIME

kw
41 planta completed per kilowatt in in MW in which nuclear experience cumulative durmmy; I if dummy; I if dummy; I if 5 regions Ilog of the number log of the diff. between
between 1968 and 1979S. decision was (completed industry first unit at mechanical conatruction of years orig. actual and anticipated time to
1990; r' = 0.85; removed announced reactors) of experience; sire, 0 if cooling tower was done by anticipated between operation
learning rate in estimated IDC; construction eateratlity otherwise utility announctcement and
Table 3 firm; measures associated with operation

private learning construction
aclivity

Cantor and Hewlett In (c per kW) In(SIZE) CONSTRT CSTI FIRST COOL BUILD IPRICE In (construction INTER
1988 time)
67 plants with "use actual number ofdays (I/I+EXPF) dummy; I if d umiy dummy. i if construction labor ran separate interactive term between
scheduled commercial AFUDC rates between date of where EXPF is unit is a first utility was wage rate in the regression to BUILD s CSTI
operation before 1986; and cash construction start number of or single unit construction planui state capture "indirect"
adjusted ?"0.85; profiles" to and 111/1960 completed plant manager effects of variables
learning rate I remove IDC reactors by through changes in
learning coefficient "cemntructor" construction time
insignificant I _ _ I
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Komanoff (198 1) studies capital costs of both nuclear and coal power plants.
Employing a nuclear data base of 46 reactors completed between December 1971 and
December 1978, Komanoff estimates a regression using variables for architect-engineer
experience, size, cumulative nuclear industry capacity, and dummy variables for multi-unit
site, dangling status, region, and use of a cooling tower (Kornanoff 1981, p. 198). Utilities
often allocate costs for plants at multi-unit sites unevenly. Komanoff solves this by
averaging total costs over the number of units at a site; dangling status means not all the units
at a multi-unit site were complete at the time of the study, making averaging impossible
(Komanoff 1981, p. 201). Komanoff's study is a departure from the previous two studies in
several respects. First, he controls for multi-unit sites, while Mooz and Paik and Schriver do
not, and found significant cost reductions for reactors at such sites. By controlling for
dangling status, Komanoff prevents disproportionate cost allocations at multi-unit sites from
biasing the results against incomplete multi-unit sites.

Second, Komanoff's cost numbers better represent the overnight capital costs of
building a plant: he removed estimated interest during construction from reported costs, and
used costs reported in the year after the plant came online to capture substantial first-year
capital costs (Komanoff 1981, p. 198). These techniques, together with Komanoff's high
adjusted r2 of 0.908 and-high significance of the learning coefficient (> 99.9 percent), give
his estimated firm learning rate of 7 percent appear statistically reliable. He also finds that
"the 95 percent confidence interval ranges from between a 5 and 9 percent cost reduction for
each doubling of experience" (Komanoff 1981, p. 200). However, Zimmerman's 1982 study
and Cantor and Hewlett's 1988 studies (below) give reason to question these results.

Zimmerman studies 41 plants finished between 1968 and 1980 "for which completed
cost figures are available" (Zimmerman 1982, p. 301). He uses variables for size, vintage,
anticipated construction time, difference between anticipated and actual construction times,
construction firm experience, industry experience, and dummy variables for use of a cooling
tower, first-unit status, region, and in-house construction (Zimmerman 1981, p. 299).
Zimmerman's study is most comparable with Komanoff's, mainly because both use a cash-
flow model to remove estimated IDC from reported costs (Mooz and Paik and Schriver do
not remove JDC, while Cantor and Hewlett use actual cash-flow data).

Although Zimmerman's study is most similar to Komanoff's, Zimmerman's
regression differs from Komanoff's in several respects. First, while Komanoff uses
cumulative nuclear industry capacity to capture the effects of regulation, Zimmerman uses a
time variable. Second, Zimmerman includes regression variables for anticipated and actual
construction time, in-house construction, and industry learning effects, while Komanoff does
not. Third, Zimmerman uses an alternate form of the experience variable, 1/(1 + experience),
instead of simple experience (Zimmerman 1982, p. 300). The effects of these three
differences on the accuracy of results are ambiguous; most of Zimmerman's additional
variables are statistically significant. Zimmerman's use of the 1/(l + experience) form of the
experience variable makes calculating a constant learning rate impossible. While the
learning rate is a constant percent reduction for each doubling of experience, Zimmerman's
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by the utility is accurately reflected in the estimated learning coefficient. Zimmerman notes
that including a regression parameter for in-house construction can help determine the extent
of this bias: if utilities that manage their own construction realize lower costs than those that
outsource to a construction firm, it may be evidence that construction firms are charging
prices significantly above costs. He finds that on average, in-house construction resulted in
22 percent lower costs (Zimmerman 1982, p. 303). This saving may indicate that
construction firms were capturing rents (in which case, calculated learning rates are biased
downward, but still accurately indicate utilities' cost savings), or it may simply indicate that
utilities run construction projects better. Zimmerman says of the lower costs for in-house
construction: "This could reflect savings due to a better managerial arrangement, or it could
indicate that in these cases the utility captured the entire rent" (Zimmerman 1982, pp. 304-
305). In sum, rent-capturing maybe pushing calculated learning rates downward, but that
cannot be certain.

This consideration suggests a first reason to question the reliability of Komanoff's
results: whereas Komanoff finds that in-house construction led to 30 percent higher capital
costs, Zimmerman finds that in-house constructionrresulted in 22 percent lower costs.
(Komanoff 198 1, p.200; Zimmerman 1982, p. 303). Komanoff does not include a variable
for in-house construction in his main regression. However, he estimates a separate
regression to test for in-house effects: "The result was -a 30 percent higher cost for self-A-E,
with a 95 percent confidence interval of 13 to 50 percent and a 99.9 percent significance
level" (Komanoff 1981, p. 200). Furthermore, Cantor and Hewlett's results agree with
Zimmerman's (Cantor and Hewlett 1988, p. 332). This may be a result of different data
bases, although Zimmerman's (1968-1980) brackets Komanoffs (1971-1978) in time.

Alternatively, it may be a result of regression techniques or cost deflation data - it is
difficult to tell without access to Zimmerman's data (Komanoff provides his). The point
worth noting, however, is that the two authors examining similar time periods can find
widely disparate cost effects from a given factor. Moreover, Komanoff's in-house effect
coefficient is significant at the 99.9 percent level - the same high significance level of the
learning effects he finds. This must be taken into account when considering Komanoff's
7 percent learning rate.

Cantor and Hewlett's study includes 67 nuclear plants "with scheduled commercial
operation before 1986" (Cantor and Hewlett 1988, p. 322). Their regression includes
variables for size, construction labor wage rate in the plant's state (a proxy for regional cost
differences), construction time, vintage, constructor experience, and dummy variables for use
of a cooling tower, first-plant (at a multi-unit site) or single-plant status, and in-house
construction. They also include an interactive term between constructor experience and in-
house construction. This study is a departure from the previous studies mainly in its
methodology for estimating overnight costs. Where Komanoff and Zimmerman uses average
debt rates and cash-flow models, Cantor and Hewlett use "actual AFUDC rates and cash
profiles" (Cantor and Hewlett 1988, p. 319). In a regression with an adjusted r2 of 0.85,
Cantor and Hewlett find no learning effects for construction firms; they find "some
evidence" of learning effects for utilities that managed construction themselves (Cantor and
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4.5.2. Principal-Agent Framework and Firm Learning

McCabe studies 90 nuclear units finished by the end of 1988 (McCabe 1996, p. 368)*His study differs from the standard approach studies, in that he used a model of learning that
relies on a principal-agent framework (McCabe 1996, p. 357). The principals (the utilities)
outsource construction projects to the agents (the design and construction firms), except in
the case of in-house construction. McCabe recognizes a trend in the results of the standard
approach studies: in-house construction projects were generally cheaper than their agent-
managed counterparts, and in-house construction exhibited greater learning effects (McCabe
cites Cantor and Hewlett's 1988 study). Consequently, McCabe separates projects into
utility-managed and agent-managed groups to test whether utility- and agent -managers faced
different incentives (McCabe 1996, p. 358). He hypothesizes that cost-plus contracts and
cost uncertainty (mainly as a result of an unstable regulatory environment) reduced the
incentives to learn for agent-managers. He does not deal with Zimmerman's rent-capturing
hypothesis, that construction firms; had profit as an incentive to reduce costs. McCabe further
classifies the agent-managed projects by length of the principal-agent relationship to test
whether longer relationships provide greater learning opportunities by allowing agents to
better understand a utility's unique design preferences. Additionally, McCabe notes that
-because a utility that repeatedly manages -construction in-house is essentially in a long-term
relationship with itself, "In-house utilities building a series of plants should also experience
relatively larger learning benefits" (McCabe 1996, p. 361).

McCabe's results generally conform to those of the standard-approach studies. In his
first regression, McCabe uses the standard approach: one experience coefficient represented
the experience of the unit's architect-engineer. This regression shows no significant learning
effects. In his second regression, McCabe separates the experience variable into agent
experience (which takes a value of I if the agent managed construction), principal experience
(which takes a value of I if construction was managed in-house), and specific-relationship
experience (which takes a value of I if an agent had previously contracted with the utility).
With an adjusted r2 of 0.87, the results indicate that in-house construction experience had a
larger impact on in-house construction costs than agent experience had on agent-managed
projects (McCabe 1996, p. 372). In fact, McCabe finds that for utilities, each in-house
project reduced the cost of the subsequent in-house project by 11.6 percent, while for
architect-engineers, that number is 2 percent (McCabe 1996, p. 371). These percentages are
reductions after every project, and therefore not learning rates for doubling; roughly
comparable leanjing rates would be about 30 percent for in-house and 6 percent for agent-
managed. McCabe's approximation of learning effects assumes constant returns from
learning, but nearly all the research on learning by doing finds diminishing returns. His
regression results, however, advance the understanding of learning as they reveal evidence of
considerably greater learning effects for utilities that manage projects in house. McCabe also
finds specific-relationship experience insignificant, implying that "poor incentives rather than.
design variation account for the difference between agent and in-house procuremenf)

(McCabe 1996, p. 372). That is, if design variation were responsible for the difference
between in-house and agent-managed project costs, significant cost effects should be
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learning (both within and among firms) is observed only when reactors of the same class are
involved," implying that learning effects are more significant when plants are similar or
identical. Examining construction times of French reactors, Thomas noted that although
construction times did not decrease from 1971 to 1980, "Even more striking... is the fact that
construction times have not risen over time" (Thomas 1988, p. 229). That is, in contrast to
the U.S. and German experiences, and despite the fact that the French industry was
undergoing "very rapid expansion," French construction times remained relatively constant
"There is little evidence of learning leading to reduction in construction times but this is at
least in part explained by the rather short schedules that the French programme established
from the beginning" (Thomas 1988, p. 232). Furthermore, a 1984 article in Nucleonics Week
cites a study by the Electric Power Research Institute (EPRI), which found that French plants
required "50 percent or less of the electric and mechanical (craft) labor consumed by the U.S.
plants studied" (MacLachlan 1984, p. 2). In summary, Lester and McCabe found that the
French industry realized greater learning effects in operation and maintenance, while Thomas
found that France was able to avoid significant construction delays; the EPRI study found
that French plants required significantly less labor to construct. All the studies explicitly
attribute their findings to France"s standardization and single-utility industry structure.

Japan's nuclear industry has also been characterized as-successful. In a 1988 article,
Navarro attributes Japan's success to standardization and a unique anti-trust policy. The
Japanese Ministry of International Trade and Industry (MITI) guided Japan into a two-design
reactor program. The program was designed to reap the benefits of both standardization
(reduced costs, greater learning effects) and competition (pressure to keep costs down). Of
standardization, Navarro writes, "Besides the benefits associated with construction time
reductions, these programs are generally credited with helping Japanese utilities raise the
aggregate nuclear capacity factor from a low of 37 percent in 1977 to close to 80 percent
today" (Navarro 1988, p. 9). However, Navarro notes that in a statistical analysis, he was
unable to find any firm-specific learning effects in Japan. Navarro attributes this lack of firm
learning to the prevalence of industry learning: "This important result suggests that the
various Japanese consortia have been able very quickly to assimilate and share the
technological stock of knowledge necessary to build nuclear plants" (Navarro 1988, p. 7).
Navarro goes on to describe Japan's unique anti-trust policy, writing that the Japanese
government "encourages cooperation and concentration within industries and views resultant
consortia as warriors in the international arena" (Navarro 1988, p. 9). Lastly, Navarro notes
that Japan's "open and shut" licensing process allows Japanese utilities to pay lower
insurance premiums on their capital (Navarro 1988, p. 10).

Although both the French and Japanese nuclear industries were relatively successful,
a direct link between their success and their efforts to standardize remains unproven.
Nonetheless, there is evidence implying that standardization leads to greater learning effects.
A study by Kouvaritakis et al. (2002) estimates a 5.8 percent learning rate for OECD nuclear
construction over the period 1975-1993 (reported in McDonald and Schrattenholzer 2001,
Table 1, p. 257).
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four-year span, from March 1967 to March 1971" (Komanoff 1981, p. 205). Second, note
Paik and Schriver's use of a regulatory index. The index was created by assigning a
numerical weight based on "impact" to each piece of U.S. Nuclear Regulatory Commission
(NRC) regulation. The authors cite Bennett and Kettler (1978) who "evaluated the impact of
each issuance on investment requirements with respect to both schedule and direct costs and
classified their impact ranging from minor to most significant" (Paik and Schriver 1979, p.
231). Paik and Schriver used an algorithm to assign each plant a valuerepresenting the
quantity and quality of regulation its designers had to face, taking into account regulation
passed during the plant's construction. They found that regulation caused a 69.2 percent
increase in plant cost from 1967 to 1974 (Paik and Schriver 1979, p. 235). Subsequent
studies did not use Paik and Schriver's regulatory index because a vintage variable
performed just as well. Komanoff used cumulative sector size to measure the effects of
regulation "because it appears to capture more of the societal processes that give rise to new
standards' and because it resulted in a higher r2 value (Komanoff 1981, p. 204). However,
later studies did not use cumulative sector size because, as with Paik and Schriver's
regulatory index, a vintage variable performed just as well. Cantor and Hewlett write,
"neither Komanoff's cumulative sector size measure nor Paik and Schriver's regulatory
index performed any better than a simple time trend variable. This is because any measure of
NRC regulatory activity is highly correlated with time" (Cantor and Hewlett 1988, p. 325).
Cantor and Hewlett attribute-their relatively low percentage to their unique deflation methods
(Cantor and Hewlett 1988, pp. 327-328).

Table 4-3: Regulatory Effects

Study Time Independent Variable Percent Change NotesStudy Period IndependentVariable in Costs Notes
Mooz (1979) 1965-1972 Vintage (permit issue date) 24.0, per year

Paik and Schriver 1967-1974 Regulatory Index 15.6, per year (compound
(1979) annual)
Komanoff (1981) 1971-1978 Cumulative Sector Size 49.0, per doubling of sector

size

Vintage (permit issue date) 23.6, per year (average)
Vintage (plant completion) 13.1, per year (average)

Zimmerman (1982) 1968-1980 Vintage (nuclear decision 11.0, per year Included Industry
announced) Experience Variable -

completed reactors
18.0, per year Included Industry

Experience Variable -
reactor years

Cantor and Hewlett 1966-1986 Vintage (construction start) 10.6, per year
(1988)
McCabe (1996) 1971-1988 Vintage (permit issue date) 17.3, per year Included higher order

terms (date, date2, date3)
Canterbery et al. 1966-1987 Cumulative number of 11.1, per 10 percent increase
(1996) regulations in number of regulations
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Cantor and Hewlett point out: "It should be recognized that the use of a binary
variable to measure the cost differences between the two types of management regimes is
done by necessity. In fact, there may be a range of utility involvement in the construction
management, suggesting that a continuous variable, if one could be derived, would be a
preferable measure" (Cantor and Hewlett 1988, p. 329).

In summary, in-house construction management yields lower costs and greater
learning rates. The cause may be rent-capturing or greater incentives to reduce costs.

4.7.3. Multiple-Unit Sites

Most of the studies include a variable in their regressions to control for first-unit
status. As noted, utilities often allot a disproportionate fraction of total costs at multi-unit
sites to the first unit. By including a variable for first-unit status, the studies ensure that this
disproportionate allocation does not bias their results. However, the coefficient associated
with first-unit status tells nothing about whether reactors at multi-unit sites cost more or less
than stand-alone reactors, but indicates only that the first unit costs more than subsequent
units at a multi-unit site. Only Komanoff seeks to determine whether reactors at multi-unit
sites cost less than stand-alones. To control for first-unit bias, Komanoff averages total costs
for a multi-unit site over all the reactors at the site, so that all the reactors at a multi-unitsite
are assigned the same cost. He then includes a dummy variable in his regression for multi-
unit status, and finds that "multiple units averaged 9.7 percent lower costs than other
reactors" (Komanoff 1981, p. 201).

4.7.4. Economies of Scale and Construction-Time Effects

Because the standard approach studies use overnight costs as the dependent variable,
identifying economies of scale correctly is a three-step process. The first step is to calculate
what effects, if any, scaling up plant size has on overnight costs, "the quantities of land, labor
and materials needed to construct a nuclear power plant" (Cantor and Hewlett 1988, p. 318).
However, overnight costs, by definition, do not take into account time-related costs like
interest and inflation. The second step is to determine how scaling-up plant size affects
construction time, and the third step is to determine how an increase in construction time
affects costs. Construction time affects real costs in two ways: an increase in construction
time results .in greater interest and inflation as well as greater overnight costs. Although the
relationship between construction time and overnight costs is not immediately clear, Cantor
and Hewlett's evidence of such a relationship is described below. Table 4-4 lists the studies'
estimated scale effects. As a reference point, Komanoff wrote in 1981 that "capital cost
projections of the U.S. Atomic Energy Commission (AEC), its successor agencies, and the
power industry assume that nuclear costs per kW decline by 20 to 30 percent when reactor
size is doubled" (Komanoff 1981, p. 200).
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off and then re-hired). They find overnight costs correlated with construction time beyond
the 95 percent significance level. Using just overnight costs and no construction-time
effects, Cantor and Hewlett find that a doubling of unit size resulted in a 36 percent decrease
in costs per kW. However, when the construction time-overnight cost relationship is taken
into account, the longer construction time necessary to build larger plants makes a doubling
in plant size 9 percent more expensive, in costs per kW. "Thus, there appears to be some
evidence supporting the claims that the industry has attempted to build units that are too large
to be efficiently managed by the constructors" (Cantor and Hewlett 1988, p. 318). The
construction time-overnight cost relationship excludes the construction time-interest cost
relationship which affects LCOE.

Marshall and Navarro (1991) deal with the measurement rather than the concept of
overnight costs. They observe that the calculation of overnight costs as the sum of
expenditures over the construction period must be placed on a correct time basis to satisfy the
requirements of capital theory. They point out that overnight costs as commonly calculated
cannot accurately represent economies of scale because they leave out construction-time
effects. The summation of construction expenditures must be dated to the completion date of
the plant, which requires the proper correction for price-level change in the calculation of
overnight costs. In their test for economies of scale in Japanese nuclear plants using
overnight costs dated to plant completion dates, they find that when overnight costs are used
as the dependent variable, economies of scale seem to exist, but when opening-date overnight
costs are used, the size coefficient is insignificant, implying no economies of scale exist
(Marshall and Navarro 1991, p. 153). Although Marshall and Navarro are critical of the
previous studies' calculation of overnight costs, they come to the same conclusion - if
economies of scale exist, they are minimal. McCabe (1996) uses Marshall and Navarro's
opening-date cost and finds the size coefficient insignificant (McCabe 1996, p. 370).
Canterbery et al. (1996, p. 558, n. 4) note that Marshall and Navarro's contention that the
definition of overnight costs exclude inflation is incorrect.

The results on size effects are diverse. In Mooz's regression, the size coefficient is
insignificant. Paik and Schriver do not use costs per kW, so their results cannot be used to
test for economies of scale. Komanoff finds evidence of slight economies of scale, taking
into account construction time-interest effects but not construction time-overnight cost
effects. Cantor and Hewlett find evidence of slight diseconomies of scale, taking into
account construction time-overnight cost effects, but not construction time interest effects.
Zimmerman finds evidence of modest economies of scale, but the coefficient is only
marginally significant. Using opening-date overnight costs, both Marshall and Navarro
(1991) and McCabe (1996) find no evidence of economies of scale, but Canterbery et al.
(1996) find a strong size effect reducing cost. It seems reasonable to conclude that few if any
scale economies existed in nuclear plant construction in the 1970s and 1980s to confound the
identification of learning effects.
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Table 4-5: Regional Cost Differences

Number
of Regions Independent

Study Controlled Variable Findings
For

Mooz (1979) 5 Dummy Northeast 38.8 percent more
expensive than other regions

Paik and 4 Dummy South 21.3 percent cheaper, Mountain 23
Schriver (1979) percent cheaper than Northeast and Central
Komanoff 3 Dummy Northeast 28 percent more
(1981) expensive than other regions
Zimmerman 5 Dummy Midwest 28.1 percent, South 30.2 percent,
(1982) Mountain/Texas 39.3 percent, Pacific 14.8

percent less expensive than Northeast
Cantor and 50 Construction Labor wage rate by state correlated with
Hewlett (1988) labor wage rate plant costs per kW at 95 percent

in state where significance
plant is located

McCabe (1996) 4 Average union Average wage rate by region correlated with
wage rate in costs per kW plant at 95 percent
BLS region significance

4.8. Forgetting and Knowledge Depreciation

Organizational forgetting (or alternatively, knowledge depreciation) occurs when
knowledge is lost during a break in production. Argote and Epple (1990) note: "Knowledge
could depreciate because individual employees forget how to perform their tasks or because
individuals leave the organization and are replaced by others with less experience" (Argote
and Epple 1990, p. 922). The concept of organizational forgetting is relevant to the present
study because of both the long-term hiatus in nuclear construction in the United States and
the potential for short-term interruptions should construction resume.

Argote and Epple summarize the literature on knowledge depreciation in
manufacturing; none specific to construction was found. They cite one study in which unit
costs were higher after a break such as a strike, and another study that found "recent output
rates may be a more important predictor of current production than cumulative output"
(Argote and Epple 1990, p. 921). Argote and Epple also cite Lockheed's experience with the
L- 01 1 Tri-Star as an example of knowledge depreciation: after a period of low production
of the Tri-Star, Lockheed's costs were higher than when production first began.

Knowledge depreciation is relevant to near-term nuclear construction in the United
States in so far as recent experience from overseas plant construction is not perfectly
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deployed, but each in sufficient numbers to obtain maximal learning among all parties, from
manufacturing through engineering and construction. Regulation would streamline
construction times, and delays would be largely eliminated.

Table 4-6 summarizes the conditions associated with different learning. rates.

Table 4-6: Conditions Associated With Alternative Learning Rates

Learning
Rate Pace of Number of

(Percent for Reactor Reactors Built Construction Reactor Design Regulation
Doubling Orders at a Single Site Market Standardization Impacts

Plants Built)
3 Spread apart Capacity Not highly Not highly Some

I year or saturated, no competitive; can standardized construction
more multiple units retain savings from delays

learning
5 Somewhat Somewhat More competitive; Narrower arTay of Delays

more greater demand most cost reductions designs uncommon
continuous for new capacity; from learning passed
construction multiple units on to buyers

still uncommon
10 Continuous High capacity 11ijh-iy competitive; Several designs; Construction

construction demqnd growth; all cost reductions sufficient orders for time reduced
multiple units passed on each to achieve and delays
common standardization largely

learning effects eliminated
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Chapter 5. FINANCING ISSUES

Summary

As a prelude to considering energy scenarios for the future, which will be the
capstone of the study in Chapters 9 and 10, this chapter develops the basic financial model
used to analyze nuclear energy economic viability. Features of the U.S. tax system are
introduced. Risk is considered in some depth. To provide a benchmark for the energy
scenarios for the future that will contemplate alternative nuclear energy policies, the model is
used to estimate the sensitivity of economic viability to uncertainties in the no-policy case.

Taxes

Recognition that nuclear energy plants will be owned and operated by utilities or
other private providers requires introducing tax treatment of debt and equity, deduction of
depreciation from taxable income with effects of different allowed depreciation schedules,
effects of special tax provisions, and effects of inflation on taxes.

Risk

The perceived risk of investments in new nuclear facilities is widely appreciated to
contribute to the risk premium on any new nuclear construction. Principal sources of risk are
the possibilities that new plants will exceed original cost estimates and that construction
delays will escalate costs. In this chapter guidelines from the corporate finance literature are
used to specify likely relationships between project risk and risk premiums for corporate
bonds and equity capital. Risk premiums have an important influence on the economic
competitiveness of nuclear energy. A 3 percent risk premium is used for the first few plants.

No-Policy Scenarios

In using the financial model to study sensitivity to uncertainties, an overnight cost
range for new nuclear plants of $1,200 to $1,800 per kW is used, based partly on the three
technologies discussed as being realistic in Chapter 3. Given the capital cost range, the
LCOE of new nuclear plants in the absence of policies is from $53 to $71 per MWh, with a
7-year construction time. The range is lower at $47 to $62 per MWh with a 5-year
construction time. Costs remain outside the range of competitiveness with coal and gas,
which have LCOEs of $33 to $41 per MWh and $35 to $45 per MWh, respectively.

The nuclear LCOE for the most favorable case, $47 per MWh, is close but still above
the highest coal cost of $41 per MWh and gas cost of $45 per MWh. Longer debt terms and
longer plant life span reduce nuclear LCOEs, but still do not bring them into the competitive
range. The impact of construction delays is large, particularly if a 2-year delay occurs after
all outlays have been made--capable of making the nuclear LCOE range from $61 to over
$76 per MWh. These no-policy results provide benchmarks indicating the extent to which
policies to be considered in Chapters 9 and 10 are needed to reduce nuclear LCOEs.
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5.1. Introduction

To ascertain the conditions under which nuclear power will be competitive in the
marketplace requires a financial model of private sector decisions. The required model is
more elaborate than the LCOE model of Chapter 1 used to compare LCOEs in previous
studies, because of tax considerations omitted there. Within the required financial model,
careful attention is paid to rates of return on debt and equity that investors will demand in
view of market perceptions of the riskiness of nuclear power investments. Introducing these
considerations permits estimation of the cost of electricity that will have to be covered by
revenues of operators of new nuclear facilities if these facilities are to be viewed by the
private sector as warranted investments. These costs in the no-policy case are the starting
point for considering policies that would make nuclear power competitive.

Section 5.2 develops the financial model that will be used for policy analysis in the
present study. Section 5.3 reviews the finance literature for guides to risk premia and 'capital
structure to be expected for new nuclear facilities. Section 5.4 lays out baseline assumptions
in the absence of policies aimed at the nuclear power industry and applies the financial model
to arrive at LCOEs in the no-policy case. Sensitivities to the baseline assumptions are
explored.

5.2. The Financial LCOE Model

5.2.1. Basic Equation

The levelized cost of electricity, or LCOE, is defined as the constant real price of
electricity over the life of the plant that compensates debt and equity investors at their
required rates of return. Interest on debt accrues during the construction period and debt
holders are repaid with equal annual payments over the debt term. Equity holders invest
during the construction period and receive profits after tax and debt payment over the plant
life. The LCOE is the electricity price that yields the internal rate of return required by
equity holders on the returns accruing to them.

Equity is considered, with debt as an expense, rather than treating them symmetrically
as in the pre-tax LCOE model, because of the different tax treatment of debt and equity
returns. LCOE is the electricity price that solves the following equation:

PRESENT VALUE OF EQUITY INVESTMENT DURING THE CONSTRUCTION PERIOD

- PRESENT VALUE OF NET REVENUE EARNED BY EQUITY OVER THE LIFE OF THE PLANT

where

NET REVENUE = EARNINGS FROM LCOE REVENUE BEFORE INTEREST AND TAXES (EBIT)

- INTEREST EXPENSE - TAX EXPENSE + DEPRECIATION - REPAYMENT OF DEBT

5-3



5.2.5. Depreciation

Depreciation only becomes effective in an LCOE calculation when taxes are
considered, because it is an allowance in the tax code that permits subtraction of an amount
of capital expense from a year's taxable income. With no taxes, the only requirement is to
recover the capital cost over the life of the plant. The life of the plant matters, but the time
path at which the plant is assumed to depreciate is irrelevant.

A percent of the depreciable asset base can be deducted from gross income each year.
Depreciation begins as the plant starts to operate. Two schedules are employed in the model,
the Modified Accelerated Cost Recovery System (MACRS) and Straight Line, to examine
the impact of different depreciation methods on LCOE. The Modified Accelerated Cost
Recovery System (MACRS) schedule is a 1986 modification of the Accelerated Cost
Recovery System (ACRS), which was established by the Economic Recovery Tax Act of
198 1. Both ACRS and MACRS represent a departure from previous depreciation rules
which were closely allied to financial depreciation concepts that attempt to depreciate an
asset over its economic lifetime. The federal tax code assigns a 15-year depreciation period
to electric utility plants under MACRS (IRS 2002, p. 93). MACRS allows declining balance
or straight-line depreciation for classes of assets that include power plants. Declining
balance is used here.

The depreciable asset base is measured in nominal dollars at the time of
disbursement. Consequently a lengthier construction period, or a delay at the end of a
construction period, would reduce the depreciable asset base relative to overnight costs
because inflation has more time to raise other prices. This effect reduces the real value of the
allowable deduction from revenues and hence would reduce the value of the depreciation
allowance. VVhile inflation has offsetting effects on revenues from electricity sales and prices
of fuels and O&M outlays, the effect on the depreciation is not neutral.

During the construction period, part of the financing comes from debt investors and
the other from equity holders. According to accounting rules, interest on debt outstanding is
capitalized and added to the depreciable asset base, so the total asset base consists of nominal
debt investment equity investment and interest expenses during the construction period.
The depreciable asset base excludes equity appreciation.

5.3. Theory and Evidence of Risk Premiums and Capital Structure

This section is concerned with risk associated with new nuclear plants. The purpose
is to develop guidelines for returns on equity, returns on debt and debt-equity ratios, to be
used in the financial modeling of the present study. Section 5.3.1 characterizes the risks
facing investments in new nuclear plants. Section 5.3.2 reviews studies of effects of -
uncertainty on decisions to build nuclear plants. Section 5.3.3 deals with required return on
equity, 5.3.4 with required returns on debt, and 5.3.5 with debt-equity ratios. Section 5.3.6
addresses the choice of debt maturity.
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Investment is assumed to go forward as long as expected capital costs do not exceed these
values.

Pindyck's study assumes a price of electricity and, using a risk-free interest rate,
determines the threshold price of capital above which an investor would not buy a nuclear
power plant. In contrast, the approach of the present study assumes a required price for
capital, and using a weighted average cost of capital that includes an interest premium,
determines the price of electricity.

Sommers (1980), using a logit regression analysis of 113 utilities, found that greater
uncertainties about nuclear capital costs and construction times lowered the probability that a
utility would invest in a nuclear plant rather than a coal plant. Capital cost uncertainty had a
stronger dampening effect on the likelihood of a utility's investing in a nuclear plant than did
the relative capital cost of nuclear and coal investments.

While the Sommers study corroborates the importance of risk factors this study has
identified, it focuses on the probability that an investor would undertake construction of a
nuclear plant. In contrast, the present study addresses the incentives that would be required
to induce investors to undertake construction.

5.3.3. Required Rates of Return on Equity

5.3.3.1. Traditional CAPM and Its Irrelevance to the Present Study

The most widely used model of equilibrium equity asset pricing remains the capital
asset pricing model (CAPM) of Sharpe (1964), Lintner (1965) and Black (1972) and Mossin
(1966). The central implication of the CAPM is that expected returns for each asset (let this
be ri for asset i) should bear a linear relationship with the expected returns of the market as a
whole. The CAPM equation is ri = rf + P3i (rm - rf), where Pi is a measure of co-movement
of each firm with the market. Expected stock returns are higher for firms with high
correlations with the market return. Investors demand a premium for holding stocks which
are highly correlated with the market, that is, for holding non-diversifiable or systematic risk.
A model very similar to the CAPM is a consumption-based capital asset pricing model
(CCAPM). This model suggests that expected asset returns have a linear relationship with
overall marginal utility of consumption as determined by performance of the economy at
large. Though there have been other theories of equilibrium asset pricing, CAPM and
CCAPM are still most prevalently used. CAPM has become a central tool of financial
analysis in the finance industry (see for example Graham and Harvey (2001) who find that
firms rely heavily upon CAPM techniques).

CAPM and CCAPM do not include an effect of own variance of asset returns, a
property often considered to be counter-intuitive. The reason for lack of effect of own
variance is brought out in the Markowitz (1959) portfolio selection model (a building block
of CAPM). Investors can completely rid themselves of any assets' idiosyncratic risk by
diversifying, through the holding of a market basket containing essentially an infinite number
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not yet built or for regulatory uncertainty surrounding the decision to build a plant, which are
risks of concern the present study. Farber (1991) studied the effect of adopting nuclear
technology on equity costs of electric utilities prior to the Three Mile Island (TMI) accident.
Farber studied the effects on equity returns of thirty-six nuclear power adopters and twenty-
five non-nuclear firms. He concluded that adoption of a nuclear plant increases a firm's
CAPM equity beta. In addition, he concluded that the leniency of regulators may moderate
the risk-increasing effect of nuclear power. Brooks and D'Souza (1982), Bowen et al.
(1983), and Fraser and Kolari (1983) found that the TMI accident appeared to increase the
expected beta risks of four utilities owning nuclear capacity, although Uselton et al. (1986)
subsequently found the effect to be transitory.

Hearth et al. (1990) examine the effect on stock prices of cancellations of nuclear
power plants. The authors found that decisions to cancel nuclear power plants under
construction appeared to result in significant negative excess stock returns. This loss was
found to be bigger with the ratio of the sunk costs relative to the utility's market value. Kalra
et al. (1993) measure the U.S. stock market reaction to the April 1986 nuclear Chernobyl
power plant accident. The authors found that after the Chernobyl event the betas for all
power utilities (conventional, mixed and nuclear) rose.

Fuller et al. (1990) studied the reaction of financing environment of three special
events: Three Mile Island accident, the Chernobyl catastrophe and the Washington Public
Power Supply System bond default. Based upon the authors' cross-sectional analysis it was
estimated that a 3 percent increase in the allowed rate of return for nuclear utilities would
have been required to offset the discount associated with nuclear power.

Hill and Schneeweis (1983) use stock price data to study the effect on the stock
returns of public utility firms of the TMI nuclear accident. The authors find that impact of
the Three Mile Island accident on non-nuclear electrical utility firms was less than that on
nuclear based utilities. Hewlett (1984) found that investors in nuclear firms required a I to 2
percent risk premium.

As noted, since these studies refer to utilities that already had nuclear plants, refer to a
past regulatory environment, and in some cases rely on estimates of beta no longer accepted
in the literature, they are at best suggestive and in any case give little if any help in choosing
a required rate of return applicable to a firm that will build a new nuclear plant in the future.

5-3.4. Required Rates of Returns on Corporate Bonds

The academic literature generally assumes (see Elton et al., 2001) corporate debt
carries the same rate of return as U.S. Treasury Bonds plus a premium. The premium is
comprised of three parts 1) a premium for expected default risk, 2) a state tax premium (as
income from corporate bonds is taxed and Treasuries are not), and 3) a premium for
attracting risk-averse investors.
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Much of the empirical work of an academic nature related to debt-equity ratios does
not focus on risk. Work which does speak to risk generally finds a small role for risk in
capital structure. See for example, Marsh (1982), Ghosh et al. (2000), Kale et al. (1991) and
Fama and French (2003).

There is an on-going debate on whether industry-specific effects on debt-equity ratios
exist. Schwartz and Aronson (1967), Scott (1972), Scott and Martin (1975), Bowen et al.
(1982), Martin and Henderson (1984) and Bradley et al. (1984), Hull (1999), and Sibley
(1999) find inter-industry differences in debt equity ratios. Remmers et al. (1974), Belkaoui
(1975), and Sekely and Collins (1988) all fail to find evidence of differences in debt-equity
across industries. Graham and Harvey (2001) surveyed 392 CFOs regarding their use of
financial tools and targets. The responses indicated that if firms do have leverage targets,
those targets are quite soft.

5.3.6. Debt Maturity

Multiple factors influence corporate borrowers' and lenders' choice of debt
maturities. Moreover, debt maturity, debt-equity ratio and risk premium are interrelated. A
number of models relate risk and capital structure to maturity choice, but no comprehensive
model of all three choices has been found. The first sub-section (5.3.6.1) places maturiW
choice within the general context of the term structure of interest rates. The second sub-
section (5.3.6.2) addresses informational asymmetry problems that may pose important risks
in financing new nuclear power plants. The third sub-section (5.3.6.3) deals with the
influence of other risks on maturity choice, and the fourth (5.3.6.4) discusses the influences
of transaction costs and taxes. The fifth sub-section (5.3.6.5) addresses interactions between
choices of debt maturity and capital structure. The sixth sub-section (5.3.6.6) reviews
empirical evidence on risk and debt maturity. The final sub-section (5.3.6.7) summarizes.

5.3.6.1. Term Structure

The term structure of interest rates underlies debt maturity choices. An important
consideration is the slope of the term structure, i.e., rate of rise of interest rates that must be
paid as maturity length increases. Empirical evidence has shown that firms take into account
the relative cost of short- and long-maturity bonds when issuing debt (Barclay and Smith
1995, Guedes and Opler 1996, Stohs and Mauer 1996, Graham and Harvey 2001). Other
things being equal, firms gravitate to shorter maturity instruments when term structure slopes
are steep, and toward long term instruments when slopes are shallow or negative. However,
the slope of the term structure is clearly not the only determinant of maturity choice as the
following sub-sections bring out.

5.3.6.2. Influences of Asymmetric Information on Debt Maturity Choice

When a lender either cannot assess the accuracy of a borrower's information
regarding a project, or when a lender cannot easily monitor the actions that a borrower agrees
to undertake as part of a loan contract, asymmetric information problems exist. One problem
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5.3.6.3. Effects of Non-Informational Risks on Debt Maturity Choice

Liquidity risks tend to push debt maturities to the long end of the spectrum. A
temporary problem could force issuers to refinance at unattractive rates. If bad news about a
borrower arrives near the refinancing date, investors would raise the default premium on new
debt. Firms with projects that could experience temporary problems will be motivated to
hold longer-term debt, so as to face the debt renewal less frequently (Johnson 1967, Flannery
1986, Diamond 1991).

Some firms will want to match maturities of their liabilities and their assets. This
motivation would be stronger when transactions costs and liquidity risks are higher (Mitchell
1991, Sarkar 1999). A bond would mature at the date an asset is to be sold or begin
generating positive cash flow, avoiding both the need to roll over shorter maturity bonds and
the higher cost of longer term bonds. Morris (1976) finds that financing long-lived assets
with short-maturity debt could decrease the uncertainty of net income if interest rates are
positively correlated with net operating income.

5.3.6.4. Transactions Costs and Taxes

Small debt issues have proportionally higher transactions costs than large issues.
Large firms, such as those likely to build new nuclear power plants, would tend to choose
shorter term debt to take advantage of lower market rates at the shorter end of the term
structure (Fisher et al. 1989). In general, long-term debt allows its holders greater flexibility
in timing of capital gain and loss declarations, and this flexibility is an option having value.
Firms can sell long-term bonds for relatively more than short term bonds if this tax-timing
option is highly valued (Brick and Palmon 1992).

Interest rate volatility reduces the present value of debt tax shields from short-term
financing, making long-term debt attractive when interest rates are volatile (Guedes and
Opler 1996, Brick and Ravid 1985, 1991; Kim et al. 1995). If new nuclear plants reached
financing stages during a period of volatile interest rates, borrowers could be expected to
want longer debt maturities. Kane et al. (1985) model the tax advantage to debt, net of a
market premium for added bankruptcy risk, adjusting maturity and the debt-equity ratio to
maximize firm value including the tax shield, with the result that optimal maturity is

negatively associated with the tax advantage of debt. As the value of a tax shield falls, the
debt-equity ratio falls and maturity lengthens. Policies that reduced tax obligations on new
nuclear plants could increase the value of longer maturities.

5.3.6.5. Interactions between Choices of Debt Maturity and Capital Structure

To the extent that risks are affected by both debt-equity ratios and debt maturity, the
two choices will be made simultaneously. For example, in a world of agency problems,
should the debt-equity ratio be so low that bankruptcy is almost impossible, the incentive to
lower debt maturity as a signal would disappear and the firm would move to a longer

0
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and market variables used in the LCOE calculations in the benchmark no-policy case.
Sections 5.4.3 and 5.4.4 discuss the use of these variables in sensitivity and scenario analysis.

5.4.1. Nuclear versus Fossil Plants: Economic Advantages and Disadvantages

Nuclear power has several advantageous economic characteristics, but also suffers
from a number of disadvantageous characteristics as perceived by investors, as summarized
by LaBar (2002). Advantageous economic characteristics are as follows:

Low and predictable fuel and operation and maintenance (O&M) production costs.
Nuclear production costs exhibit low volatility over both the short and long term
because the primary energy source, uranium ore, represents a very small fraction of
the total production cost. On the other hand, the cost of the primary energy source in
fossil-fired plants is a large fraction of the production cost.

" High capacity factors. The operating nuclear plants in the United States now
consistently achieve fleet-average capacity factors in the 90 percent range. The
projected lifetime averaged capacity factors for competing baseload gas-fired
combined cycle plants are in the range of 80 to 85 percent.

" Long Operating Lifetime. Operating lifetime licensing extensions have been obtained
for several U.S. nuclear plants and more are expected in the future. New nuclear
plants are being designed for a 60-year life. On the other hand, there is little
experience in the long-term operation of competing baseload gas-fired combined
cycle plants. Nominal gas-fired combined cycle plant lifetimes are not expected to
exceed 25 years.

Disadvantageous economic characteristics of nuclear power are:

* Large plant size. Most new nuclear power plants are designed in the size range of
1,000 to 1,350 MW to gain economy of scale benefits and reduce the capital costs
per kW. A drawback of this size range is high potential for exceeding demand
growth. Widely used baseload gas-fired combined cycle plants are in the range of
500 to 600 MW.

" Large capital outlay. Total overnight capital costs of new nuclear plants are estimated
to be in the $1,000 to $1,800 per kW cost range. For a 1,350 MW plant at $1,600 per
kW, an investment of $2.16 billion can be required, excluding interest costs. The
competing baseload gas-fired combined cycle plant capital cost is in the $450 to $650
per kW range. A 600 MW combined cycle plant at $650 per kW would require an
investment of less than $0.4 billion.

" Long construction time. The construction time for new nuclear plants, even if
optimized to achieve short construction times, is in the range of 3 to 4 years. The
construction period for competing gas-fired combined cycle plant is about 2 years.
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Table 5-1: Parameter Values for No-Policy Nuclear LCOE Calculations

Item Parameter Value
Overnight Capital Cost $1,200 per kW $1,500 per kW $1,800 per kW
Plant Life 40 years
Construction Time 7 years
Plant Size 1,000 MW
Capacity Factor 85 percent
Hours per Year 8,760 hours
Cost of Debt 1 0 percent
Cost of Equity 15 percent
Debt Term 15 years
Depreciation Term 15 years
Depreciation Schedule MACRSa

Debt Finance 50 percent
Equity Finance 50 percent
Tax Rate 38 percent
Nuclear Fuel Cost $4.35 per MWh
Nuclear Fixed O&M Cost _ $60 per kW
Nuclear Variable O&M Cost $2. 10 per MWh
Nuclear Incremental Capital Expense $2 10 per kW per year
Nuclear Decommissioning Cost $350 million
Nuclear Waste Fee $1 per. MWh

aModified Accelerated Cost Recovery System

5.4.2.1. Nuclear Construction Time

Nuclear construction projects are divided into several phases (DOE 2001a, pp. 13-16;
DOE 2001b, pp.4 -11 to 4-12). The start-up phase consists of early site permitting, design
certification, plant licensing, site preparation, and procurement of long lead-time components
such as pressure vessels and steam generators. Procurement continues during the
construction phase. The final phase is start-up and testing. The stated DOE position of a
5-year construction schedule is based on the new streamlined regulatory policy. The base
case in the present study is 7 years for anticipated construction time. This is the time period
of major financial outlays prior to revenue generation from power sales. The business
significance of this period is that it is a time of negative cash flow, during which interest
costs accrue on expenditures. This duration is based on the assumption that the business
community will form expectations taking account not only of the newer announced
regulatory procedures but also of earlier experiences with construction times. The Scully
interviews with financial and utility executives (Scully 2002a, p. 1-76), as well as anecdotal
reports, reinforce the importance to the business community of expectations regarding
construction time. Deutsche Bank's LCOE calculations for new nuclear power in the United
States rely on a 7-year construction period (Smith and Hove 2003, Figure 66, p. 77).
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Using a 300-day moving average to smooth out the fluctuations in the yield on the generic
30-year government gives a return about 50 basis points above the current yield.

Thus the total adjustment to the base rates reported in Bloomberg, to account for
term-structure and the currently low rates, is between 1 and 1.5 percentage points. These
adjustments give a cost of equity between 9.64 and 10.13 percent and a cost of debt between
6.35 and 6.84 percent. For purposes of the present study, these capital cost estimates are
rounded to 10 percent for equity and 7 percent for debt.

5.4.2.3. Risk Premium

While the finance literature has much to say about risk and bond and equity rates, it
does not provide clear, quantitative guidance on the relationship between risk and interest
rates, as the above review brings out. Many factors influence the relationship, and the
subject is actively researched. Financial terms in recent nuclear construction overseas are not
a satisfactory guide to a risk premium in the United States because of differences among
countries in business practices, differences in business climate, varying degrees of
involvement of governments in nuclear projects, and differences in regulatory regimes.

Themes in the above review are that nuclear plant risk is idiosyncratic (plant specific)
rather than beta (market related) and that agreement is lacking on the effect of idiosyncratic
risk on required returns. These considerations hinder estimation of the effect idiosyncratic
risk as a variance concept. However, another and quite direct effect of nuclear plant risk is
its effect on expected return. While risk leading to dispersion in possible future returns adds
to variance, it also affects the expected returns if it is asymmetrical, as it is in the case of new
nuclear plants. For the outcome where all goes according to plan, a normal projection of
returns can be made. But the upside risk of favorable surprises is less than the downside risk
from unforeseen delays and the like.

The investor maximizing expected returns will be indifferent between a security with
normal market risk yielding a return of r and an investment with noticeable asymmetric
downside. risk yielding some higher return rR, is needed to induce investors to hold the riskier
security. The expected gross return for a security with normal market risk is l+r, which
provides for paying back the original dollar invested. Through security pricing, investors
will make l+r equal to the expected return on a security with asymmetric downside risk. The
expected gross return on the security with asymmetric downside risk is the gross return on a
dollar invested l+rR times the probability that the investment will be successful, plus the
probability that it will be unsuccessful times the fraction of the dollar that will be recovered if
unsuccessful, or [ps + (1 - ps)fL](1 + rR) where ps is the probability of a normal or successful
outcome andfL is the fraction of the dollar that will be recovered in the event of an
unsuccessful outcome. Setting l+r equal to [ps + (1 - ps)fL](1 + rR) and re-arranging gives

l+rR = (l+r)/ [ps + (1-ps)fL].
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probabilities used by investors in assessing risks of equity and debt holding. These are
possible losses, not actual losses.

Assuming that investors form consortia to spread their risks, the LCOE calculations
in the present study use a risk premium of 3 percent. Such a risk premium is consistent with
a 5.3 percent probability of the 50 percent loss (column 1 of Table 5-2), a 3.5 percent
probability of the 75 percent loss (column 2), a 2.5 percent probability of the complete loss
(column 3), and 2.1 and 1.8 percent probabilities of the losses to affiliated assets (columns 4
and 5). Informal conversations with a number of Wall Street analysts corroborated the
reasonable magnitude of the 3 percent premium as a lower bound estimate.

5.4.2.4. Debt-to-Equity Ratio

Allowing for differences between market capitalization and book value, debt-equity
ratios for the larger utilities in the United States currently average in the neighborhood of 50-
50 (Bloomberg, Inc. 2004).

5.4.2.5. Utility Regulatory Status and Financial Risk

Regulation of electric utilities in the United States, which has included both rate-of-
return and retail price regulation, has tended to shield utilities from market price risks, thus
reducing their costs of capital (Joskow 1997; Hogan 2002). The Energy Policy Act of 1992,
implemented with FERC Orders 888 and 889 in 1996, deregulated electricity wholesale
markets. Presently 18 states and the District of Columbia are actively preparing to deregulate
retail markets, and 10 other states have passed legislation to do so or are studying how to do
so (PNNL 2004).

Evidence from both the United States and the U.K. suggests that the deregulation of
the 1990s placed more of this risk on the firms, removing it from direct payment by
consumers (Nwaeze 2000; Buckland and Fraser 2001). Whether the direct placement of risk
on consumers or producers has a net negative or positive effect on retail prices appears to
remain an open question. In the continued movement to further restructuring and retail
deregulation, political and regulatory risks exist that tend to raise the hurdle rates for new
generation investments in currently regulated states (Ishii and Yan 2004).

Under regulation, utilities occasionally faced the risk of having some portion of
construction costs disallowed from their rate base. While rate-of-return regulation might
prevent capital markets from charging risk premiums appropriate to such risks in new
generation projects, both lenders and equity holders might decline to supply funds for
projects with such risks without such compensation. It is not clear that the financial strength
of a firm would have more influence than the characteristics of a project in the financial
market's assessment of risk. While issuance of project bonds for a project perceived as risky
by financial markets would incur a risk premium that senior debt for firm financing might
avoid, the latter strategy could result in a general downgrading of the firm's debt, which
could be more costly than the isolated project financing.
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Table 5-3: First-Plant LCOEs for Three Reactor Costs, 5- and 7-Year Construction
Periods, $ per MWh, 2003 Prices

Mature Design, New Design,. Advanced New Design,
Construction Foake Costs. Paid, Foake Costs Not Yet Foake Costs Not Yet

Period $1,200 per kW Paid, $1,500 per kW Paid, $1,800 per kW
Overnight Cost Overnight Cost Overnight Cost

5 years 47 54 62
7 years 53 62 71

A question for the LCOEs of Table 5-3 is how close they are to the LCOEs of
competing fossil generation. Tables 5-4 and 5-5 report the LCOEs for coal and gas
generation, for alternative capital costs, fuel prices, and construction periods.

In Table 5-4, the coal plant's overnight cost ranges from $1,182 per kW to $1,430 per
kW. The low overnight cost is an average of costs used in Drennan at al. (2002), originating
from EIA and 2002 Platt's data. The mid-range of $1,300 per kW was used by Reis and
Crozat (2002), and the high cost is an average of recently announced pulverized coal
generation projects. See Section 6.2.4 for further discussion regarding new coal plants.
Projected construction times for recently announced pulverized coal plants in the 1000 MW
size range have varied from 2 to 4 years. The coal price of $1.02 per MMBtu is an average
of prices used in Drennan at al. (2002), also originating from EIA and 2002 Platt's data; the
price of $1.23 per MMBtu corresponds to 2003 delivered coal prices; and the price of $1.15
per MMBtu is EIA's 2004 forecast for 2015, with subsequently declining real prices. Coal
plants are assumed to be financed at interest rates of 7 percent on debt and 12 percent on
equity. Considering different capital costs, coal prices and construction times, the range from
the scenarios is $33 to $41 per MWh.
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Table 5-5: LCOEs for Gas Turbine Combined Cycle Plants, 85 Percent Capacity
Factors, Alternative Overnight Costs, Gas Prices and Construction Periods,

$ per MWh, 2003 Prices

Overnight Cost
$500 per kW $588 per kW $700 per kW

Gas price, $ per MMBtu
4.25 & 4.25 & 4.25 &

3.39 4.30 Varying 3.39 4.30 Vary'ig 3.39 4-30 Varying
over over over

Forecast' Forecast" Forecast'
Cost per NMWh

1-3 construction 35 41 42 136 42 43 137 44 44
2-yr construction 35 41 42 36 43 43 38 44 45

aFrom a price forecast of $4.25 per MMBtu in 2015, a peak of $4.51 is reached in 2021, from
which the forecast falls to $4.48 by 2025, at which level it remains for the remainder of the
plant life.

Comparison of the $47 per MWh LCOE of the $1,200 per kW built in 5 years, in
Table 5-3, with either of the fossil LCOEs in Tables 5-4 and 5-5, shows no surprise. No
observers have expected the first new nuclear plants to be competitive with mature fossil
power generation without some sort of temporary assistance during the new technology's
shake-down period of the first several plants. However, the comparison of the LCOEs in
these three tables shows the magnitude of the competitive gap that any policies would have
to bridge.

5.4.4. Sensitivity Analysis for First Nuclear Plants

Before proceeding tothe analysis of such policies in Chapter 9, sensitivities of the no-
policy case to several parameters are considered. Table 5-6 reports the effects of a longer
plant life than the 40 years used in the LCOEs reported in Table 5-3, as well as alternative
capacity factors and construction periods. As Table 5-6 shows for the $1,200 per kW ABWR
or ACR-700 reactor, a 60-year plant life has a minimal impact on the LCOE, because of the
discounting of the additional 20 years of life span beginning 40 years from the present,
regardless of capacity factor or length of construction period.
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The lower line of Figure 5-1 supposes that each cost and performance parameter is at
its most optimistic value and examines the effect of changing the debt term. This calculation
is for a plant built in 5 years, at $1,200 per kW overnight cost, with 60 percent debt and
40 percent equity, and expecting a 60-year operating life. Debt and equity interest rates
remain at 10 and 15 percent. The LCOE with a 25-year debt term is $40 per MWh, and
extending the debt term to 40 years by only another $1.50 per MWh, to $39 per MWh. This
is close to the range of gas-fired power, but the combination of cost and performance
assumptions is probably too optimistic for a first plant. Nonetheless, the ability of shifting
the basic cost and performance parameters within a range of values that may be realistic for a
later plant offers promise for the commercial viability of some nh plant in the future.

Figure 5-1: The Effect of Debt Term: First-Plant LCOEs for a $1,500 per kW,
AP1000, and $1,200 per kW Plant with Reduced Construction Time and Higher Debt
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The impact of construction delays is addressed in Table 5-7. The $1,500 per kW
reactor design is chosen for illustration. Two cases are considered in a 7-year construction
period. The first row of the table reports the LCOE with no construction delays. The second
row reports the impact of a 2-year hiatus in construction coming in the middle of the
construction period, and the bottom row places the delay after 7 years, when all construction
outlays have been expended but power sales from the plant have not been allowed to begin.

A 2-year delay in the middle of the construction would increase the interest
component of total capital costs enough to raise the LCOE 12 percent above what it would be
in the absence of delays-from $62 to $69 per MWh. A comparable period of delay after all
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Part Two: Outlook for Nuclear Enerev's Competitors

Part Two considers the prospects for gas and coal as the major baseload competitors
to nuclear generation. Consideration is given to technologies that could reduce costs of gas-
and coal-fired electricity, fuel price changes that could affect relative competitiveness, and.
the potential effect of greenhouse gas controls on costs of fossil-fuel generation.



Chapter 6. GAS AND COAL TECHNOLOGIES

Summary

This chapter examines the near-term prospects for improvements in gas- and coal-
fired electricity generation that would affect their costs relative to nuclear power. Some
modest efficiency improvements are foreseen in the near term for gas technologies, but the
prospects for coal technologies appear to be farther in the future.

The most common combustion technology used in recently constructed coal plants in
the United States is pulverized coal combustion (PCC). The thermal efficiency of most
fluidized beds used for power generation is similar to that of conventional PCC plants.
Interest in the use of this technology has been stimulated by its better environmental
performance even when utilizing lower grade fuels. However, its cost competitiveness
remains in question. Integrated coal gasification combined cycle (IGCC), while attractive
from a thermal efficiency and emissions perspectives, is likely to be too expensive to enter
the U.S. market in the near term.

More advanced coal-fired technologies are still in early R&D stages. Since little can
be said about their near-term commercialization potentials, they are not included as realistic
possibilities for reducing coal-fired generation costs within the time scope of the present
study.

The primary gas-fired technology for new baseload electricity generation is gas
turbine combined cycle. Modem gas turbine plants with a triple-pressure heat recovery
steam generation (HRSG) system with steam reheat can reach thermal efficiencies above
55 percent. A gas turbine, with steam cooling of the turbine blades and nozzles, combined
with an advanced HRSG is expected to operate at an efficiency level of 60 percent in the near
future. The goal of most world manufacturers is to reach overall thermal efficiencies of the
combined plant of 60 percent in the short term, primarily by increasing firing temperatures.
Other cycle improvements could lead to thermal efficiencies nearing 65 percent.

Since fuel costs are generally two-thirds of the levelized cost of gas-generated power,
a 5 percentage-point increase in efficiency could result in an approximate by 8 percent cost
decrease, which although small, could affect competitive margins across generation types.
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6.1. Introduction

Fossil fuel technology continues to be the primary source for electric power
generation. Moreover, it appears that its market dominance will continue for the foreseeable
future. Concerns over its environmental impacts have spurred efforts to find alternatives as
well as improve the current technology. The purpose of this chapter is to describe the current
and near future fossil-fired power generation technologies, noting prognoses for
improvements in efficiency and emissions control. Finally, an assessment of the costs for a
new coal-fired or gas-fired plant incorporating all necessary emissions control is provided.

6.2. Coal-Fired Power Plant Technology

Since the early 1900s, coal power has provided the bulk of electricity generated in the
United States because of its low price (Gillenwater 1996, p. 19). Since 1965, the thermal
efficiency of steam turbines increased steadily and then plateaued (Gillenwater 1996, p. 21).
There has been a general trend toward larger plants to take advantage of scale economies, but
there is a threshold beyond which reliability becomes difficult to ensure in these large units
(Gillenwater 1996, p. 21).

6.2.1. Current and Future Technology

6.2.1.1. Pulverized Coal Combustion (PCC)

Pulverized coal combustion (PCC) is the most widely used method for burning coal
for power generation. Older PCC plants offer efficiencies around 30 percent while newer
sub-critical steam units with high quality coal can reach 35 to 36 percent efficiencies. Newer
units employing supercritical steam may reach efficiencies of 45 percent. However,
supercritical boilers are more highly integrated than the simpler sub-critical PCC designs and
require advanced steel materials. As materials advance, government R&D programs hope to
reach efficiencies as high as 50 percent. Further technological improvements depend on the
development of new materials capable of withstanding higher temperatures and pressures
(Smith and Hove 2003, p. 39).

6.2.1.2. Fluidized Bed Combustion (FBC)

Fluidized bed boilers were developed in the 1990s and can utilize waste coal that
could not be burned for power in other boilers (Smith and Hove 2003, p. 41). The advantage
of fluidized bed combustion (FBC) is that it encourages complete combustion at a lower
temperature than that of PCC. While the units are cleaner than a corresponding PCC plant,
its efficiencies only range from 30 to 35 percent. The most current technology utilizes the
pressurized circulating fluidized bed boiler (PCFB) in which the entire combustion chamber
is placed under pressure and may deliver higher efficiencies.
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coal-fired power plants can be met through extending the life, increasing the utilization of
existing capital, or both (Gillenwater 1996, p. 3). Additionally, investors generally see
limited opportunities for new baseload capacity in the United States over the next 10 years
(EIA 2003, p. 3). Moreover, given the uncertainty over environmental regulation and the
need to minimize long-term capital risk, private companies are unwilling to invest in long-
term R&D to improve technology without government support (DOE 1999b, p. 2).

6.2.4. Cost Estimates

6.2.4.1. Mining and Transportation Costs

Continued technological developments for extracting and hauling large volumes of
coal in both surface and underground mining suggest that further reduction in mining costs is
likely. However, EIA expects improvements in labor productivity to remain the key element
to lower coal-mining costs (EIA 2003, p. 87).

In 1997, transportation costs averaged 41 percent of the delivered price of contract
coal shipments to electric utilities. With an increase in the Western market share, an increase
in the average shipping distance may lead to increased transportation costs. Rail costs and
transportation bottlenecks lead to regional differences because coal is now being shipped
over longer distances (Smith and Hove 2003, p. 13). However, EIA projects that rail rates for
Western coal will decline gradually over the next two years with improvements to railroad
infrastructure (Smith and Hove 2003, p. 34).

6.2.4.2. Fuel Supply and Price

Coal is stored in substantial quantities at power plants, and most utility companies
have long-term supply contracts to stabilize coal prices. Consequently most utilities have
continued to pay low and stable prices for their coal, thereby limiting exposure to the higher
prices experienced in 2002. Western coal costs are lower than Eastern costs because of the
thickness of the coal seams and high productivity associated with large-scale surface mining,
but Western coal tends to have a lower energy content per unit weight than Eastern coal
(Smith and Hove 2003, p. 34). Coal supply and price projections are reported in Section 7.2.

6.2.4.3. Capital Costs

Capital costs for new PCC plants range from $1,100 to $1,200 per kW depending on
their location, and supercritical PCC plants tend to cost closer to $1,200. per kW. PCFB
capital costs are around $1,200 per kW, with somewhat lower gas cleanup costs as part of
this figure (Smith and Hove 2003, p. 38). DOE estimates the future cost of IGCC units at
just over $1,300 per kW and projects that its price will come down to $1,000 per kW by 2008
(Smith and Hove 2003, p. 42).
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technologies: the gas turbine and the steam turbine. In a gas turbine, natural gas is burned in
combination with a steady stream of high velocity compressed air. The hot combustion gas
is then passed through an array of rotating and stationary airfoils that turn a generator to
produce electricity. For the second or bottoming cycle, a heat recovery steam generation
system (HRSG) and steam turbine are added to take advantage of the thermal energy
produced from the first combustion cycle.

Modem gas turbine plants with a triple-pressure HRSG with steam reheat can reach
efficiencies above 55 percent. ABB-Alstom claims 58 percent efficiency of a combined
cycle plant built around its GT24/26 reheat gas turbines; the same efficiency is cited-by
Siemens, for the Westinghouse steam-cooled W501G/701G gas turbine or V94.3 a gas
turbine, combined with a triple pressure HRSG. A gas turbine, with steam cooling of the
turbine blades and nozzles, combined with an advanced HRSG is expected to operate at an
efficiency level of 60 percent in the near future. The goal of most world manufacturers is to
reach overall thermal efficiencies of the combined plant of 60 percent in the short term,
generally by increasing firing temperatures (Franco 2002, p. 1504).

DOE has recently cited the General Electric (GE) "H" class GTCC system for its
performance promise. The new system is claimed to reach an overall thermal efficiency of
60 percent through its increased gas turbine firing temperature of 1430 degrees C with a
pressure ratio of 23:1 (Corman 1996, p. 1).

In spite of manufacturer claims of 60 percent efficiency, most industry experts
suggest efficiencies in the range of 55 to 58 percent would be a preferable range to account
for plant-to-plant variation such as ambient air differences and other environmental factors
(Claeson Colpier 2002, p. 313).

6.3.2. The Future of Gas Turbine Combined Cycle Technology

Research into increasing the efficiency of combined-cycle technology is proceeding
with several developments that allow higher firing temperatures, better turbine performance,
and more efficient recovery of heat. The engineering literature has paid considerable
attention to the optimization of HRSG. Two basic exhaust heat recovery processes can be
used to increase efficiency: (1) recuperation, in which the recovered heat is used in the same
gas turbine cycle; and (2) bottoming cycle, in which the exhaust is used as a heat source for a
second and essentially independent power producing cycle (Heppenstall 1998, p. 838). In
addition, basic optimization of HRSG parameters such as mass flow rates and heat exchanger
efficiencies can produce substantial increases in overall efficiency. The efficiency increase
can vary from 2 percent for HRSG optimization alone, to 6 to 7 percent using post
combustion reheating, inter-cooling, and gas-to-gas recuperation (Franco 2002, p. 1515).

While significant increases in efficiencies are technically feasible, increased
component and plant complexity could result in increased cost. The thermodynamic
performance of a plant is usually reflected in the fuel cost. The fuel cost savings as a result
of increases in thermal efficiency are shown in Table 6-2, which suggests that, on average, a

0
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Claeson Colpier et al.'s (2002) analysis suggests that the great reduction in gas-fired
electricity costs through the 1990s was the result of a worldwide increase in installed
capacity and attendant experience with combined cycle technology in electricity generation.
If GTCCs become the generation technology of choice, the trend would likely continue,
moderated by declining marginal returns to learning, discussed in Chapter 4. According to
Claeson Colpier et al., holding the fuel price constant, the stable progress ratio for the cost of
generating electricity is approximately 94 percent. That is, at the next point where installed
capacity doubles, the capital cost should fall by 6 percent, or a 6 percent learning effect in the
terminology of Chapter 4. The likelihood, however, of a further doubling of capacity in the
short term is small, and therefore its effect on the overall cost of electricity minor compared
to gains in thermal efficiency and fuel cost.

Table 6-3: Cost Estimates for New Gas Plants

2003 Long Termp
Plant Size CoMs 300 300
A uCapital Cost ($ per 590 450
Lead Time (Year) ...3 3
Fuel Price ($ per MMN~tu) b 3.75 3.15
Fuel Cost ($ per MfWh) 23.6 19.9
Total O&M Cost ($ per M4Wh) 2.6 2.6
Annual Capital Cost ($ per

MWh) 10.2 7.8
Levelized Cost ($ per MWhe 36.4 30.3

Source: Smith and Hove (2003).
aLong term is the length of time required for fuel prices to reach an equilibrium, approximately

2006 (p. 77).
bFuel price based on 2003 EIA estimate, plant efficiency set at 54 percent; price does not

include post-combustion emissions control.
cLevelized cost is the sum of fuel, O&M, and annuitized capital costs.

6.3.4. Natural Gas Emissions, Control Technology, and Costs

When compared with emissions from coal-fired plants, combined cycle plants
produce significantly less of the six criteria pollutants established by the 1990 Clean Air Act.
Natural gas produces no sulfur dioxide or ash, and smaller quantities of volatile organics,
C0 2, and NOx gases. However, for the purposes of this report, only nitrogen oxides (NOx)
will be considered. NOx gas emissions are formed during the combustion of natural gas and
other fossil fuels by high temperature oxidation of atmospheric nitrogen. CO2 is a natural
byproduct of fossil fuel combustion and is currently not a federally regulated gas.
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Table 6-5: Effect of Environmental Controls on 2020 Gas-Fired LCOE'

2020 w/ 2.5 ppm 2020 w/ 2.5 ppm2020 2020w/2. ppm NOx + CO2NOx Limit Captur0
Capture

Plant Size AW) 300 300 300
Capital Cost ($ per MW) 450,000 450,000 450,000
Lead Time (Years) 3 3 3
Fuel Price ($ per MMBtu) 3.78 3.78 3.78
Fuel Cost ($ per MWh) 20.3 20.3 20.3
Total O&M Cost ($ per MWh)b 2.6 4.0c 6.3b'd

Capital Cost ($ per MWh)e 7.8 7.8 7.8
Levelized Cost ($ per MWh) 30.7 4 32.1 44.4

a 2020 Thermal efficiency set at 63 percent, estimated fuel cost taken from Table 6-4, capital
cost and O&M cost values taken from Smith and Hove (2003).
b Incremental emissions control costs include cost of capital and O&M but are reflected in
total O&M cost.
C Additional SCR unit for NO, control adds $1.4 per MWh (Onsite Syscom Energy Corp.,

1999, p. 4).
d Additional monoethanolamine (MEA) unit for CO2 capture adds $2.3 per MWh (David
2000a, p. 3).
'Annual capital cost = depreciation cost/depreciation term. Depreciation cost is determined

using a weighted average cost of capital (WACC) of 11.3 percent. Depreciation term is
25 years. (Smith and Hove 2003a, p. 75.)

6.4. Summary of Future Coal and Gas Technologies

The near-future coal- and gas-fired power generation technologies look much the
same as the current technologies. There is some prospect of modest efficiency improvements
in gas technology, but significant advances in coal technology appear further in the future.
Integrated gasification combined cycle plants would have an advantage over current
pulverized coal plants if reduction of carbon emissions became a priority. Capital costs in all
of these technologies are well understood, but the fuel price prognoses for coal and gas
technologies differ, the former universally considered to be stable, the latter much more
volatile and subject to uncertainties.

Table 6-6 summarizes the cost characteristics of the current and near-future
technologies.
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Chapter 7. FUEL PRICES

Summa

This chapter examines forecasts for the three fuels of concern: coal, natural gas, and
uranium. Coal prices in the United States are not expected to increase. Forecasts for natural
gas prices are mixed, although EIA forecasts a 20 to 30 percent increase over 2002 levels by
2020. The supply elasticity of uranium is estimated by several sources to be between 2.3 and
3.3, which should keep uranium prices down in the near term.

Some uncertainty surrounds projections of fuel price changes, which can alter relative
competitiveness between gas and coal, and can also affect competitiveness of both with
nuclear. This chapter sums up the significant similarities and differences in the underlying
methodologies of the various models for coal, natural gas, and uranium supply.

Coal supplies worldwide are expected to be sufficiently elastic that even a doubling
of demand is not expected to increase price appreciably. Much of the work on coal prices is
short-term in nature and hence is of limited usefulness for the projections needed for the
present study. Long-term changes in past decades that have affected coal prices have
included dramatic increases in coal mining efficiency, the past trajectory of which may be of
some help in predicting the future. Among the model forecasts, there is general agreement
that coal production will increase over the next 20 to 30 years (35 to 50 percent). The
international forecasts foresee a rise in the international coal price (25 to 30 percent), while
the forecasts for the U.S. coal price to utilities uniformly predict a decline (10 percent).

EIA's 2003 gas price predictions are for a 10 percent dip from the 2003 level,
followed by a 38 percent increase by 2025. Its 2003 supply prediction is for a relatively
smooth 34 percent increase over the 2003 level by 2025, reduced in the 2004 prediction to
15 percent. EIA's 2004 forecast projects less of a price dip in 2005, followed by a larger rise
relative to 2000 levels by 2025.

The International Energy Agency (IF-A) and EIA have uranium market models, but
they are limited. IMe International Atomic Energy Agency (IAEA) offers an outlook on
potential uranium market trends, but it does not incorporate a model of investment in
exploration. Since the fuel cost share of nuclearpower generation is less than 10 percent,
variation in uranium prices will have only a limited effect on the overaH cost of nuclear
generation of electricity.
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7.1. Introduction

This chapter reviews and evaluates fuel price forecasts to be used in the analysis of
nuclear power's competitiveness with coal and gas. The chapter examines major modeling
systems of coal, natural gas, and uranium supply currently in use by government and
international agencies, focusing on their supply functions for these fuels and the
sophistication of the price forecasts.

A focus on current levels of known reserves of a resource, in terms of a certain
number of years' consumption remaining, can prompt alarm at the prospect of running out of
a critical mineral such as natural gas from North America. Short-term price fluctuations
extrapolated to the future can yield intermediate-term forecasts that could cause major
changes in the electricity sector were they to materialize.

Sections 7.2, 7.3, and 7.4 review models of coal, natural gas, and uranium supply.
Models of oil supply are excluded from this analysis since the use of oil for electricity
generation is not widespread in the United States. Section 7.5 examines modeling systems
that deal with the fuels in a generic manner. Section 7.6 summarizes the price and supply
projections.

7.2. Coal

Three economic models of coal are reviewed in this section, the EIA's National
Energy Modeling System (NEMS), the European Union's Prospective Outlook on Long-
Term Energy Systems (POLES), and the International Energy Agency's World Energy
Model (WEM).

7.2.1. The Forecasting Models: NEMS, POLES, and WEM

NEMS and POLES include different specifications to forecast coal production and
prices. The Coal Production Submodule (CPS) of NEMS is responsible for the construction
of annual supply curves for each combination of region, mine type, and coal type found in
the United States. Using two-stage least squares regression methodology, a supply function
is created that relates price to mine capacity utilization (EIA 2003c, p.8). It is then calibrated
to the most recent data (EIA 2003c, p. 17).

The POLES model evaluates future coal supply from a global perspective. It
estimates production for each of thirty-two national and regional markets. National and
regional supplies are modeled as a function of the previous year's coal production, a short-
term price effect, a long-term price effect with a distributed lag and asymmetric response
factor, coal consumption in the current and previous year, and an autonomous technological
trend, differentiating between exporting and non-exporting areas in its supply specifications
(Criqui et al. 2003, 2.3). For countries that are large producers or exporters of coal, also
called swing producers, which includes the United States, POLES models a national coal
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productivity and predicts a price of $11.43 per ton in 2030. This represents an increase of
15 to 35 percent from current price levels, depending on the market considered (European
Commission 2003, p. 23).

WEM calculates a constant steam coal price of $40.92 per ton for the period of 2002
to 2010, which is the average price for the years 1997 to 2001. Between 2010 and 2030, the
price is assumed to increase linearly, reaching $46.16 per ton in 2030 (lEA 2002, p. 52).
WEM projects increases in demand, and in transportation costs (international, via sea) due to
higher oil prices, to exert upward pressure on the world coal price (lEA 2002, p. 52). At the
same time, the drop in costs of mining coal resulting from production relocation and
productivity gains are projected to push the price down (lEA 2002, p. 52). The transportation
cost in the 2003 NEMS applies to domestic transportation in the United States from mines to
electric utilities. This difference could explain the divergent trends of coal transportation
costs between NEMS and WEM.

Tables 7-1 summarizes these models' projections of coal price as well a private
forecast. Year 2000 values of all projections have been normalized to a base value of 100,
and subsequent year prices are relative to 2000 prices.

Table 7-1: Coal Price Projections'

Year 2000 2005 2010 2015 2020 2025 2030
NEMS, AEO 2004 100b 100 99 96 94 94 N/A
POLES IOOC N/A N/A N/A N/A N/A 133
WEM 100d N/A 111 N/A 117 N/A 125
Hill & Associates,
U.S. Price to
Utilities 1 0 0 b N/A N/A 84 89 N/A N/A

'Year 2000=100.
b $25.47 per short ton.
' $8.57 per barrel oil equivalent (BOE), average of markets.
d $36.72 per ton.

The U.S. projections are in agreement with one another. NEMS and Hill &
Associates both predict declining coal price trends from 2000 through 2015; after that date
NEMS' projection continues to decline while Hill's rises somewhat. This reflects EIA's
expectation of continued improvements in labor productivity and the expansion of production
to the more productive Western U.S. coal mines (EIA 2003a, p. 104). Both POLES and
WEM project rising trends while the U.S. forecasts project declining trends.
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Figure 7-3 shows NEMS' forecast errors of gas prices from two years' forecasts.
Only 7 years are available to compare forecasting performance, but the 1995 forecast maybe
superior to the 1989 forecast since it cycles around zero instead of trending off, although they
are predicting for different calendar years. It seems that NEMS' gas price forecasts, even if
they are off by 25 percent, are improving with experience.

Figure 7-3: Natural Gas Wellhead Price: Difference between Actual and Forecast
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7.3.3. World Energy Model (WEM)

The gas supply module in WEM estimates production field by field to determine
short-term production profiles, while in the long term production is limited by ultimately
recoverable resources and a depletion rate estimated through historical data. Ultimately
recoverable resources depend on a recovery factor, which reflects technological

improvements in drilling, exploration, and production. The trend in the recovery rate is a
function of the gas price, which is set exogenously, and a technological improvement factor
(lEA 2002, pp. 510-511).

WEM considers three regional gas markets, North America, Europe, and Asia. In
North America, natural gas prices are projected to average around $2.62 per MM3tu in 2002
and to remain at that level until 2005. Prices will then start to rise as rising demand causes
the region to become increasingly reliant on more costly sources, such as LNG,
unconventional gas, and Alaskan gas (LEA 2002, p. 50). Prices reach $3.15 per MMBtu by
2010 and continue to rise in line with oil prices (lEA 2002, p. 50). lEA's 2002 World Energy
Outlook predicts rising import dependence for the OECD North America region. In 2000,
this region's net gas imports amounted to only 1 percent of the total primary gas supply, but
by 2030, imports are expected to rise to 26 percent of the total primary gas supply (LEA
2002, p. 117).

7.3.4. Current Issues in Natural Gas Supply

The recent increases in natural gas prices have led to divergent opinions on the future
of natural gas in the United States. In one view these price increases represent fundamental
shifts in supply and demand that have long-term implications for the natural gas market and
will only worsen in the future because of dwindling gas reserves (Simmons 2003). Currie
(2003) emphasizes longer-term deterioration of gas pipeline and storage infrastructure, post-
deregulation, as a major problem facing the gas industry, but in the long-run time period of
the current study, capital markets will supply that infrastructure.

A recent study by the National Petroleum Council (NPC) also blames the higher gas
prices in recent years on a fundamental shift in the supply-demand balance (NPC 2003, p.
23). However, the NPC believes the tight market situation "can be moderated" (NPC 2003,
p. 23) by allowing exploration and production in currently restricted areas offshore and in the
Rocky Mountains, using new technologies that can protect sensitive environmental resources
(NPC 2003, pp. 76-77).

7.3.5. Summary of Gas Price Projections

Table 7-2 reports NEMS, POLES, and WEM projections of natural gas prices through
2020, and two private forecasts reported by the AEO 2003, those of Global Insights, Inc.
(GIl) and Energy Ventures Analysis, Inc. (EVA). The NEMS forecasts from the AEO 2003
and AEO 2004 are reported in the first two rows of the table, showing a sharp increase in
EIA's gas price forecast between these two years. Prices are expressed relative to a base of
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grouped into categories. The categories range from highest to lowest on a scale of
confidence in the future availability of each type of resource. Production centers and their
associated resources are also ranked by projected production costs. The order in which
production centers fill market-based production requirements is based on availability
confidence level and cost. It is assumed that the lowest-cost producer in the highest-
confidence category will satisfy the first increment of demand, followed by progressively
higher-cost, lower-confidence producers until annual demand is filled (IAEA 2001, pp. 2-3).

The IAEA study does not include an explicit projection of uranium prices, but it does
project the years when production centers of various cost ranges and confidence levels will
be cost-justified to begin operations. These projections, contained in Table 7-3, should be
interpreted as "an indirect indication of market price trends" (IAEA 2001, p. 4). For
example, in the first row, in the medium demand case, using only reasonably assured
resources (RAR), production costs will fall in the range of $55 to $82 per kilogram (kg) of
uranium by 2019, and will not jump to the higher range of $82 to $136 per kg until 2024.
Accepting the stock of resources described by RAR plus estimated additional resources of
confidence level I (EAR-I), those two years would be pushed back to 2021 and 2027, and
adding estimated resources of confidence level 11 (EAR-il), these two years would be 2021
and 2029.

Table 7-3: Year When Production Centers Become Cost Justified

Confidence Level Regarding Price of Uranium
Resource Availability: Adding $55 to $82 >$82 to $136

Resources of Decreasing per kgU per kg U . >$136 per kg U
Certainty Medium Demand Case Price of Uranium

RARa 2019 2024 2028
RAR + EAR-Ib 2021 2027 2034
RAR + EAR-I + EAR-EI 2021 2029 2041

High Demand Case Price of Uranium

RAR 2013 2019 2023
RAR + EAR-I 2015 2022 2026
RAR + EAR-I + EAR-I! RAR +
EAR-I + EAR-ll 2015 2023 2031

Source: IAEA (2001, p. 4).
a Reasonably assured resources
b Estimated additional resources of confidence level I

Estimated resources of confidence level HI

Figure 7-4 shows recent uranium prices in the United States. These prices correspond
to production in the cost categories below $36 per kg U and $36 to $55 per kg U (IAEA
2001, p. 33).
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7.4.3. Estimates of Uranium Supply Elasticity

Low prices and the availability of large, known uranium reserves have stifled
incentives to invest in exploration for new uranium resources for some years. However, if
price rose enough to stimulate substantial investments in exploration, new uranium resources
far larger than today's resource estimates are likely to be found, according to Bunn et al.
(2003, p. 106). Three studies have attempted to estimate the price elasticity of supply for
uranium. Bunn et al. developed an empirical relationship relating uranium supply to price,
based on a supply curve, R = 2.1 (p/ 4 0 )E. They used quantity and price estimates from three
other studies to estimate the magnitude of the elasticity, E. Table 7-4 summarizes their
elasticity estimates. The table also includes the resources projected at particular prices under
the different elasticity estimates.

Table 7-4: Estimates of Uranium Resources

Source E R(MtU) R(MtU)
pUn $84 per kgU pCnr$136 per kgU

Uranium Information Centre 3.32 21 105
Deffeyes and MacGregor 2.48 12 40
DOE Office of Nuclear Energy 2.35 11 34

Source: Bunn et al. (2003, p. 113).

Although these estimates are based on limited data, Bunn et al. suggest that the total
amount of uranium recoverable at or below $136 per kgU is considerably larger than the
amount reported in 2001 by IAEA, anywhere from two to six times larger. They note that
the relationships resulting in smaller resource estimates are based solely on geological
relationships, without considering the likelihood that technology for recovering uranium at
lower cost will improve in the future. They claim that technological improvement is
"virtually certain," providing the example that uranium is now recoverable at less than $55
per kgU from ores in copper mines with concentrations as low as 4.5 parts per million (Bunn
et al. 2003, p. 113).

7.4.4. Uranium Market Model of the U.S. DOE

The Uranium Market Model (UMM), last revised in 1996, is a microeconomic
simulation model that matches uranium supplied by the mining and milling industry with the
demand for uranium by electric utilities operating nuclear power plants (Das and Lee 1996).
The model considers every production center and utility worldwide, as well as holders of
stockpiled uranium and other suppliers. The model makes annual projections for 10 global
regions, one of which is the United States.
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7.5.2. Model for Energy Supply Strategy Alternatives and their General Environmental
Impact (MESSAGE)

7.5.2.1. The Model

The Model for Energy Supply Strategy Alternatives and their General Environmental
Impact (MESSAGE) was developed by HASA. MESSAGE models fuel supply through
detailed domestic resource extraction constraints and elasticity definitions, in addition to
constraints on imports and exports.

MESSAGE calculates a supply elasticity as the change in price relative to a reference
price level that results from a change in supply over a reference supply level (Messner and
Strubegger 2001, p. 47). The model contains an equation that balances production and
import of primary energy with central conversion, transport, and export requirements
(Messner and Strubegger 2001, p. 28). This equation takes into account the level of
technology involved in the extraction a given resource (Messner and Strubegger 2001, p. 29).

MESSAGE was used for the projections in Global Energy Perspectives, published
jointly by HASA and the World Energy Council (WEC) in 1998. Although this publication
does not include projections of fuel prices, it does include projections of fuel production by
region. The projections for North American (U.S. and Canadian) gas production under six
different scenarios are shown in Table 7-5. The timing and extent of new discoveries of
reserves and resources are incorporated as assumptions in the scenarios (IHASA and WEC
1998, p. xiii). The numbers indicate that the scenarios represent distinctly different futures,
even within a period of only three decades.

All the scenarios in MESSAGE project increasing North American natural gas
production from 2000 through 2020, although scenarios B, Cl and C2 see production falling
off from 2010 to 2020.

Table 7-5: MESSAGE Forecasts of North American Gas Production

North America Natural Gas Production (Mtoe)
Scenario 2000 2010 2020
Al: high growth, ample oil and gas 587 727 806
A2: high growth, return to coal 580 716 734
A3: high growth, fossil phaseout 620 794 997
B: middle course 583 712 690
CI: ecologically driven, new renewables
with nuclear phaseout 506 569 545
C2: renewables and new nuclear 507 593 562
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Chapter 8. ENVIRONMENTAL POLICIES

Summary

The future costs per MWh of the major competitors to nuclear energy, not just the
present costs, need to be considered. In addition to process technology advances and
possible fuel price changes that could reduce coal- and gas-fired costs, environmental
considerations could serve to raise the cost of these competitor sources in view of their
significance as a source of air poUution. This chapter assesses the potential magnitudes of
these cost increases on coal- and gas-generated electricity.

In view of global climate concerns, an important emission that remains largely
uncontrolled but could be subject to controls in the future is carbon. Carbon emissions can
be reduced only by thermal efficiency improvements, which have rather tight limits. Capture
and sequestration therefore are the longer-term environmental control possibilities for
carbon.

Despite a recent application of capture and sequestration in a gas-fired plant in
Norway and an innovative example of sale and re-use between a gas-fired utility in North
Dakota and an-oil company in Canada, the technology and likely costs of carbon
sequestration are in pre-commercial stages.

While the technologies of carbon capture, transport, injection, and sequestration
cannot be said to be commercialized yet, some cost estimates are available. On a per-
megawatt hour basis, assuming 100 km transportation by pipeline, a summary is:

$36 to $65 per MWh for pulverized coal combustion (PCC), including an
energy penalty of 16 to 34 percent

$17 to $29 per MWh for gas turbine combined cycle (GTCC), including
an energy penalty of 10 to 16 percent

$20 to $44 per MWh for integrated gasification combined cycle (IGCC),
including an energy penalty of 6 to 21 percent.

An alternative. measurement of the future costs of carbon control is through the use of
permit markets similar to those used by the Acid Rain Program and Federal NOx Budget.
Prices generated through permit market trading are interpreted as the approximate future cost
of reducing present emissions. Thus the prices can be used to estimate the mean cost of
meeting current emissions standards on a per MWh basis. Partly because of the present lack
of a carbon emission standard, the results of models estimating the future price of potential
greenhouse gas permits that have been reviewed have varied greatly. A carbon price range
($50 to $250 per metric ton) has been used to construct upper and lower bounds to the
electricity cost impact. For coal, the cost impact is likely to be between $15 and $75 per
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8.3. Carbon Sequestration Technology and Costs

One of the most widely discussed means of reducing CO2 emissions is carbon capture
and sequestration. The basic method is to capture CO2 and inject it into secure geologic
formations or into the deep ocean for long-term storage. This method holds much promise,
and in a 1997 report, the President's Committee of Advisors on Science and Technology
(PCAST) recommended that funding within DOE's fossil-energy R&D program be
reformulated, emphasizing new technologies such as carbon capture and sequestration
(PCAST 1997, p. 5).

Two current projects are being studied to better understand the feasibility of this type
of solution in the reduction of global CO 2 emissions. These are the Weyburn project in
Saskatchewan, Canada and the Sleipner project in the North Sea off the coast of Norway.
The motivations behind these two projects differ.

The Weyburn oil field, located in southeastern Saskatchewan, was discovered in
1954, containing approximately 1.4 billion barrels of oil. As production rates declined in the
field, CO2 flooding (injection of CO2 into the field to increase production) was used to
recover an additional 130 million barrels of oil and permanently sequester approximately
15.4 million net tons of CO2 for a total of 19.8 million tons of CO2. CO2 is captured at the
Great Plains Synfuels Plant in North Dakota (coal-fired power plant) and transported in a
supercritical state (2,100 pounds per square inch (psi)) via 323-km pipeline to the Weyburn
site. Approximately2,756 tons of CO2 per day have been injected into the reservoir since
September 22, 2000 (Brown et al. 2001).

The CO2 sequestered at the North Sea Sleipner gas fields is not the result of burning
fossil fuels, but is an impurity that is removed to prepare the gas for market. Formerly, the
CO2 was vented to the atmosphere. When Norway instituted a tax on offshore carbon
emissions of U.S. $50 per tonne, it became economically viable to capture and sequester the
separated CO2 (the tax was later lowered to $38 per tonne). By avoiding this tax on one
million tonnes of CO2 annually (3 percent of Norway's total CO2 emissions), Statoil was able
to recover its investment of $80 million in two years (Adam 2001).

Since, 1996 Statoil has been injecting the separated CO2 into a sandstone layer,
known as the Utsira formation, 800 to 1,000 meters below the seabed (IEA 2003). After
separation, the CO2 must be compressed to a supercritical state and injected into the rocky
reservoir.

A seismic survey done by the British Geological Survey (BGS) in 1999 showed that
the CO2 injected into the reservoir is likely to remain in place. The potential for storage is
large. One percent of this reservoir would hold three years' emissions from all the power
plants in Europe (Adam 2001). A BGS report indicated that the North Sea has the potential
to hold all of the CO2 from European power stations for 800 years (800 billion tonnes) (LEA
2003). One concern is that the CO2 may begin to compress, rather than dissipate throughout
the formation, making future injection more difficult (Adam 2001).
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of pipeline transportation of CO2 for a 1,500 MW coal-fired power plant (equivalent to a
flow rate of 10 million metric tonnes per year) to be $0.50 per metric tonne per 100 km.
Lower flow rates could be as high as $2.00 to $3.50 per metric tonne CO 2 per 100 km
(Herzog 2004, Figure 5). These figures are more in line with those cited by the lEA
Greenhouse Gas R&D Programme of approximately $1 to $3 per tonne CO2 for 100 km
(Davison 2001). Herzog's estimate of truck transportation of CO2 is $6.00 per metric tonne
per 100 km. Table 8-2 estimates the costs of transporting CO2 from different plant types
using the (low) estimates from Herzog (2004) for pipeline transport ($0.50 per metric tonne
per 100 kin) and (high) truck transport ($6.00 per metric tonne per 100 kin). The estimates
presented are based on the following assumptions:

* Energy penalties for plant types are equal to the averages from studies
presented in David (2000), or 14.53 percent, 25.18 percent, and 13.05 percent
for IGCC, PCC, and GTCC plants, respectively, though no energy penalty is
included for the additional energy required to transport the CO2 by truck;

* Distance from plant to injection site of 500 krn (David 2000 notes that all
power plants in the United States are located within 500 km of possible
sequestration sites); and

• Capture rates of 88.2 percent, 86.9 percent, and 88.0 percent for IGCC,
PCC, and GTCC plants, respectively (David 2000).

Table 8-2: Ground Transportation Cost Estimates, by Plant Type, $ per MWh

Pipeline @ Truck Transport @
Plant Type $0.50 Per Metric tonne-100 $6.00 per Metric tonne-100

km km
IGCC 1.9 22.8
PCC 2.1 25.7

GTCC 0.9 11.0

The IEA Greenhouse Gas R&D Programme estimated the costs associated with ocean
transport of CO2. Ormerod (2002) notes: "Comparable 0.5 m diameter pipelines ... cost
about $1.6 million per km. Such pipelines have the capacity for 18,000 [tones of CO2 per
day].... The cost of transporting CO2 for 500 kin, by such a pipeline, would be around $12/t
CO2.... " (Ormerod 2002, p. 13). Ormerod also notes the significant advantages a larger
diameter pipe would have, with a 1 -m diameter pipe transporting four times as much per day,
but costing less than four times the price of the 0.5-m pipe. The LEA Program estimates
transportation by tanker would be around $2 per tonne of CO2, though added to this would be
the costs associated with a CO2 holding tank at the port, the platform, and the vertical pipe, as
well as operating expenses (Ormerod 2002, p. 14).
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Using this formulation, Table 8-4 summarizes the cost components of the full cycle of
carbon sequestration, including capture, transport, and injection and storage. The transport
costs assume a 100-km pipeline as an average across plants. The capture costs are the largest
component, injection, and storage the smallest, and transport the most variable. Coal plants
would face the greatest expense, although IGCC technology is better adapted to capture carbon
than is pulverized coal, and gas the least.

Table 8-4: Summary of Components of Carbon Sequestration Cost, $ per MNWh

Plant Type Capture Transport Injection and Storage Total
IGCC 17 2 to 23 1 to 4 20 to 44

PCC 34 2 to 26 1 to 5 34 to 65
GTCC 16 1 to 11 .5 to2 17to 29

8.4. Carbon Tax and Emissions Permit Trading

A cap-and-trade program similar to the current SO 2 abatement program may be
implemented in the future. Like carbon taxes, carbon permit markets are intended to equalize
marginal costs of abatement, only a permit price is set by a market rather than by a regulator.
Thus, these prices are likely to be closer to the true cost of abatement than a carbon tax.

Predicting the actual price of carbon emissions the market will bear is complicated by
numerous uncertainties relating to supply and demand, the introduction of the Kyoto
Protocol, and other factors. Ultimately, the carbon price will rise or fall as a function of the
amount to be abated and the number of buyers and sellers participating in the market. As
abatement targets become more stringent, the cost of carbon abatement will increase and with
it the viability of low-carbon-generation options (WWF 2003, p. 8).

The availability of more economic substitutes could contribute to lower allowance
prices. While carbon sequestration technology continues to improve, fuel switching between
high-carbon-content coals to natural gas is currently the most accessible method for lowering
carbon emissions. Natural gas plants emit less CO 2 and other pollutants than coal plants.
Depending on the future price of natural gas, large-scale substitution away from coal could
occur in response to a carbon control program.

8.4.1. Review of Carbon Price Estimates

Despite an already large and growing demand for information upon which to
formulate reasonable price expectations, little reliable information is available (Springer
2003, p. 1). Numerous models simulate a global market for carbon dioxide (C0 2) or
greenhouse gas (GHG) emission permits. For example, Burtraw et al. (2002) have shown
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8.5. The Effect of Tradable Emission Permit Programs on Electricity Prices

The purpose of examining current tradable emission permit programs is two-fold.
First, analysis of the permit allowance prices provides an indication of the future costs to
electricity generators of reducing present emissions. Second, examining the performance
over time of current permit programs may provide insight into the potential cost of a carbon
program.

8.5.1. The SO 2 Case

The U.S. SO2 cap-and-trade program was established as a result of the 1990 Clean
Air Act Amendments under the authority granted by Title IV, which included several
measures to reduce precursor emissions of acid deposition. The SO 2 component consisted of
a two-phase cap-and-trade program for reducing SO2 emissions from fossil-fuel-burning
power plants located in the lower 48 states of the United States. Beginning in 2000, the
Phase II cap equivalent to an average emission rate of 1.2 lbs. of S0 2 per MMBtu was
instituted for all electric generating units greater than 25 MW (Burtraw et al. 2003a, pp. 2-6)

Since allowances are readily substitutable for abatement, this single price provides a
common reference point and a coordinating mechanism for all owners of affected sources in
deciding whether to abate more or less at any one time and thereby to equalize the marginalcost of abatement. The cap-and-trade system generally has been regarded as efficient as
evidenced by its high volume of trading since its inception in 1994.

Allowance prices have varied greatly, from a low of $64 in 1996 to a high of $212 in
1999. The average price since Phase II of the Acid Rain Program is $164, with a low of
$125 and a high of $208. In spite of the wide variation, there appears to be a general upward
trend in allowance prices, as shown in Figure 8-1.

0
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Plan (SIP) regional program is expected to begin adding states to the original Ozone
Transport region to a total of 20 states. One hundred eighty-six gas (300 MW or larger) and
coal (600 MW or larger) plants from the NOx SIP call region were selected to determine the
average incremental cost of electricity (EPA 2002a). The calculation of incremental cost is
the same as the SO 2 calculation above, but the data are adjusted for the ozone season, which
refers to the summer months when emissions limits apply. The average cost for the 126 coal
plants above the limit was $1.3 per MWh and the average cost of the 15 gas plants above the
limit was $0.4 per MWh.

8.5.3. Conclusion

Analysis of the SO 2 allowance market suggests that coal-fired electricity generators
can expect an average cost of $0.50 per MWh to meet current emissions standards.
However, older less efficient plants can expect costs closer to $1.20 per MWh and newer
more efficient plants closer to $0.10 per MWh. TheNOx allowance market indicates that
coal plants can expect an average cost of $1.3 per MWh to meet Phase mI emission limits,
whereas gas plants were rarely over the limit, and those that were had an average cost of
$0.40 per MWh. Allowance prices could change, however, should the NOx budget program
become annual or federalized to include all 48 states.
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Part Three: Nuclear Enerev In The Years Ahead

Part One considered the cost of new nuclear electric power and Part Two considered
the cost of electricity from coal and gas that nuclear power will have to meet if it is to be
competitive. Parts One and Two are used here in Part Three to estimate what policies or
combination of policies are needed to make nuclear power competitive in 2015. Looking
farther to the future, prospects for 2025 and beyond are considered.



Chapter 9. NUCLEAR ENERGY SCENARIOS: 2015

Summary

No-Policy Benchmark

As indicated in Chapter 3, capital cost ranges are patterned on reactors taken to be
realistic possibilities for deployment by 2015: (1) the General Electric ABWR such as is
already built in Japan, and the ACR-700, the CANDU 6 version which has been built in
China and Romania, on which first-of-a-kind engineering (FOAKE) costs have been paid,
with overnight cost for either reactor of $1,200 per kW, (2) a Westinghouse AP1000, whose
sister reactor the AP600 has been certified by NRC but on which FOAKE costs have yet to
be paid, with overnight cost of $1,500 per kW and (3) the Framatome SWR 1000, similar to a
larger version in advanced planning stages in Finland, with overnight cost of $1,800 per kW.

As noted in Chapter 5, the financial model developed there gives no-policy LCOEs
on first new nuclear plants of $53, $62, and $71 per MWh respectively. This range assumes
business expectations of construction times as long as 7 years and a 3 percent additional risk
premium. None of these new nuclear LCOEs are as low as the $33 to $45 per MWh range of
LCOEs for coal-fired and gas-fired generation.

Individual Financial Policies

Starting from the no-policy benchmark, the financial model has been used to estimate
the effects of various financial policies. According to the financial model, a loan guarantee
of 50 percent of construction costs would reduce nuclear LCOE for the lowest cost reactor to
$49 per MWh under likely business expectations. Accelerated depreciation, whose most
liberal terms would extend to immediate expensing, could reduce the LCOE for the lowest
cost reactor in this case to $47 per MWh. An investment tax credit as high as 20 percent,
refundable so as to be useable as an offset to nonnuclear activities of a utility, would reduce
this number to $44 per MWh. None of the foregoing policies alone would achieve
competitiveness even for the lowest cost reactor under likely business expectations of a
7-year construction period and added debt and equity risk premiums of 3 percent for nuclear
power. A production tax credit of $18 per MWh for the first 8 years would reduce the LCOE
of the lowest cost reactor under likely business expectations to $38 per MWh, which is
within the range of competing coal and gas LCOEs. This tax credit is what has been
considered in legislation proposed in 2004. It would however achieve competitiveness only
for the most optimistic cost outcome. Moreover, it is a back-end policy that permits
increased revenue only in later years when power is being produced, not in the more crucial
near-term front-end construction period. A conclusion is that no single financial policy alone
can definitely be counted on to bring about nuclear competitiveness by 2015.
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fourth and fifth plants. These costs are within the upper end of the range of coal- and gas-
fired LCOEs.

Robustness of Conclusions

The results are sensitive to assumptions about overnight costs and plant construction
times, but both of these are included in the analysis. The results are not very sensitive to
plant life. Competitor prices deserve mention. Rising gas prices would disadvantage
electricity generated by gas, but coal prices appear unlikely to rise. The major effect could
be substitution of coal for gas, with nuclear still competing against coal generation at
essentially the same cost per MWh as in the analysis here. Stringent measures to control
greenhouse gases would disadvantage both gas and coal, making nuclear energy easily
competitive in the marketplace. While this contingency provides a policy reason for having
nuclear capability in place, it conservatively is not included in the 2015 outlook assumed
here for nuclear energy.
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9.1. Introduction

Three nuclear plant costs were considered in the no-policy scenario, introduced in
Chapter 5. To recapitulate, they are patterned after three candidate reactors: (1) a mature
plant such as the ABWR and ACR-700, the FOAKE costs on which have already been paid,
with an overnight cost of $1,200 per kW; (2) a design not yet built, such as the AP 1000, the
FOAKE costs on which are yet to be paid, with an overnight cost of $1,500 per kW; and
(3) the Framatome SWR 1000, similar to a larger version in advanced planning stages in
Finland, whose overnight cost is estimated at $1,800 per kW. The cost range also allows for
uncertainty in cost estimates for reasons other than reactor type.

This study investigates what would be necessary to allow nuclear power to come into
the marketplace in the event that first plants were found to be not competitive with fossil
power generation. Accordingly, this chapter focuses on potential federal policies for early
plants.

Section 9.2 recapitulates the no-policy starting point, giving first-plant LCOEs for the
three nuclear reactor designs and for the current fossil generation alternatives, applying the
financial model developed in Chapter 5. The remainder of the chapter applies the model to
policy alternatives. Section 9.3 examines the effects of several policies that might be
implemented to offer support to new nuclear plants. To examine the viability of nuclear
power after learning by doing has reduced costs during construction of the first few plants,
Section 9.4 calculates the busbar costs that new nuclear plants could deliver without any
policy support. Section 9.5 calculates LCOEs of fossil generation under alternative fuel-
price and environmental-policy scenarios. Section 9.6 summarizes the findings of the
chapter.

9.2. First-Plant Nuclear and Fossil LCOEs

Table 9-1 summarizes from Chapter 5 the LCOEs of a first nuclear plant, for each of
the three reactor costs being considered, assuming a 7-year construction period. According
to the financial models, a $1,200 per kW reactor could deliver power at $53 per MWh. The
$1,500 per kW reactor could deliver power at $62 per MWh. The $1,800 per kW reactor
could deliver power at $71 per MWh.

Table 9-1: LCOEs for a First Nuclear Plant, with No Policy Assistance, 7-Year
Construction Time, 10 Percent Interest Rate on Debt, 15 Percent Rate on Equity,

2003 Prices

Overnight Cost, $ per kW 1,200 __ 1,500 1,800
LCOE, $ per MWh 53 62 71
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Table 9-3 shows the effect of loan guarantees on nuclear plant LCOEs for the three
reactor costs being considered for loan guarantees of 25 percent and 50 percent. Even a
50 percent guarantee lowers the LCOE of the $1,200 per kW reactor by at most $4 per MWh.
LCOEs are still almost as far above the cost per MWh for coal-fired and gas-fired generation
as with the no-policy alternatives.

Table 9-3: Nuclear LCOEs with Loan Guarantees, $ per MWh, 2003 Prices

Mature Design New Design Advanced New

Loan Guarantee $1,200 per kW $1,500 per kW Design
LaGurne $1,800 per kW

Construction time Construction time Construction time
5 years 7 years 5 years 7 years 5 years 7 years

0 (no policy) 47 53 54 62 62 71
25 percent of loan 45 50 53 58 60 67
50 percent of loan 45 49 52 57 59 65

9.3.1.2. Accelerated Depreciation

Current tax laws specify a 15-year depreciation period for electric utilities under U.S.
corporate tax code's Modified Accelerated Cost Recovery System (MACRS), which is the
no-policy case. Two more greatly accelerated depreciation schedules are examined here,
7 years and the limiting case of expensing, or writing off the entire investment cost in the
first year of production. While expensing is not a U.S. practice, it is common in European
countries. Table 9-4 reports LCOEs under each of these allowance schedules, for plants with
5-year and 7-year construction periods.

Table 9-4: Nuclear LCOEs with Accelerated Depreciation Allowances,
$ per MWh, 2003 Prices

Advanced New
Mature Design New Design Design

Depreciation Policy $1,200 per kW $1,500 per kW $1,800 per kW
Construction time Construction time Construction time
5 years 7 years 5 years 7 years 5 years 7 years

15 years (no policy) 47 53 54 62 62 71
7 years 44 50 51 58 58 67
Expensing (1 year) 41 47 47 54 54 62
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9.3.1.4. Production Tax Credit

Like the investment tax credit, the production tax credit is a direct offset against tax
obligation. A firm is offered atax credit on each kWh of power it produces, for a specified
number of its first years of operation. A production tax credit of $18 per MWh, non payable,
with duration of 7 years is considered. This credit is the magnitude of the current production
tax credit for renewable energy, and its duration is that specified for advanced nuclear
generation in Section 1310 of the Conference Energy Bill of 2004. The production tax credit
is reported in Table 9-6.

Table 9-6: Nuclear LCOEs with Production Tax Credits, $18 per MWh, 8-Year
Duration, $ per MWh, 2003 Prices

Advanced NewMature Design New Design Design
Tax Credit $1,200 per kW $1,500 per kW D$1800 per kW

Policy Construction time Construction time Construction time

5 years 7 years 5 years 7 years 5 years 7 years
0 (no policy) 47 53 54 62 62 71
$18 per MWh,
8-year duration 32 38 40 47 47 56

With a 7-year construction period for a first plant, assumed to be expected by the
business community in view of risk concerns, the $18 per MWh credit brings the LCOE of
the $1,200 per kW reactor from its no-policy level to a level within the upper end of the
range of coal-fired LCOEs of $33 to $41 per MWh and into the middle of the range of gas-
fired LCOEs, $35 to $45 per MWh. This credit leaves the LCOE of the $1,500 per kW
reactor just beyond the competitive range of gas-fired generation. The LCOE of the $1,800
per kW reactor remains well above the competitive range.

An optional feature of a production tax credit is that it may be specified as a long-
term, low-interest or interest-free loan. Called a repayable tax credit, the repayment term
could be as long as 20 or 25 years. Discounting the distant-future repayment to the present,
the repayable version of this tax credit is nearly indistinguishable from a production tax
credit with the loan forgiven. The repayable version of this credit was investigated, and its
results were very close to those of the non-repayable credit in Table 9-6.

In practice, some restrictions might be imposed on the amount of power on which a
utility may receive such a credit. In the 2004 Conference Energy Bill, the credit is not to
exceed $125 million per 1,000 MW of new capacity. The present analysis imposes this cap
on payments, which limits the credit effectively to $16.79 per MWh.
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Table 9-7: Effects of Combined $18 per MWh 8-Year Production Tax Credits and 20
Percent Investment Tax Credits on Nuclear Plants' LCOEs, $ per MWh, 2003 Prices

Mature Design New Design Advanced New Design
$1,200 per kW $1,500 per kW $1,800 per kW

Construction Time Construction Time Construction Time
5 years 7 years 5 years 1 7 years 5 years 7 years

No policies:.
47 53 54 1 62 62 71

With combination of policies:
26 31 31 38 37 46

With an expected 7-year construction period, the combination of the $18 per MWla 8-
year production tax credit and the 20 percent investment tax credit would bring the LCOE of
the $1,200 per kW reactor below the range of fossil LCOEs and that of the $1,500 per kW
reactor into the upper half of the range of coal-fired LCOEs. The LCOE of the $1,800 per
kW reactor would remain above the range of fossil LCOEs.

If it were possible to lower construction times expected by the business community
for first nuclear plants to 5 years, nuclear LCOEs would be in the competitive range even for
the highest cost reactor, and would be well below it for the others

9.4. The Competitive Status of Nth Plant New Nuclear Facilities without Financial
Policy Support

Section 9.4.1 addresses the LCOEs of sequential plants under various scenarios
involving learning rates, construction time, and financing. Section 9.4.2 summarizes the
findings of Section 9.4. 1.

9.4.1. Ne-Plant Nuclear LCOEs: Learning, Streamlined Regulation, and Risk
Reduction

A critical question for new nuclear power is whether, after the initial plants have been
supported, nuclear power can be produced at prices competitive with coal and gas generation.
During the construction of early plants, learning can be expected to take place in
manufacturing and construction, lowering overnight cost. As an additional consideration, if
the construction and cost uncertainties thatlead to high risk premiums on early financing
rates are resolved, debt and equity rates can be expected to fall to levels closer to those on
coal and gas generation.

This section examines the effects of three rates of cost reduction from learning: 3, 5,
and 10 percent for each doubling of the number of completed plants. As noted in Chapter 3,
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Table 9-8: LCOE for Successive Nuclear Plants, First to Eighth Plants, Learning
Effects and Payment of FOAKE Costs Only, $ per MWh, 2003 Prices

Scenario Initial Overnight Cost

Plant Debt $1,200_per W I $1,50P pe kW I $1,800 per kW
FOAKE Construction Risk De ,2 LeanSI0 Rate

Costs Time Premium Share of 3% 1 5% 10% 3% 50/6, 10%
Financing ( pe MW1)

Already

paidon 7years 3% 50% 53 53 53 62 62 62 71 71 71
$1,200
plant I
Allpaid,

2 no 7years 3% 50%0 53 53 53 53. 53 53 62 62 62
learning .....
Allpaid.

2 with 7years 3% 50% 51 51 49 51 51 49 60 59 57
learning ..
All paid,

3 with 7years 3% 500 51 50 47 51 50 47 59 58 55
learning_
All paid,

4 with 7years 3% 50% 50 49 45 50 49 45 59 57 53
learning I
All paid,

5 with 7years 3% 50% 50 48 44 50 48 44. 58 56 52
learning _
All paid,

6 with 7years 3% 50% 50 48 44 50 48 44 58 56 51
learning
All paid,

7 with 7years 3% 50% 49 48 43 49 48 43 58 55 50
learning I
All paid.,4

with 7 years 3% 50% 49 47 42 49 42 58 55 49
_ _ learning I

Table 9-9 shows the LCOEs of each plant, from the first through the eighth, as cost
and construction time uncertainties are resolved, in addition to the payment of FOAKE costs
and the effects of learning. Table 9-10, in addition to the effects shown in Table 9-9, allows
the debt share of financing to respond to the resolution of uncertainties. The LCOEs of the
first four plants are the same in Tables 9-9 and 9-10, but those of plants five through eight in
Table 9-9 include the influence of increasing debt shares.

Each row in those tables refers to a plant, in order of its construction, identified in the
left-most column. The four columns under "Scenario" describe important conditions of
construction and financing that can be anticipated to change as construction progresses:
FOAKE costs are paid, construction time is reduced, and the risk premium on nuclear
construction is eliminated.

The time patterns of changes in Tables 9-9 and 9-10 are judgmental since no data
exist to offer unambiguous guidance, and other sequences of events may be reasonable. 0
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Table 9-9: LCOE for Successive Nuclear Plants, First to Eighth Plants,
$ per MWh, 2003 Prices

Scenario Initial Overnight Cost

Plant Debt $1,200 per kW $1,500 Mr kW SI 800 per kW
FOAKE Construction Risk Share of Learning Rate

costs Time Premium Fo3% 5% 1 10% 1 3% 1 5% 1 10% 1 3% 1 5% 1 10%
LC,,OE (S per MW-)

Already

1 pad 7years 3% 50% 53 53 53 62 62 62 71 71 71$1,200
1plantI1

2 Allpaid 7years 3% 1 50% 51 51 49 51 51 49 60 59 57
3 Allpaid 5years 3% 50016 45 44 42 45 44 42 52 51 48
4 Allpaid 5years Gone 50% 36 35 33 36 35 33 41 40 37
5 Allpaid 5years Gone 50% 35 34 32 35 34 32 40 39 36
6 Allpaid 5years Gone 50%16 35 34 32 35 34 32 40 39 36
7 Allpaid 5years Gone 50% 35 34 31 35 34 31 40 39 35
8 1Allpaid 5 years Gone 50% 35 34 31 35 34 31 40 38 35

In Table 9-10, the debt share of financing responds to the reduced uncertainties dispelled by
the successful construction of the first four plants. Financing of the fifth and sixth plants can be
accomplished with a greater proportion of debt, 60 rather than the 50 percent of the first four plants.
The debt share rises to 70 percent for plants seven and eight, reducing LCOEs for those plants by a. further 5 to 10 percent.

Table 9-10: LCOE for Successive Nuclear Plants, First to Eighth Plants, with Debt
Share Responding to Reduced Risk, $ per MWh, 2003 Prices'

Scenasio "_Initial Overnight Cost
F$1,00 r kW I$1500 per kW $1,800 per kW

Plant FOAKE Construction Risk Debt Share Learning Rate
status Time Premium Financing 3% 5% 10% 3% 1 5% 10% 1 3% 5% 10%

LCOE ($per NVh)

Already

1 paid on 7years 3% 50% 53 53 53 62 62 62 71 71 71$1,200
plant.

2 Allpaid 7 years 3% 50% 51 51 49 51 51 49 60 59 57
3 Allpaid 5years 3% 50% 45 44 42 45 44 42 52 51 48
4 Allpaid Syears Gone 50% 36 35 33 36 35 33 41 40 37
5 Allpaid 5years Gone 60% 34 33 31 34 33 31 38 37 35
6 Allpaid 5 years Gone 60%16 34 33 30 34 33 30 38 37 34
7 Allpaid 5 years Gone 70% 32 31 29 32 31 29 36 35 32
8 Allpaid 5 years Gone 70% 32 31 29 32 31 29 36 35 32
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9.5.1. Higher Natural Gas Prices

EIA's projection for natural gas prices sees a one-third increase in real price by 2020.
The gas price used in the low end of the LCOE calculations of Table 9-2 is $3.39 per
MMBtu. A gas price of $4.25 to $4.30 per MMBtu would yield an LCOE of $42 to $43 per
MWh. New gas plants might not be built at expected prices of this level, in view of the
lower cost of coal generation under these circumstances.

9.5.2. Environmental Policies for Fossil Generation

Some tightening of NO, and S0 2 emissions for coal-fired and gas-fired power plants
could occur in the future, but the cost impacts of plausible further restrictions are not great.
The larger unknown in future environmental policy concerns the possibility of carbon
emission restrictions. Considering the complexity of grandfathering allowances in current
environmental regulations, a myriad of scenarios could be constructed for a policy of carbon
emission limitations.

This analysis considers a system of limitations with emission permit trading but
simplifies the institutional detail. Because of the potentially high cost of transporting
captured CO2, it is assumed that plants located immediately adjacent to suitable sequestration
sites will be the only plants to restrict their CO2 emissions, and they will sell their emission
permits to plants that would have to transport their captured CO 2. After trades, the marginal
emission reduction costs will be those of carbon capture and of injection and storage. In this
way, transportation costs could be avoided.

The costs used to represent carbon capture, injection, transportation, and storage costs
are taken from Table 8-4, as averages of the individual ranges for pulverized coal-
combustion and gas turbine combined cycle plants. These costs are on a per-megawatt-hour
basis, so they are added to the LCOEs calculated on the basis of other cost and performance
parameters. Table 9-12 compares the coal-fired and gas-fired LCOEs with current
environmental regulations with LCOEs under greenhouse policy of the character described
here. The coal-fired plant LCOE would be increased two and one-half times, while the gas-
fired plant LCOE would rise by one-half.

Table 9-12: Fossil Fuel Generation LCOEs with and without Greenhouse Policies,
$ per MWh, 2003 Prices

Under Current Environmental Under Greenhouse
Policies Policy

Coal-fired 33 to 41 83 to 91
Gas-fired 35 to 45 58 to 68

0
9-17



Consider finally the competitiveness of later nuclear plants. Learning effects can be
expected to reduce overnight capital costs.. Successful construction and operation
experience, aided by streamlined regulation, should reduce expected construction time and
also permit a reduction of risk premiums. With leammig rates of 3 to 5 percent, construction
periods of 5 years, and financing rates comparable to those of fossil plants, the $1,200 and
$1,500 per kW reactors would be competitive with fossil power by the fifth plant. If
successfal contractor and operator experience with early plants permitted the reduction of
risk premiums on debt and equity finance for fifth plants, both of these reactors would
operate well within the competitive range, and the $1,800 per kW reactor would reach the
upper end of the competitive range. The results suggest that nuclear power could become
competitive on its own after a fairly brief period of policy assistance.
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Chapter 10. NUCLEAR ENERGY SCENARIOS: BEYOND 2015

Summary

The long gestation periods involved in nuclear research, the long lags entailed in
gearing up the nuclear industry for production, to say nothing of the long-term nature of
security and environmental problems bearing on nuclear energy, make it prudent to attempt
to look several decades ahead in making decisions about nuclear energy policy.

Uncertainties of virtually every kind increase as a longer time horizon is considered.
While achieving precision becomes increasingly difficult as one attempts to look out farther
to the future, the direction of some events has been persistent over the past few decades and
shows every sign of continuing. These include perhaps most clearly the continued growth in
demand for electricity and continued growth in severity of environmental problems. Beyond
these, all the policy concerns addressed in Part Two above seem likely to continue. The
likelihood that they will become more serious seems great.

Exhaustive consideration is not feasible here. The present study closes by
considering three matters of particular importance for 2025 and beyond, having implications
for nuclear energy strategies now.

First is nuclear energy technology. Much is already known about the momentum of
nuclear cost reductions using existing technology. Much is also known about nuclear energy
R&D on new technologies that will come to fruition after 2025. The R&D is ongoing and
must be planned years ahead.

The importance of cost reductions from first-of-a-kind-engineering (FOAKE) costs
and learning by doing beyond FOAKE has been verified above in Part Three. There is every
reason to believe that this type of experience will continue. If presently available Generation
IlI technologies are deployed for several years beginning in 2015, as contemplated in this
study, cost reductions from their replication could extend to 2025 and beyond.

New designs from R&D work on Generations 1I1+ and IV reactors, with many
specifics now already in motion, may be commercialized soon after 2025. R&D in general
has the potential to reduce costs. Cost reduction will be a prerequisite to commercialization.

The Pebble Bed Modular Reactor (PBMR), a relatively near-term technology, could
make a particular contribution to reducing costs in view of its modularity. With independent
units of 110 MW, an 1,100 MW power plant could be constructed in a sequence permitting
units begun earlier to be brought on line earlier. Interest during construction, which has
normally accounted for one quarter of nuclear LCOE, could be greatly reduced, perhaps even
to minor proportions. Furthermore, once proof-of-principle was established, the smaller
amounts of capital at risk in a single project--viewing the individual units as separate
projects-would reduce the risk premium that larger projects now have to pay. The
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designs, and its modularity could confer cost advantages. With independent units of 110
MW, an 1,100 MW power plant could be constructed in a sequence that permitted units
begun earlier to be brought on line earlier, reducing construction interest. Beyond that
advantage, once its proof-of-principle was established, the smaller amounts of capital at risk
in a single project-viewing the individual units as separate projects-could reduce the risk
premium that larger projects might have to pay.

10.3. Environmental Policies

The longer the time horizon in the future that is considered, the more likely it is that
global warming will become a pre-eminent concern, leading to urgent need to replace coal-
and gas-fired electricity generation. In view of the time it takes to gear up the nuclear
industry, this eventuality is one of the reasons for national concern with maintaining a
nuclear energy capability.

The LCOEs calculated in Chapter 9 for coal and gas generation under potential
greenhouse policies may be high compared to the technology that actually emerges in the
next several decades, but indicate that even with major cost reductions in meeting
environmental goals from fossil electricity generation, nuclear power would be the more
competitive electricity source.

10.4. New Demands for Electricity: The Hydrogen Economy

If hydrogen were to make a major inroad on oil in transportation fuels, how to
produce the hydrogen could prove to be a major issue. As reported in Appendix A8,
production of hydrogen using steam methane reforming is capable of reducing carbon
emissions on balance, although production by electrolysis at coal plants would increase those
emissions. Producing hydrogen with nuclear power by thermo-chemical processes would
emit no carbon, offering a 100 percent reduction in carbon emissions with no take-back
effect through the hydrogen production.

Of the currently available methods of producing hydrogen, electrolysis, which would
require considerable electricity, has not been tried at large scales of production. Steam
methane reforming, the current production method of choice, needs process heat that could
be supplied by either gas or nuclear reactors, but its economic viability is subject to the price
of its feedstock, and its production emits carbon unless steps are taken to capture it. Thermal
water-splitting is an alternative, non-carbon-emitting chemical process, and it can be
powered by nuclear energy.

Nuclear reactors produce large amounts of heat that can be used for a variety of
applications. The addition of a gas or steam turbine would allow production of electricity.
Adding a thermo-chemical water splitting unit would permit hydrogen production. Looking
to the post-2025 future, variations on modular helium reactors such as the GT-MHR
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Appendix: Major Issues Affecting the Nuclear Power Industry in
the U.S. Economy



NAppendix Al. PURPOSE AND ORGANIZATION OF STUDY

The focus of the study is on technologies for supplying baseload electricity-nuclear,
coal-fired, and gas-fired technologies. Renewables technologies are not considered since
they are not baseload. While hydroelectric facilities supply baseload generation in some
parts of the United States, the major opportunities for hydro projects have been taken already,
and significant new construction of hydroelectric facilities is not expected. Table Al-1
presents the shares of generation furnished by different technologies in the United States.

Table Al-I: Shares of Total U.S. Electricity Generation, by Type of Generation

Net Generation,
Energy Source Percent

Coal 50.1
Nuclear 20.2
Natural Gas 17.9
Hydroelectric 6.6
Petroleum 2.5
Non-hydro Renewables 2.3
Other Sources 0.4

Total 100
Source: EIA (2003), Electric Power Monthly.

This study aims to synthesize what is known about the factors affecting the viability
of nuclear power and to make the best possible estimates of a range of future possibilities.
The organization of the study is as follows.

Appendix A2 assesses the state of knowledge about future demands for electric
generating capacity, as revealed by market and plant models. The date at which new
capacity will need to be built in the United States is estimated in Appendix A3.

Appendices 4 through 10 consider other major factors that affect the nuclear power
industry. The subjects include new nuclear power technology, waste disposal, nuclear
regulation, nonproliferation goals, hydrogen, and energy security.

Part One of the body of the report is concerned with the market competitiveness of
nuclear power. Subjects include levelized costs, comparisons with international nuclear
costs, capital costs, the effect of learning by doing, and financing issues.

Part Two of the body of the report deals with fossil-fired generation, which is the
major competitor to nuclear power. Subjects include gas- and coal-fired technology, fuel
prices, and major environmental policies.

Al-I



Appendix A2. ELECTRICITY FUTURES: A REVIEW OF PREVIOUS STUDIES

Summary

Two principal types of models have been used to investigate electricity futures: plant
models and market models. Plant models calculate the cost of electricity generation from a
specific type of power plant. Costs are calculated on a levelized basis (LCOE), combining
operating and capital costs to arrive at a cost per kWh, which if charged will recoup the cost
of supplying electricity. Costs are calculated at the busbar level in order to focus on
electricity generation costs abstracting from locally varying distribution costs.

Market models forecast the demand for electricity and the mix of electricity
generating capacity that will come online to meet future levels of expected demand.
Aggregate demand and supply functions are estimated and brought together simulating
market behavior, often at the regional level.

By presenting cost per kWh figures, plant studies provide a useable common
denominator. If nuclear energy can enter the marketplace at a cost per kWh equal to or less
than other baseload electric power sources, it can hope to find a niche as a major power
source. Cost per kWh is not a perfect measure inasmuch as it will be an average of actual
magnitudes that depend on local conditions.

Focusing on cost per kWh simplifies analysis by eliminating the need for elaborate
projections of the precise share of nuclear in the nation's energy mix. The essential question
becomes: Will nuclear power enter the marketplace as a viable baseload option? It may do
so with greater or less robustness, which may vary from place to place, and if the niche is to
be expanded, will enter at a rate influenced by how fast other baseload sources are retired. It
is not necessary to consider these details, at least in the first instance. There is little point in
proceeding to these details unless the prerequisite cost per kWh is achieved that is necessary
for a viable niche.

Within each category of model, different underlying numerical assumptions
contribute to the principal differences in projections. The most significant of these are
differences in overnight costs and interest rates for nuclear capacity, overnight costs for coal
generation, and fuel costs for gas generation. Among the plant models, the most important
structural difference is the inclusion or exclusion of taxes. The market models are
sufficiently complex that reasons for differences in their projections frequently are difficult to
pinpoint. The results depend on black box calculations that the reader cannot replicate, with
a resulting lack of intuition as to what is driving the results.

Plant models appear better suited to the present investigation concerned with the
viability of nuclear power. Their structures are straight forward enough to permit
calculations to be transparent. Plant models however are far from being totally transparent.
Frequently, plant calculations are made whose documentation is insufficient to permit
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A2.2.1.1. Capital Cost

Capital costs are treated in detail in Chapter 3, so only a brief guide to the contents of
the capital cost component of the LCOE equation is offered here. The base for the capital
cost portion is the overnight cost for a generating plant. Overnight cost is construction costs
without interest charges. It is generally quoted in terms of dollars per kilowatt of capacity.
As plants are not in fact built overnight, the total capital cost per kilowatt can vary depending
on the construction time and financing terms.

Overnight costs are not firm quotations from generating plant suppliers, but rather are
estimates of the cost to build a new plant of a given type. In the case of fossil fuel plants,
where plant construction occurs at a relatively steady pace, the overnight cost estimates are
based on historical costs, and variation in cost is expected to be minimal. However, because
no new nuclear plants have been built in the United States recently, the margin of error in
estimating overnight construction costs for nuclear plants is larger.

Estimates of overnight costs sometimes assume an nth-of-a-kind plant, a plant whose
design has been built frequently enough in the past that there is little potential for further
reductions in cost due to improvements in construction experience. Most fossil plants fall
into this category. By contrast, when a completely new type of power plant is built, it incurs
first-of-a-kind-engineering or FOAKE costs, which represent the pre-construction
engineering work required for implementing a prototype technology. Inclusion or exclusion
of FOAKE costs for newer, advanced nuclear reactor designs and the lack of recent historical
experience has contributed to considerable variability in overnight construction cost
estimates for new nuclear power plants. There may, in addition, be learning effects for the
first few plants beyond the first one.

A power plant's capacity factor, the percentage of total rated power that is used,
reflects the effect of scheduled and unscheduled downtime on the total amount of power that
the plant is able to generate in a given year. Variations in the expected capacity factor can
make a significant difference to the busbar cost of electricity, as an increase in the expected
capacity factor has the same effect as lowering capital costs per kilowatt. Historically, U.S.
nuclear power plants suffered from initially low capacity factors, but these have improved in
recent years to levels approaching 90 percent.

The expected lifespan of the plant also affects the cost of electricity, as capital costs
are typically recovered over the lifespan of the plant. While power plants are designed for
specific operating lifetimes, many fossil plants are operating beyond their original design
lives, and a number of nuclear plants are currently requesting license extensions and
undergoing refurbishing to extend their lifespan. A longer plant life lets the capital in a plant
generate more electricity and consequently lowers capital cost per kilowatt, but because of
discounting, beyond a certain point (40 years or so), increasing the expected lifespan of the
plant has only a small effect on the present-value cost represented by the LCOE. Most of the
capital costs are recovered in the first 20 years of operation.
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Scully Capital report first qualitatively examines the risk factors that are critical to the
nuclear plant decision, such as nuclear waste disposal, the public perception of nuclear risk,
and government support. Scully Capital includes a model for calculating the economics of
nuclear power from a project financing perspective. The model is used to analyze the
economics of investing in nuclear power, under alternative assumptions about capital costs
and financing structure.

The Scully Capital model's focus is on investors' perceptions of profitability. The
model solves for the internal rate of return (IRR) on equity in the investment, assuming a
wholesale price of baseload electricity, which is the implied LCOE received (Scully Capital
2002, p.101). The results can be re-arranged to express LCOE as a function of investor
required rate of return, which is done in Chapter 1.

The Scully Model uses EPC or Engineer-Procure-Construct costs as the base for the
capital cost of nuclear power. These costs are based on the APIOO reactor by Westinghouse
and appear to come directly from Westinghouse estimates (Scully Capital 2002, p.90). As a
component of overnight costs, EPC costs do not contain any financing charges, but owner's
costs, contingency costs and other development costs are added to the EPC cost, adding
about 10 percent to arrive at full overnight costs before financing. A range of EPC costs
from $1.6 billion to $1.0 billion for a 1,100 MW reactor is used, the range reflecting
improvements in technology and construction experience that could eventually reduce the
cost of construction. Translated into per kW terms, the resulting cost range is $909 to $1,454
per kW.

A2.2.3. GenSim

The GenSim model from Sandia National Laboratories (Drennan et al. 2002) is a
generic LCOE model. The LCOE calculation is (Drennan et al. 2002, p. 10)

LCOE I(CRF) + O&M E

Q Q

where I is capital investment, including finance costs; CRF is the capital recovery factor,
r( + r)n

specified as CRF -1 , in which r is the real discount rate and n is the plant life; QQ1 +r)n -1I

is annual plant output in kilowatt hours; O&M is fixed and variable operation and
maintenance costs; and E is externality costs. The report identifies F as fuel costs, but the
term does not appear in the published version of the report on the model. Presumably a term
+F/Q is omitted from the reported equation rather than from the actual model. The model is
written in the software package Powersimn Constructor (Drennan et al. 2002, p. 7).

The technologies for which the model has calculated LCOEs include nuclear, coal,
gas combined cycle, solar photovoltaic, solar thermal, and wind. The published report uses a
nuclear capital cost (presumably an overnight cost) of $1,853 per kW.
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reliability premium to ensure a margin for unexpected outages, assuming that market forces
ensure specific plants are built where they are most cost efficient.

A23.1.1. Modeling Issues

Over the long term, electricity consumption increases with population growth and the
level of economic activity or development in a region. Most electricity demand models
contain economic and population growth models that produce an estimate of electricity
demand growth as an output. The historical record of electricity use, and assumptions about
the growth rates of the economy, population, and energy intensity, are major inputs to
electricity demand models.

Supply-side models need to represent how electricity capacity evolves over time,
response to changing capital and fuel costs, and demand. Supply models depict the power
generating industry's decisions in response to changing electrical demand and input costs.
Crew and Kleindorfer (19 86, Chapter 3) shows the structure of the short- and long-term
decisions that the forecasting models implement in considerable detail.

Capacity models begin with the existing U.S stock of electrical generation capacity
as the reference point. Additional capacity is added by the model to provide for projected
increases in electrical demand and to replace existing power plants which have to be retired
due to age, environmental, or other cost reasons.

Market models use a plant LCOE model to choose a least-cost generation alternative,
but market models do not build only the plants with the lowest projected LCOE. LCOEs are
only generic estimates for a particular region, and, if two.technologies are close in ternis of
projected costs, the market as a whole may in fact build plants of both types because of
location-specific cost differences that are too fine-grained to reflect in the LCOE calculations
based on average characteristics for a region. Various market-sharing algorithms are used to
allocate new capacity among technologies with similar costs.

A2.3.1.2. Market Models and Electricity Market Deregulation

Electricity market deregulation has been the most significant change affecting energy
markets in recent years (Joskow 2000,2001a, 2001b, 2003; Joskow and Kahn 2002). Almost
all the market models reviewed here assume either that the market is still regulated, or that
the market is deregulated and perfectly competitive. Market models typically split demand
and supply between regulated and deregulated regions to compensate for the fact that
different regions of the United States are undergoing varying degrees of electricity market
deregulation.

Differences in model specifications of regulated and deregulated electricity markets
center on price formation. Regulated markets have regulated prices that will follow costs
with some time lags. In unregulated markets, price is determined by supply and demand with
market price being set at any given time by the marginal producer's cost. The specification
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Pricing Model (CAPM), which adds a risk premium reflecting a project's specific volatility
compared to that of the market to the risk-free rate of return (EIA 2003a, pp. 167-168). The
EFP submodule appears to assume uniform risk for all electricity generation projects.

A2.3.2.2. Complexity, Accuracy, and Transparency in the NEMS Model
Structure

NEMS is the most complex and detailed electricity model currently in widespread
use. It incorporates many realistic factors, such as regional demand differences, transmission
constraints, and individual plant characteristics. Its detail contributes to its ability to closely
replicate market outcomes in individual regions. At the same time, the complexity added by
the additional detail reduces the model's transparency, reducing the ability to pinpoint
reasons for some of its results. A more aggregated model may not lose a significant degree
of accuracy compared to NEMS at the national level. Some reduced accuracy could be
compensated by greater transparency compared to NEMS.

A2.3.2.3. Studies using NEMS -Annual Energy Outlook Series

The Annual Energy Outlook (AEO) annual series provides comprehensive twenty-
year projections of U.S. energy markets. AEO defines a base case that "focuses on... long-
term fundamentals, including the availability of energy resources, developments in U.S.
electricity markets, technology improvement, and the impact of economic growth on
projected energy demand and prices through 2025" (EIA 2003a).

AEO projects the prospects of nuclear power conservatively, primarily because a
significantly higher capital cost is projected for nuclear power compared to coal and gas.
Even though natural gas prices are expected to rise over the medium term, from the $3 range
to $3.50 per thousand cubic feet in 2025, natural gas is still expected to be the most cost
competitive standard generating technology through 2025. The rise in natural gas prices
causes some shift in construction of new power plants to coal-fired plants, but not to nuclear
plants, identified as the reference case in AEO 2004. Unless the underlying assumptions are
modified so as to change the relative cost characteristics of the three main generating
technologies, or impose some systemic constraints on the cost-minimizing power plant
selection procedure, AEO will likely continue to make projections of significantly increased
natural gas-fired generating capacity, some new coal-fired capacity in the medium term, and
no new nuclear capacity.

A2.3.2.4. Studies Using NEMS- EPRI

The Electric Power Research Institute (EPRI) produced a study in 2003 using NEMS
to support its "Vision 2020" goal of 50,000 MW of new nuclear generating capacity by 2020
(EPRI 2003a, p. vi). Because NEMS did not project any new nuclear generating capacity by
2025, EPRI created several scenarios that allowed the growth of significant nuclear
generating capacity.
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In the "Turbulent World" scenario, confidence in nuclear power erodes, leading the
government to let the Price-Anderson Act lapse in 2010. Without the insurance provisions of
Price-Anderson, new reactor construction is not undertaken after 2010, although a few are
built prior to that date (Mintzer et al. 2003, p. 21).

Within each scenario, the Pew study simulates policies designed to constrain carbon
emissions, increase energy efficiency, and spur R&D on distributed generation, renewables,
and hydrogen technologies. These policies increase the shares of these new technologies, and
all three scenarios see major increases in renewable electricity supply and distributed
generation, while natural gas consumption is moderated (Mintzer et al. 2003, Tables 12, 14-
15, pp. 52-54).

The Pew study uses an overnight cost for nuclear plants of $2,645 and $2,835 per kW
(Mintzer et al. 2003, Table 6, p. 34). These costs help to explain the reduced role of nuclear
power in favor of power from advanced renewables technologies.

A2.3.4. Integrated Planning Model, U.S. Environmental Protection Agency

The Integrated Planning Model, or IPM, is a proprietary model developed by ICF
Resources, Inc. and used by the U.S. Environmental Protection Agency (EPA). IPM is
designed to characterize deregulated wholesale electric markets (EPA 2002, p. 2-7). EPA
links the IPM with its own National Electric Energy Database System (NEEDS) to assess the
effects of environmental regulations on the U.S. electricity industry.

IPM structure is similar to NEMS but emphasizes environmental constraints and
emission trading systems. NEEDS aggregates the plant data from EIA's yearly survey of
power plants into model plants that represent a number of actual plants on the basis of
characteristics such as region, technology type, capacity, and heat rate. The 103 nuclear
plants are aggregated into 47 model plants (EPA 2002, pp. 2-4, 2-5).

Electricity demand and generation are modeled internally for each NERC region, with
regions linked by inter-regional transmission. New power plants are selected for
construction to meet new demand and replace retiring plants on a cost-minimizing basis.
(EPA 2002, sect. 2-2). IPM examines the impact of current emissions regulations on the
electric power industry using a 20-year forecast horizon.

All additional capacity growth from the present to 2020 is projected to come from
natural gas-fired combustion turbine and combined cycle units. No nuclear or coal units are
selected for construction (EPA 2002, p. 9-5). In fact, some nuclear units are retired because
the model finds that life-extension retrofits are uneconomic. EPA takes data for advanced
nuclear plants' cost and performance characteristics from EIA's AEO 2001, assuming a cost
of $2,465 per kW for a 600 MW advanced nuclear plant that is built between 2005 and 2009,
dropping to $2,276 per kW for plants built from 2015 onwards. The high capital cost
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AP 1000 or GT-M]HR reactors from being built once Yucca Mountain limits are reached
(Reis andCrozat 2002, p. 11).

A final action considered by SAIC is an introduction of an advanced fuel cycle that
recycles spent fuel via advanced fast reactors (AFRs), which are estimated to cost $2,000 per
kW. This plan removes the nuclear waste limitation since the AFRs recycle the majority of
waste produced by the APl1000 and GT-MHR reactors. Once AFRs are built, starting around
year 25, growth of AP1OOO and GT-MIHR reactors rises to more than 375 GW of capacity in
year 80. AFR growth reaches more than 150 GW in year 80 (Reis and Crozat 2002, p. 14).
Nuclear waste, meanwhile, declines from a high of nearly 1.5 Yucca Mountain Equivalents
(YME) in year 25 to less than 0.25 YME in year 80.

A2.5. Conclusions

Table A2-1 summarizes the characteristics of the different plant and market models
that have been reviewed in this appendix. The table brings out the varieties of plant type,
forecast horizons, treatment of environmental costs, and nuclear power data sources that have
been used. Cost assumptions from the four plant models identified in bold font-the Scully
model, the GenSim model, NEMS, and SAIC's Power Choice model-are used in Chapter 1
a pre-tax LCOE model developed in this study to examine sources of differences in LCOE
estimates.

Plant and market models are constructed for different purposes, although market
models generally contain plant cost calculations as well as market interactions. The
complexity of market models, even though soundly constructed, makes it difficult to
understand the reasons for forecast results or to calculate how different assumptions would
change them.

The plant models that calculate LCOE are simpler in structure, and the basic structure
is well accepted. Nevertheless, reported versions differ considerably in assumptions that
affect costs and in degree of documentation and financial detail, rendering comparison of
results difficult. Results for nuclear LCOEs are heavily influenced by two assumptions,
overnight capital costs and interest rates, and the choices of these values typically are not
discussed in great detail.
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Appendix A3. NEED FOR NEW GENERATING CAPACITY IN THE UNITED 0
STATES

Summary

This appendix assesses future electricity demand and compares it with existing
capacity to estimate a range on the time in the future when added capacity building will need
to start. Projections by the Energy Information Administration (EIA) and the North
American Electric Reliability Council (NERC) are compared with projections based on
historical relationships between demand growth and GDP growth. The historical
relationships yield growth rates roughly 1 percentage point higher than EIA's forecasts and.
5 percentage-points above NERC's.

From a national perspective, even with an annual growth rate in electricity demand of
2.7 percent, new capacity will not be needed before 2011. The aggregate view obscures
some NERC regions in which capacity additions will be needed before that date. Even under
low demand growth, new capacity is needed in 5 of the 11 NERC regions by 2010. It is safe
to say that demands for new electricity generating capacity will be sufficient to justify
significant amounts of new capacity by 2015, which is the year of new plant construction
used in the analysis of viability of nuclear power in the present study.
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A3.1. Introduction

This appendix compares future electricity demand with existing capacity to estimate
when new electricity generation capacity will be needed. Sections A3.2, A33, and A3.4 ,
examine the three main sectors of electricity demand, residential, commercial, and industrial.
Section A3.5 reviews the literature on the effects of price on electricity demand. Section
A3.6 assesses several other potential influences on future demand. Section A3.7 provides a
national projection of demand growth and reports forecasts of additions to generation
capacity. Section A3.8 gives a regional breakdown of forecasted demand and capacity
growth in the United States. Section A3.9 summarizes and draws conclusions on both
national and regional demand.

A3.2. Major Types of Electricity Demand

The three major sectors of electricity consumers-residential, commercial, and
industrial-each claims about one-third of national consumption, and they all respond to
price changes, at least in the long nuL However, their long-term growth rates have differed,
the predictability of their demands differ, and they are subject to some different influences.

A3.2.1. Residential Demand

Over the 20 years 1982 to 2002, residential electricity demand has increased an
average of 2.8 percent annually, while GDP has advanced 3.3 percent per year. ThisV40001 relationship appears to have remained fairly steady over the entire period. Figure A3-1
shows that while residential electricity demand growth is uneven, its moving average is about
40-50 basis points below GDP growth in recent years. The average ratio of residential
electricity demand growth to GDP growth is about 0.9, with most of the deviation due to
weather fluctuations. Therefore, based on purely historical trends, residential electricity
demand could be expected to grow around 2.6 to 2.8 percent per year, given GDP growth of
3.1 percent per year.

The major influences on residential energy consumption during the next two decades
are likely to be changes in the energy efficiency of existing appliances, the emergence of new
appliances, and the continued movement of the population to the South and West

For several decades, energy conservation policies have aimed at reducing the energy-
efficiency gap, a phenomenon in which consumers invest less in energy-efficicnt appliances
than would be expected, given interest rates, appliance costs, and electricity prices, with
limited success. There is little agreement to date on the cause of this phenomenon, but these
appliances currently account for roughly half of residential energy consumption (EIA 2003a,
Table A.4), so a substantial reduction in the load they draw could be important. EIA's high-
technology forecast assumes greater market penetration of higher-efficiency appliances,
which reduce the growth rate of residential electricity consumption by nearly 30 basis points.
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improvements may be responsible for a large proportion of the AEO's consistent under-
forecasts of residential electricity consumption growth. Of the three major influences on
residential electricity demand growth for the next two decades, two have considerable
uncertainty, so looking to the historical growth rate for guidance may be useful. Over the last
three decades, annual residential electricity demand growth has been around 90 percent that
of GDP growth. Using EIA's assumption of a 3.1 percent GDP growth rate for 2001 to 2010
(referencing Global Insight) would yield a 2.8 percent annual growth in residential electricity
demand. Dampening that growth by 20 to 30 basis points EIA predicts for improved
electricity efficiency would cut that growth rate to 2.5 percent. Allowing for population
growth and its continued regional redistribution could add another 10 basis points, bringing
an overall residential electricity consumption growth rate to 2.6 percent. A GDP growth rate
of 3.2 percent from 2010 to 2020 would raise the residential demand growth rate to 2.7
percent during that decade.

A3.2.2. Commercial Demand

Historically, commercial electricity demand growth has somewhat outpaced GDP
growth. As Figure A3-2 shows, commercial demand growth has averaged about 1.2 times
the rate of GDP growth, the corresponding gap between commercial demand growth and
GDP growth being about 50 basis points.

Figure A3-2: 10-Year Moving Average of Commercial Demand Growth/
GDP Growth Gap
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Figure A3-3: Ratio of Manufacturing Electricity Consumption to Manufacturing
Output over Time, in Logs
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Figure A3-4: Ratio of Industry Electricity Usage to Industry Quantity Index
(1987=100)
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Table A3-1: Estimates of the Long-Run Own-Price Elasticity of Residential Demand
for Electricity

Authors Year Elasticity
Chem and Bouis(1988) 1955-1964 -1.36
Halvorsen (1978) 1961-1969 -1.15
Chern and Bouis(1988) 1969-1978 -0.50
Silk and Joutz (1997) 1949-1995 -0.48
Dunstan and Schmidt (1988) 1971-1974 -1.06
Dunstan and Schmidt (1988) 1979-1982 -1.11
Rungsuriyawiboon (2000) 1960-1996 -0.98

Reiss and White (2001) find the own-price elasticity of demand for electricity ranges
from -0.49 for the lowest income households to -0.28 for the highest income households.
Assuming real incomes rise over the next two decades, own-price elasticity falls. Haas and
Schipper (1998) find that price elasticities for energy are smaller in absolute value for falling
prices than they are for rising prices, which might tend to offset the effect of rising income.

Several changes within the electricity industry could affect end-user electricity price.
Greater utilization of distributed generation could reduce costs and reduce demand for new
baseload generation. Fuel prices could have a significant effect on electricity price,
particularly with gas-fired generation where it represents nearly two-thirds of the cost of
generation. Expanded competition, the development of national markets, and the use of real-
time pricing could affect the overall prices of electricity as well as the types of generation
sources.

Distributed generation is the generation of electricity onsite by consumers often
taking the form of Combined Heat-and-Power (CHP), in which waste heat from electricity
generation is captured and used for heating or cooling. CIP facilities generate an estimated
150 million MWh annually for industrial customers but have penetrated commercial and
residential markets to a lesser extent, generating only 7 to 8 million MWh annually for
commercial use, and even less for residential use (EIA 2001). The aggregate impact of CHP
on growth of demand from utilities in the next two decades is unlikely to dampen demand
facing utilities as a whole.

The spike in natural gas prices in the early 2000s affected electricity prices,
and continuing high prices could increase electricity prices. Furthermore, continuing high
natural gas prices would depress residential and commercial direct demand for gas,
encouraging some natural gas customers to switch to electric heat pumps in certain parts of
the country. Industrial consumption might be relatively unaffected, as it relies mostly on
low-cost baseload power tied in through long-term contracts.
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However, although natural gas has been the fuel of choice for new generation in the past,
some new coal capacity announcements have been made recently. Several factors are likely
at work in the renewed interest in coal, including rising natural gas prices, looser federal
regulations regarding environmental retrofits to coal plants, and the proposed new energy
bill, which offers incentives for coal as well as nuclear power.

A3.4.2. Current Generating Capacity and Demand

Currently, the United States has an over supply of generating capacity. As of October
31, 2003, total national supply equaled 964,469 MW (Smith 2003). Using projections for net
internal demand for electricity during the summer of 2003 of 695,672 MW according to a
July 2003 A.G. Edwards report (Fischer et al. 2003), and 716,728 MW according to the June
2003 Merrill Lynch. report, yields a calculated reserve margin between 28 percent and 29
percent in 2003. Given the current amount of capacity, this will probably rise greater than
30 percent in 2004. This is already far in excess of suggested reserve margins necessary for
investment and operation: Fischer et al. (2003) report 18 percent as ideal for investment, and
Merrill Lynch (2003a) supports 15 percent to be an equilibrium level. In addition to these
large reserves, there is between 25,000 Týff (Merrill Lynch 2003a estimate) and 36,000 MW
(Fischer et al. 2003 estimate) of new capacity that is under construction now and will come
online between 2004 and 2005. This brings the total generating capacity of the United States
to approximately 950,000 MW by summer of 2005.

A3.4.3. Plant Retirements

Plant retirements may speed the need for new capacity, but the extent of possible
future retirements is difficult to discern. EIA, in the AEO 2003, estimates that 66,800 MW
of capacity will be retired by 2010, with only 13,000 MW being retired by 2005, and
virtually all of the retired capacity coming from older oil and gas fired plants. Furthermore,
environmental regulations may be enacted between now and 2020 which force older, more
polluting coal plants to shut down.

A3.4.4. Projections-

Based on projections of electricity demand growth by sector presented earlier, this
appendix estimates a total annual demand growth rate of 2.6 percent, nearly 70 basis points
higher than that projected by the EIA, and 80 basis points higher than that projected by
Global Insight (Table A3-2).
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nation is over-supplied. Since, power currently cannot be easily shared across regions due to
significant transmission constraints, projections of future capacity needs should be
differentiated by region. This section analyzes the country by region, in order to get a better
sense of when capacity will be needed, how much, and where.

This section presents an analysis that applies projections of plant retirements and
different demand growth rates to figures for the amount of current stock in order to gauge
future capacity needs by region. The date at which new capacity would be needed by each
region is estimated given two different future demand scenarios, based on high and low
demand growth rates estimates.

Capacity figures come partially from the equity research reports prepared by A.G.
Edwards (Fischer et al. 2003), Morgan Stanley (2002, 2003a, 2001b), and Merrill Lynch
(2003a, 2003b). Their projected reserve margins are based on the available resources as
calculated by the North American Electric Reliability Council (NERC) and found in Fischer
et al. (2003), which concerns itself primarily with plant reliability. Therefore there is a
significant amount of capacity that does not get included, because it is not committed.
Merrill Lynch makes an estimate of the actual capacity in several regions, where the actual
capacity is significantly higher than the reported capacity. Every effort has been made to use
the highest estimate of capacity, in order to most accurately reflect the amount of capacity
actually in existence going forward, as that determines what more will be built.

The timing and location of plant retirements ar e primarily based on the NEMS, model..
NEMS tries to capture. some of the various factors that contribute to decision for plant
retirement, including environmental regulations, projected future electricity prices, and
projected future operating costs, and outputs an estimated timetable of type, timing, size,.and
location of retirements. Along with NEMS, A.G. Edwards' table of gas/oil fired plants with
heat rates of 12,000 BTUs and above (44,000 MW) is also used (Fischer et al. 2003). At this
level of heat generation, it is impossible to operate a plant while still making a profit
(Morgan Stanley 2003a, 2003b).

Region-specific demand growth rates are based on projections from NERC, EIA, and
those presented earlier in this appendix. The third set of growth rates is calculated by
applyimg the growth rates of demand estimated earlier in this paper to the shares of electricity
demanded by the residential, commercial, and industrial sectors in each region. From this
range of estimates, two specific growth rates are chosen to model a high and a low demand
growth scenario.

The model assumes a minimum capacity reserve margin of 15 percent This is based
on historical observations: before the boom in new capacity starting in 2000-2001, reserve
margins were in the 14 to 15 percent range in the United States during 1998-2000.

The effect of population shifts from region to region is not accounted for, though it
can implicitly be assumed that regions to the south and west will experience higher growth
than those to the north and east.
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A3.6. Conclusion

The United States, in the aggregate, has a large stock of excess power capacity, but it
is, distributed unevenly among regions. This appendix presents some projections of future
electricity capacity needs given a variety of demand and supply scenarios at the aggregate
national level and by region. For the nation as a whole, new capacity is not needed until
2015 for low and high demand growth rate scenarios. However, most excess capacity is
located in the South, West, and Northeast, while other regions have much lower excess
capacities available presently. Five out of the eleven NERC regions would require new
capacity by 2010 even under projections of low demand growth. These areas include the
following states: Florida, New Jersey, Maryland, Delaware, Pennsylvania, Illinois, New
York, and parts of Wisconsin and Montana. The last region to need new capacity will be
SERC, the Southeastern Electric Reliability Council, which includes Virginia, Georgia,
Louisiana, Arkansas, Mississippi, and Tennessee. SERC will not need to MiCrease its current
capacity until 2015 under a high demand growth scenario and 2017 under a low demand
growth scenario.
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Appendix A4. TECHNOLOGIES FOR NEW NUCLEAR FACILITIES

Summary

The nuclear reactors currently in use in the United States, denoted as Generation II,
were deployed in the 1970s and 1980s. These include boiling water reactors and pressurized
water reactors. Advanced reactor designs, Generation III, have been developed in order to be
more cost competitive with natural gas. Generation III includes the advanced boiling water
reactor (ABWR) and the AP600 (pressurized water) passive-design reactor. The nuclear
industry has continued to develop yet more innovative designs designated Generation III+.
Generation mH+ includes a gas cooled reactor, the Pebble Bed Module (PBMR), as well as a
capacity upgrade from AP600 to AP1000. Generation 111+ may have even lower generating
costs, however, the U.S. Nuclear Regulatory Commission (NRC) has not certified these
designs, and their cost estimates have greater uncertainty. The nuclear industry also has
plans for Generation IV technologies, but these reactor designs may not be available for
another two decades, and their cost estimates are even more uncertain.

The U.S. Department of Energy (DOE) has organized the Near Term Deployment
Group (NTDG) to examine prospects for the deployment of new nuclear power plants in the
United States over the next 10 years. Nuclear suppliers submitted eight plant designs for
assessment. General Electric submitted designs for the ABWR as well as the European
Simplified Boiling Water Reactor (ESBWR), and Westinghouse submitted designs for the
AP600, AP1000, and the International Reactor Innovative and Secure Design (IRIS). The
IRIS is a modular light water reactor. Framatome ANP submitted a design for the SWR
1000, a boiling water reactor (BWR) incorporating passive safety features. Eskom submitted
a design for its PBMR design, and General Atomics provided NTDG its design for a Gas
Turbine Modular Helium Reactor (GT-MHR). The PBMR and GT-MTIR are based on gas
reactors built in Germany.

The ABWR is the only reactor type that has been built. Although never built, the
AP600 has obtained design certification and boasts extensive verification of its cost
estimates. Like the ALBWR it faces concerns with economic competitiveness. As a scaled-up
version of the AP600, the AP1000 should be more economically competitive, but is still
seeking design certification. Despite offering larger potential economic savings, the PBMR
and GT-MIHR are only in very preliminary stages, and major uncertainties are to be resolved.
The IRIS project has perhaps the largest upside of the reactor types, but is not considered to
be a realistic option for near-term deployment. Framatome has opened discussion with NRC
to obtain certification for the SWR 1000 in the United States. GE wants to commercialize
the ABWR domestically prior to introducing the ESBWR to the U.S. market.

The best near-term candidates are the ABWR, the AP1000, the SWR 1000, and the
CANDU ACR-700. The first three are ALWR designs, based on the PWR and BWR designs
in operation in the United States. These PWR and BWR designs account for the great
majority of reactors in operation throughout the world. The ALWR designs have acquired
design certification. Unlike the gas cooled reactors, the ALWR designs have no design or
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In addition to material and construction differences among reactor vessels and
containment structures, reactor designs differ in (1) the type of fuel they use, (2) how they
moderate neutron flow, and (3) how they manage the heat generated from the reaction. Fuel
types include natural unenriched uranium, enriched uranium, mixed thorium-uranium, and
mixed-oxide fuels (MOX). Enrichment or fuel processing increases the overall cost of fuel,
which leaves natural uranium the cheapest fuel. While neutron moderation is generally
required to increase the likelihood of neutron absorption by a U-235 atom, fuels that are
enriched or have higher concentrations increase the probability of absorption, and
consequently require less moderation than other fuel types. Because of the processing costs
involved in making them, moderators such as heavy water and graphite are considerably
more expensive than light water.

Several options exist for transforming the heat generated from nuclear reactions into
electricity. In pressurized water reactors (PWRs), water is heated under pressure and sent to
a heat exchanger to produce steam for the turbine. Alternatively, boiling water reactors
(BWRs) utilize existing coolant water to generate steam, thereby reducing the chance for heat
loss during its transfer. Reactors such as the CANDU use heavy water to transfer heat
because it does not reduce the efficiency of the chain reaction by absorbing neutrons. While
previous CANDUs (CANDU-3, 6, and 9) used heavy water to transfer heat, the ACR-700
uses light water to transfer heat and heavy water for moderation. Gas-cooled reactors utilize
stable gases such as helium or carbon dioxide to act as a coolant because they have better
heat transfer properties than water. Finally, gas-cooled reactors such as the GT-MHIR and
PBMR employ a Brayton power cycle, which is the thermal expansion of gas to power a gas
turbine, when they are used to generate electricity.

As with the relationship between fuel and moderator, there are trade-offs among heat
management techniques that result in differing costs and electricity production efficiencies.
For example, a PWR requires that its coolant water be pressurized to 150 times atmospheric
pressure to prevent it from boiling as it transfers heat to the power cycle, adding an extra
cost. Conversely, a BWR is a low-pressure design that directly produces steam for power
generation, using its coolant water. However, its steam is contaminated with radionuclides
from contact with the reactor core, and these must be removed or shielded from the power
cycle, reducing the cost savings from its low-pressure design. In another heat management
technique, gas turbines are more efficient producers of electricity than steam turbines,
however their costs are higher and they require the use of helium, which is more expensive
than water. In sum, the array of current and future reactor designs (some of which are
described in Section A4.4) are essentially alternative combinations of fuel types, moderators,
and the coolants and heat utilization techniques of heat management systems that attempt to
maximize the efficiency of electricity production while minimizing its cost.

The review of individual reactors in Section A4.4 emphasizes how each design
represents a combination of these functions, as design choices trade off various physical and
economic efficiencies.
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A4.2.3. Nuclear Plant Types in Operation

The pressurized water reactors (PWRs) and boiling water reactors (BWRs) are two of
the most common designs worldwide (see Table A4-1). Moreover, the PWR and BWR are
the most common in the Americas and the only designs in operation in the United States.
The United States has had over 70 PWRs and 40 BWRs in operation for several decades.

Table A4-1: Number and Power (in MW) of Reactors, by Type and Continent

Code Type Europe Africa Americas Asia Total
AGR Advanced Gas Cooled 14 14

Reactor (8,360) (8,360)
BWR Boiling Water Reactor 20 36 34 90

(17,261) (31,639) (28,156) (77,056)
FBR Fast Breeder Reactor 2 2 4

(793) (261) (1,054)
GCR Gas Cooled Reactor 19 19

(3,125) (3,125)
HWLWR Heavy-Water- 1 1

Moderated, Light- (148) (148)
Water-Cooled

LWGR Light Water Cooled 18 18
Graphite Reactor (12,594) (12,594)

PHWR Pressurized Heavy 1 22 16 39
Water Reactor (650) (14,436) (4,815) (20,001)

PWR Pressurized Water 109 2 71 40 222
Reactor (106,560) (1,842) (65,917) (32,093) (206,412)

WW)ER Water Cooled Water 32 1 33
Moderated Power (18,553) (376) (18,929)
Reactor

Total - 215 2 129 94 440
_(167,896) (1,842) (119,992) (65,849) (347,679)

Source: 2003 Power Reactor Information System (PIUS) database, IAEA (2003).

The Gas Cooled Reactor (GCR) is far less common, and no GCR is presently in
operation outside of Europe. Only two gas-cooled nuclearreactors have been operated in the
United States, Peach Bottom-I outside Philadelphia and the Ft. St. Vramin Plant in Platteville,
Colorado, both of which were shut down after short periods of operation.

A4.2.4. Worldwide Nuclear Plant Operation

According to IAEA, there were 438 operating nuclear power plants worldwide at the
end of 2001, with 353 GW of generating capacity. As of January 2002, the United States had
104 reactors in operation, followed by France with 59, Japan with 54, the UK with 33, the
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" Kudankulam 2, a 905 MW WWER in India
" LWR -Project Unit 1, a 1040 MW PWR in Dem. P. R. Korea.

A4.3. Near -Term Deployment Design Criteria

DOE has been working with the nuclear industry to establish a technical and
regulatory foundation for the next generation of nuclear plants. DOE has organized a Near
Term Deployment Group (NTDG) to examine prospects for the deployment of new nuclear
power plants in the United States over the next 10 years. The NTDG established the
following six evaluation criteria as a basis for near-term deployment (DOE 2001).

A4.3.1. Regulatory Acceptance

Candidate technologies must show how they will be able to receive either a
construction permit for a demonstration plant or a design certification by the U.S. Nuclear
Regulatory Commission (NRC) within the time frame required to permit plant operation by
2010 or earlier.

A4.3.2. Industrial Infrastructure

Candidate technologies must be able to demonstrate that a credible set of component
suppliers and engineering resources exist today, or that a credible plan exists to assemble
them, which would have the ability and the desire to supply the technology to a commercial
market in the time frame leading to plant operation by 2010 or earlier.

A4.3.3. Commercialization Plan

A credible plan must be prepared which clearly shows how the technology would be
commercialized by 2010 or earlier, including market projections, supplier arrangements, fuel
supply arrangements and industrial manufacturing capacity.

A4.3.4. Cost Sharing Plan

Technology plans must include a clear delineation of the cost categories to be funded
by government and the categories to be funded by private industry. The private/government
funding split for each of these categories must be shown, along with rationale for the
proposed split.

A43.5. Economic Competitiveness

The economic competitiveness of candidate technologies must be clearly
demonstrable. The expected all-in cost of power produced is to be determined and compared
to existing competing technologies along with all relevant assumptions (includes plant capital
cost, first plant deployment cost, and other plant costs). Advanced passive designs are
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Table A4-2: Summary of New Reactor Designs

U.S. Deployment
Design Supplier Size and Type Prospects and Overseas NRC Certification Status

Deployment
ABWR General Electric 1,350 MW BWR Operating in Japan, under Certified in 1996.

construction in Taiwan.
AP1000 Westinghouse 1,090 MW PWR Additional design work to Design certification

be done before plant ready expected September 2005.
for construction.

SWR 1000 Framatome Advanced 1,013 MW BWR Under consideration for Submission of materials for
Nuclear Power (ANP) construction in Finland, pre-application review to

designed to meet European begin in mid-2004. Pre-
requirements. application review

completion expected 2005.
CANDU Atomic Energy 753 MW HWR Deployed outside Canada in Pre-application review
ACR-700 Company, Limited Argentina, Romania, South scheduled to be completed

(AECL)Technologies Korea, China and India. by NRC, June 2004.
Inc., U.S. subsidiary of
Canadian AECL

AP600 Westinghouse 610 MW PWR Additional design work to Design is certified, but
be done before plant ready actual construction will be
for construction, superseded by AP 1000.

Simplified General Electric 1,380 MW BWR Commercialization plan not Pre-application review
Boiling Water likely to support completion expected in early
Reactor deployment by 2010. 2004. Application for design
(ESBWR) certification to be submitted

mid-2005.
Pebble Bed British Nuclear Fuels I 10 MW Modular No plan beyond completion Pre-application review
Modular (BNFL) pebble bed of South African project closed September, 2002 with
Reactor, departure of Exelon.(PBMR)
Gas Turbine General Atomics 288 MW Licensed for construction in Design certification
Modular Prismatic graphite Russia. application would begin by
Helium Reactor end of 2005., LGT-MHR)
International Westinghouse 100 to 300 MW Plans to deploy between Design certification review
Reactor PWR 2012 and 2015. to begin 2006.
Innovative and
Secure (IRIS)
European Framatome-ANP 1,545 to 1,750 MW No decision on U.S. Ordered for deployment in
Pressurized PWR market Finland.
Water Reactor
(EPR)

System 80+ Westinghouse 1,300 MW PWR Plants built in Korea. Certified May 1997.
Design not planned to be
marketed in United States.

Advanced Fast General Electric, 300 to 600 MW, Began certification in the No action taken.
Reactor Power Argonne National sodium-cooled 1990s.
Reactor Laboratory
innovative
Small Module(AIR PRISM)

0
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than that for LWRs. The ACR-700 uses light water for cooling and heavy Water for
moderation. The ACR-700 uses 75 percent less heavy water than the earlier CANDU 3, 6,
and 9 nuclear units. The ACR-700 reactor assembly is 30 percent smaller than that of the
CANDU 3, 6, and 9 nuclear units. Combined with significant previous construction
experience, simplification of the design and extensive use of modular construction are
thought to greatly improve the ACR-700's economic competitiveness in electric power
generation.

CANDU reactors have been deployed outside Canada in Argentina, India, Romania,
and South Korea, which opted in 2001 to continue its nuclear power expansion with
1,000 MW units from Combustion Engineering rather than with CANDUs (Nuclear
Engineering International 2001). A 728 MW CANDU 6 unit was brought to full power at
China's Qinshan site in November 2002, and a second unit was brought on line in July 2003,
with a construction period of 51 months from the first pouring of concrete to criticality
(AECL 2002, AECL 2003b, Hedges 2002, p. 8). AECL began construction on a second 710
MW CANDU 6 unit at Cernavoda, Romania in April 2003, projecting a 48-month
construction period and an overnight cost of U.S. $700 million (AECL 2003a). Atomic
Energy of Canada, Limited (AECL), the CANDU's vendor, requested pre-application review
by NRC of its 700-MW ACR-700 design in June 2002, and NRC expects to complete its pre-
application review in mid-2004 (Van Adel 2002; AECL Technologies 2002, p. 14; NRC
2004, p. 2).

A4.4.5. AP600

The AP600 is a 610 MW PWR. The core, reactor vessel, internals, and fuel are
essentially the same design as for presently operating Westinghouse PWRs. Fuel power
density has been decreased to provide more thermal margin. Canned rotor primary pumps,
proven in the U.S. Navy's reactor program and in fossil boiler circulation systems, have been
adopted to improve reliability and maintenance requirements.

The innovative aspect of the AP600 design is its reliance on passive features for
emergency cooling of the reactor and .containment, provided by natural forces such as
gravity, natural circulation, convection, evaporation, and condensation, rather than on AC
power supplies and motor-driven components. Extensive testing of the AP600 passive
cooling systems has been completed and supported by independent confirmatory testing by
NRC to verify the design and analyses of the passive emergency cooling features. NRC has
certified the AP600 design. Additional detailed design work would be needed before the
plant would be ready for construction. However, the thermal economics of the AP1000 are
superior to those of the AP600, and it is considered unlikely that the AP600 will actually be
deployed, although its design certification may speed certification of the AP1000.

A4.4.6. ESBWR

The European Simplified Boiling Water Reactor (ESBWR) is a 1,380 MW, natural
circulation, passively safe boiling water reactor developed by GE, in concert with
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A4.4.8. GT-MHR

The Gas Turbine Modular Helium Reactor (GT-MHR) is a graphite-moderated
helium cooled reactor. Each unit generates 288 MW, with up to four units comprising a
complete plant. Heat generated by nuclear fission in the reactor is transferred to the coolant
gas (helium) and converted into electrical energy in a gas turbine generator. The fuel
consists of spherical fuel particles, each encapsulated in multiple coating layers, formed into
cylindrical fuel compacts and loaded into fuel channels in graphite blocks.

The GT-MI-R design offers very high thermal efficiency (approximately 48 percent)
and outstanding nuclear safety. The GT-MHR is being developed under an international
program in Russia for the disposition of surplus weapons plutonium. Government and
private sector organizations from the United States, Russia, France, and Japan are sponsoring
the development work.

General Atomics (GA) has the lead responsibility for providing U.S. technical
support. The Russian GT-MHR demonstration plant is planned to be operational in 2009. A
parallel GT-MHR commercial plan has been assembled and could lead to adaptation of the
design to utilize uranium fuel. The detailed design produced in Russia would be converted to
U.S. standards and revised as necessary for the U.S. application. At this point, GA is actively
seeking a U.S. owner/operator. Although the United States has limited experience with GCR'
technology, much was learned from the 330 MW Fort St. Vrain Plant that has proven useful
in the continued development of the GT-MHR. Built by General Atomics (GA) as a DOE
demonstration plant in 1973, Fort St. Vrain was transferred in 1979 to Public Service
Company of Colorado and operated for several years before being shut down in 1989, after
experiencing technical problems, particularly intrusion of moisture from water-cooled
bearings. The GA-built helium-cooled reactor operated at 1,400 degrees Fahrenheit and
produced 330 MW of electricity. Despite operation and maintenance difficulties, the high
temperature plant demonstrated enhanced safety characteristics, including significantly
reduced radiation exposure to its workforce, and the use of hexagonal prismatic fuel blocks,
which have continued to be used in the GT-MHR (Margolis 2003). Moreover, the plant was
lauded as the first successfully decommissioned nuclear plant in 1996 (Nuclear Energy
Insight 1997, p. 4). The plant has since been repowered as a combined-cycle gas turbine
plant producing near 720 MW of electricity.

A4.4.9. IRIS

IRIS is an innovative small (100 to 300 MW) pressurized water reactor under
development by Westinghouse. The key feature of the IRIS design is the integrated primary
system, that is, all primary system components, including the steam generators, coolant
pumps and pressurizer, are housed along with the nuclear fuel in a single, large pressure
vessel. As such, IRIS offers potential safety advantages, primarily related to the elimination
of any potential for large-break loss of coolant accident. Its small size and modular design
may simplify on-site construction and make it deployable in areas not suitable for large
nuclear plants.
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A4.4.103. AFR and the PRISM

The Advanced Fast Reactor (AFR) and the Power Reactor Innovative Small Module
(PRISM) are two Generation IV designs that utilize a fast neutron spectrum and sodium
cooling for the purpose of creating a more closed fuel cycle. The use of the fast neutron
spectrum allows the reactor to consume plutonium and other transuranic elements, thereby
eliminating the need for additional disposal methods. The AFR is being developed to
incorporate pyroprocessing that separates the fission products and re-fabricates fuel with the
remaining uranium and transuranic products. The reactors range in size from 300 to 465
MW per module. Argonne National Laboratory and General Electric are working on this
design (Roglans-Ribas et al. 2003; Boardman et al. 2000; Boardman, Dubberley, and Hui
2000).

A4.5. Evaluation of Near -Term Candidates

The following sections summarize the NTDG evaluation of the eight-candidate
reactor designs (DOE 2001). These include assessment of each candidate's compliance with
the six criteria established by the NTDG, identified design-specific gaps, projected cost
performance, schedule considerations, and overall potential for deployment by 2010. In each
of these evaluation categories, the NTDG conclusions for all eight candidates are
summarized in tabular form. The NTDG did not evaluate the ACR-700, so the summary for
that reactor is derived from the present study.

Tabular summaries are intended to provide a concise comparison of the relative
merits and demerits of the reactor designs evaluated. The NTDG evaluation of the degree to
which each of the candidate reactor designs meets the intent of the six criteria for near-term
deployment is summarized below. The NTDG judgments in each case were based on the
information submitted by the respondent, on additional information provided (including
presentations at NTDG meetings) and on the experience and judgment of the NTDG team
members.

A4.5.1. ABWR

" Regulatory Acceptance: Meets criterion. Design is NRC certified.
" Industrial Infrastructure: Meets criterion. International infrastructure exists and

has been demonstrated on Asian ABWR projects.
* Commercialization Plan: Can meet criterion. ABWR has been successfully

commercialized in Japan and Taiwan.
" Cost Sharing Plan: Meets criterion. No design-specific government funding

requested.
9 Economic Competitiveness: Can meet criterion. ABWR costs have high certainty

(based on actual experience), but U.S. economic competitiveness is uncertain because
of relatively high capital cost; ABWR may be competitive in some market scenarios.
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" Commercialization Plan: Can meet criterion. The ACR-700 is an evolution of the
proven CANDU-6 units, of which the last six have been built on or ahead of schedule
and on budget.

* Cost Sharing Plan: Meets criterion. The AECL plan does not request any specific
funding for design certification, only for NRC fees.

" Economic Competitiveness: AECL reports short lead times and low capital costs for
twin 700 MW units.

* Fuel Cycle Industrial Structure: Utilizes slightly enriched uranium (SEU) and a
once through fuel cycle.

" Design Specific Gaps: Achieving Design Certification; meeting all U.S.
requirements.

A4.5.5. AP600

* Regulatory Acceptance: Meets criterion. Design is NRC certified.
* Industrial Infrastructure: Meets criterion. Strong infrastructure is in place.
" Commercialization Plan: Can meet criterion, but require substantial financial

investment to complete the detailed design.
* Cost Sharing Plan: Meets criterion. The Westinghouse plan proposes cost sharing

and supporting rationale for design certification and detailed design.
* Economic Competitiveness: Can meet criterion. Because of smaller capacity, has

higher capital and operating costs than AP1000. Based on Westinghouse projected
costs, AP-600 may be competitive in some U.S. market scenarios.

* Fuel Cycle Industrial Structure: Meets criterion. AP600 will utilize conventional
nuclear fuel.

* Design Specific Gaps: Financial support for completion of detailed design; economic
competitiveness under some scenarios.

A4.5.6. ESBWR

* Regulatory Acceptance: Can meet criterion. ESBWR design incorporates ABWR
and SBWR design features, both previously reviewed by NRC.

* Industrial Infrastructure: Meets criterion. Same international infrastructure as
demonstrated on Asian ABWR projects would support ESBWR.

* Commercialization Plan: Does not meet criterion. ESBWR commercialization plan
is predicated on prior successful commercialization of ABWR. Therefore it is not
likely to support deployment by 2010.

* Cost Sharing Plan: Meets criterion. Cost sharing requested for design certification
and detailed design.

e Economic Competitiveness: Can meet criterion. GE did not provide cost
projections; however, based on GE design economic targets and GE preliminary
estimates of material quantities, ESBWR would likely be economically competitive.
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" Cost Sharing Plan: Meets criterion. Cost share proposal is predicated on continued
U.S. Government support to Russian project and presumes substantial private sector
participation for commercialization.

" Economic Competitiveness: Can meet criterion. However, projected GT MHR
economics are preliminary and have high uncertainty. Satisfactory economics rely on
deployment of multiple modules and successful development of the design.

" Fuel Cycle Industrial Structure: Can meet criterion. GT MHR safety and
reliability hinge on successful fuel development and high quality fuel manufacture.
Current plan includes ambitious program to develop, test, license and produce GT
MHR fuel.

" Design Specific Gaps: Conversion of Russian prototype information and analyses,
into documentation suitable for U.S. application; successful continuation of Russian
project; fuel development, characterization, manufacture, testing and regulatory
acceptance; performance of in-reactor high temperature materials; power conversion
system uncertainties with respect to component5, materials and reliability.

A4.5.9. IRIS

" Regulatory Acceptance: Does not meet criterion. Design certification in time for
2010 deployment is unlikely, because of extensive analysis and testing required.

" Industrial Infrastructure: Can meet criterion. International IRIS design team,
which includes manufacturing capability, has been assembled.

" Commercialization Plan: Does not meet criterion. Commercialization plan (in time
to support 2010 deployment) is unrealistic.

• Cost Sharing Plan: Meets criterion. Identified cost sharing would support IRIS
engineering, testing and licensing.

* Economic Competitiveness: Indeterminate. Westinghouse projections on IRIS costs
are highly conjectural; if true, IRIS would be economically competitive, but there is
not yet a sufficient basis for confidence.

* Fuel Cycle Industrial Structure: Meets criterion, for initial fuel loads. However,
more highly enriched fuel loads, intended for later years, would require new
manufacturing capability.

" Design Specific Gaps: Steam generator design, control, and accessibility for
inspection as well as maintenance; integrated system safety performance, including
transient response as well as primary system/containment interaction; internal control
rod drive mechanism (CRDM) development (and/or adequacy of conventiona.l
CRDMs with long drive trains).

A4.5.10. Conclusion

The ABWR, the AP600, the AP1000, ACR-700 and the SWR. 1000 are the only
reactor types where the vendors appear willing and potentially able to meet the NTDG
criteria. The ABWR has design certification and is the only reactor type that has been built,
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Appendix A5. NUCLEAR FUEL CYCLE AND WASTE DISPOSAL

Summary

The front-end costs of nuclear fuel consist of the cost of raw ore, its conversion, its
enrichment, and its fabrication. Total front-end costs amount to $3.50 to $5.50 per MWh.

In the United States, direct disposal from a once-through fuel cycle has been used,
without reprocessing of spent fuel. The costs of disposal in this case consist of short-term
on-site storage costs prior to permanent storage, plus a charge levied to pay for permanent
storage at a central facility such as Yucca Mountain. The back-end costs are $1.09 per
MWIh. The total fuel cycle cost is, therefore, between $4.65 to $6.62 per MWh, or less than
10 percent of the LCOE new nuclear generation.

Reprocessing traditionally has been conducted using the PUREX process for
recovering uranium and plutonium. DOE's R&D program is developing techniques designed
to be still more proliferation-resistant.

Reprocessing and eventual recycle of the fissile material for reuse as a fuel in future
nuclear reactors would not materially affect the economic competitiveness of nuclear energy.
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A5.1. Introduction

The purpose of this appendix is to provide estimates of the contribution of fuel costs
to total nuclear power costs. Section A5.2 gives background on the structure of nuclear fuel
costs, of which storage, disposal, and possibly reprocessing are components. Section A5.3
describes some of these costs. DOE R&D currently underway or planned to improve the
efficiency of nuclear fuel and the safety involved in its disposition is described in Section
A5.4.

Section A5.5 develops estimates of the costs of waste disposal, without reprocessing
and with reprocessing. Section A5.6 compares total fuel cycle costs under these alternatives.
Section A5.7 concludes.

A5.2. Composition of Fuel Costs

Nuclear fuel costs consist of front-end and back-end costs. Figure A5-1 shows the
stages in the nuclear fuel cycle, from the front-end mining and processing stages, through the
fuel's use in a reactor, to its back- end phases of either disposal or reprocessing, followed by
recycle of the fissile material.

The front-end costs consist of the cost of raw uranium, its conversion to uranium
hexafluoride, the enrichment to 5 percent U235, and fabrication into fuel rods, pellets or other
form. Table A5-1 shows the composition of these cost components. The low and high
ranges of the costs shown in the table are from alternative sources (NEA 1994, Ch. 4; NAC
2000, session 2, slide 15). These costs are incurred over a period of up to five years prior to
the use of the fuel in the reactor, and the outlays incur interest costs during this period.
Consequently, there is an overnight component to the cost, in the second column of the table,
and a time-related component in the third column. The right-most column reports the shares
of these components in the front-end fuel cost. The dominant cost component is enrichment,
followed by ore purchase and fabrication.

The remaining costs can take one of two forms, direct disposal or reprocessing
followed by recycle of the fissile material for reuse in a future nuclear reactor. The costs of
direct disposal, as presently borne by utilities, consist of the cost of on-site storage plus the
federal charge of 1 mill per kWh.
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A5.3. Reprocessing Technologies, Leading to Recycling and Actinide Burning

The United States has thus far decided to forego the reprocessing route to employ a
once-through system (in which the nuclear fuel is used and then disposed). Chapter 7
contains a summary of disposal policies in different countries. The 1977 decision not to
reprocess was based in large part on concerns over nuclear proliferation because of the
separation of pure plutonium by PUREX reprocessing. This section describes the processing
technology system that raised U.S. concerns over proliferation potential and recent
technological advances that are reducing the scope for diversion of civilian nuclear material
to weapons.

Over the last 40 to 50 years, reprocessing has been used in some countries to recover
unused uranium and plutonium from spent fuel. Reprocessing involves dissolving the waste
fuel to allow plutonium and uranium to be separated from the other wastes. Spent fuel
typically contains a little over 1 percent by weight of plutonium, about 95 percent uranium
and about 4 percent waste products. The separated uranium can be enriched again for use as
fuel, while the plutonium is made into mixed oxide (MOX) fuels (Bunn et al. 2003, pp. 2-3).

Reprocessing traditionally has been conducted through the PUREX process. PUREX
is an aqueous process that involves shearing and dissolving spent fuel in nitric acid for
subsequent solvent extraction of plutonium and uranium from residual minor actinides and
fission products. The spent fuel is unloaded from containers into an interim storage facility
and then remotely transferred to the preparation cell for cutting off, shearing and dissolution
in a shearing machine. After that, the extracted solution is transferred for clarification (to
remove the suspended particles) and purification from fission products. Uranium and
plutonium are chemically separated and eventually consumed in future reactors. The
remaining liquid is high-level waste, which is stored in cooled tanks prior to vitrification and,
later disposed in a deep geological repository.

Since reprocessing followed by multiple recycles and actinide burning reduces the
volume and long term toxicity of nuclear wastes, it could be used in conjunction with other
storage options to mitigate or defer capacity constraints. These possibilities will be
considered in the analysis of the economic costs of disposal.

Reprocessing and recycle of the uranium and plutonium, and actinide burning in
future fast reactors provides another way to reduce the volume and toxicity of radioactive
waste for disposal.

In 1999, a new process, UREX, was proposed by DOE; the UREX process was
developed as a more proliferation-resistant variation of PUREX; it is devised so that only
uranium is separated as a pure product from the transuranics, (comprised of plutonium plus
minor actinides) plus fission products. By preventing the separation of plutonium from the
other radioactive species, it degrades the usability of plutonium for weapons applications.
Then, the commixed transuranic product can be further processed to reduce the overall
amount of high-level waste ("IC 2004).
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casks to increase the available on-site storage capacity. Wet and dry on-site storage,
however, are considered temporary solutions, as they are intended to allow. fresh SNF to cool
before its final disposal (Bunn et al. 2001, p. 10).

Since the early 1980s, Yucca Mountain, Nevada, has been the site proposed by DOE
for the construction of a centralized high-level radioactive waste storage facility. The plans
call for a permanent underground storage complex intended to house all of the high-level
radioactive waste that currently exists in the United States and that will be produced in this
country through the year,2041. The Yucca Mountain project is projected to proceed in
stages: development (1983 to 2003), licensing (2003 to 2006), construction (2006 to 20 10),
emplacement (2010 to 2041), monitoring (2041 to 2110), and closure (2110 to 2119) (DOE
2002).

The Yucca Mountain project has been finided in two main ways. Congress has made
appropriations to cover the disposal of defense-related nuclear wastes, while a tax of one I
mill (one-tenth of a cent) per kWh since 1983 has been levied on power produced at nuclear
power plants in order to fimd the disposal of commercially produced wastes. As of this date,
the fund totals almost $18 billion. The money from this fund, along with the proceeds from
its investment income over the coming decades, has been projected to be sufficient to pay for
the Yucca Mountain project.

While Yucca Mountain's currently legislated capacity is 70,000 metric tons, DOE's
Environmental Impact Statement suggests that the site could safely accommodate more than
120,000 metric tons (DOE 2002). Other sources suggest 150,000 to 200,000 metric tons may
be possible (Peterson 2003, p. 28; NEI 2003).

With regard to estimation of disposal costs, for the temporary on-site storage phase
total capital cost to establish new dry storage facilities at a reactor site is estimated to range
from $8 to $12 million regardless of the amount of waste to be generated (Bunn et al. 2001,
p. 13). Costs to purchase and load dry casks range from $60 to $80 per kilogram of heavy
waste (kglIM). Operating costs are modest since there is little to be done after loading,
except security and safety monitoring, maintaining its NRC license. For a-reactor that
generates 1,000 metric tons of heavy metal waste over a 40-year lifetime, the total cost for

.5 years of dry cask storage would be approximately $120 million. Assuming the plant
generates 0.006 lbs. of spent nuclear waste per MWh (DOE 2003b), the cost to a 1,000 MW
reactor would be 0.09 mills per kWh, or $0.09 per MWh.

For permanent disposal, the estimated total cost for disposal at Yucca Mountain is
approximately $56 billion. This includes an estimated $49.3 billion in future costs and
$6.7 billion in past costs (DOE 2001 a, p. 1 - 1). This cost estimate covers every stage of the
Yucca project, from development to permanent closure. DOE's (2001b) recent investigation
of the current fee system determined that the charge of -1 mill per kWh is sufficient to cover
the costs of storing all high-level wastes generated through 2041. Calculations below
corroborate this assessment.
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cycle cost of 5 years' dry storage would be about $43 million dollars or $1,210 per kgHM.
Assuming a plant using reprocessing generates 0.00011 kg of heavy metal waste per MWh,
the cost of on-site storage for 5 years would be 0.05 mills per kWh. This estimate could be
affected if the actinides are not consumed prior to disposal, since the costs for disposal are
highly dependent upon the relative toxicity of the fuel.

Peterson (2003, p. 28) estimates the technical capacity of Yucca Mountain for fission
products from a closed fuel cycle to be 200,000 MT, which is larger than the 120,000 MT
assumed for the direct disposal because the fission products separated in the reprocessing can
be packed more closely together. Reserving 10 percent of the total capacity for defense-
related wastes, the total capacity available for commercial wastes is 180,000 MT. Assuming
that the total cost of Yucca Mountain continues to be $39.8 billion and 0.00011 kg of fission
products per MWh is produced (MIT 2003, p. 30), the incremental cost of storage at Yucca
Mountain would be 0.24 mills per kWh,,or $0.24 per MWh. This estimate, additionally,
could be affected if the actinides are not consumed prior to disposal.

A5.5.3. Summary

Table A5-2 summarizes the cost components of direct disposal, or the back-end costs
of the fuel cycle currently used in the United States. The cost estimates calculated here are
tentative and rely on approximations which could be refined. Nevertheless, they point to
magnitudes which, even if raised by a factor of two or three, would still be small.

Table A5-2: Disposal Costs, $ per MIWh, 2003 Prices

Fuel Cycle Component Cost
Temporary on-site storage 0.09
Permanent storage at Yucca Mountain 1.00
TOTAL 1.09

A5.6. Total Fuel Cycle Costs

Table A5-3 adds the front-end and back-end costs of nuclear fuel for direct disposal.
This includes temporary storage on-site of $0.09 per MWh and the $1 per MWh fee for
disposal at Yucca Mountain, yielding a total fuel cycle cost of $5.44 per MWh.
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Appendix A6. NUCLEAR REGULATION

Summary

The U.S. Nuclear Regulatory Commission (NRC) was created to conduct all licensing
and regulatory functions for the nuclear power industry. It is involved in the regulation of
activities from mining uranium to plant decommissioning. Historically, the construction and
operation permitting process has been at the center of many delays and cost increases for new
nuclear power plants.

An amendment to the Code of Federal Regulations (10 CFR Part 52) provides for
combined construction and operation permitting and is aimed at streamlining the permitting
process. The combined Part 52 license is designed to allow investors the opportunity to
resolve many uncertainty issues before committing large amounts of money to an investment
in a nuclear facility.

Reducing construction delays and lowering the risk premium to investors necessary to
compensate for the possibility of delays or cancellations due to regulatory activities could
lower the cost of power from a nuclear plant significantly. Table A6-2, derived from the
financial model of Chapter 5, compares levelized cost of power (LCOE) for nuclear plants
under different regulatory regimes. The first regime, reflecting the older procedure, assumes
7-year construction time, 12 percent interest rate on debt, 15 percent required return on
equity, and a reduction in construction costs of 3 percent for doubling the number of plants.
The second regime, reflecting the new regulatory procedures, assumes a 5-year construction
time, 7 percent interest rate on debt, 12 percent required return on equity, and 5 percent
reduction in construction costs for double the number of plants. The electricity cost
reduction for lower cost plants is 31 percent and 53 percent for higher cost plants.

0
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A6.1. Introduction

This appendix examines the impacts of regulation on the future construction and
operation costs of nuclear power facilities. Section A6.2 reviews the current regulatory
framework. Section A6.3 presents estimates of costs of delay and uncertainty that may be
reduced by streamlined regulation. Section A6.4 concludes that benefits of reducing
construction delays and investor uncertainties are substantial.

A6.2. Current Regulatory Framework

Regulation of nuclear energy in the United States originates with the Atomic Energy
Act (AEA) of 1954 (42 USC 2011 et seq.) and is enumerated in the relevant sections of the
Code of Federal Regulations (CFR). The federal government has assumed most regulatory
responsibilities in this area; in fact, courts have struck down many state efforts to regulate
nuclear energy more independently (Hillegas 1983). While states can still regulate those
areas the federal government has chosen not to address, federal preemption has ensured the
regulatory supremacy of the federal government in nuclear energy. The U.S. Nuclear
Regulatory Commission (NRC) was created to conduct all licensing and regulatory functions
(Schoenbaum 1988).

A6.2.1. Mining Regulations

Although the AEA does not set forth detailed provisions regarding the mining of
uranium or thorium, NRC is responsible for issuing licenses for the extraction of these
materials. In recent years, several U.S. facilities have been licensed to recover uranium
(OECD 1999). DOE can also issue permits for uranium exploration on federal lands.

A6.2.2. Regulations for Importing and Exporting Nuclear Fuels and Equipment

In 1995, NRC issued rules making regulations on the import or export of nuclear
fuels and equipment conform to the International Atomic Energy Agency's (IAEA)
principles of transboundary movement. The new standards, much like the old regulations,
focus on issues of nuclear proliferation and require licenses to export or import nuclear
wastes and mixed wastes. Separate categories and requirements exist for materials that
become incidentally radioactive. NRC consults with other federal agencies regarding exports
of radioactive materials and must receive explicit approval prior to transit from all affected
countries.

A6.2.3. Nuclear Facilities: Construction and Operation Licenses

All nuclear power plants in the United States are licensed by NRC pursuant to the
provisions of the AEA. NRC's Office of Nuclear Material Safety and Safeguards licenses
fuel cycle facilities, and the Office of Nuclear Reactor Regulation issues reactor licenses
(42 USC 5801-5844).
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Table A6-1: Comparison of One-Step and Two-Step Licensing

Old Two-Step Construction Permit
License Procedure Preliminary Safety Analyses

* Environmental Review
* Financial and Anti-Trust Statement
* Public comment on each section

Operating License
* Submission of Final Design
* Final Environmental and Safety Analysis
Further public comment on each section

New One-Step Pre-Application Activities
License Procedure Early Site Permit (includes environmental review)

Standard Reactor Design Certification
• Public comment

Combined License
- License Authorizes Construction and Operation
* Includes same information as two-step procedure
* Can reference early application activities
* Public comment within 180 days of reactor start-up

A6.2.4. Inspections and Reporting Requirements

The operating license contains detailed provisions regarding periodic inspections
(NEA 1999). NRC conducts regular safety inspections in conjunction with full-time reactor
site inspectors. The results of these inspections are published. Moreover, nuclear power
plants are periodically reviewed for other operational characteristics (called the Systematic
Assessment of License Performance, or SALP). Throughout its operational life,. the reactor
facility is also required to report specific types of information to NRC on a regular basis.

A6.2.5. Regulating the Protection of Workers from Radiation

Regulations applicable to worker safety at nuclear facilities attempt to (1) inform
workers about the health problems from radiological exposure, (2) educate workers about
methods to reduce exposure, and (3) encourage workers to report problems to NRC (NEA
1999). Some of the specific regulations include setting an annual limit for radiation doses,
monitoring personnel for exposure, providing radiation protection equipment and the training
to use it, informing workers about exposure hazards, and providing training regarding
applicable warning labels, instructions, and signs. In addition, nuclear plants are still subject
to all the requirements of the Occupational Safety and Health Act (OSHA).
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regulatory costs have been due to unanticipated delays and uncertainty that can contribute to
the riskiness of investing in nuclear facilities

A6.3.1. Costs of Delay

Capital costs contribute 60 to 64 percent of the LCOE of nuclear power (see Table
3-5). Interest costs over a 7-year construction period can be nearly 30 percent higher than
they would be for the same overnight cost over a 5-year construction period (Table 3-6). The
resulting LCOE can be about $5 to $6 per MWh, or roughly 13 to 15 percent, higher as a
consequence. Expressed as a saving that could be obtained by reducing a construction period
from 7 years to 5, this amounts to a 12 to 13 percent saving.

Similarly, a two-year halt in the middle of construction could increase the LCOE of a
nuclear power plant by over $7 per MWh, and a two-year delay between the completion of
construction and bringing a nuclear plant on-line can add nearly $15 per MWh to its LCOE
(Table 5-7). This is a possible additional cost that could be avoided, beyond the basic no-
policy LCOE.

A6.3.2. Costs of Uncertainty

The risk that a plant, once begun, will not be completed or if completed will not be
allowed to operate, makes investors skittish. Either they will require a higher risk premium,
which will lead to a higher cost per megawatt hour of the power that eventually does get
produced from the plant, or they will decline to invest at all. Calculations in Chapter 9
indicate that reducing the required risk premium on investment in a nuclear plant to levels
comparable to those for coal- and gas-fired plants would reduce the LCOE of the nuclear
plant by $9 to $14 per MWh. This amounts to a reduction of roughly 26 to 32 percent for
eighth plants, depending on the initial capital cost and the ability of learning by doing to
reduce overnight costs (Tables 9-8 to 9-10). This combines the effect of the shortened
construction period, noted in the previous sub-section, at a given interest rate, and lower
interest rates over the shorter construction period, resulting in a total reduction in LCOE of
$14 to $21 per MWh.

A6.3.3. Potential Benefits of Improved Regulation

This section pulls together the construction-time and risk-reduction benefits that
improved regulation could confer and takes into further consideration the expectation that a
smoother regulatory procedure could enhance learning by doing. Table A6-2 compares the
LCOE of an eighth plant under the previous regulatory regime with that of an eighth plant
under an improved regime. This comparison assumes that the former circumstances allow a
3 percent learning rate-that is a 3 percent reduction in overnight costs with each plant
doubling-and that the improved circumstances permit a 5 percent learning rate. The first
row of the table reports the LCOEs of the eighth plant of each design built in 7 years, at
interest rates of 12 percent on debt and 15 percent on equity, and with a 3 percent learning
rate on overnight cost reductions. The $1,200 or $1,500 design would have an LCOE of
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Appendix A7. NONPROLIEFERATION GOALS

Summary

Countries that have chosen reprocessing include Belgium, China, France, Germany,
India, Japan, Russia, Switzerland, and the U.K_ These countries engage in reprocessing to
separate plutonium and uranium from fission products for ffirther use as fuel for reactors.
Countries that have chosen direct disposal without reprocessing include the United States,
Canada, Finland, South Korea, Spain, and Sweden. A chief concern with reprocessing is that
the plutonium could be diverted to develop nuclear weapons. Several industrial countries
have, in the past, provided reprocessing as well as enrichment technology and services to
others, purportedly increasing the opportunities for theft or transfer of technology,
equipment or products.

International regulation of nuclear energy takes the form of a combination of treaties,
international organizations and multilateral ' and bilateral agreements. The key components
are the Treaty on the Non-Proliferation of Nuclear Weapons, the International Atomic
Energy Agency, whose safeguards system verifies compliance, informal international groups
and the Convention on Physical Security for Nuclear Materials, which sets international
security standards for storing, using and transporting nuclear material. Implementation of the
President's February 11, 2004, speech would provide added safeguards preventing
reprocessing and enrichment technology spreading to rogue countries or terrorists.

Res olution of these issues involves broader policy considerations beyond the scope of
the present study. The future economic viability of nuclear power, however, does not depend
on their resolution. As Appendix A6 shows, the difference in the cost of nuclear waste
handling, as between once-through disposal and reprocessing, is too small to materially affect
the economic viability of nuclear power.
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AM. Introduction

This appendix reviews practices in different countries (Section A7.2), and
summarizes international arrangements aimed at preventing proliferation (Section A7.3).
Section A7.4 provides information on the current Administration policy regarding the
spreading of enrichment and reprocessing technology outside a set of countries considered to
be reliable fuel suppliers who in compliance with international nonproliferation
requirements. The concluding section assesses the implications of proliferation
considerations for the present study.

A7.2 International Comparison of Nuclear Fuel Disposal Policies

Technological considerations in direct disposal and reprocessing were discussed in
Appendix A5. Attention was given to the traditional PUREX method of reprocessing and the
newer UREX method, along with ftu-ther DOE developmental efforts. Countries have
reacted differently to the technological alternatives. Table A7-1 provides a comparison of
fuel cycle and nuclear waste disposal policies.

Reprocessing separates plutonium and uranium from fission products and recovers
them for use as new fuel for reactors while reducing the volume of high-level waste and the
radioactivity life of low-level waste. The recovered plutonium is stored in facilities
controlled by the International Atomic Energy Agency (IAEA) or is combined with uranium
and manufactured into mixed oxide (MOX) fuel used to feed certain type of nuclear reactors.
The remaining radioactive liquid fission products are mixed with other materials, vitrified,
and placed in metal canisters for storage. Among the countries conducting re processing that
were mentioned above, France, the U.K., and Russia have large-scale reprocessing facilities
and provide reprocessing services commercially to a number of other countries. Belgium and
Italy have reprocessing facilities for research, and Japan is building a commercial -
reprocessing facility. Also, enrichment technology is located in several Western countries,
Russia, and the Far East.

In the United States, reexamination of the U.S. choice of once-through policy is
occurring, in order to consider proliferation resistance characteristics of the newer UREX and
PYRO methods of reprocessing and finther DOE development of disposal technologies
discussed in Appendix A5. These techniques may be able to meet nonproliferation goals
since they do not require plutonium to be separated from higher actinides or transported since
they are recycled together in the reactor. As a consequence, proliferation risks are lowered,
mainly through a substantial reduction in the risk of theft or misuse of plutonium.
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A7.3. The Nonproliferation Regulatory Framework

The nuclear nonproliferation regime consists of a combination of treaties,
international organizations, and multilateral and bilateral agreements complemented by
several unilateral actions intended to deter further spread of nuclear weapons. Key
components of the regime are the Treaty on the Non-Proliferation of Nuclear Weapons
(NPT), the International Atomic Energy Agency (LAEA), whose safeguards system verifies
NPT compliance, informal international groups, and the Convention on Physical Security for
Nuclear Materials, which sets international security standards for storing, using and
transporting nuclear material. This section describes the extent of the NPT, the role of IAEA
as well as its mission and safeguards system, and the responsibility of other organizations
and arrangements.

A7.3.1. The Treaty on the Non-Proliferation of Nuclear Weapons

The Nuclear Nonproliferation Treaty (NPT) was concluded in 1968, came into force
in 1970, and was indefinitely extended in 1995. Its main goals are to prevent the spread of
nuclear weapons, to make sure that peaceful nuclear technology is not diverted, to facilitate
access to peaceful nuclear technology, and to promote disarmament. It provides the legal and
institutional basis for nonproliferation internationally and depends for its success on
countries not violating their commitments. In particular, it establishes the framework for an
inspection system based on an agreement between each participating state and IAEA.
Currently, 187 nations are party to the NPT.

A7.3.2. Role of the International Atomic Energy Agency (IAEA)

IAEA was created in 1957 to help nations develop nuclear energy for peaceful
purposes. It has the role of establishing and administering nuclear safeguards arrangements,
which are designed to deter diversion of nuclear material.

One of IAEA's missions is to verify through its inspection system that states comply
with their commitments under the NPT and other nonproliferation agreements, to use nuclear
material and facilities only for peaceful purposes.

Article II of the basic Statute of IAEA specifies the role of IAEA in terms of
preventing nuclear proliferation: "the Agency shall seek to accelerate and enlarge the
contribution of atomic energy to peace, health and prosperity throughout the world. It shall
ensure, so far as it is able, that assistance provided by it or at its request or under its
supervision or control is not used in such way as to further any military purpose" (IAEA
1997).

Part B of Article III indicates that "in carrying out its functions, the Agency shall
conduct its activities in accordance with the purposes and principles of the United Nations to
promote peace and international co-operation, and in conformity with policies of the United
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A7.4. Current Administration Policy Regarding Nonproliferation Applicable to the
Nuclear Fuel Cycle

In a recent speech at the National Defense University, President Bush said, "The 40
nations of the Nuclear Suppliers Group should refuse to sell enrichment and reprocessing
equipment and technologies to any state that does not already possess full-scale, functioning
enrichment and reprocessing plants. This step will prevent new states from developing the
means to produce fissile material for nuclear bombs. Proliferators must not be allowed to.
cynically manipulate the NPT to acquire the material and infrastructure necessary for
manufacturing illegal weapons!' (Bush 2004).

A7.5 Conclusion

There is a lack of agreement about whether or not the availability of current
reprocessing and enrichment technology under current regulatory mechanisms are increasing
nonproliferation risk. Pursuing proliferation-resistant fuel cycle technology will clearly allay
these concerns. Also, implementation of the President's policy of capping the spread of

enrichment and reprocessing technology would provide added safeguards to prevent
reprocessing or enrichment technology spreading to rogue countries or terrorists.

Resolution of these issues involves broader policy considerations beyond the scope of
the present study. The future economic viability of nuclear power, however, does not depend
on their resolution. As Appendix A6 shows, however, the difference in the cost of nuclear
waste handling, as between once-through disposal and reprocessing,, is too small to materially
affect the economic viability of nuclear power.
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A7-7



Appendix A8. HYDROGEN

Summary

Success in the current efforts to make the hydrogen car an economic reality would
reduce U.S. dependence on foreign oil and could have potentially large environmental
benefits. Intensive R&D efforts are underway to reduce fuel cell costs. Mass production
costs need to be reduced on the order of one-half to two-thirds to achieve widespread
adoption.

Combining hydrogen with oxygen creates essentially no pollution since the by-
product of this type of energy conversion is water. The environmental benefits of hydrogen
would however be tempered if fossil fuels with their attendant carbon emissions are used to
produce the hydrogen, simply replacing carbon emissions from oil with emissions from fossil
power generation or steam methane reforming. Nuclear energy may provide a pollution-free
input for production of hydrogen. Hydrogen could be produced using electricity from
nuclear power in an electrolysis process, or it could be produced using thermo-chemical
processes with nuclear reactors as the energy source. A hydrogen economy accompanied by
more stringent efforts to control carbon emissions could greatly expand the demand for
nuclear power.
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A8.1. Introduction

If the hydrogen fuel cell vehicle makes a significant market penetration, the demand
for hydrogen will increase dramatically, and new sources for its production must be found.
One promising possibility would use high-temperature nuclear reactors -to provide the heat
source for steam medme reforming or thermal cracking. This appendix considers the'
prospects for a hydrogen economy to provide additional benefits from nuclear power
generation. First, the hydrogen fuel cell vehicle (FCV) is considered: the near-term prospects
for its market penetration and the demand for hydrogen that would derive from its
widespread adoption. Following the consideration of the FCV, the prospects for generation
of hydrogen from nuclear power are examined.

A8.2. Hydrogen-Fueled Vehicles

The motivation to reduce air pollution and greenhouse gases caused by vehicle
emissions, coupled with the need to reduce dependency on foreign oil, has speeded the race
to produce commercially viable vehicles that use gasoline-altemative fuel such as battery
hybrid vehicles and fuel cell vehicles. The hydrogen FCV has been given much attention in
recent years as an alternative to current gasoline-powered internal combustion engine (ICE)
vehicles. The hydrogen FCV fits the category of zero-emission vehicle (ZEV) as its
byproduct is water.

A8.2.1. Challenges to the Creation of a Hydrogen Vehicle Fleet

The successful introduction of hydrogen cars requires a hydro gen fuel cell capable of
powering an automobile in a manner comparable to the internal combustion engine. On the
infrastructure side is the need for a distribution system to deliver the hydrogen fuel to the
driving consumer. The rest of this section will be primarily concerned with these two major
issues.

A8.2.2. Hydrogen Fuel Cells

A hydrogen fuel cell converts hydrogen and oxygen (or air) into water, producing
electricity and heat in the process. As hydrogen flows into the fuel cell on the anode side, a
platinum catalyst facilitates the separation of the hydrogen gas into electrons and protons
(hydrogen ions). The hydrogen ions pass through a membrane (the center of the fuel cell)
which acts as the electrolyte and, with the help of the platinum catalyst, combine with
oxygen and electrons on the cathode side, producing water. The hydrogen electrons at the
beginning of the anode side which cannot pass through the membrane will flow from the
anode to the cathode side through an internal circuit containing a motor or other electric load,
which consumes the power generated by the cell.
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quick bursts of power during acceleration, providing instantaneous response and higher fuel
efficiency (Honda 2002).

The GM Hy-Wire has 80 horsepower with 159 lb-ft of torque, a maximum speed of
96 mph, and a 1i 0-mile range. The absence of booster batteries onboard conserves weight
and space and demonstrates that the fuel cell can produce sufficient electricity on demand.
GM hopes that between 2010 and 2020 it will become the first company to sell one million
fuel-cell vehicles (GM 2002).

The Toyota fuel cell hybrid vehicle (FCHV) has 109 horsepower with 194 lb-ft of
torque, a maximum speed of 96 mph, and an 80-mile range. It has undergone 18 months of
testing in California and Japan, but there are still many product, operational, and logistical
issues to address. Toyota does not expect that commercialized fuel cell-powered vehicles
will achieve any great market significance until at least 2010 (Toyota 2002).

A8.2.2.4. Projected Costs of the PEM fuel.ceU and Hydrogen FCV

Fuel cell cost estimates vary and are difficult to interpret. Several estimates are
reported in this section. Ogden (2002, p. 70) indicates that the cost of fuel cell stacks must
be reduced to the neighborhood of $50 to $100 per kW as compared to the current $1,500 per
kW for the hydrogen FCV to be economically viable.

A report conducted by TIAX in May 2003 for a Hydrogen and Fuel Cells Merit
Review Meeting estimates that the cost of a 50 kW fuel cell system based on 2001 near-term
technology and a production rate at a high volume of 500,000 units per year was $324 per
kW, where 67 percent of that cost was for the fuel cell, 24 percent for the fuel processor,
6 percent for the assembly and indirect, and 3 percent for balance-of-plant.

A hydrogen fuel cell with fuel processor converts other hydrogen carriers such as
methanol or various hydrocarbons into hydrogen. According to A.D. Little (2001), a 50 kW
fuel cell fuel processor system is estimated to cost $14,700, of which 60 percent goes to
producing the fuel cell, 29 percent to the fuel processor, 8 percent to assembly and indirect
costs and 3 percent to the balance of plant. This makes the cost of the fuel cell $8,820 or
$176 per kW as compared to $8,850 or $177 per kW in a non-fuel processor system fuel cell
that does not convert hydrogen carriers into hydrogen.

In a report on the comparative assessment of fuel cell cars produced by MIT's
Laboratory for Energy and the Environment (LFEE), the cost for hydrogen and gasoline-fuel
cell hybrids is projected to be $22,140 to $23,400, or 23 to 30 percent higher than the 2020
baseline vehicle costs of $18,000 (Weiss et al. 2003). Analysis by A.D. Little (2001) concurs
that even with optimistic assumptions about performance and cost, factory costs would likely
be 40 to 60 percent higher than for ICE vehicles. Moreover, ownership cost would be $1,200
to $1,800 higher than for conventional ICE vehicles (Weiss et al. 2003, p. 7). The existing
FCV models are currently too expensive to put on the market; for instance, the Honda FCX
costs $2 million, or $100,000 if mass produced. The General Motors Hy-Wire costs
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levels is to construct the catalyst layer with the highest possible surface area. The Los
Alamos National Laboratory (LANL) has developed a fabrication process for fuel cell
membrane electrode assemblies with reduced platinum loading that decreases the cost of the
catalyst by 90 percent (LANL 2000).

Danish Power Systems has developed a PEM fuel cell stack system that meets
automaker requirements for an operating temperature that runs at up to 200 degrees C and is
easier to cool than the low-operating ones that run below 100 degrees C. The membrane of
each PEM fuel cell is made of PBI, a thermally high resistant material that possesses unique
properties that increase efficiency and costs less than the traditional Nafion (Bjerrum 2003).

Hydrogen technology research is also heavily funded to overcome the technical
barriers of storage capacity and cost, along with improving life cycle cost and energy
efficiency and improving methods of hydrogen production (Rose 2003a). For example, DOE
has funded projects to develop methods to safely store hydrogen to enable at least a 300-mile
vehicle range, which it considers a critical requirement for successful vehicle
commercialization.

A8.2.2.5.2. Federal FCV Pilot Study

The federal government is currently involved in a ten-year program to help facilitate
the commercialization of fuel cell technology (Rose 2003b). It has been proposed that the
Secretary of Energy lead a cooperative effort among federal agency fleet operators and
private-sector FCV companies.in a cost-shared program to purchase, operate and evaluate
FCVs in integrated service for federal fleets to demonstrate their commercial viability in a
range of climates, duty cycles, and operating environments.

This $495 million program includes two phases to reach the goals of this pilot-fleet
demonstration. Phase I runs from 2004-2007, and includes the purchase of 500 passenger
vehicles, 500 Department of Defense (DOD) vehicles, 100 transit buses, 100 school buses
and 20 fueling stations, demonstrating a range of fuels and fueling strategies. Phase II runs
from 2008 to 2011, when the federal government would meet 50 percent of its civilian
vehicle fleet needs with fuel cell vehicles, or purchase 5,000 passenger vehicles annually.
During this phase, the DOD and the Cabinet secretaries would set their own targets on the
number of military vehicles or mobile equipment and specialty vehicles needed.

A8.2.2.5.3. Proposed Tax Incentives

The Breakthrough Technologies Institute, Inc. recently published a report that
included a FCV ten-year market entry support plan (Rose 2003b). The report recommended
a short-term consumer-based tax incentive that would reduce the incremental cost for early
adopters and help the FCV industry build production capacities to reach economies of scale.
It suggested that Congress continue the existing $4,000 tax credit system for qualifying fuel
FCVs.
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At the other end of the spectrum, the National Hydrogen Energy Roadmap and other
sources suggest that the Bush administration has been working to ensure that hydrogen
production will remain fossil fuel-dependent and dirty, as 90 percent of all hydrogen would
be refined from oil, coal and natural gas while the remaining 10 percent will be cracked from
water using nuclear energy. The process of producing the fuel cells from hydrocarbons will
continue America's dependence on fossil fuels and still emit carbon dioxide, the, primary
cause of global warming (CNN 2003; Lynn 2003; ITS 2002; Kolber 2003; Hunt 2002).

In between are those who think that given the major scientific and economic
improvements necessary to be successful, funds could be better used to focus on more viable
options (Popely 2001; Tromp et al. 2003). David Cole warns that fuel cells may not
ultimately be the solution to reducing fossil-fuel dependence, since hybrid electric vehicles,
diesels, or a new technology could prove more cost-effective (Flint 2003). The Natural
Resources Defense Council contends that funding of the hydrogen car cuts the budget for
other federal research into clean energy by $47 million (Rosenbaum 2003).

A8.3. Considerations for Large-Scale Hydrogen Production

Should natural gas prices rise, electrolysis of water may become the primary
hydrogen production method to meet the needs of a growing FCV market. Kruger's (2000)
analysis of electric power requirements suggests that by 2010, 165 GW of additional capacity
would be needed to meet increased hydrogen demand from the use of 20,000 fuel cell
vehicles, beyond the requirements to meet other sources of demand growth. This would
amount to a 20 percent increase over current capacity.

While renewable energy sources can be used to produce hydrogen, those fail to meet
the scale demanded by industry: using wind power would require as many as 640,000
windmills occupying 71,000 square miles (about the size of Indiana and Ohio); power
generation using biomass would require four times as much plant material as U.S. farmers
currently grow; the solar option would require $4.8 trillion worth of solar panels and
equipment occupying 3,000 square miles (NEI 2003). Reducing these estimates by one-half
would not materially relax the limitations to renewables supplying hydrogen at an industrial
scale.

Sufficient domestic coal exists to fire electrical plants to provide both the electricity
and the hydrogen needed for several hundred years. Building new power plants required to
meet this demand would be a large-but not infeasible-task, but coal-fired power plants
generate carbon dioxide and other emissions. Without expensive emission control methods,
coal plants would simply discharge these substances into the atmosphere at a different
location from automobiles, increasing carbon emissions on balance. Such a strategy would
do little to combat pollution and global warming or harness the environmental benefits of
hydrogen. Production of hydrogen using steam methane reforming is capable of reducing.
carbon emissions on balance, but only modestly. Substituting hydrogen for gasoline in
vehicular transportation would reduce carbon emissions from the gasoline but would involve
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steam reforming in combination with a nuclear reactor. The institute hasdeveloped a heat
exchanger type of nuclear reactor for the reforming process that has minimized many of the
operational issues. Since this uses standard hydrogen production technology it represents the
only near-term nuclear-hydrogen technology (Forsberg 2003, p. 1075).

A8.4.2. Electrolysis

Electrolysis, while a mature technology, has been used historically to produce pure
hydrogen only in small quantities. Electrolysis is essentially the splitting of water molecules
by electricity. Electrodes, a cathode and an anode, placed in an alkaline solution drive the
movement of electrons. Hydrogen forms at the cathode and oxygen at the anode.

While current electrolyzers have efficiencies approaching 85 percent or better,
electrolysis is not competitive for large-scale production of hydrogen, given its capital cost
and electricity consumption. Current capital costs are estimated to be near $600 per kW
(Forsberg 2003, p. 1075). Average electricity consumption is 4.5 kWh per cubic metres of
hydrogen, (Kruger 2000, p. 128).

A possibility for improving the economic conditions for electrolysis would be for
electricity generators and hydrogen production facilities to agree to use off-peak electricity
for the electrolysis production (Crosbie and Chapin 2003, p. 3). Several studies have shown
that when electricity is cheap enough, for example at off-peak rates of $2 to $3 per
megawatt-hour, hydrogen might be produced at a price competitive with the price of gasoline
or diesel fuel. NRC (2004, p. 5-16) concludes that electricity prices will be critical to the use
of electrolysis for hydrogen production.

A8.4.3. Thermo-Chemical Cycles

Thermo-chemical cycle water-splitting processes offer the potential for making
hydrogen at temperatures in the range of 700 to 900'C. This process is considered to be the
leading long-term option for hydrogen production (Crosbie and Chapin 2003, p. 9). The
basic cycle involves the thermal decomposition of water into hydrogen and oxygen using an
ionic solution to mediate the reaction.

The most promising of these cycles are the calcium-bromine process and the sulfur-
iodine process. Currently, neither of these thermo-chemical processes has progressed to the
point of commercial viability, perhaps partly because there has not been the economic
incentive to do so. Recently, however, interest in environmental benefits and energy
independence has increased attention to these methods. Recent estimates indicate that
thermo-chemical production costs could be 60 percent of current electrolysis costs using
nuclear reactors dedicated to hydrogen production (Forsberg 2003, p. 1075).

Thermo-chemical processes would be conducted from nuclear reactors dedicated to
hydrogen production. The greater proportion of the heat generated by the reactor would be
used for the hydrogen production, but the waste heat could be used to power a steam turbine
which would generate electricity that could be sold outside the hydrogen production facility.
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Appendix A9. ENERGY SECURITY

Summa

Nuclear power could provide energy security benefits as a potential source of
hydrogen to replace oil in the transportation sector and more generally as a substitute for gas-
generated electricity.

Energy security has been discussed primaril y in connection with oil and the political
instability of the Middle East. A direct link to electricity is limited by the small amount of
electricity produced using oil. One way by which nuclear electricity generation could be
related to oil security is via cogeneration of hydrogen for widespread use in transportation. If
cogeneration with nuclear power is the least expensive source of hydrogen, it would
contribute to speeding the adoption of hydrogen vehicles, reducing dependence on oil.

Currently the United States imports about 4 percent of its natural gas in the form of
LNG, but this percentage could grow if substantial new capacity is devoted to gas-fired
production and if North American gas production expands only very sluggishly. As
international trade in LNG becomes more extensive and the United States participates in it
more deeply, this energy security linkage could become more important.

The effect of foreign dependence on gas is influenced by differences between world
oil and gas markets. The world natural gas market is less unified than the world oil market.
Price increases in one part of the world are not as quickly and completely transferred to other
countries as with oil, as shown by analysis of natural gas prices for over thirty countries.
Results show high correlations of gas price movements within Europe, but low correlations
between European countries and non-European countries. Canadian, Mexican and U.S. gas
prices are highly correlated with one another, but none of these North American countries'
prices is highly correlated with either European or Asian prices. Gas prices in Taiwan. and
Japan, both of which import considerable amounts of LNG from Indonesia and Malaysia, are
highly correlated, as would be expected in that regional market. However, their gas prices
were essentially uncorrelated with gas prices in North America or Europe.

This balkanization of natural gas prices around the world suggests that while
countries may be subject to economic repercussions from gas supply shocks in their own
regions, they tend to be insulated from supply shocks in other re igions.

Gas does not pose as great an energy security threat as oil, but, still, nuclear power
generation capacity could become a significant defense against regional gas supply
interruptions. Interruptions could extend increasingly to offshore sources, given the
likelihood of only limited additional imports from Canada and Mexico.

Projections of gas prices are reported in Chapter 7. Recent projections from a number
of models have forecast gas prices in 2020 to be slightly below their levels in 2000, in
constant dollars. However, in the recent period of gas price volatility and uncertainty about
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The 1979 to 1980 events began with supply interruptions from Iran during the
Khomeini revolution and were supplemented with further interruptions when Iraq took the
opportunity to attac * k Iran in 1980. Both events fortuitously interrupted oil production and
shipments from both Iran and Iraq, and the slack was not picked up by the OPEC swing
producer, Saudi Arabia. Both the Iranian Revolution and the beginning of the Iran-Iraq War
took the world by surprise, and the political and military consequences were uncertain for
well over a year. By 1982, the United States was well into recession. The political
uncertainties of the Persian Gulf disturbances were resolved over the next few years, and the
energy R&D and oil exploration sparked by the OPEC embargo's price shock reached
fi-aition. By 1985, the world supplies of oil had greatly increased, and at the same time oil
intensities of all types of industrial production had begun to fall si nificantly. The result was
the 1985 oil price collapse.

Iraq's inv asion of Kuwait in August 1990 cut off Kuwaiti oil supplies, and for over
two months the integrity of Saudi supplies was in question. .After some negotiation, Saudi
Arabia compensated for much of the lost production, but Iraq's military action had caught the
world by surprise and the military uncertainty lasted until the allied invasion began in mid-
January 199 1. Prices rose by 5 0 percent overnight and remained near that level until the
beginning of the allied attack- The economic uncertainties of the situation were resolved
rapidly, but the United States, which had been on the brink of recession prior to August 1990,
fell into a full-scale recession with the push from the oil price shock.

OPEC has demonstrated some cartel power in recent years, but it has been tempered
by the reserve army of fringe producers that has emerged as a consequence of the earlier oil
price shocks. While Saudi Arabia remains the swing producer-the cartel leader-its price
power appears to be weaker, although a few random events around the world could put it
back in the driver's seat for a time.

Oil has clearly been an economic problem. Hamilton (1983) presented evidence that
the post-1973 relationship between oil prices and U.S. recessions went back to the late 1940s.
Despite occasional suggestions that these oil price shocks were only fortuitously associated
with the ensuing recessions, the preponderance of the evidence indicates that the oil supply
shocks have indeed had major recessionary impacts (Jones et a]. 2004).

A9.2.2. A Unified World Oil Market

While the dynamics of oil prices, with its storability, are interesting, it is sufficient for
present purposes to emphasize the relative unity of the world oil market. Oil can be shifted
around the world at relatively low cost by tankers and low-pressure pipelines in response to
relatively small differentials in price. Price differentials will always exist according to the
physical qualities of oil and the expense of refining them at particular facilities, but changes
in the price of one grade of oil in one location in the world are invariably followed closely by
nearly parallel changes in the prices of all other grades of oil all over the world.
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The extent of actual substitutions between oil and gas in industrial uses, which would
be the driver of cost increases for gas-fired electricity generation, would probably depend on
the character of the oil price increase. A short, sharp price shock such as the industrial world
has experienced several times since the early 1970s, could fail to motivate industrial oil
consumers to switch to gas if the oil price is expected to fall rapidly and the switch-over costs
were high relative to the cost of curtailing production for an expected short period.
Nonetheless, a two- or three-year-long period of elevated oil prices would see natural gas
prices rise in response,.to keep their prices per MMBtu roughly equal. A longer-term,
probably slower, oil price increase such as would be associated with dwindling worldwide
reserves rather than a cartel action, would certainly be matched with parallel gas price
increases.

A9.3. The Present and Future of Natural Gas

The potential link between natural gas and nuclear power requires an examination of
the place of natural gas in the U.S. energy system, both currently and prospectively. The two
most critical questions are (1) is the United States rapidly depleting North American gas
reserves, permanently driving up the price of natural gas? and (2) could the United States be
subject to a natural gas price shock, comparable to an oil price shock, from an overseas
supply disruption, whether or not it becomes dependent on imports? This section considers
the present situation to set the stage to address these two questions.

A9.3.1. The Recent Price Increases and Forecasts for the Future

In recent years, the spot price for natural gas has displayed volatility and become
increasingly unpredictable. As more gas powered electric plants have come online, the
historical difference between winter and summer gas demand has diminished. EIA has had to
readjust its price forecasts repeatedly due to the changes in the natural gas market According
to a Deutsche Bank report, EIA's long-term gas price forecasts have been off by an average
of $1.20 per MMBtu over the last 15 years, while the 3-year forecast has been off by $0.70
per MMBtu (Smith and Hove 2003, p. 10). Table A9-1 shows the current EIA forecast
predicting the average wellhead price for the lower 48 states to vary from $3.62 per MMBtu
in 2005 to $4.51 per MMBtu by 2025 (in 2003 dollars).

Table A9-1: Natural Gas Prices, Recent and Forecasts, $ per MMBtu, in 2003 Prices

EIA Price Forecast 2000 2001 2005 2010 2015 2020 2025-
Average Wellhead Price 3.92 4.24 3.62 3.48 4.29 4.38 4.51
Average Import Price 4.14 4.59 3.76 3.87 4.69 4.69 4.77

Average Price 4.03 4.30 3.65 3.57 4.39 4.45 4.57
Source: EIA (2004).
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although this calculation does not 'allow for new discoveries or an acceleration of the
exploration rate. Some observers believe that Canada would be hard pressed to find new
reserves if consumption of gas increased dramatically. Canadian companies would need to
find an alternative to the Western Canada Sedimentary Basin, which currently accounts for
95 percent of the Canadian reserves and is considered one of the most productive in North
America.

Opinions exist in the gas industry that recent technological advances in exploration
and drilling will revitalize the discovery of new reserves, particularly in previously little
explored areas. Fisher (1994) discussed how technological improvements have continually
overridden estimates of reserves, and technology has continued to advance in the decade
since his article was written. An assessment that the continental United States and Canada
will be largely depleted of their natural gas resources in the next decade may be an
overstatement.

A93.3. Gas Imports-LNG

Worldwide reserves of natural gas continue to be immense and relatively untapped.
For gas fields that are remote from their ultimate consumers, long haul pipeline
transportation is prohibitively expensive. Alternatively, the market flexibility offered by
LNG represents a new opportunity to increase supply. Growth in LNG trade has been
substantial since the early 1990s in response to increased world gas demand and reduction in
production costs. hnports of LNG by the United States make up a small percentage of the
total supply of natural gas. Figure A9-1 shows the history of U.S. natural gas consumption
and imports.
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precisely at present. Additional.ly, a rule of thumb in the gas business is that over the longer
term, the natural gas price will be equivalent in NBOtu terms to the price of oil, so forecasts
for continuing gas price increases that take no account of real oil prices may be inadequate.

Until the past few years, almost aH LNG trade took place under committed long-term
contracts, but recently short-term contracts-but not quite a spot market-have become more
common-rising from 1.5 percent of all LNG transaction in 1997 to 7.8 percent in 2001
(Jensen, 2003, p. 8). With the large capital investments required in LNG liquefaction,
transportation, and regasification, investors have been reluctant to build LNG facilities
without long-term contracts, typically as long as 20 years. It is not clear that this linkage
between long-term contracts and capital investment in LNG will change significantly in the
future.

The United States presently has four LNG terminals, only two of which are currently
open. Numerous sites have been suggested for additional terminals, but most have
encountered envir ' onmental problems in siting. Significant expansion of LNG imports would
require new termials.

A9.3.4. Vulnerability of Gas to Price Shocks

Weather anomalies are a primary source of natural gas demand shock. The price
spikes they cause should not precipitate any pause in economic activity that would lead to
recession. Unusually bad weather, despite the temporary hardships it causes, is never
expected to last very long and produces no long term economic uncertainties. A longer-term,
gradual warming trend such as would be associated with global climate change, might
increase or decrease the demand for electricity between cooling and heating seasons, but
even a net increase would produce a gradual gas price increase that markets should be able to
absorb without temporary dislocations.

Infrastructure problems and wellhead supply interruptions are possible sources of
supply interruptions. The former could cause localized supply disruptions, but probably not
generalized price increases. With regard to wellhead supply interruptions, some of the major
gas-producing regions of the world have problems with potential political instability:
Indonesia, Central Asia, Nigeria, Algeria, and Saudi Arabia with its significant natural gas
reserves in addition to its oil reserves. Political turbulence in any of these regions could
interrupt its gas exports, such as occurred with Iranian oil in 1979. However, gas reserves
are distributed more evenly around the world than are oil reserves, which lowers and possibly
eliminates, any particular producer's market power. This low degree of market power also
would imply a smaller proportional disruption of world supply if any one producer
experienced a production shut-down from political disruption.

The question remains, however, whether a disruption in any particular world region
would cause parallel price movements in gas prices throughout the world. The next section
addresses that issue.
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Figure A9-3: Industrial Sector Gas Prices in the United States, OECD Europe, Japan,
and Taiwan, 1994-2002, in 2003 Dollars
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Figure A9-4: Household Sector Gas Prices in the United States, OECD Europe, Japan,
and Taiwan, 1994-2002, in 2003 Dollars
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market as well. Information is not available to assess the extent to which South American
gas markets are integrated with North American gas markets. Columbia was disturbed
politically in 2003 by the possibility of exporting its abundant natural gas reserves to North
America, while Peru has been making explicit investment plans to export its gas (Webber
2003). Thus, it appears that closer integration of North and South American gas markets is a
possibility in the relatively near term.

The correlation coefficients between the United States and OECD Europe are
negative and small for both utility and industrial gas prices. Japanese and OECD Europe
industrial and utility gas prices have small, negative correlation coefficients. From Table 9-2,
the Japanese utility sector gas price has a statistically insignificant correlation with U.S.
utility gas prices but the two countries" industrial sector gas prices are negatively correlated.

These data suggest the existence of at least three major world markets in natural gas
that are not particularly well integrated. The East Asian market is largely an LNG market,
but the North American and European markets are primarily pipeline markets, with LNG
supplies at the fringes. It is not clear why the Japanese and U.S. utility and industrial sector
gas prices have their pattern of correlations. The greater part of the U.S. small LNG imports
are from the Atlantic Basin LNG market rather than the Pacific Basin market.

A9.16. Implications for Natural Gas as an Energy Security Issue

Wide distribution of natural gas reserves prevents the world natural gas markets from
being cartelized. As a result of substantially greater transportation costs than oil, there does
not appear to be a unified world market for natural gas, which has both benefits and
drawbacks from the energy security perspective. The benefit is that supply disturbances
originating overseas are difficult to transmit directly to U.S. gas prices. The drawback is that
when a sharp supply-demand shift occurs in the United States, sending gas prices skyward, it
would be difficult to alleviate the problem quickly with imports. This is the classic energy
security problem. It would exist if domestic (or North American) gas supply shocks
emerged, but probably would be little affected by overseas shocks.

The prognosis for dwindling natural gas reserves in the continental United States and
Canada is subject to a wide range of opinion. New exploration and drilling technology may
find and extract vast new quantities of natural gas in North America at prices eventually
around $3 per mcf in 2003 prices. The energy-content price parity with oil should keep gas
prices down, regardless of the progress of recoverable reserves. However, should reserves
not expand, or expand only modestly, the supply of gas to gas-fired utilities would not grow
rapidly enough to match electricity demand growth. Currently operating gas plants would
have quasi-rents in view of their existing capacity that could make them affordable using gas
priced significantly above the oil energy equivalent, at least for a while. The extent to which
LNG imports could supplement dwindling domestic gas supplies is subject to fin-ther
estimation. Capital cost and financmig issues, contract-term issues, and environmental issues
in siting terminals are all involved. If a low-reserve scenario emerged, and it could not be
eliminated by LNG imports, capacity expansions would be in coal and nuclear technologies
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Another source of uncertainty concerns the environment: it is possible that the
external cost of fossil electricity generation will become unacceptably high, reversing the
present relative costs of nuclear and fossil generation. Retaining nuclear power on that
option would reduce high adjustment costs of gearing up a moribund nuclear capacity in the
future.

A third source of uncertainty concerns the possible emergence of a hydrogen
economy, with a greatly increased demand for production of hydrogen from non-fossil heat
sources such as those supplied by nuclear power. A longer-term link between oil security
and electricity revolves around the possibility of the widespread adoption of hydrogen
vehicles, replacing oil-fueled vehicles. If hydrogen vehicles were adopted on a massive
scale, the demand for electricity to generate hydrogen would expand several-fold, and
nuclear power would offer a non-emissive option for expanding generation capacity.

A9.4.2. Toward Modeling Uncertainty

If the future were known with certainty, there would be no reason to try to be
prepared for events that might happen when more than one outcome is possible. The future
cost of fossil power generation may or may not be greater than the cost of nuclear power
generation. For example, stricter greenhouse gas controls could raise the future cost of fossil
generation substantially above the cost of nuclear generation. While it is not known for sure
whether and when the controls might be introduced, the risk motivates building nuclear
capacity in order to be prepared for the possibility that the price of fossil generation will rise.

How to react to risk requires comparing the costs of being prepared with the expected
benefits. If nuclear power capacity could be expanded instantaneously, there would be no
reason to add to nuclear capacity-unless and until fossil capacity actually becomes more
expensive. However, if time is required to expand nuclear capacity once a decision is made
to do so, it will pay to have nuclear capacity on hand in advance. How much to have on hand
depends on the probability of the environmental occurrence and the costs of building up
nuclear capacity. In the model below, fossil power plants are subject to the possibility of
higher cost in the future, but they can be built without driving up their construction cost.
Nuclear plants are not subject to similar future price uncertainties, but a rapid build-up of
nuclear capacity would drive up their construction costs. A rule for optimizing additions to
nuclear capacity is to equate expected cost, as the probability-weighted average of costs of
fossil generation with and without the environmental occurrence, to the short-run marginal
cost of adding nuclear capacity.

Let CF be the cost of fossil generation if the present situation of very few controls on
greenhouse emissions is continued. Letp be the probability of an undesirable environmental
or other event increasing the cost of fossil generation to c;, so that I-p is the probability of a
continuation of cF. Then the expected cost of electricity generation from the capacity that
will be added in the economy in any year is

EC = (1 -p)[CF.(k_- kN)+ f(kN)] + p[cF(-k)+ f(kN)],
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Figure A9-5: Determination of Additions to Nuclear Capacity
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New nuclear capacity kN will expand until the marginal cost of nuclear power has
risen from its long run value of cN to the expected price of fossil, giving a proportionate rise
of[(1-p)cF+pc7-cNr]/cN. Let r be the elasticity of the excess of marginal cost over its long
run value with respect to the fraction of the nation's new electricity capacity devoted to
nuclear capacity in a year. Then the fraction devoted to new nuclear capacity will equal the
proportionate excess of marginal cost over its long run value divided by 77, or (l/r1) [(1-
p)CF+ p C -CN]/CN. Using suggestive probability values and anticipated generation costs, with
p = 0.2 , CF = 3 5 , cF = 70, and CN = 40, and 17= 0.20, the proportion of new nuclear capacity
is 0.25 indicating that one-fourth of new capacity is nuclear. This model deals with the costs
of adding new capacity. The proportions of existing fossil and nuclear capacity, which are
sunk costs, have no influence on this marginal decision. Consider, for example, the model
applied to France, which possesses a much higher proportion of its stock of power generating
assets in nuclear than does the United States. The relative cost of adding fossil and nuclear
capacity in France would guide French new-capacity decisions, independently of the
distribution of its current stock, although the French relative cost might differ from the U.S.
relative cost and therefore produce a different mix of new capacity than the U.S. relative
costs yield.

To throw light on the role of each of these parameters, Table A9-3 reports a
sensitivity analysis of the share of new nuclear construction calculated by the model. The top
panel varies the probability of the undesirable environmental event, p. At 5 and 10 percent
probabilities of such an event, new nuclear capacity is not built. Above a probability of
20 percent, the nuclear share of new construction rises rapidly, accounting for 100 percent of
new capacity with a probability of 50 percent. The second panelvaries the elasticity of
marginal cost, q/, which is the elasticity of the excess of marginal cost over its long run value
with respect to the fraction of the nation's new electricity capacity devoted to nuclear
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Table A9-3: Sensitivity of Model Calculation of Nuclear Share of New Construction

Vary p (probability of environmental costs)

Parameters Parameter values
Base case

p probability of environmental costs 0.05 0.1 0.2 0.3 0.5
I1 elasticity of marginal cost 0.2 .0.2 0.2 0.2 0.2
c, current fossil cost ($ per MWh) 35 35 35 35 35
c2 current nuclear cost ($ per MWh) 40 40 40 40 40
c3 future fossil cost ($ per MWh) 70 70 70 70 70
Nuclear share of new construction 0 0 0.25 0.69 1.00

Vary 11 (elasticity of marginal cost)

Parameters Parameter values
Parameters Base case

p probability of environmental costs 0.2 0.2 0.2 0.2 0.2
1q elasticity of marginal cost 0.05 0.1 0.2 0.5 1
C1 current fossil cost ($ per MWh) 35 35 35 35 35
C2 current nuclear cost ($ per MWh) 40 40 40 40 40
C3 future fossil cost ($ per MWh) 70 70 70 70 70
Nuclear share of new construction 1 0.5 0.25 0.1 0.05

Vary CN.(nuclear cost)
Parameter values

Parameters Base
case

p probability of environmental costs 0.2 0.2 0.2 0.2 0.2
H elasticity of marginal cost 0.2 0.2 0.2 0.2 0.2
C1 current fossil cost ($ per MWh) 35 35 35 35 35
C2 current nuclear cost ($ per MWh) 35 40 50 60 70
C3 future fossil cost ($ per MWh) 70 70 70 70 70
Nuclear share of new construction 1 0.25 0 0 0

Vary cF (future fossil cost)

Parameter values
Parameters Base

case
p probability of environmental costs 0.2 0.2 0.2 0.2 0.2
H elasticity of marginal cost 0.2 0.2 0.2 0.2 0.2
C1 current fossil cost ($ per MWh) 35 35 35 35 35
C2 current nuclear cost ($ per MWh) 40 40 40 40 40
C3 future fossil cost ($ per MWh) 50 60 70 75 80
Nuclear share of new construction 0 0 0.25 0.38 0.5
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Assumption 2: The consumer decides what fraction of the resource will be used with each
generation technology before the state of the world is known.

Assumption 3: There are no environmental externalities.

In this case, the consumer solves

max,# (f[qR- + (1- q,)R z (3)
{q, ) t=0

where z = {p, w}, E, is the conditional expectation operator, and q, is the fraction of the
resource that will be used with the nuclear technology in period t. Since there is no
intertemporal decision in this case, the above problem is equivalent to

max E,U(f[qR7 + (I- q,)R S.(z)]) (4)

(0•q1 -IJ

The first order condition for program (4) is

),r U[f(e(p))]f'[e(p)][R" - Rg (p)] +

(I -ct)U'[f(e(w))]f'[e(w)][RR - Rf (w)] +p -A, 0 (5)

where e(z) is the amount of electricity generated in state z, ;r, is the conditional probability

of peace, and u, and A, are Lagrange multipliers on the constraints q, Ž0 and 1 - q, 0
respectively. It thus follows that

U[f(e(w)]f [e(w)] ' [Rf(p)-R] I
U'[f(e(p))f p)] < I-= i )[R- Rf(w)] (6)

as q, I and q, 0 respectively, while (4) holds with equality for any interior value of q,-
Evaluating expression (6) at equality and using the particular functional forms for U(.) and
f(.) we obtain

[e(P)]_.) (i [R (p) -R("7

e') "I -;r, [R" - Rff'(w)] f7
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Similarly,
d inq

do-

where d In qid" has exactly the same form as d In qldyr with dB/dc" in place of dB/dir ,
while

dB Ba )r [R [ (P)R- n]a-- [I [1a(1 -) In( ---•,) [R. --Rf (w)]}"

The principal factor involved in this characterization of the electricity portfolio
problem is adjustment costs: without higher costs from having to build new nuclear capacity
rapidly should a particular state of the world occur, it would be sensible to wait for that state
of the world to emerge before building. However, with higher costs of rapid investment, it
pays to have some of the nuclear asset in reserve. This is a form of insurance policy, in
which possessing some amount of the more expensive asset lets producers avoid some costs
with some probability.

Still another approach is that of real options, or irreversible investment theory
(Pindyck 1991, Dixit and Pindyck 1994). The value of current investments in energy R&D
has been studied with real options models (Schimmelpfennig 1995, Davis and Owens 2003).
Guillerminet (2001) has used an options model to study investment in nuclear power as a
hedge against the possibility that the cost of fossil generation will rise.
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ACRONYMS

Acronym Definition
ABB-CE Asea Brown Boveri - Combusion Engineering
ABI Allied Business Intelligence
ABWR Advanced Boiling Water Reactor
ACR Advanced CANDU Reactor
ACRS Accelerated Cost Recovery System
AEA Atomic Energy Act
AEC Atomic Energy Commission
AECL Atomic Energy Canada, Limited
AEO Annual Energy Outlook
AFR Advanced Fast Reactor
AFP Agence France Presse
AFUDC Allowance for funds used during construction
AGR Advanced Gas Cooled Reactor
AHTR Advanced High Temperature Reactor
ALWR Advanced Light Water Reactor
AMIGA All Modular Industry Growth Assessment Modeling System
ANL Argonne National Laboratory
ANP Advanced Nuclear Power
APWR Advanced Pressurized Water Reactor
ASM Annual Survey of Manufactures
BALANCE Energy network module from ENPEP
BBC British Broadcasting Corporation
BBL. Barrels
BEA Bureau of Economic Analysis
BGS British Geological Survey
BLS Bureau of Labor Statistics
B/M Book to market
BNFL British Nuclear Fuels, Ltd.
BOE Barrel of oil equivalent
Btu British thermal unit
BW Business Week
BWR Boiling Water Reactor
CAAA Clean Air Act Amendments
CANDU Canada Deuterium Uranium
CAPM Capital asset pricing model
CCAPM Consumption-based capital asset pricing model
CCGT Combined cycle gas turbine
CF Capacity factor,
CFB Circulating fluidized bed
CFR Code of Federal Regulations
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Acronym Definition
FCHV Fuel cell hybrid vehicle
FCV Fuel cell vehicle
FCX Honda FCX fuel cell vehicle
FEMA Federal Emergency Management Agency
FERC Federal Energy Regulatory Commission
FOAKE First-of-a-kind-engineering
FOB Free on board, shipper pays shipping costs
FRCC Florida Reliability Coordinating Council
GA General Atomics
GCR Gas Cooled Reactor
GDP Gross Domestic Product
GE General Electric
GenSim Electricity Generation Cost Simulation Model
GHG Greenhouse gas_
GII Global Insights, Inc.
GM General Motors
Gt Gigatonnes
GTCC Gas Turbine Combined Cycle.
GT-MIBR Gas-Turbine Modular Helium Reactor
GW Gigawatt
Hg Mercury
HLW High-level waste
HTGR High-Temperature Gas-Cooled Reactor
HRSG Heat recovery steam generation
HWLWR Heavy-Water-Moderated, Light-Water-Cooled
IAEA International Atomic Energy Agency
ICE Internal combustion engine
IDC Interest during construction
IHASA International Institute for Applied Systems Analysis
1EA International Energy Agency
IGCC Integrated gasification combined cycle
ILW Intermediate level waste
IPM Integrated Planning Model
.IPP Independent Power Plant
IRIS International Reactor Innovative and Secure
IRR Internal rate of return
ITS Institute of Transportation Studies
JAERI Japan Atomic Energy Research Institute
kg Kilogram
kgHM Kilograms of heavy metal
KgU Kilogram of uranium
kW Kilowatt
kWh Kilowatt hour
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Acronym Definition
NRC U.S. Nuclear Regulatory Commission
NREL National Renewable Energy Laboratory
NTDG Near Term Deployment Group
NYMEX New York Mercantile Exchange
O&M Operation and maintenance
OECD Organization for Economic Cooperation and Development
OPEC Organization of the Petroleum Exporting Countries
ORNL Oak Ridge National Laboratory
OSHA Occupational Safety and Health Act
OTC Ozone Transport Commission
PBMR Pebble Bed Modular Reactor
PCAST President's Committee of Advisors on Science and Technology
PCC Pulverized coal combustion
PCFB Pressurized circulating fluidized bed boiler
PEM Polymer Electrolyte Membrane
PHWR Pressurized Heavy Water Reactor
PM Particulate matter
PNNL Pacific Northwest National Laboratory
POEMS Policy Office Electricity Modeling System
POLES Prospective Outlook on Long-Term. Energy Systems
PPM Parts per million
PRIS Power Reactor Information System Database
PRISM Power Reactor Innovative Small Module
PSI Pounds per square inch
PTBT Partial Test Ban Treaty
PUREX Plutonium uranium extraction - Plutonium uranium oxidation

reduction
PWR Pressurized water reactor
PYRO-A Pyrometallurgical
R&D Research and development
RAR Reasonably assured resources
REEPS Residential End-Use Energy Planning System
RFI Request for Information
RHR1 First generation high temperature reactor
RHR2 Second generation high temperature reactor
ROD Record of decision
RTP Real-Time Pricing
SACS Saline Aquifer CO 2 Storage
SAIC Science Applications International Corporation
SALP S stematic Assessment of License Performance
SBWR Simplified Boiling Water Reactor
SCR Selective catalytic reduction systems
SERC Southeastern Electric Reliability Council
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Findings

No other issue is as central to the continued well-being of the United States as is energy
security. During 2005 the Subcommittee on Energy and Resources held nine oversight
hearings on energy-related issues. We feel it is imperative to issue this report to advance
the discussion on energy policy and craft govenunent policies that will assure our
continued economic growth and insulate US foreign policy from coercion by producers
of oil and natural gas. President George W. Bush's Advanced Energy Initiative, outlined
in the 2006 State of the Union, will be one of a number of steps in reducing our
dependence on petroleum and ensuring our energy security.

At the same time we reassess our energy security, we must take note that we are in the
beginning stages of a clean energy revolution. Alternative and renewable sources of
energy are becoming more mature and economically viable. We have realized the
mistake of the dejacto moratorium on the construction of new nuclear generating plants,
with the "rediscovery" that nuclear reactors provide an incredible amount of power that is
ultraclean. Clean coal plants are moving forward. The automobile market is currently
undergoing a renaissance with the market penetration of gasoline-hybrid cars and
alternatively- fueled vehicles gaining popularity. Highly efficient and clean diesel cars
will also soon come to market. In addition, hydrogen power is steadily advancing with
great promise.

We urge that the report and its findings be read in the context of a dramatically altered
world energy supply and demand situation, as well as a fundamentally changed
geopolitical environment. To fully realize energy security for the long-term, the clean
energy revolution must come to fruition over the next several decades. This will require
a greater level of coordination between policyrnakers, businesses, public-private
partnerships, and American consumers. We acknowledge that some will suggest that
"market forces" will correct the current situation and further government intervention is
not necessary. Indeed, private investment in the energy sector must be encouraged not
only in the US but in other countries. However, in our view the energy crisis is
potentially an economic and national security threat of such magnitude that governmental
action is necessary to "provide for the common defense" and the "general welfare" of the
United States.

The findings of the report are:

1. Unlike previous periods of high prices and price volatility in petroleum markets,
this one is demand-driven and not caused by supply restrictions instituted by
producers or political upheaval.
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2. Because tight global market conditions are demand-driven with little or no spare
production capacity, the US is more vulnerable to a catastrophic supply shock,
especially considering the current geopolitical environment.

3. The solution is not an "either or" choice between promoting production and
promoting conservation. The US must pursue both options.

4. More than two-thirds of oil consumed in the US is consumed by the transportation
sector, mainly cars and trucks. To reduce US dependency on oil, effective
demand-reduction policies must focus on this sector.

5. Corporate Average Fuel Economy standards must be strengthened to reduce oil
demand and assure the competitiveness of domestic manufacturers. It is the
federal government's responsibility to set adequate standards, yet fuel economy
has stagnated for the last 20 years. By not upgrading standards, the government
has contributed to American manufacturers losing the competitive edge against
foreign competition.

6. Alternative transportation fuels, renewable energy, and advanced technologies
such as clean coal and next generation nuclear must be 'aggressively pursued.

7. To enhance competitiveness and protect American jobs, natural gas must not be
used for baseload electricity generation, nor for new generating capacity. Natural
gas should be reserved for industries that use it as a feedstock or for primary
energy-and cannot substitute for it by fuel-switching.

8. Nuclear energy must become the primary generator of baseload electricity,
thereby relieving the pressure on natural gas prices and dramatically improving
atmospheric emissions.
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Energy Security in Transition

1.1 Introduction

In the same year that the landmark, omnibus Energy Policy Act of 2005 was enacted,
increased imports of oil and gasoline, tight energy markets, high fuel prices, and the
effects of Hurricanes Katrina and Rita spurred policymakers to reassess what energy
security means for America in the 21t Century.

Economic growth in the US is the driving force in the global economy. The US economy
is much more efficient in using energy than in years past, due in large part to energy
conservation and fuel-switching actions in the 1970s and early 1980s. Despite these
improvements, the US is more dependent on increasingly expensive oil than ever before.
Demand continues to inexorably increase. In addition, the US price of natural gas has
been at record levels to meet record demand, in large part due to natural gas fueling
virtually all new electricity generation plants constructed since the mid-1990s.

The volume and proportion of imported oil and gasoline also continues to rise in the US.
Similarly, the volume of imports to meet demand is escalating for other countries
experiencing robust economic growth, particularly in Asia. With increasing global
competition for oil and natural gas at a time when there is very little spare world
production capacity, countries such as China and India are becoming increasingly
aggressive in pursuing bilateral agreements to lock in supplies over the long-term. Many
of these agreements involve national producers that are not friendly to US interests.
Alarmingly, producer nations such as Russia, Iran, and Venezuela have used threats-and
in Russia's case has followed-through on them-of withholding essential supplies to
influence geopolitics.

Hurricanes Katrina and Rita demonstrated the vulnerability of US supplies and
distribution systems for oil and natural gas. In the immediate aftermath, the US withdrew
crude oil from the Strategic Petroleum Reserve, and had to rely on releases from
European reserves in the form of finished gasoline and gasoline blending components.
Furthermore, the crisis had global implications because production capacity for the global
oil and refined products market is razor-thin and specialized. Cascading effects were felt
throughout oil consuming nations.

To ensure US energy security, dependence on oil and refi'ed petroleum products must be
reduced. While oil products are used for services such as heating, steam generation,
electricity generation, and as industrial feedstocks, the major use of petroleum products is
for transportation---68.4 percent of oil consumed in the US is consumed by the .mbl
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9 transportation sector, mainly cars and trucks.1 Globally, demand for transportation
services is the key-driver for oil demand.2 By increasing the average fuel economy for
the US surface transportation fleet, oil demand can be reduced. Domestic auto
manufacturers can increase their competitiveness in the US and world markets by
manufacturing more fuel efficient vehicles, particularly as governments look to reduce oil
consumption through mandatory increases in fuel economy standards or through higher
fuel taxes.

1.2 Energy Security.

Let us set as our national goal, in the spirit of Apollo, with the determination of the Manhattan
Project, that by the end of this decade we will have developed the potential to meet our own
energy needs without depending on any foreign energy sources.

-President Nixon, November 1973, announcing "Project Independence"3

Energy security is in a state of transition for the United States and the rest of the world.
Having energy security means having a diversity of energy supplies at reasonable prices
to keep the economy growing, while ensuring that the nation is not overly dependent on
specific elements of supply and distribution-whether nations, geographical regions, type
of fuel, or infrastructure. The greater the level of dependence, the greater the opportunity
for supply shocks to cause economic crisis, and for suppliers to exert political and
strategic influence over consuming nations. Recent events have caused a reassessment of
energy security. Energy security in practice must now assure the integrity of the whole
supply chain and infrastructure, from production to consumer, which will involve more
coordination between the private sector and government.4

The US has reached a tipping point in finally acknowledging that it is inherently
contradictory to pay lip-service to a goal of energy independence while acting under an
assumption that crude oil and refined petroleum products will remain perpetually
inexpensive.5 This point was driven home by one witness testifying before the
Subcommittee.

'Energy Information Administration, Annual Energy Outlook 2006, Year-by-Year Reference Case Tables

(2003-2030), Table 2.

-Energy Information Administration, Annual Energy Outlook 2005, p. 41.

3 Quoted from In Search of Reasonable Certainty: Oil and Gas Reserves Disclosure, Cambridge Energy
Research Associates, February 2005, p. 37.

4 Daniel Yergin, "The Katrina Crisis," Wall Street Journal, September 3, 2005.

5 Many invoke "energy independence" as meeting domestic demand with 100 percent domestically-sourced
fuels or resources., The ability of the US or almost any industrialized country to meet 100 percent of
domestic energy needs without imports is unrealistic. The utility of such a policy is questionable
considering the marginal benefits of moving from a high proportion of domestic sourcing to an absolute
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The current situation in US oil and gas can be seen in the context of a fulcrum point. The 0 "

2 eh Century was one in which the US economy was driven by abundant cheap domestic oil
and gas. The 21st Century will be driven by scarcer, more expensive, imported oil. The

current priori'ties of US consumers and politicians are lagging the realities of the future,

which are all too visible in the present energy crisis.

-Mr. Paul Sankey, Sr. Energy Analyst, Deutsche Bank6

There must be a change in the energy policy outlook. Policymakers in the US must
consider energy security in terms of balancing risk across an energy portfolio. No longer
can energy security solely involve ensuring a diversity of foreign supplies ofoil while
taking precautions to deal with interruptions in crude oil production. The US must
pursue a diversity of energy resources, and both supply-side and demand-side measures
must be pursued in order to achieve a balance.

Policymakers and the public must also acknowledge that conservation and "fuel
switching" to renewable energy sources alone cannot begin to meet US energy needs, just
as opening up the Arctic National Wildlife Refuge and other areas to oil development
will not satisfy demand increases in the future nor noticeably lower prices. By framing
energy policy in terms of an "either or" choice between petroleum and renewables, we
lose sight of the fact that these demand and supply-side policies can decrease US
vulnerability, and should be pursued as part of the portfolio. 7 However, even taking into
account these potential improvements, the current energy mix does not meet long-term
US needs and minimum requirements for energy security.

Industries, consumers, policymakers, and public-private partnerships must consider a
variety of factors in energy portfolio allocations, including: cost, efficiency,
environmental burden, domestic production capacity, and geographic source. Not all
sources will be economical in the short or medium-term. The US must learn from the
experience of the 1970s and early 1980s that the eventual abandonment of government-
backed investment for new technologies in the face of lower prices-while it made sense

level-e.g. escalating from 60 to 85 percent to 100 percent without consideration of cost, efficiency, or
source emissions. Furthermore, some imports of fuel, such as from the US-Russia Megatons to Megawatts
program, are clearly beneficial and enhance US and world security. Under the program, uranium fuel from
recycled former-Soviet nuclear weapons is used to generate electricity, powering one in ten US homes. To
date almost 10,750 nuclear warheads have been eliminated. All things considered, the energy situation
must be viewed as a continuum between total energy dependence on one end and 100 percent independence
on the other.

6 Written testimony of Mr. Paul Sankey, Deutsche Bank, for the House Government Reform Subcommittee

on Energy and Resources Hearing, Petroleum Refining: Will Record Profits Spur Investment in New
Capacity? October 19, 2005.

7 While not reducing oil intensity, drilling in ANWR would contribute substantially to correcting the US
foreign trade deficit; Ian Parry W.H. Parry and I.W. Anderson, "Petroleum: Energy Independence is
Unrealistic," Resources Winter 2005, p. 15. Also, the US has substantial natural gas reserves that are off-
limits to exploitation on the Outer Continental Shelf, in the Rocky Mountain region from Montana to New
Mexico, and Alaska.
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in market terms-was not an overall benefit to US energy security. Policymakers must
continue to provide incentives for technologies such as advanced nuclear, clean coal, and
renewables over the medium and long-term.

1.3 The US Economy, Oil Intensity, and Prices

Economic growth in the US is the driving force in the global economy. While the US
consumes 25 percent of the world's energy, it accounts for 32.6 percent of the world's
GDP.8 The US economy is much more efficient in using energy than in years past, due in
large part to energy conservation and fuel-switching actions. Since 1970, the amount of
energy needed to produce each dollar of US GDP has been reduced by 49 percent. 9

U 11

04.2

0o

Energy Intensity Per Capita and Per $ of GDP
S:ill :. :fr

us. pet -

GDf PDP

. 1995,-.: .2004 . 201.5 12030

Source: EIA Annual Energy Outlook 2006 (Early Release)

Despite the decline in oil intensity, the US is more vulnerable to supply shocks and
strategic manipulation of energy supplies than at any time in recent memory. Because
many of the hard choices were put off once prices dropped in the past, corrective actions
require a fundamental reassessment of the direction of energy policy. Record-high global
demand, the concentration of oil reserves in the Middle East, and US reliance on the Gulf
of Mexico for production and distribution of fuels contribute to America's vulnerability.

s GDP is calculated friom World Development Indicators, World Bank, Country GDP 2003.

9 Energy Information Administration, AnnualEnergy Review 2004.
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1.3.1 Hurricanes Katrina and Rita

Prices for crude oil, gasoline, and natural gas were at or close to historic highs before
Hurricane Katrina made landfall on August 29, 2005. On the spot markets, US wellhead
prices for natural gas were quintuple what they were just ten years earlier, and both crude
oil and gasoline prices were 3.6 times higher for the same period.' 0

Hurricanes Katrina and Rita delivered a devastating blow to the nation's energy
infrastructure because of the Gulf of Mexico's central role in production and refining.
According to the Federal Reserve Bank of Dallas' Houston Branch, 26.4 percent of the
nation's domestic crude oil production and 21.3 percent of natural gas production takes
place in the Gulf of Mexico. Almost 40 percent of the nation's crude oil refining
capacity is located on the Gulf Coast.

The Gulf Coast had only just recovered from the effects of 2004's Hurricane Ivan, which
heavily damaged underwater pipeline infrastructure. According to the Department of
Interior's Minerals Management Service's last 2005 report on hurricane-damaged energy
infrastructure in the Gulf of Mexico, shut-in oil production on December 29, 2005, was
equivalent to 27.4 percent of the daily oil production in the Gulf of Mexico. The
cumulative shut-in oil production for the August 26-December 29 period was equivalent
to 19.9 percent of the yearly production of oil in the region. Shut-in gas production was
equivalent to 19.5 percent of the daily gas production in the Gulf of Mexico. The
cumulative shut-in gas production for the August 26-December 29 period equaled 15.4
percent of the yearly production of gas in the region."

Immediately after Katrina struck, the Secretary of Energy approved loans of crude oil
from the domestic Strategic Petroleum Reserve (SPR). However, only about one-third of
SPR crude that was offered was in fact loaned, because there was not enough undamaged
refining capacity to process it. Furthermore, following Rita one-third of the nation's oil
refining capacity was offline. As of November 1, almost 5 percent of the nation's
refining capacity was still shut-down. Because the refineries were already operating at
full tilt, gasoline prices hit record levels. According to the Congressional Research
Service, refined product supplies were replaced by the release of 30 million barrels of
gasoline, middle distillate and other products from the strategic reserves of member
nations of the Organization for Economic Cooperation and Development who are
International Energy Agency members.1 2 To facilitate the refined product response, the
Environmental Protection Agency temporarily waived Clean Air Act requirements so that
any available gasoline could be used in any regional market.

10 Crude oil prices refer to West Texas Intermediate and gasoline prices are for New York Harbor

conventional gasoline.

" MMS measures from August 26 as infrastructure and equipment were taken offline and shutdown prior
to the hurricanes as part of emergency protection procedures. "Shut-in" refers to production that is offline.

12 CRS Report for Congress, Oil and Gas Disruption from Hurricanes Katrina and Rita, October 21, 2005.
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The hurricanes' ongoing impacts have made already tight markets worse, contributing to
persistent high prices. Sustained high prices for oil and natural gas may prove to be a
drag on productivity and economic growth in the US. Slowed productivity growth
decreases wage growth and increases the unemployment rate. Businesses and consumers
save less and borrow more, resulting in higher interest rates and increased inflation.
Higher utility bills result in less discretionary spending at the household level.

1.4 Global Markets and Geopolitics

Today the United States faces very different markets for natural gas, crude oil, and
refined petroleum products than those of the preceding two decades. In regard to natural
gas, a tightening of the balance between supply and demand, first evidenced in 2000, has
led to higher and more volatile prices. Hurricane Katrina has only added to this picture by
delivering a real shock, driving prices further up and creating considerable anxiety about
the immediate and future supply. The run-up in natural gas prices, which has been under
way for several years and has occasioned much anxiety in the US, was predictable in the
sense that its underlying cause--the inability of continental production to keep pace with
demand-has been recognized for many years. Since 2003, Cambridge Energy Research
Associates has routinely warned that higher and more volatile natural gas prices will
become the norm for the North American market.' 3

Just as sustained higher prices were predictable, so has been the industry response to
those prices. A surge in investment by companies seeking to bring new supplies, both
from continental sources and imported in the form of liquefied natural gas (LNG), is well
under way. However, meaningful growth in supply, mostly from LNG, will not be
realized for a few more years. As a result, significant, sustained price relief will not come
to the United States before 2008 at the earliest, and only then if LNG development is
substantial considering it currently supplies less than 3 percent of natural gas consumed
by the US.

Unlike the market for crude oil, natural gas markets are fragmented according to the
limited number of LNG terminals or pipeline connectivity-hence Russia's recent gambit
to exert pressure on the former Soviet bloc countries that depend on it for their critical
natural gas needs. Although progress is being made, there is not yet a truly global spot
market for LNG although more consuming countries are seeking to build regasification
terminals to receive LNG. In 2004 almost 12 percent of a nearly 20 billion cubic feet per
day global LNG market was sold on a spot basis; the rest of the market is dominated by
long-term contracts.' 4 To illustrate, the prices paid for natural gas in different regions
vary widely depending on government subsidization, usage, and availability.

13 Written Testimony of Mr. Michael Zenker, Cambridge Energy Research Associates, for the September

14, 2005 hearing, Meeting America's Natural Gas Demand: Are We in a Crisis?

14 Written response from Mr. Michael Zenker, to Chairman Issa's followup question from the September

14, 2005 hearing, Meeting America's Natural Gas Demand: Are We in a Crisis?
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Natural Gas Costs around the World, 2005
($US per million BTUs)
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Source: American Chemistry Council

Unfortunately, many consumers in the US feel the bum of high natural gas prices twice.
Not only do they shoulder escalated costs through their natural gas bills, but they are hit
again through higher electricity bills due to natural gas-fired intermediate and baseload
production. Domestic production can no longer satisfy demand to the point where price
stability is anywhere in the near future.

In contrast to natural gas markets, crude oil and gasoline are tradable commodities in a
highly integrated global market. High demand growth for oil and refined petroleum
products has led to a tightening of supplies and high prices. Market fundamentals are
likely to change little in the next few years, with a lack of spare production capacity and
robust commercial inventories. Unlike previous periods of price volatility, this one is
demand-driven and not caused by supply restrictions instituted by OPEC or political
upheaval. With the additional complication of the hurricanes' supply shock felt
throughout the world, global markets have been knocked off an already precarious
balance between supply and demand.

Demand projections for China alone are staggering. It was the source of 40 percent of
world oil demand growth from 2001 to 2005. China's annual electricity consumption has
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recently been climbing at a more than 15 percent rate.s5 In addition, using more
conservative estimates than Western analysts, the Chinese government predicts the
number of cars and trucks in China to reach 130 million by 2020, rising from less than 20
million in 2000.16 The amount of gasoline or diesel fuel required to meet these estimates
will be enormous. China is now the second largest oil consumer and importer in the
world.
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India is expected to follow closely in the footsteps of China in regard to energy use.
India, with a current population of 1. 1 billion, will experience strong annual increases in
demand for oil and natural gas. Oil consumption is forecast to increase 24 percent by
2010, and Indian demand for natural gas will increase 5.1 percent annually. According to
the US Energy Information Administration (EIA), Asian developing countries will lead
the world in energy consumption growth as their economies become more advanced and
populations continue to rise; EIA forecasts the region will account for 45 percent of the
total increase in world oil consumption through 2025.18

1.4.1 A New Competition for Energy

In a post-Cold War world, these factors have led to new strategies, the pursuit of new
alliances, and aggressive tactics by both petroleum producing and consuming nations.

1 5Energy Information Administration, Country Analysis Brief. China, August 2005.

16 China Daily, "Vehicle Market Growth Imposes Challenges," May 11, 2004.

'7 Written Testimony from Ambassador Robert Hormats, Vice Chairman Goldman Sachs International.

Testimony before the House Government Reform Subcommittee on Energy and Resources Hearing,
America's Energy Needs as Our National Security Policy. April 6, 2005, p. 3.

'8 Energy Information Administration, International Energy Outlook 2005.
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Competition for resources can certainly be extended to other fuels besides those that are
petroleum-based. The global supply network and players are shifting, indicating a
change in the world energy map and geopolitics.

Furthermore, producer countries are using control of petroleum supplies as a tool--or
weapon-to coerce other nations or to advance their strategic interests. Venezuela has
threatened to withhold crude oil from the American market and then sold home heating
oil at cut-rates to some US cities in an attempt to undermine Administration foreign
policy. President Chavez has also pressured international petroleum Companies into
renegotiating existing agreements for production in Venezuela, with the implication that
companies that will not cooperate may have oil or gas concessions voided or
expropriated. Russia jailed the CEO of privately-owned energy giant Yukos, broke the
company up, and sold off its oil subsidiary to state-run company Rosneft. Iran has
repeatedly threatened to withhold oil from the world market should sanctions be imposed
as a result of Iran's ill-advised program to enrich uranium. In addition to grave security
concerns, using energy supplies as a threat provides a powerful disincentive to private
investment. This is already being witnessed in Venezuela and Russia, where necessary
upgrades and maintenance of equipment are not occurring due to a lack of investment.

China is using increasingly aggressive tactics to secure long-term access to oil and
natural gas. Chinese state-owned companies have sought to strengthen China's hand in a
new and extended "great game" of geopolitics through regional agreements and
acquisitions.1 9 The China National Petroleum Company has acquired petroleum
concessions in Kazakhstan, Venezuela, Sudan, Iraq, Iran, Peru, Ecuador, and Azerbaijan.
The China Petroleum Corporation is seeking to purchase overseas upstream assets. State-
run oil companies from China, the Philippines, and Vietnam have signed an agreement to
jointly conduct a seismic survey in the South China Sea to systematically determine
energy potential in the area. China and Canada are promoting cooperation in oil sands
production. In October 2005, China National Petroleum Corporation successfully sealed
a deal for PetroKazakhstan. The first fuel has already been delivered through the 1,800-
mile Atasu-Alashankou pipeline between Kazakhstan and China. The pipeline will also
transit Russian oil to China from western Siberia. Finally, China recently completed a
number of energy agreements with Russia, including a joint venture between state-owned
companies.2 °

China has also not hesitated to seek out sources controlled by governments hostile to US
interests. In addition to expansion of Chinese influence, it is an issue of great importance
because these states may view China as a "buffer" against what they perceive as US
aggression.21 China receives almost 15 percent of its oil from Iran and is the largest
buyer of oil from Sudan. In December 2004 Venezuelan President Hugo Chavez signed

19 The first "great game" refers to the conflicts and maneuvering to control the resources of Central Asia
during the 19"' Century.

20 Stratfor Situation Reports, 3/22/06, 8/26/05, 8/22/05, 3/14/05.

21 Stratfor, "China's Overseas Expansion Strategy," 4/17/03.
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9 eight agreements in Beijing that prepared the foundation for granting Chinese oil
companies preferential access to oil and gas projects in Venezuela, including exploration
and production, and the construction of new pipelines, refineries, and petrochemical
plants. Both China and India have entered long-term agreements with Iran for natural gas
supply, and both countries have taken equity stakes in Iranian natural gas production.
Chinese and Indian companies recently submitted a joint bid to obtain a 38 percent share
of a Syrian petroleum company.22

1.4.2 The Resurgence of State-owned Companies

National or state-owned oil companies are pursuing global contracting and partnership
opportunities that were previously the reserve of international oil companies. This
development is of particular concern since government-controlled companies already
manage 72 percent of the world's oil reserves, 55 percent of gas reserves, and more than
half of current world oil production.2 3 These agreements demonstrate how national oil
companies are turning away from their traditionally insular roles and are pursuing
contracting opportunities that were previously the reserve of international oil companies.
The lack of transparency in state-owned operations and bids for contracting vis-a-vis
private international oil companies is a concern. By having state treasuries behind them,
state-owned companies may operate at a loss while private corporations do not have that
option. With much of the world's proven oil reserves in countries with access controlled
by national ministries or national oil companies, international oil companies are at a
decided disadvantage.

1.4.3 Developments in Russia

Nowhere has the wielding of political power in energy markets by governments and
state-owned companies been more in evidence than in Russia. Besides the well-known
Yukos affair, Gazprom has used its supply of natural gas in an attempt to subvert
Ukrainian autonomy from Russian influence. Unlike crude oil, there is a very limited
international spot market for natural gas, and supplies are not easy to come by. Russian
government officials and Gazprom executives acted in concert to pressure the Ukraine
into paying exorbitant prices for natural gas. A compromise agreement to phase-in a less
damaging but still high price was reached, but only after Russia reduced the flow of
natural gas to the Ukraine, affecting greater Europe. More than one-quarter of natural gas
consumed by European Union countries is imported from Russia-almost 40 percent in
all European countries-and 80 percent of that transits Ukraine. 24 Since then, a number
of Russia's neighbors have scrambled to negotiate new agreements with Russia or to seek
alternative arrangements, most likely with varying rates of success. In essence, they have

22 Stratfor Situation Reports, 11/29/05, 1-2/2704.

23 Testimony of Mr. Frank Verrastro, Director of the Energy Program, Center for Strategic and

International Studies, before the Senate Committee on Energy and Natural Resources, February 3, 2005.

24 Stratfor, "EU: Exploring Its Energy Options," 1/03/06.
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been forced to make a choice between being firmly in Russia's sphere of influence or 9 -
moving closer to greater Europe with doubtful prospects for a near-term solution to their
energy problems.

Also of concern is the "Atlantic Basin" or "Russian Cascade" in the global petroleum
refining balance. As the members of the European Union have transitioned from a
predominantly gasoline-fueled surface transportation fleet to one that is diesel-powered,
European refiners have not met the diesel, or middle distillate, demand. Instead, these
refiners have lagged the transition and, rather than rapidly converting refinery production
to meet European demand, they have chosen to capitalize on more advantageous profit
opportunities by producing and exporting gasoline to the US. More than 10 percent of
gasoline consumed in the US comes from imports, and Europe supplies most of the
shipments. The Northeast is particularly dependent on imports to meet demand,
accounting for almost 90 percent of US gasoline imports.25

What makes this arrangement work are Russian exports of diesel fuel to meet Western
Europe's demand. Should events lead to Russia reconsidering this arrangement, or
render it unable to export diesel to Europe in the needed quantities, a shock would
"cascade" through the system to US gasoline markets, resulting in tumultuous global
markets until the structural disequilibrium was corrected.

Lo Trom intemauTonai inergy Agency aata

25 Energy Information Administration, Short-Term Energy Outlook: Summer 2005 Motor Gasoline
Outlook, April 2005, p. 11.
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Fortunately, a negative cascade has not reverberated through the system. In fact, the
imbalance helped the US cope with the short-term aftershock of Hurricanes Katrina and
Rita because Europe had enough gasoline through increased production and reserves to
help meet US demand. This will surely not be the case for the long-term, however.

1.5 Tight Global Refining Markets

The complex balance in refined products trade is of concern because of very tight global
refining markets. There is very little spare refining capacity in the world system-
approximately 3 to 4 percent at present according to one Subcommittee witness.26 In
other words, existing refineries are operating flat-out, and are taken offline only for
absolutely necessary maintenance. Sudden or even incremental increases in demand
result in an outsize impact on prices because there is little or no surplus capacity to meet
the demand surge. Record profits have been the result, but the last two years earnings
have not been the norm for the industry. The situation, however, must be changed if
record profits due to a dangerous lack of spare capacity are not to become the rule rather
than the exception.

Excess capacity has been wrung out of the system since the 1980s. Record profits in the
late 1970s and early 1980s led to vast overexpansion in the global oil industry. In 1986
there was 100 percent spare capacity in the industry. 27 The refining industry followed
with years of below-average earnings and lost money as recently as 2002. Globally,
return on investment for the oil industry was often below the cost of capital for much of
that period.

26 Written testimony of Mr. Thomas O'Connor at the Subcommittee's October 19, 2005 hearing.

27 Written testimony from Mr. Paul Sankey at the Subcommittee's October 19,2005 hearing.
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Source: Written testimony of Mr. Paul Sankey, Deutsche Bank, for the October 19, 2005 Subcommittee
Hearing, Petroleum Refineries: Will Record Profits Spur Investment in New Capacity?

To that end, the US refining industry has increased the average size of existing refineries,
closed smaller inefficient operations, and stepped-up production levels from their
consolidated capacity. Consequently, US refineries now do more with less. No new
refineries have been built since 1976, and additions in capacity are done through
expansions of existing refineries because of environmental regulations and because it is
cheaper. A large new refinery built in the US would cost between $5 and $7 billion
dollars and more than five years to build-all before a dollar is earned.2 8 Refining
companies are reluctant to upset the current balance between supply and demand now
that profits seem assured for the future.

29 Testimony of Mr. Thomas O'Connor at the Subcommittee's October 19,2005 hearing, Exhibit 16.
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The global situation is much the same. New refineries are planned but new capacity is
not expected to provide much of a cushion versus increased global demand. Industry
experts forecast that most of the new refining capacity will be built overseas and co-
located with petrochemical manufacturers to achieve cost-savings and economies of
scale.

1.6 Targeting Foreign Oil Dependency

US oil demand is steadily growing while domestic supplies are dwindling, forcing the US
to rely on imports for almost 60 percent of our consumption. Fifty years ago the US
produced half of the world's oil, and today we do not produce even half of our own needs.
Domestic crude oil production continues to decrease, from a projected 5.5 million barrels
in 2006 to 4.57 million barrels in 2030.29 EIA forecasts dependence on petroleum
imports will increase to 68 percent by 2025.30 By 2030, forecasts indicate the
transportation sector will comprise 74 percent of US petroleum consumption.31

Dependency on imported oil has a number of decidedly negative effects. It makes the US
more vulnerable because many of the countries that hold the greatest reserves are not
friendly to US interests. The greater Middle East will continue to be the low-cost and

29 Energy Information Administration, Annual Energy Outlook 2006, Reference Table 11.

3 0 Energy Information Administration, Annual Energy Outlook 2006, p. 101.

3 1 Energy Information Administration, Annual Energy Outlook 2006, p. 95.
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dominant petroleum producer for the foreseeable future, ensuring its geopolitical
importance. While usually willing to sell to the highest bidder, suppliers such as
increasingly belligerent Venezuela and Iran have threatened to curtail sales or cut off
supplies.

Reliance on imported oil has important implications for the balance of payments and the
US trade deficit. At $50 per barrel--the price of crude when the Subcommittee had its
first hearing in March 2005--the US sends nearly $600 million each day to foreign
sources, which are often to state-owned oil companies in countries that are hostile to us.
Some of the funds are likely to be used to fund activities counter to US interests or even
to fund terrorism. The US "oil bill" accounts for more than a third of the annual trade
deficit the US currently runs. 32

The US is more dependent on imported oil than in the past, despite periodic calls for
national initiatives to wean our appetite for foreign crude in the wake of the 1973 Arab
Oil Embargo, the 1979 Iranian Revolution, and the Iraqi invasion of Kuwait and the
Persian Gulf War in 1990-1991. These crises were supply shocks to the US economy
that caused a rapid reassessment of energy policies and consumer behavior. The pattern
has been for policymakers and consumers to make progress in reducing demand---or
demand growth--through conservation, efficiency, and fuel-switching measures. The
response lasts only as long as prices are high or changes remain mandatory. The same
effect can also be seen in Corporate Average Fuel Economy Standards. After a period of
steady improvement, continually falling gasoline prices resulted in a flat-lining of fuel
economy due to relaxations of standards and manufacturers responding to consumer 9
preferences for purchasing large new vehicles.33 This recurring pattern must be broken.

32 Written testimony of Mr. Paul Portney, President of Resources for the Future, March 16, 2005

Subcommittee Hearing, p. 3.

3 3 The Department of Transportation announced new CAFt standards for light trucks and the heaviest

SUVs on March 29, 2006. The light truck targets will increase from 21.6 to 24 miles per gallon by 2011.
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1.6.1 Policy Options: Revising CAFE

The US has three primary options for reducing demand in the transportation sector:
widespread development of alternative fuels, increasing gasoline taxes, and aggressively
revising CAFE standards. Alternative fuels and ethanol are undergoing welcome and
rapid development, but their gasoline-reduction impact will not be realized on a national
scale until well into the future. Sufficiently raising gasoline taxes to greatly reduce
demand would harm the economy, disproportionately impact rural areas, and is not
politically feasible. 34

Policymakers and regulators need to aggressively revise CAFE standards and the design
of the program. Fuel economy has stagnated since 1985, greatly contributing to US oil
dependence since the transportation sector consumes the bulk of oil. US industry found it
easier to lobby against CAFE increases as an impediment to business operations than to
keep making strides in fuel efficiency. This was a strategic mistake; CAFE is about US
competitiveness, and the government must reassess its role in preventing shocks to US
industry by enhancing efficiency rather than pursuing myopic policies protecting the
status quo.

Advances in automotive technologies in the domestic market have gone to increased
horsepower and vehicle size. While short-term profits were realized by concentrating on
sport utility vehicles and minivans during times of cheap gasoline, US automakers are

34 If increases in gasoline taxes at these levels ($1.25 to $2.25 per gallon) were not to harm the economy, at
the minimum accompanying tax cuts at equivalent levels would need to be made to counteract the negative
effects on consumers and business.
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poorly positioned because global oil markets dictate that consumers will not value these 9
vehicles as highly for the foreseeable future. Higher mileage requirements are achievable
and cost-effective. Increases in CAFE standards will ultimately make US automakers
more-not less--competitive.

One of the most attractive options for revising CAFE is a market system of tradable
credits across the automobile manufacturing industry.35 Under the current system, the
sales-weighted average fuel economy of an individual manufacturer's fleet of passenger
cars or light trucks for a given model year must be equal to, or greater than, the standard.
By allowing a system of tradable credits, car manufacturers have the freedom to design
and build the types of vehicles that will bring the most profit, taking into account the
market for CAFE credits. Greater efficiencies in the overall domestic market will be
reached without requiring each manufacturer to build, market, and sell all types of
vehicles. Rather, each manufacturer can focus on its core competencies and design
expertise.

1.6.2 Policy Options: Revisiting Strategic Reserves

The effects of Hurricanes Katrina and Rita and forecasts for tight refining markets well
into the future require investigating additional options to protect the US economy. To
ensure crucial fuel supplies and to avoid economic catastrophe in the event of a supply
shock, the National Academies of Science (NAS) should carry out a study on the
feasibility and utility of creating strategic reserves for fuels other than crude oil. The
Chairman of the Subcommittee has introduced a bill, HR 4043, to charge the NAS with
such a study.

The situation for gasoline was especially tenuous following the hurricanes. Although the
international strategic reserve system worked, there is no doubt that the US was heavily
dependent on imported gasoline for an extended period. It is possible that a worse
catastrophe could affect global refining markets, causing a shortfall in supplies of
gasoline and gasoline blendstock. Building a reserve could provide the cushion needed to
combat skyrocketing prices-and their devastating effects-for a period of time until
emergency imports arrive and critical production and distribution infrastructure resume
operations.

Designing a working reserve for refined products is much more complicated than
designing a crude oil reserve, and would have an effect on the structure of the SPR.
Refined products degrade over time and storage is an important consideration. A new
reserve's effect on markets and the behavior of the private sector is also of utmost
importance. Finally, a gasoline reserve should not be promoted as a way to lower
everyday gas prices. The likely effect is that gasoline prices would rise at least a few
cents per gallon if a reserve were to be instituted. This increase can be viewed as an

3 Tis option has been popularized by the non-governmental, bipartisan National Commission on Energy
Policy.
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insurance cost against a crushing blow to the US economy caused by a supply shock.
The question is then whether a strategic reserve would be worth the cost and who, in fact,
ultimately pays for the additional measure of security.
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Nuclear Power and
Electricity

2.1 Introduction: Nuclear Must be the Primary
Source of Generation

I believe the majority of environmental activists.., have now become so blinded by their extremist
policies that they fail to consider the enormous and obvious benefits of harnessing nuclear power
to meet and secure America's growing energy needs. These benefits far outweigh the risks.
There is now a great deal of scientific evidence showing nuclear power to be an environmentally
sound and safe choice.

Mr. Patrick Moore, Co-Founder of Greenpeace3 6

The early release of the Energy Information Administration's 2006 Annual Energy
Outlook provides that the percentage of electricity generated by coal-fired plants will
decline slightly by 2020-to 49 from 50 percent-and then increase to 57 percent by
2030. Natural gas will increase to 22 percent by 2020 before falling to 18 percent by
2030 as a result of new coal plants being constructed. Nuclear generation will fall from
today's level of 20 percent to 15 percent by 2030. This lopsided ratio will generate
higher prices, increase dependency upon LNG imports to supplement domestic natural
gas depletion, and perpetuate the release of more harmful emissions produced by coal
plants. Realigning policies to ensure nuclear power is the primary supplier of baseload
electricity is the only sensible path forward. In addition, a revived nuclear program
should revisit the "once through" fuel cycle. Instead, the US should consider recycling
nuclear materials with the goal of achieving an innovative "closed loop" fuel cycle. This
will make for more efficient use of nuclear fuel, less volume of waste, and less harmful
nuclear waste that must ultimately be disposed of in a long-term waste facility.

As nuclear power's share of electricity is forecast to decline in the US, nuclear power is
experiencing a resurgence around the world. Nuclear power already supplies a larger
percentage of electricity in 17 countries than it does in the US, and the number is
expected to grow. As of April 2005, 30 nuclear reactors were being constructed in 11

36 Written testimony of Mr. Patrick Moore, prepared for the April 28, 2005 Subcommittee Hearing, The

Role of Nuclear Power Generation in a Comprehensive National Energy Policy.
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countries, notably China, South Korea, Japan, and Russia. None are under construction
in the US. 3 7 The United Kingdom, Sweden, and Germany are reviewing their energy
policies that unwisely assumed intermittent renewable sources are capable of meeting
everyday electricity needs without nuclear power.38 Still other countries in Europe are
considering increasing the scope of their own nuclear programs in response to the recent
crisis brought on by Russia's willingness to withhold natural gas from dependent
consumers.

Increased nuclear electricity production has several critical advantages over the status
quo. It will, among other things, free natural gas supplies for critical uses in
manufacturing processes, reduce electricity costs to the consumer, be emission-free, and
pave the way for drastically reduced petroleum dependency should next generation
nuclear technology be used to produce hydrogen in sufficient quantities to power a
critical mass of emissions-free automobiles. Nuclear technology has steadily advanced
and companies have designed standard reactor models that can be constructed anywhere
in the world, in stark contrast to the existing fleet of aging US nuclear plants that were
customized according to each location and permitting process. The switch to nuclear
power as the primary source of baseload electricity will not come without a cost; it will
necessitate tremendous political support and financial investment from private
institutions and the federal government alike. This process will also require time and
patience. The federal government has begun to realize this, albeit to a limited extent.

On August 8, 2005, President Bush signed into law the Energy Policy Act of 2005
(EPACT05). EPACT05 calls for novel incentives for private institutions to build and
operate nuclear facilities. These benefits include an amendment to the Price-Anderson
Act to extend liability protection for private institutions, tax credits for megawatts, an
expedited review of reliable and affordable nuclear waste storage, and financial
protection for costs incurred due to licensing delays. Congress intends that these
incentives spur renewed interest in reactor production.

Despite these new incentives, and notwithstanding the President's Nuclear Power 2010
39initiative, the United States is no closer to energy security because the scope of energy

37 World Nuclear Association, Plans for New Reactors Worldwide, April 2005.

38 Maturing renewable power sources such as solar and wind are important to US energy security and must
be developed. However, most renewables are intermittent in nature and cannot meet baseload demand
because there is no way to store this energy. For example, the US National Academies of Science predicts
future improvements will only increase the utilization capacity of wind turbines from 30 to 40 percent-
meaning they cannot be relied upon to always deliver power when and where it is needed. In the US, EIA
forecasts that renewables will not exceed 10 percent of the energy portfolio in the next 25 years.

39 The Nuclear 2010 program will pay up to half of the nuclear industry's costs of seeking regulatory
approval for new reactor sites, applying for new reactor licenses, and preparing detailed plant designs. The
program is intended to provide assistance for advanced versions of existing commercial nuclear plants that
could be ordered within the next few years. The applications under the Nuclear Power 2010 program are
intended to test the "one step," combined construction permit and operation licensing process established
by the Energy Policy Act of 1992. Previously it was a two-step, sequential process that did not assure that
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policy has been too narrow. Congress drafted EPACT05 to help clear the hurdles 0 .
impeding new reactor construction. Assuming the 6,000 megawatt increase contemplated
by EPACT05 is realized, by 2019 nuclear power's share of electricity generation would
actually shrink to only three-quarters that of today--down to 15 percent.40 For nuclear
power to maintain its 20 percent share of the nation's electricity generation, 41 new 1,000
megawatt plants would be needed by 2025. Thus, the incentives do nothing more than to
promote reactor construction without stopping the decline of nuclear power's central role
in US electricity generation. Similarly, the President's 2010 initiative, referenced in the
2005 State of the Union address, carries only the hope of granting construction permits
and operating licenses. It places no obligation upon petitioners to actually build reactors
once they receive licenses. In this light, Congress and the Administration must be bolder.

2.2 The US Electricity Outlook

Recent trends suggest that, given current and projected consumption rates, energy
demand in the United States will increase at an average rate of 1.2 percent per annum,
from 99.7 quadrillion Btu in 2004 to 127 quadrillion Btu in 2025. Likewise, total
electricity demand will increase from 3,729 billion kilowatthours (kwh) in 2004, to 5,619
billion kwh by 2030. Coal-fired plants will provide 57 percent of the electricity
generated, while natural gas-fired plants and nuclear plants will shoulder 17 percent and
15 percent, respectively. 4' Under present conditions, however, fossil fuels will not allow
the United States to satisfy this growing demand in a safe and affordable manner.
Natural gas prices are presently at an all-time high, and there is no guarantee of relief as
supplies continue to dwindle and expensive, unreliable Liquefied Natural Gas (LNG)
imports fill the void.

The electricity outlook is heavily influenced by the 1992 Energy Policy Act (EPACT92),
which has had far-reaching consequences. EPACT92 opened access for interstate
wholesale bulk power transactions. Simultaneously, it greatly increased the scope of the
Federal Energy Regulatory Commission's jurisdiction. While access to wholesale bulk
power markets was opened, EPACT92 left it to individual states to determine whether
retail access would be opened to competition. New entities were formed to take
advantage of industry transformation under EPACT92. New generation companies not
subject to price regulation were created and separated from ownership of the grid, which
is still regulated in terms of prices.

constructed plants were granted operating licenses. CRS Issue Brief for Congress, Nuclear Energy Policy,
updated December 13, 2005.
40 Energy Information Administration, AEO 2006 Early Release.

41 Energy Information Administration, AEO 2006 Early Release.
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2.2.1 Natural Gas and Power- Negative Effects

An important consequence of EPACT92 is the boom in electricity produced by natural
gas-fired units. In fact, it has become the preferred fuel choice for new electricity
generation facilities. This includes both baseload and intermediate power. The North
American Electric Reliability Council defines baseload as the minimum amount of
electric power delivered or required over a given period at a constant rate. EIA applies
this concept to generating units, equating baseload to units that produce electricity at a
constant rate and run continuously. Broken down further, baseload can be expressed as a
percentage of capacity factor--the electricity actually produced compared to the potential
electricity that the plant is capable of producing. Baseload is then the power supplied by
units with a capacity factor of 70 percent or more, intermediate load refers to electricity
supplied by units between plants used for only "peak" power needs-a capacity factor of
20 percent or less-and baseload at 70 percent.

The Subcommittee staff is unaware of any comprehensive, US government analysis of
baseload and intermediate power supplied by natural gas. According to EIA's definition
and Subcommittee majority staff discussions with EIA, baseload can be assumed to be
electricity that is supplied by nuclear and coal power plants.42 This assumption is clearly
flawed and discounts the largest source of new capacity. Natural gas clearly plays a large
role in the country's intermediate and baseload power needs. Since the 1990s, almost all
new plants are powered by natural gas, and the 5-year period from 1999 saw the largest
increase in generating capacity in the electricity industry's history. From 1996 to 2000,
the use of natural gas for electricity grew 11 percent per year. According to EIA, of the
94,000 megawatts of planned additions in electricity generating capacity through 2009,
80 percent will be fueled primarily by natural gas, 14 percent by coal, and no new
nameplate additions will be nuclear.

A capacity factor analysis initiated by the Subcommittee majority staff and completed by
Cambridge Energy Research Associates for the November 2005-October 2006 period
indicates that more than two-thirds of electricity generated by natural gas was

intermediate power, and up to 5 percent was baseload power (see figure below). 43 The
analysis examined a period when natural gas prices were at extremely high historical
levels, which provided a strong disincentive for generators to burn natural gas for
electricity. In fact, price incentives have never been higher to utilize existing coal and
nuclear power plants to the maximum extent possible. For other years, such as 2002, the

42 EIA generally defines baseload according to plants that run continuously. According to EIA,
baseload capacity is defined as "the generating equipment normally operated to serve loads on an
around-the-clock basis." A baseload plant is "a plant.. .which is normally operated to take all or
part of the minimum load of a system, and which consequently produces electricity at an
essentially constant rate and runs continuously."

41 The analysis performed by Cambridge Energy Research Associates used data from EIA Form 906, which
provides monthly and annual data on generation and fuel consumption at the individual power plant and
prime mover level.
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0t-"natural gas capacity factors were much higher-and baseload a larger share of natural gas
supplied electricity-because the cost of natural gas was lower.44 It is also important to
note that the role of intermediate load has become more prominent since the bulk power
markets were created by EPACT92. The significant swings in natural gas capacity
factors and the cost of natural gas have a clear effect on the nation's electricity reliability,
as well as the ability of households to meet their electricity bills.

US Electric Sector Gas Use vs. Plant Duty Cycle
(1112005-1012006)
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Natural gas has been especially attractive for use in electricity generation because natural
gas plants are generally cleaner, less costly and faster to construct, easier to site and
license, require less manpower to operate, and are fuel-efficient compared to alternatives.
Rather than being a seasonal product with use spiking in the colder months, as was the
case 25 years ago, natural gas demand is greater year-round because it has become the
favorite choice for electricity generation. In addition to its use for electricity, natural gas
heats more than half of American homes, and the number is increasing. In 2003, 70
percent of new homes built had heating systems fueled by natural gas.

At the same time as natural gas has become the preferred fuel for electricity generation-
and prices have reached a new and more expensive floor-industries that use natural gas
as a feedstock or for primary energy have experienced grave consequences. Many

4In 2002, the average wellhead price was $2.95 per tct and the price was $7.51 per tcf for 2005.
45 American Gas Association, Snapshot of US Natural Gas Consumption (2005).
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industrial users do not have the option of switching to other sources of fuel when natural
gas prices rise. A 2001 price spike caused some industrial users to shut down production
and sell their long-term natural gas contracts to make a profA, and it is likely that the
price spike beginning in August 2005 has had the same effect. According to the Society
of the Plastics Industry, as a direct result of a three-fold increase in natural gas prices the
plastics sector lost more than 150,000 jobs and $14.6 billion in business to other countries
from 2000 to 2002. As a result of high prices, America is no longer the world's top
location for making chemicals; the US is now a net importer of chemicals. Ongoing high
prices have also helped to shutter 21 nitrogen fertilizer production facilities, and
production has moved overseas.46 Natural gas should be exploited for the uses for which
it is best suited. Profligate use of natural gas for electricity generation and other
processes that can use other fuels will ultimately lead to the US being less competitive.
Natural gas must not be squandered on baseload and new electricity generation.

2.3 Global Confidence in Nuclear Power is Growing

While the US struggles with these issues, nuclear power is moving ahead in other regions
of the world. A March 2005 ministerial conference convened by the Organization for
Economic Cooperation and Development concluded that nuclear power is a proven
technology that contributes to the security of energy supply and the stability of energy
prices by reducing exposure to fluctuations in the price of fossil fuels. In that regard,
countries that once rejected nuclear power-such as Germany and Italy-are beginning
to revise their policies. Even in Sweden-where a referendum in the 1980s placed a
moratorium on nuclear power-public opinion polls indicate that 77 percent favor
continued nuclear generation. 47

46 Testimony of Mr. Ford B West, President of the Fertilizer Institute, before the Senate Appropriations
Interior and Related Agencies Subcommittee, October 25, 2005.

47 The Analysis Group, November 2005 telephone poll of 2062 Swedes.
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Moreover, as China and India develop, their energy demand is projected to skyrocket. In
light of serious air quality problems and challenges transporting coal to its population
centers, industry observers report that China plans to commission 21 new plants between
now and 2020, increasing the number of reactors in operation from 9 to 30. Furthermore,
the World Nuclear Association recently reported that India's national energy policy calls
for increasing the country's 2.5 gigawatt nuclear generating capacity one hundred-fold by
2050.

France's heavy investment in nuclear power has positioned the country's state-owned
power groups to reap significant benefits from marketing new nuclear technologies. The
Financial Times reported in late March 2005 that corporate forecasts estimate that some
$261 billion will be spent between 2010 and 2030 on building and updating reactors in
Europe alone. The French government estimates that nuclear power not only saves the
country about $13.3 billion annually when compared with the costs of generating
electricity from natural gas, but that the industry's annual exports are worth $33 billion.48

France is the world's largest net electricity exporter, and nuclear generated electricity is
France's fourth largest export.49 In addition, France recently announced that it aims to
have a new generation of reactors constructed and operating by 2020. Finland also
finalized a contract with one of France's two power groups to build the first of a new
generation of nuclear power plants, the European Pressurized Water Reactor, and China
is considering the same reactor type for its electricity needs.

48 Peggy Hollinger, "France Wins Support as Showcase for Nuclear Power," Financial Times, 3/21/05, p. 3.
US dollar figures are converted from Euros based on the exchange rate on the date of publication.

49 World Nuclear Association, French Nuclear Power Program Issue Brief, February 2006.

30



Click Here & Upgrade

Expanded Features
' PDF Unlimited Pagesi
Complete

P2.4 Nuclear Power and the US

Nuclear power plants currently generate a significant amount of the nation's electricity
baseload. Projected growth in electricity demand, volatile fossil fuel prices, and
environmental concerns have revitalized interest in nuclear generation in the US and
elsewhere in the world. Nuclear power is a proven, emission-free source of electricity
that can contribute to the security of energy supplies and the stability of prices.

Today's operating nuclear power plants are consistent high performers in the US
electricity generation system, accounting for 20 percent of the nation's electricity. The
US nuclear power industry comprises 103 licensed reactors at 65 plant sites in 31 states.50

Electricity production from US nuclear power plants is greater than that from oil, natural
gas, and hydropower, and behind only coal, which accounts for more than half of US
electricity generation. Nuclear plants generate more than half the electricity in six states.
The record 824 billion kilowatt-hours of nuclear electricity generated in the United States
during 2004 was more than the nation's entire electrical output in the early 1960s, when
the first large-scale commercial reactors were being ordered.5' Nuclear plants have
proven to be extremely reliable and clean.

2.4.1 A Record Of Reliable and Efficient Power

Since the early 1990s, US nuclear generators have dramatically increased their capacity
factor from about 70 percent to over 90 percent in 2004-the equivalent of gaining the
output of about 25 nuclear power plants without building a single new facility. 52 Nuclear
plants have also produced power with stable, predictable operating costs that are
relatively insulated from price fluctuations. Now that they are fully depreciated, the
average US nuclear power plant now generates electricity at about 1.5 cents per kWh-
far below the average US retail price for electricity, slightly less than coal, and much less
than natural gas (2.5 cents/kWh before the record increase in prices in 2005)."
Electricity production costs are a function of the costs for fuel, operations and
maintenance, and capital. Fuel costs make up most of the operating costs for fossil-fired
units.54 To illustrate the impact of high natural gas prices, fuel costs for the US power

50 This excludes TVA's Browns Ferry 1, which has not operated since 1985; the TVA Board decided May

16, 2002, to spend about $1.8 billion to restart the reactor by 2007.

51 Congressional Research Service, Nuclear Energy Policy, updated April 15, 2005, p. 2.

52 Statement of the Honorable Clay Sell, Deputy Secretary, Department of Energy, before the Senate
Committee on Energy and Natural Resources, April 26, 2005.

53 Paul Portney, "Nuclear Power: Clean, Costly and Controversial," Resources, Winter 2005, p. 29.
According to the Nuclear Energy Institute, the cost of electricity produced from natural gas in February
2005 was 5.8 cents/kWh.94 Even with waste disposal costs accounted for, the total fuel costs of a nuclear power plant in OECD
countries are typically about one-third of those for a coal-fired plant, and between 20 and 25 percent of
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industry. 56 By substituting for fossil fuel plants, nuclear energy prevented the emission

of an estimated 1.11 million tons of nitrogen oxide, 3.43 million tons of sulfur dioxide,

and 696.6 million metric tons of carbon dioxide in 2004 alone.57

Furthermore, any discussion of policy options to deal with global warming and climate

change must acknowledge the centrality of nuclear power's role as a solution. ' A few

renowned environmentalists like James Lovelock have exposed the hypocrisy of ffinge

groups that claim climate change is the greatest threat to civilization and must be

addressed now, but steadfastly refuse to admit nuclear energy must be part of the

solution. The American public is belatedly recognizing this fact. According to a March

2006 Gallup poll, 55 percent of the public supports expanding the use of nuclear power,

including a majority of Democrats.

2.4.3 Nuclear Power: The Financial Challenge

Despite nuclear power's advantages, including competitive operating costs, financial

challenges stand in the way of new plant construction. According to the Congressional

Research Service, construction costs for reactors completed since the mid-1980s ranged

from $2 to $6 billion, averaging more than $3,000 per kilowatt of electric generating

capacity (in 1997 dollars). The nuclear industry predicts that new plant designs could be

built for less than half that amount if many identical plants were built in a series, but such

economies of scale have yet to be demonstrated. 58

In addition, building the first new nuclear power plant in the US in decades is regarded as

a high-risk effort by both the nuclear power industry and the financial community. These

reservations exist despite the fact that reactor designs have been standardized, and these

uniform designs have been constructed and are in operation around the world. The

industry's reluctance is largely based on past experience in the US. Several of the

nation's currently operating nuclear plants experienced delays due to changing

regulations, lengthy litigation (often brought by groups whose opposition to any nuclear

power is absolute), and significant cost overruns that seriously impacted the financial

health of the utilities and investors engaged in the projects.

Nuclear power's checkered financial history means that both debt and equity investors

will be extremely cautious before undertaking the financing of new nuclear construction.

The major risk for lenders is a delay in operations-hence revenues-by factors such as

those experienced in the past. Unless this risk is mitigated, sufficient debt financing to

support new nuclear plant construction will likely not be made available. Equity

investors also look to the predictability of a company's projected earnings and cash flows

56 Written testimony of Mr. Patrick Moore for the April 28, 2005, Subcommittee hearing entitled, "The
Role of Nuclear Power Generation in a Comprehensive National Energy Policy," P. 4.

57 Nuclear Energy Institute briefing, March 2006.

58 Congressional Research Service, Nuclear Energy Policy, Updated March 15, 2006, p. 2.
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P to ultimately determine whether to invest. Because investment in nuclear power plants
would be viewed by investors as quite risky, the market would probably demand very
high returns. Congress and the Administration must send a very clear message to the
market that nuclear power will be supported for the long-term and additional incentives
will be forthcoming.

2.4.4 Nuclear Waste and Closing the Fuel Cycle

A continued focus must remain on securely storing spent fuel and resolving the situation
at Yucca Mountain. The Secretary of Energy Advisory Board's Nuclear Energy Task
Force reported that concern over whether nuclear waste can be safely managed is
diminishing in scientific and technical communities. Surface storage of spent nuclear
fuel can be undertaken with adequate safety for many decades. There is general
agreement in the scientific and technical community that disposal in a deep geologic
repository is achievable, and that such disposal provides an effective long-term means of
isolating spent fuel from the environment-and additional options may be feasible. 59

However, Yucca has suffered a number of setbacks. It was originally slated to open in
1998, but the Department of Energy now forecasts it to receive waste in 2012-even
though it will be filled to its maximum capacity by waste generated up to 2010.60 In
addition, in July 2004 a court ruled that the EPA's 10,000-year regulatory compliance
period for the facility was too short and should have been in line with National
Academies of Science recommendations for a standard of at least 300,000 years. In
response, EPA has proposed a new standard, but this may be an opportunity for
Congressional determination of the time standard because it is clear that the NAS
recommendation does not account for technological progress that will be made in the
future. Regardless of whether an operational, licensed repository for spent fuel is in place
or if construction of additional nuclear generation capacity begins in earnest, the issues
associated with disposal of spent fuel will need to be resolved.

There are additional opportunities to address the waste situation. While a long-term
storage and disposal facility must be part of the solution, reconsideration of the "once-
through" fuel cycle must be on the agenda. The reprocessing of nuclear fuel is more
efficient, decreases the volume of waste, and results in less harmful waste that must
ultimately be disposed of in a long-term waste facility. The goal should be to develop the
technology to ultimately close the fuel cycle.

59 See Secretary of Energy Advisory Board, Moving Forward with Nuclear Power: Issues and Key Factors
- Final Report of the Secretary of Energy Advisory Board Nuclear Energy Task Force, January 10, 2005.

60 Congressional Research Service, Civilian Nuclear Waste Disposal, Updated February 24, 2006, p. 2, 5.

61 Mary O'Driscoll, "Yucca Mountain: Court rules site selection legal but remands EPA safety standard,"

Greenwire, July 12, 2004; Suzanne Struglinskd, "Yucca in for long delay; radiation standard too low," Las
Vegas Sun, July 9, 2004.
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The US operates a once-through nuclear fuel cycle based on a decades-old decision that W o.
reprocessing would be uneconomical for the long-term and the recycling of plutonium
would be too much of a risk to nuclear proliferation. The US has stuck to a fuel cycle in
which the uranium-based fuel is used once and then destined for a geologic repository.
However, other countries, such as France, Japan, and Russia, have preferred to extract
and recycle the fissile material from spent fuel to increase the energy produced by each
kilogram of uranium extracted from the ground, and also to reduce the volume and
toxicity of the final waste produCt.62 The US approach has proven less costly in absolute
terms because the price of uranium has remained relatively cheap and stable. However,
the decision has been a double-edged sword because the disposal problem is still not
resolved even though work on Yucca Mountain began in 1987. Another rationale for the
once-through cycle is that US leadership in nuclear non-proliferation efforts would be
weakened if the US were to engage in fuel reprocessing. This is.a dubious argument at
best since other countries have pursued nuclear programs with weapons capabilities
regardless of the US position on reprocessing-and regardless of the Japanese, French,
and British reprocessing programs.

An innovative reprocessing initiative must include a significant increase in funding to
develop more advanced technologies, make reprocessing more economical, and address
proliferation concerns. Options to counter proliferation threats could include new
security measures, consolidation of fuel enrichment facilities so that most countries will
Dot have the need to manufacture or reprocess their own fuel, and the establishment of
international waste repositories.

In 2006, the President has forcefully advanced closing the fuel cycle with a bold strategy
to comprehensively address emissions, waste, and proliferation issues through the Global
Nuclear Energy Partnership (GNEP). The investment required will be significant and
deserves the utmost consideration by Congress considering the implications for future US
energy security.

62 World Nuclear Association, "Processing of Used Nuclear Fuel for Recycle," December 2005.
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Conclusion

US policymakers must rise to the challenge of breaking the chains of energy dependence
by first acknowledging that the global energy situation has fundamentally and
irreversibly changed. Unlike previous episodes of high energy prices, the current
situation is fundamentally different because it is demand-driven. We must face the fact

that no matter what we do to secure sources of supply for petroleum, the US can do
relatively little in terms of lowering oil prices over the long haul because oil is bought
and sold on a world market. It is possible that oil and energy prices will decrease if a
recession were to occur in the US and Asia, or as a result of a spike in new exploration

and production of oil and natural gas.

However, the price effect would be temporary because the structural issues for demand

will remain the same. Over the long-term, energy demand will continue to rise from both
the developed and developing world, particularly Asia. Additionally, the geopolitical
issues that surround the availability of oil and natural gas imports to consuming countries
from producing countries-Iran, Russia, Venezuela, Saudi Arabia, Nigeria, or others-
have the potential for catastrophic consequences for the US economy and vital national
security interests.

There is only one way to guarantee the national security and economic well-being of the
American people. A comprehensive plan must be developed to reach increasing levels of
energy independence, and we must not waver in our commitment to seeing it realized

even if prices are to temporarily drop. As witnessed fi7om events of the last 35 years,
energy dependence and the effects of comparatively rare supply shocks made us more
dependent on imported petroleum resources because policymakers put the priority on
lowering prices of suddenly scarce commodities to avoid abrupt economic hardship.
Once the price of oil and gasoline dropped, the impetus for a profound and long-lasting
change in US energy supply and consumption patterns was lost. This is demonstrated by
the fact that the US is more dependent on imported oil than in the past despite the
periodic calls for national initiatives to wean our appetite for foreign crude in the wake of
the 1973 Arab Oil Embargo, the 1979 Iranian Revolution, and the Iraqi invasion of
Kuwait and the Persian Gulf War in 1990-1991. We must ensure that the current
geopolitical situation and the lessons of Hurricanes Katrina and Rita are not added to this
ignominious list of opportunities lost.

To set foot down the path of energy independence, the US must first address the
transportation sector because it is the predominant user of crude oil and refined petroleum

products. Implementing a market-based system of stronger CAFE standards will help
achieve this goal while making American industry more competitive in the global
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marketplace. Second, emissions-free nuclear power must become the primary source of t
baseload electricity and the choice for new units to generate electricity. Our reliance on
natural gas as the preferred source of fuel for new electricity generation has put us in a
precarious position both economically and geopolitically.

Policymakers must be realistic about our ability to break the chains of energy
dependence, the actions required, and the consequences if those actions are not taken.
Energy consumption in the US must be viewed in terms of an energy portfolio, which
includes not just choices of fuels but the full gamut of measures to be taken. We cannot
ignore empirical reality by engaging in dangerous wishful thinking. We cannot conserve
our way to energy independence, nor domestically produce enough oil and natural gas to
make the geopolitical importance of the Middle East a distant memory. It is time
policymakers make these difficult choices.
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Appendix

Subcommittee on Energy and Resources, Hearings on Energy- 1st
Session, 1091h Congress

March 16, 2005 - Energy Demand in the 21" Century: Are Congress and the Executive
Branch Meeting the Challenge?

Witnesses: Mr. Jim Wells, Director, Natural Resources and Environment,
Government Accountability Office

Mr. Guy Caruso, Administrator, Energy Information
Administration, Department of Energy

Mr. Paul Portney, President, Resources for the Future

April 6, 2005 - America's Energy Needs as Our National Security Policy

Witnesses: The Honorable Jeffrey Clay Sell, Deputy Secretary, Department of
Energy

The Honorable R. James Woolsey, former Director of the Central
Intelligence Agency

Ambassador Robert Hormats, Vice Chairman, Goldman Sachs
International

Mr. Robert E. Ebel, Chairman, Energy Program, Center for
Strategic and International Studies

April 28, 2005 - The Role of Nuclear Power Generation in a Comprehensive National
Energy Policy

Witnesses: Mr. Donald Jones, Vice President and Senior Economist,
RCF Economic and Financial Consulting, Inc.

Mr. Marvin Fertel, Senior Vice President for Business Operations,
Nuclear Energy Institute

Mr. Patrick Moore, Chairman and Chief Scientist, Greenspirit
____ Strategies Ltd.
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a,.May 9, 2005 - Field Hearing, Long Beach, CA - What's Causing Record Prices at the
Pump?

Witnesses: Mr. John Cook, Director of the Petroleum Division, Office of Oil
and Gas, Energy Information Administration, Department of
Energy

Mr. Jim Wells, Director, Natural Resources and Environment,
Government Accountability Office

Mr. Pat Perez, Transportation Energy Division, California Energy
Commission

Ms. Rayola Dougher, Manager, Energy Market Issues, American
Petroleum Institute

June 8, 2005 - Ensuring the Reliability of the Nation's Electricity System

Witnesses: The Honorable Pat Wood III, Chairman, Federal Energy
Regulatory Commission

Mr. Michehl R. Gent, President and CEO, North American Electric
Reliability Councilt

Mr. David Owens, Executive Vice President, Edison Electric
Institute
Dr. Mark Cooper, Director of Research, Consumer Federation of

America

June 29, 2005 - The Next Generation of Nuclear Power

Witnesses: Mr. Robert Shane Johnson, Acting Director, Nuclear Energy,
Science and Technology, Department of Energy

Dr. David Baldwin, Senior Vice President, General Atomics

Dr. Rowan Rowntree, Independent Scientist

Mr. Dave Lochbaum, Nuclear Safety Engineer, Union of
Concerned Scientists
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July 27, 2005 - The Hydrogen Economy: Is it Attainable? "en?

Witnesses: The Honorable Douglas L. Faulkner, Acting Assistant Secretary
for Energy Efficiency and Renewable Energy, Department of
Energy

The Honorable Richard M. Russell, Associate Director for
Technology, Office of Science and Technology Policy, Executive
Office of the President

The Honorable Alan Lloyd, Secretary, California Environmental
Protection Agency

Mr. Dennis Campbell, CEO, Ballard Power Systems

Lawrence D. Burns, Vice President of Research and Development,
General Motors Corporation

Mr. Mujid KazimL Director, Center for Advanced Nuclear Energy
Systems, Massachusetts Institute of Technology

Týft. Daniel Sperling, Director, Institute of Transportation Studies,
University of California at Davis

September 14, 2005 - Meeting America's Natural Gas Deman& Are We in a Crisis?

Witnesses: The Honorable Rebecca Watson, Assistant Secretary for Land and
Minerals Management, Department of Interior

The Honorable Guy Caruso, Administrator, Energy Information
Administration, Department of Energy

Mr. Michael Zenker, Senior Director, North American Natural
Gas, Cambridge Energy Research Associates

Mr. Logan Magruder, President, Independent Petroleum
Association of Mountain States

Mr. Tyson Slocum, Research Director - Energy Program, Public
Citizen
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October 19, 2005 - Petroleum Refineries: Will Record Profits Spur Investment in New
Capacity?

Witnesses: Mr. Bob Slaughter, President, National Petrochemical & Refiners

Association

Mr. Paul Sankey, Senior Energy Analyst, Deutsche Bank AG

Mr. Tom O'Connor, Project Manager, ICF Consulting

Mr. Eric Schaeffer, Director, Environmental Integrity Project

Additional information and hearing testimony are available on the Subcommittee's website
http://reform.house.-Rov/ER/.
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. (scattering by material contents), cloudshine (scattering by air), and groundshine (scattering by theground). Credit for potential shielding between the shipment and the receptor was not considered.

The RISKIND code was also used to provide a scenario-specific assessment of radiological consequences
of severe transportation-related accidents. Whereas the RADTRAN 5 risk assessment considers the
entire range of accident severities and their related probabilities, the RISKIND consequence assessment
focuses on accident scenarios that result in the largest releases of radioactive material to the environment
that are reasonably foreseeable. The consequence assessment was intended to provide an estimate of the
potential impacts posed by a severe, but highly unlikely, transportation-related accident scenario.

The dose to each maximally exposed individual considered was calculated with RISKIND for an
exposure scenario defined by a given distance, duration, and frequency of exposure specific to that
receptor. The distances and durations were similar to those given in previous transportation risk
assessments. The scenarios were not meant to be exhaustive but were selected to provide a range of
potential exposure situations.

J.1.2 NUMBER AND ROUTING OF SHIPMENTS

This section discusses the number of shipments and routing information used to analyze potential impacts
that would result from preparation for and conduct of transportation operations to ship spent nuclear fuel
and high-level radioactive waste to the Yucca Mountain site. Table J-1 summarizes the estimated
numbers of shipments for the various inventory and national shipment scenario combinations.

J.1.2.1 Number of Shipments

DOE used two analysis scenarios-mostly legal-weight truck and mostly train (rail)-as bases for
estimating the number of shipments of spent nuclear fuel and high-level radioactive waste from 72
commercial and 5 DOE sites. The number of shipments for the scenarios was used in analyzing
transportation impacts for the Proposed Action and Inventory Modules 1 and 2. DOE selected the
scenarios because, more than 10 years before the projected start of operations at the repository, it cannot
accurately predict the actual mix of rail and legal-weight truck transportation that would occur from the
77 sites to the repository. Therefore, the selected scenarios enable the analysis to bound (or bracket) the
ranges of legal-weight truck and rail shipments that could occur.

The analysis estimated the number of shipments from commercial sites where spent nuclear fuel would be
loaded and shipped and from DOE sites where spent nuclear fuel, naval spent nuclear fuel, and high-level
radioactive waste would be loaded and shipped.

For the mostly legal-weight truck scenario, with one exception, shipments were assumed to use legal-
weight trucks. Overweight, overdimensional trucks weighing between about 36,300 and 52,200
kilograms (80,000 and 115,000 pounds) but otherwise similar to legal-weight trucks could be used for
some spent nuclear fuel and high-level radioactive waste (for example, spent nuclear fuel from the South
Texas reactors). The exception that gives the scenario its name-mostly legal-weight truck-was for
shipments of naval spent nuclear fuel. Under this scenario, naval spent nuclear fuel would be shipped by
rail, as decided in the Record of Decision for a Dry Storage Container System for the Management of
Naval Spent Nuclear Fuel (62 FR 1095; January 8, 1997).

For the mostly rail scenario, the analysis assumed that all sites would ship by rail, with the exception of
those with physical limitations that would make rail shipment impractical. The exception would be for
shipments by legal-weight trucks from six commercial sites that do not have the capability to load rail
casks. However, the analysis also assumed that these six sites would be upgraded to handle a rail cask
after the reactors were shut down and would ship either by direct rail or by heavy-haul truck or barge to
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Table J-1. Summary of estimated number of shipments for the various inventory and national
transportation analysis scenario combinations.

Mostly truck Mostly rail
Truck Rail Truck Rail

Proposed Action
Commercial spent nuclear fuel 41,001 0 1,079 7,218
High-level radioactive waste 8,315 0 0 1,663
DOE spent nuclear fuel 3,470 300 0 765
Greater-Than-Class-C waste 0 0 0 0
Special-Performance-Assessment-Required waste 0 0 0 0
Proposed Action totals 52,786 300 1,079 9,646

Module 1a

Commercial spent nuclear fuel 79,684 0 3,122 12,989
High-level radioactive waste 22,280 0 0 4,458
DOE spent nuclear fuel 3,721 300 0 796
Greater-Than-Class-C waste 0 0 0 0
Special-Performance-Assessment-Required waste 0 0 0 0
Module I totals 105,685 300 3,122 18,243

Module 2a
Commercial spent nuclear fuel 79,684 0 3,122 12,989
High-level radioactive waste 22,280 0 0 4,458
DOE spent nuclear fuel 3,721 300 0 796
Greater-Than-Class-C waste 1,096 0 0 282
Special-Performance-Assessment-Required waste 1,763 55 0 410
Module 2 totals 108,544 355 3,122 18,935

a. The number of shipments for Module 1 includes all shipments of spent nuclear fuel and high-level radioactive waste
included in the Proposed Action and shipments of additional spent nuclear fuel and high-level radioactive waste as
described in Appendix A. The number of shipments for Module 2 includes all the shipments in Module 1 and additional
shipments of highly radioactive materials described in Appendix A.

nearby railheads. Of these six sites, two are direct rail sites and four are indirect rail sites. Of the four
indirect rail sites, three are adjacent to navigable waterways and could ship by barge. In addition, under
this scenario, the analysis assumed that 24 commercial sites that do not have direct rail service but that
could handle large casks would ship by barge or heavy-haul truck to nearby railheads with intermodal
capability.

For commercial spent nuclear fuel, the CALVIN code was used to compute the number of shipments.
The number of shipments of DOE spent nuclear fuel and high-level radioactive waste was estimated
based on the data in Appendix A and information provided by the DOE sites. The numbers of shipments
were estimated based on the characteristics of the materials shipped, mode interface capability (for
example, the lift capacity of the cask-handling crane) of each shipping facility, and the modal-mix case
analyzed. Table J-2 summarizes the basis for the national and Nevada transportation impact analysis.

Detailed descriptions of spent nuclear fuel and high-level radioactive waste that would be shipped to the
Yucca Mountain site are presented in Appendix A.

J.1.2.1.1 Commercial Spent Nuclear Fuel

For the analysis, the CALVIN model used 31 shipping cask configurations: 9 for legal-weight truck casks
(Figure J-3).and 22 for rail casks (Figure J-4). Table J-3 lists the legal-weight truck and rail cask
configurations used in the analysis and their capacities. The analysis assumed that all shipments would
use one of the 31 configurations. If the characteristics of the spent nuclear fuel projected for shipment

J-1 1
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Table J-2. Analysis basis-national and Nevada transportation scenarios.a,b

Mostly legal-weight truck National mostly rail scenario
Material scenario national and Nevada Nevada rail scenario Nevada heavy-haul truck scenario

Casks
Commercial SNF

DOE HLW and DOE
SNF, except naval
SNF

Naval SNF

Transportation modes

Commercial SNF

DOE HLW and DOE
SNF, except naval
SNF

Naval SNF

Truck casks - about 1.8
MTHM per cask

Truck casks - 1 SNF or
HLW canister per cask

Disposal canisters in large
rail casks for shipment from
INEEL

Legal-weight trucks

Legal-weight trucks

Rail from INEEL to
intermodal transfer station in
Nevada, then heavy-haul
trucks to retositorv

Rail casks - 6 to 12 MTHM
per cask for shipments from
66 sites

Truck casks - about 1.8
MTHM per cask for
shipments from 6 sitesc

Rail casks - four to nine
SNF or HLW canisters per
cask

Disposable canisters in large
rail casks for shipments from
INEEL

Direct rail from 49 sites
served by railroads to
repository

Heavy-haul trucks from 7
sites to railhead, then rail to
repository

Heavy-haul trucks or bargesd

from 17 sites to railhead,
then rail to repository

Legal-weight trucks from
6 sites to repositoryc

Rail from DOE sitese to
repository

Rail from INEEL to
repository

Rail casks - 6 to 12 MTHM per
cask for shipments from 66 sites

Truck casks - about 1.8 MTHM
per cask for shipments from 6 sites

Rail casks - four to nine SNF or
HLW canisters per cask

Disposable canisters in large rail
casks for shipments from INEEL

Rail from 49 sites served by
railroads to intermodal transfer
station in Nevada, then heavy-haul
trucks to repository

Heavy-haul trucks from 7 sites to
railheads, then rail to intermodal
transfer station in Nevada, then
heavy-haul trucks to repository

Heavy-haul trucks or bargesd from
17 sites to railheads, then rail to
iniermodal transfer station in
Nevada, then heavy-haul trucks to
repository

Legal-weight trucks from 6 sites to
repositoryc

Rail from DOE sitese to intermodal
transfer station in Nevada, then
heavy-haul trucks to repository

Rail from INEEL to intermodal
transfer station in Nevada, then
heavy-haul trucks to repository

a. Abbreviations: SNF = spent nuclear fuel; MTHM = metric tons of heavy metal; HLW = high-level radioactive waste;
INEEL = Idaho National Engineering and Environmental Laboratory.

b. G. E. Morris facility is included with the Dresden reactor facilities in the 72 commercial sites.
c. The analysis assumed that the six legal-weight truck sites would upgrade their crane capacity upon reactor shutdown and

would ship all remaining spent nuclear fuel by rail. Of those six sites, four are heavy-haul sites and two are direct rail sites.
Three of the heavy-haul sites have barge capability (Pilgrim, St. Lucie 1, and Indian Point).

d. Seventeen of 24 commercial sites not served by a railroad are on or near a navigable waterway. Some of these 17 sites could
ship by barge rather than by heavy-haul truck to a nearby railhead. Salem/Hope Creek treated as two sites for heavy-haul or
barge analysis.

e. Hanford Site, Savannah River Site, Idaho National Engineering and Environmental Laboratory, West Valley Demonstration
Project, and Ft. St. Vrain.
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Figure J-3. Artist's conception of a truck cask on a legal-weight tractor-trailer truck.
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Figure J-4. Artist's conception of a large rail cask on a railcar.

0



Transportation

Table J-3. Shipping cask configurations.

Capacity (number of spent
Shipping cask nuclear fuel assemblies) Description"ab

Rail
B-R-32-SP 32 BWR single-purpose shipping container
B-R-32,SP-HHI 32 BWR single-purpose high-heat-capacity shipping container
B-R-44-SP 44 Medium BWR single-purpose shipping container
B-R-68-OV 68 Large BWR overpack shipping container
B-R-68-SP 68 Large BWR single-purpose shipping container
B-R-BP64-OV 64 Plant-unique overpack shipping container
B-R-H168-OV 68 BWR HISTAR overpack shipping container
B-R-NAC56-OV 56 BWR NAC UMS overpack shipping container
P-R-12-SP 12 Small PWR single-purpose shipping container
P-R-12-SP-HH 12 Small PWR single-purpose high-heat-capacity shipping container
P-R-21-SP 21 Medium PWR single-purpose shipping container
P-R-24-OV 24 Large PWR overpack shipping container
P-R-24-SP 24 Large PWR single-purpose shipping container
P-R-7-SP-HH 7 PWR high heat shipping container
P-R-9-OV-MOX 9 PWR mixed-oxide overpack shipping container
P-R-9-SP-MOX 9 PWR mixed-oxide single-purpose shipping container
P-R-MP24-OV 24 PWR MP-1 87 (large) overpack shipping container
P-R-NAC26-OV 26 PWR NAC UMS overpack shipping container
P-R-ST I 7-SP 17 PWR plant-unique single-purpose shipping container
P-R-VSC24-OV 24 PWR Transtor ventilated storage cask overpack shipping container
P-R-WES2 1 -OV 21 PWR WESFLEX overpack shipping container
P-R-YR36-OV 36 PWR plant-unique overpack shipping container

Truck
B-T-9/9-SP 9 BWR single-purpose shipping container
B-T-9/7-SP 7 Derated BWR single-purpose shipping container
P-T-4/4-SP 4 Primary PWR single-purpose shipping container
P-T-4/3-SP 3 Derated PWR single-purpose shipping container
P-T-4/2-SP 2 Derated PWR single-purpose shipping container
P-T-4/4-SP-ST 4 PWR plant-unique single-purpose shipping container
P-T-4/3-SP-ST 3 PWR Derated plant-unique single-purpose shipping container
P-T-4/4-SP-MOX 4 PWR Mixed-oxide single-purpose shipping container
P-T-4/4-SP-BP I PWR plant-unique.single-purpose shipping container

a. Source: DIRS 157206-CRWMS M&O (2000, all).
b. BWR = boiling-water reactor; PWR = pressurized-water reactor; SNF = spent nuclear fuel.

exceeded the capabilities of one of the casks, the model reduced the cask's capacity for the affected
shipments. The reduction, which is sometimes referred to as cask derating, was needed to satisfy nuclear
criticality, shielding, and thermal constraints. For shipments that DOE would make using specific casks,
derating would be accomplished by partially filling the assigned casks in compliance with provisions of
applicable Nuclear Regulatory Commission certificates of compliance. An example of derating is
discussed in Section 5 of the GA-4 legal-weight truck shipping cask design report (DIRS 101831-General
Atomics 1993, p. 5.5-1). The analysis addresses transport of two high-bumup or short cooling time
pressurized-water reactor assemblies rather than four design basis assemblies.

RAIL SHIPMENTS

This appendix assumes that rail shipments of spent nuclear fuel would use large rail shipping casks,
one per railcar. DOE anticipates that as many as five railcars with casks containing spent nuclear
fuel or high-level radioactive waste would move together in individual trains with buffer cars and
escort cars. For general freight service, a train would include other railcars with other materials. In
dedicated (or special) service, trains would move only railcars containing spent nuclear fuel or high-
level radioactive waste and the buffer and escort cars.
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For the mostly rail scenario, six sites without sufficient crane capacity to lift a rail cask or without other
factors such as sufficient floor loading capacity or ceiling height were assumed to ship by legal-weight
truck. However, the analysis assumed that these sites would be upgraded to handle rail casks once the
reactors were shut down, and all remaining spent nuclear fuel would ship by rail. Of these six sites, two
are direct rail and four are indirect rail sites. Of the four with indirect rail access, three have access to a
navigable waterway. The 24 sites with sufficient crane capacity but without direct rail access were
assumed to ship by heavy-haul truck to the nearest railhead. Of these 24 sites, 17 with access to
navigable water-ways were analyzed for shipping by barge to a railhead (see Section J.2.4). The number
of rail shipments (direct or indirect) was estimated based on each site using the largest cask size feasible
based on the load capacity of its cask handling crane. In calculating the number of shipments from the
sites, the model used the Acceptance, Priority Ranking & Annual Capacity Report (DIRS 104382-DOE
1995, all). Using CALVIN, the number of shipments of legal-weight truck casks (Figure J-3) of
commercial spent nuclear fuel estimated for the Proposed Action (63,000 MTHM of commercial spent
nuclear fuel) for the mostly legal-weight truck scenario, would be about 15,000 containing boiling-water
reactor assemblies and 26,000 containing pressurized-water reactor assemblies. Under Inventory
Modules I and 2, for which approximately 105,000 MTHM of commercial spent nuclear fuel would be
shipped to the repository (see Appendix A), the estimated number of shipments for the mostly legal-
weight truck scenario would be 29,000 for boiling-water reactor spent nuclear fuel and 5 1,000 for
pressurized-water reactor spent nuclear fuel. Table J-4 lists the number of shipments of commercial spent
nuclear fuel for the mostly legal-weight truck scenario. Specifically, it lists the site, plant, and state
where shipments would originate, the total number of shipments from each site, and the type of spent
nuclear fuel that would be shipped. A total of 72 commercial sites with 104 plants (or facilities) are listed
in the table.

The number of shipments of truck and rail casks (Figure J-4) of commercial spent nuclear fuel estimated
for the Proposed Action for the mostly rail scenario would be approximately 2,700 for boiling-water
reactor spent nuclear fuel and 5,600 for pressurized-water reactor spent nuclear fuel. Under Modules I
and 2, the estimated number of shipments for the mostly rail scenario would be approximately 5,400
containing boiling-water reactor spent nuclear fuel and 10,700 containing pressurized-water reactor spent
nuclear fuel. Table J-5 lists the number of shipments for the mostly rail scenario. It also lists the site and
state where shipments would originate, the total number of shipments from each site, the size of rail cask
assumed for each site, and the type of spent nuclear fuel that would be shipped. In addition, it lists the 24
sites not served by a railroad that would ship rail casks by barge or heavy-haul trucks to a nearby railhead
and the 6 commercial sites without capability to load a rail cask.

J.1.2.1.2 DOE Soent Nuclear Fuel and High-Level Radioactive Waste

To estimate the number of DOE spent nuclear fuel and high-level radioactive waste shipments, the
analysis used the number of handling units or number of canisters and the number of canisters per
shipment reported by the DOE sites in 1998 (see Appendix A, p. A-34; DIRS 104778-Jensen 1998, all).
To determine the number of shipments of DOE spent nuclear fuel and high-level radioactive waste, the
analysis assumed one canister would be shipped in a legal-weight truck cask. For rail shipments, the
analysis assumed that five 6 1 -centimeter (24-inch)-diameter high-level radioactive waste canisters would
be shipped in a rail cask. For rail shipments of DOE spent nuclear fuel, the analysis assumed that rail
casks would contain nine approximately 46-centimeter (18-inch) canisters or four approximately
6 1 -centimeter canisters. The number of DOEspent nuclear fuel canisters of each size is presented in
Appendix A.

Under the mostly legal-weight truck scenario for the Proposed Action, DOE would transport a total of
11,785 truck shipments of DOE spent nuclear fuel and high-level radioactive waste (one high-level waste
canister per shipment) to the repository. In addition, DOE would transport 300 shipments of naval spent
nuclear fuel by rail from the Idaho National Engineering and Environmental Laboratory to the repository
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Table J-4. Shipments of commercial spent nuclear fuel, mostly legal-weight truck scenarioa

(page 1 of 2).

Site Reactor

Browns Ferry

Joseph M. Farley

Arkansas Nuclear One

Palo Verde

Diablo Canyon

Humboldt Bay
Rancho Seco
San Onofre

Haddam Neck
Millstone

Crystal River
St. Lucie

Turkey Point

Edwin I. Hatch
Vogtle
Duane Arnold
Braidwood
Byron
Clinton
Dresden/Morris

LaSalle
Quad Cities
Zion
Wolf Creek
River Bend
Waterford
Pilgrim
Yankee-Rowe
Calvert Cliffs
Maine Yankee
Big Rock Point
D. C. Cook
Fermi
Palisades
Monticello
Prairie Island
Callaway
Grand Gulf
Brunswick

Browns Ferry I
Browns Ferry 3
Joseph M. Farley I
Joseph M. Farley 2
.Arkansas Nuclear One, Unit I
Arkansas Nuclear One, Unit 2
Palo Verde 1
Palo Verde 2
Palo Verde 3
Diablo Canyon I
Diablo Canyon 2
Humboldt Bay
Rancho Seco 1
San Onofre I
San Onofre 2
San Onofre 3
Haddam Neck
Millstone I
Millstone 2
Millstone 3
Crystal River 3
St. Lucie 1
St. Lucie 2
Turkey Point 3
Turkey Point 4
Edwin I. Hatch I
Vogtle 1
Duane Arnold
Braidwood 1
Byron I
Clinton I
Dresden I
Dresden 2
Dresden 3

Morrisd
Morrisd
LaSalle I
Quad Cities I
Zion I
Wolf Creek I
River Bend 1
Waterford 3
Pilgrim 1
Yankee-Rowe I
Calvert Cliffs I
Maine Yankee
Big Rock Point
D. C. Cook I
Fermi 2
Palisades
Monticello
Prairie Island I
Callaway I
Grand Gulf I
Brunswick I
Brunswick 2
Brunswick I
Brunswick 2

State

AL
AL
AL
AL
AR
AR
AZ
AZ
AZ
CA
CA
CA
CA
CA
CA
CA
CT
CT
CT
CT
FL
FL
FL
FL
FL
GA
GA
IA
IL
IL
IL
IL
IL
IL

IL
IL
IL
IL
IL
KS
LA
LA
MA
MA
MD
ME
MI
MI
MI
MI

MN
MN
MO
MS
NC
NC
NC
NC

Fuel type

Bb
B
pC

P
P
P
P
P
P
P
P
B
P
P
P
P
P
B
P
P
P
P
P
P
P
B
P
B
P
P
B
B
B
B

B
P
B
B
P
P
B
P
B
P
P
P
B
P
B
P
B
P
P
B
P
P
B
B

Proposed Action
(2010-2033)

738
324
363
330
362
432
383
375
360
359
370

44
124
52

408
393
255
321
361
310
277
426
380
291
292
939
725
324
565
617
363

76
459
514

319
88

769
979
557
396
353
374
322
134
867
356
110
832
377
409
257
665
435
592

40
36

281
282

Modules 1 and 2
(2010-2048)

1,550
807
779
843
645
905
694
691
716
971

1,130
44

124
52

817
829
255
321
694

1,008
621
849
987
574
570

1,820
1,379

576
1,142
1,136

636
76

726
760

319
88

2,080
1,567

557
678
636
607
575
134

1,612
356
111

1,759
662
660
435

1,109
701

1,383
40
36

702
657
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Table J-4. Shipments of commercial spent nuclear fuel, mostly legal-weight truck scenarioa

(page 2 of 2).

Site
Shearon Harris

McGuire

Cooper Station
Fort Calhoun
Seabrook
Oyster Creek
Salem/Hope Creek

James A. FitzPatrick/
Nine Mile Point

Ginna
Indian Point

Davis-Besse
Perry
Trojan
Beaver Valley

Limerick
Peach Bottom

Susquehanna
Three Mile Island
Catawba

Oconee

H. B. Robinson
Summer
Sequoyah
Watts Bar
Comanche Peak
South Texas

Reactor
Shearon Harris I
Shearon Harris
McGuire I
McGuire 2
Cooper Station
Fort Calhoun
Seabrook 1
Oyster Creek 1
Salem I
Salem 2
Hope Creek
James A. FitzPatrick
Nine Mile Point I
Nine Mile Point 2
Ginna
Indian Point I
Indian Point 2
Indian Point 3
Davis-Besse I
Perry 1
Trojan
Beaver Valley I
Beaver Valley 2
Limerick 1
Peach Bottom 2
Peach Bottom 3
Susquehanna I
Three Mile Island I
Catawba 1
Catawba 2
Oconee I
Oconee 3
H. B. Robinson 2
Summer I
Sequoyah
Watts Bar I
Comanche Peak I
South Texas I
South Texas 2
North Anna I
Surry 1
Vermont Yankee I
Columbia Generating Station

State
NC
NC
NC
NC
NE
NE
NH
NJ
NJ
NJ
NJ

Fuel type
P
B
P
P
B
P
P
B
P
P
B

NY B
NY
NY
NY
NY
NY
NY
OH
OH
OR
PA
PA
PA
PA
PA
PA
PA
SC
SC
SC
SC
SC
SC
TN
TN
TX
TX
TX

Proposed Action
(2010-2033)

289
152
372
419
272
260
277
451
329
304
444
413
426
387
320

40
400
285
343
293
195
309
248
740
567
575

1,044
320
327
310
970
324
249
281
644
158
665
271
257
675
863
380
415

Modules I and 2
(2010-2048)

549
152
932

1,069
621
457
590
658
725
826
796
732
628
722
472

40
805
694
786
528
195
649
472

1,354
1,023
1,035
2,482

654
555
574

1,668
666
470
713

1,768
552

1,409
614
590

1,588
1,457

613
1,006

516
37

1,051
28,719
50.965

North Anna
Surry
Vermont Yankee
Columbia Generating

VA P
VA P
VT B

WA B
Station

Kewaunee Kewaunee WI P
LaCrosse LaCrosse WI B
Point Beach Point Beach WI P
Total BWRb
Total PWRc

a. Source: DIRS 157206-CRWMS M&O (2000, all).
b. B = boiling-water reactor (BWR).
c. P = pressurized-water reactor (PWR).
d. Morris is a storage facility located close to the three Dresden reactors.

306
37

653
15,229
25.772
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Table J-5. Shipments of commercial spent nuclear fuel, mostly rail scenarioa (page 1 of 2).

Proposed Modules
Action I and 2

Site Reactor State Fuel type Cask 2010 -2033 2010-2048
Browns Ferry

Joseph M. Farley

Arkansas Nuclear One

Palo Verde

Diablo Canyon

Humboldt Bay
Rancho Seco
San Onofre

Haddam Neck
Millstone

Crystal River
Crystal River
St Lucie
St. Lucie

Turkey Point

Edwin I. Hatch
Vogtle
Duane Arnold
Braidwood
Byron
Clinton
Dresden/Morris

LaSalle
Quad Cities
Zion
Wolf Creek
River Bend
Waterford
Pilgrim
Pilgrim
Yankee-Rowe
Calvert Cliffs
Maine Yankee
Big Rock Point
D. C. Cook
Fermi
Palisades
Monticello
Monticello
Prairie Island
Callaway
Grand Gulf

Browns Ferry I
Browns Ferry 3
Joseph M. Farley 1
Joseph M. Farley 2
Arkansas Nuclear One, Unit I
Arkansas Nuclear One, Unit 2
Palo Verde I
Palo Verde 2
Palo Verde 3
Diablo Canyon 1
Diablo Canyon 2
Humboldt Bay
Rancho Seco I
San Onofre I
San Onofre 2
San Onofre 3
Haddam Neck
Millstone I
Millstone 2
Millstone 3
Crystal River 3
Crystal River 3
St. Lucie I
St. Lucie I
St. Lucie 2
Turkey Point 3
Turkey Point 4
Edwin I. Hatch I
Vogtle I
Duane Arnold
Braidwood I
Byron 1
Clinton 1
Dresden I
Dresden 2
Dresden 3
Morris
Morris
LaSalle 1
Quad Cities I
Zion 1
Wolf Creek I
River Bend ]
Waterford 3
Pilgrim I
Pilgrim I
Yankee-Rowe I
Calvert Cliffs I
Maine Yankee
Big Rock Point
D. C. Cook I
Fermi 2
Palisades
Monticello
Monticello
Prairie Island I
Callaway I
Grand Gulf ]

AL
AL
AL
AL
AR
AR
AZ
AZ
AZ
CA
CA
CA
CA
CA
CA
CA
CT
CT
CT
CT
FL
FL
FL
FL
FL
FL
FL

GA
GA
IA
IL
IL
IL
IL
IL
IL
IL
IL
IL
IL
IL

KS
LA
LA
MA
MA
MA
MD
ME
MI
MI
MI
MI
MN
MN
MN
MO
MS

Bb
B
pC

P
P
P
P
P
P
P
P
B
P
P
P
P
P
B
P
P
P
P
P
P
P
P
P
B
P
B
P
P
B
B
B
B
B
P
B
B
P
P
B
P
B
B
P
P
P
B
P
B
P
B
B
P
P
B

Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail

Truck
Rail

Truck
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail

Truck
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail

Truck
Rail
Rail
Rail

122
51
57
53
57
64
65
62
66
60
61
6

21
9

65
64
40
91

115
49
25

133
12

358
61
52
52

116
205

57
94

101.
59
11

83
89
43
15

101
172

93
63
57
66
24

154
15

169
55
7

149
61
70
32
8

103
71
80

247
120
132
131
108
149
97
94

102
148
160

6
21
9

131
137
40
91

199
138
17

437
13

751
147
85
86

288
283
129
162
159
87
11

158
160
43
15

305
329

93
97
87
93
18

394
15

320
55
7

268
91

122
19

250
205
101
215
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Table J-5. Shipments of commercial spent nuclear fuel, mostly rail scenarioa (page 2 of 2).

Site Reactor
Brunswick

Shearon Harris

McGuire

Cooper Station
Fort Calhoun
Seabrook
Oyster Creek
Salem/Hope Creek

James A. FitzPatrick/
Nine Mile Point

Ginna
Ginna
Indian Point

Davis-Besse
Perry
Trojan
Beaver Valley

Limerick
Peach Bottom

Susquehanna
Three Mile Island
Catawba

Oconee

H. B. Robinson
Summer
Sequoyah
Watts Bar
Comanche Peak
South Texas

North Anna
Surry
Vermont Yankee
Columbia Generating

Station
Kewaunee
La Crosse
Point Beach
Total BWRb
Total PWRc

Brunswick I
Brunswick 2
Brunswick 1
Brunswick 2
Shearon Harris 1
Shearon Harris
McGuire 1
McGuire 2
Cooper Station
Fort Calhoun
Seabrook 1
Oyster Creek I
Salem 1
Salem 2
Hope Creek
FitzPatrick
Nine Mile Point I
Nine Mile Point 2
Ginna
Ginna
Indian Point I
Indian Point 2
Indian Point 2
Indian Point 3
Indian Point 3
Davis-Besse I
Perry 1
Trojan
Beaver Valley I
Beaver Valley 2
Limerick I
Peach Bottom 2
Peach Bottom 3
Susquehanna I
Three Mile Island I
Catawba I
Catawba 2
Oconee I
Oconee 3
H. B. Robinson 2
Summer I
Sequoyah
Watts Bar I
Comanche Peak I
South Texas I
South Texas 2
North Anna I
Surry I
Vermont Yankee I
Columbia Generating Station

State
NC
NC
NC
NC
NC
NC
NC
NC
NE
NE
NH
NJ
NJ
NJ
NJ
NY
NY
NY
NY
NY
NY
NY
NY
NY
NY
OH
OH
OR
PA
PA
PA
PA
PA
PA
PA
SC
SC
SC
SC
SC
SC
TN
TN
TX
TX
TX
VA
VA
VT
WA

Fuel type
pC

P
Bb
B
P
B
P
P
B
P
P
B
P
P
B
B
B
B
P
P
P
P
P
P
P
P
B
P
P
P
B
B
B
B
P
P
P
P
P
P
P
P
P
P
P
P
P
P
B
B

P
B
P

Cask
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail

Truck
Truck
Rail

Truck
Rail

Truck
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail
Rail

Proposed
Action

2010-2033
14
12
78
78
89
43
83
89
42
61
49
64
59
54
67
60
72
65
36
91
40
35

150
22

145
64
42
33
52
41

148
82
80

201
57
70
69

208
64
82
46
95
26

154
58
57

143
197
73
77

51
5

130
2,701
5,596

Modules
1 and 2

2010-2048
14
12

142
140
146
43

164
173
124
120
80

110
101
108
105
121
99

105
22

297
40
34

471
19

482
140

67
33
94
76

216
157
157
460

97
109
107
353
129
128
113
275

74
250
104
105
289
330
137
159

87
5

213
5,402

10,709

Kewaunee
La Crosse

Point Beach

WI
WI
WI

Rail
Rail
Rail

a. Source: DIRS 157206-CRWMS M&O (2000, all).
b. B = boiling-water reactor (BWR).
c. P = pressurized-water reactor (PWR).
d. Morris is a storage facility located close to the three Dresden reactors.
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(one naval spent nuclear fuel canister per rail cask). For Modules 1 and 2 under the mostly legal-weight
truck scenario, the analysis estimated 26,001 DOE spent nuclear fuel and high-level radioactive waste
truck shipments, as well as the 300 naval spent nuclear fuel shipments by rail.

Under the mostly rail scenario for the Proposed Action, the analysis estimated that DOE would transport
2,128 railcar shipments of DOE spent nuclear fuel and high-level radioactive waste (five high-level waste
canisters per shipment), as well as the 300 shipments of naval spent nuclear fuel. For Modules 1 and 2
under this scenario, DOE would transport 4,954 railcar shipments of DOE spent nuclear fuel and high-
level radioactive waste, as well as the 300 shipments of naval spent nuclear fuel. Table J-6 lists the
estimated number of shipments of DOE and naval spent nuclear fuel from each of the sites for both the
Proposed Action and Modules 1 and 2. Table J-7 lists the number of shipments of high-level radioactive
waste for the Proposed Action and for Modules 1 and 2.

Table J-6. DOE and naval spent nuclear fuel shipments by site.

Proposed Action Module 1 or 2

Site Mostly truck Mostly rail Mostly truck Mostly rail

INEELa 1,388b 433 1,467 442
Savannah River Site 1,316 149 1,411 159
Hanford 754 147 809 157
Fort St. Vrain 312 36 334 38
Totals 3,770 765 4,021 796

a. INEEL = Idaho National Engineering and Environmental Laboratory.
b. Includes 1,088 truck shipments of DOE spent nuclear fuel and 300 railcar shipments of naval spent nuclear fuel.
c. Includes 1,167 truck shipments of DOE spent nuclear fuel and 300 railcar shipments of naval spent nuclear fuel.

Table J-7. High-level radioactive waste shipments by site.a

Proposed Action Module 1 or 2

Site Mostly truckb Mostly railc Mostly truckb Mostly railc

INEELd 0 0 1,292 260e
Hanford 1,960 392 14,500 2,900
Savannah River Site 6,055 1,211 6,188 1,238
West Valleyf 300 60 300 60
Totals 8,315 1,663 22,280 4,458

a. The total U.S. inventory of high-level radioactive waste at the time of shipment would be 22,280 canisters. Under the
Proposed Action, DOE would only ship 8,315 canisters. Under Inventory Module I or 2, DOE would ship the entire
inventory.

b. One canister per shipment.
c. Five canisters per shipment.
d. INEEL = Idaho National Engineering and Environmental Laboratory.
e. 238 shipments of Idaho Nuclear Technology and Engineering Center glass form waste, 20 shipments of Argonne National

Laboratory-West ceramic form waste, and 2 shipments of Argonne National Laboratory-West metallic form waste (see
Appendix A, Section A.2.3.5.1).

f. High-level radioactive waste at West Valley is commercial rather than DOE waste.

J.1.2.1.3 Greater-Than-Class-C and Special-Performance-Assessment-Required Waste
Shipments

Reasonably foreseeable future actions could include shipment of Greater-Than-Class-C and Special-
Performance-Assessment-Required waste to the Yucca Mountain Repository (Appendix A describes
Greater-Than-Class-C and Special-Performance-Assessment-Required wastes). Commercial nuclear
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powerplants, research reactors, radioisotope manufacturers, and other manufacturing and research
institutions generate low-level radioactive waste that exceeds the Nuclear Regulatory Commission Class
C shallow-land-burial disposal limits. In addition to DOE-held material, there are three other sources or
categories of Greater-Than-Class-C low-level radioactive waste:

" Nuclear utilities
" Sealed sources
* Other generators

The activities of nuclear electric utilities and other radioactive waste generators to date have produced
relatively small quantities of Greater-Than-Class-C low-level radioactive waste. As the utilities take their
reactors out of service and decommission them, they could generate more waste of this type.

DOE Special-Performance-Assessment-Required low-level radioactive waste could include the following
materials:

* Production reactor operating wastes
* Production and research reactor decommissioning wastes
* Non-fuel-bearing components of naval reactors
* Sealed radioisotope sources that exceed Class C limits for waste classification
" DOE isotope production-related wastes
* Research reactor fuel assembly hardware

The analysis estimated the number of shipments of Greater-Than-Class-C and Special-Performance-
Assessment-Required waste by assuming that 10 cubic meters (about 350 cubic feet) would be shipped in
a rail cask and 2 cubic meters (about 71 cubic feet) would be shipped in a truck cask. Table J-8 lists the
resulting number of commercial Greater-Than-Class-C shipments in Inventory Module 2 for both truck
and rail shipments. The shipments of Greater-Than-Class-C waste from commercial utilities would
originate among the commercial reactor sites. Typically, boiling-water reactors would ship a total of
about 9 cubic meters (about 318 cubic feet) of Greater-Than-Class-C waste per site, while pressurized-
water reactors would ship about 20 cubic meters (about 710 cubic feet) per site (see Appendix A). The
impacts of transporting this waste were examined for each reactor site. The analysis assumed that sealed
sources and Greater-Than-Class-C waste identified as "other" would be shipped from the DOE Savannah
River Site (see Table J-8).

Table J-8. Commercial Greater-Than-Class-C
waste shipments.a

Category Truck Rail

Commercial utilities 742 210
Sealed sources 121 25
Other 233 47
Totals 1,096 282

a. Source: Appendix A.

The analysis assumed DOE Special-Performance-Assessment-Required waste would be shipped from
four DOE sites listed in Table J-9. Naval reactor and Argonne East Special-Performance-Assessment-
Required waste is assumed to be shipped from the Idaho National Engineering and Environmental
Laboratory.
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Table J-9. DOE Special-Performance-Assessment-
Required waste shipments a

Siteb Rail Truck
Hanford 2 10
INEELc 58 66
SRS (ORNL) 294 1,466
West Valley 56 276
Totals 410 1,763

a. Source: Appendix A; rounded.
b. Abbreviations: INEEL = Idaho National Engineering

and Environmental Laboratory; SRS = Savannah River
Site; ORNL = Oak Ridge National Laboratory.

c. Includes 55 rail shipments of naval Special-Performance-
Assessment-Required waste. These shipments would
travel by rail regardless of scenario.

J.1.2.1.4 Sensitivity of Transportation Impacts to Number of Shipments

As discussed in Section J. 1.2.1, the number of shipments from commercial and DOE sites to the
repository would depend on the mix of legal-weight truck and rail shipments. At this time, many years
before shipments could begin, it is impossible to predict the mix with a reasonable degree of accuracy.
Therefore, the analysis used two scenarios to provide results that bound the range of anticipated impacts.
Thus, for a mix of legal-weight truck and rail shipments within the range of the mostly legal-weight truck
and mostly rail scenarios, the impacts would be likely to lie within the bounds of the impacts predicted by
the analysis. For example, a mix that is different from the scenarios analyzed could consist of 10,000
legal-weight truck shipments and 8,000 rail shipments over 24 years (compared to approximately 1,100
and 9,600, respectively, for the mostly rail scenario). In this example, the number of traffic fatalities
would be between 3.1 (estimated for the Proposed Action under the mostly rail scenario) and 4.5
(estimated for the mostly legal-weight truck scenario). Other examples that have different mixes within
the ranges bounded by the scenarios would lead to results that would be within the range of the evaluated
impacts.

In addition to mixes within the brackets, the number of shipments could fall outside the ranges used for
the mostly legal-weight truck and rail transportation scenarios. If, for example, the mostly rail scenario
used-smaller rail casks than the analysis assumed, the number of shipments would be greater. If spent
nuclear fuel was placed in the canisters before they were shipped, the added weight and size of the
canisters would reduce the number of fuel assemblies that a given cask could accommodate; this would
increase the number of shipments. However, for the mostly rail scenario, even if the capacity of the casks
was half that used in the analysis, the impacts would remain below those forecast for the mostly legal-
weight truck scenario. Although impacts would be related to the number of shipments, because the
number of rail shipments would be very small in comparison to the total railcar traffic on the Nation's
railroads, increases or decreases would be small for impacts to biological resources, air quality,
hydrology, noise, and other environmental resource areas. Thus, the impacts of using smaller rail casks
would be covered by the values estimated in this EIS.

For legal-weight truck shipments, the use of casks carrying smaller payloads than those used in the
analysis (assuming the shipment of the same spent nuclear fuel) would lead to larger impacts for incident-
free transportation and traffic fatalities and about the same level of radiological accident risk. The
relationship is approximately linear; if the payloads of truck shipping casks in the mostly legal-weight
truck scenario were less by one-half, the incident-free impacts would increase by approximately a factor
of 2. Conversely, because the amount of radioactive material in a cask would be less (assuming shipment
of the same spent nuclear fuel), the radiological consequences of maximum reasonably foreseeable
accident scenarios would be less with the use of smaller casks. If smaller casks were used to
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accommodate shipments of spent nuclear fuel with shorter cooling time and higher bumup, the
radiological consequences of maximum reasonably foreseeable accident scenarios would be about the
same.

J.1.2.2 Transportation Routes

At this time, about 10 years before shipments could begin, DOE has not deten-nined the specific routes it
would use to ship spent nuclear fuel and high-level radioactive waste to the proposed repository.
Nonetheless, this analysis used current regulations governing highway shipments and historic rail
industry practices to select existing highway and rail routes to estimate potential environmental impacts
of national transportation. Routing for shipments of spent nuclear fuel and high-level radioactive waste
to the proposed repository would comply with applicable regulations of the U.S. Department of
Transportation and the Nuclear Regulatory Commission in effect at the time the shipments occurred, as
stated in the proposed DOE revised policy and procedures (DIRS 10474 1 -DOE 1998, all) for
implementing Section 180(c) of the Nuclear Waste Policy Act, as amended (NWPA).

Approximately 4 years before shipments to the proposed repository began, the Office of Civilian
Radioactive Waste Management plans to identify the preliminary routes that DOE anticipates using in
state and tribal jurisdictions so it can notify governors and tribal leaders of their eligibility for assistance
under the provisions of Section 180(c) of the NWPA. DOE has published a revised proposed policy
statement that sets forth its revised plan for implementing a program of technical and financial assistance
to states and Native American tribes for training public safety officials of appropriate units of local
government and tribes through whose jurisdictions the Department plans to transport spent nuclear fuel or
high-level radioactive waste (63 FR 23756, January 2, 1998) (see Appendix M, Section M.8).

The analysis of impacts of the Proposed Action and Modules I and 2 used characteristics of routes that
shipments of spent nuclear fuel and high-level radioactive waste could travel from the originating sites
listed in Tables J-4 through J-7. Existing routes that could be used were identified for the mostly legal-
weight truck and mostly rail transportation scenarios and included the 10 rail and heavy-haul truck
implementing alternatives evaluated in the EIS for transportation in Nevada. The route characteristics
used were the transportation mode (highway, railroad, or navigable waterway) and, for each of the modes,
the total distance between an originating site and the repository. In addition, the analysis estimated the
fraction of travel that would occur in rural, suburban, and urban areas for each route. The fraction of
travel in each population zone was determined using 1990 Census data (see Section J. 1. 1.2 and J. 1. 1.3) to
identify population-zone impacts for route segments. The highway routes were selected for the analysis
using the HIGHWAY computer program and routing requirements of the U.S. Department of
Transportation for shipments of Highway Route-Controlled Quantities of Radioactive Materials (49 CFR
397.101). Shipments of spent nuclear ftiel and high-level radioactive waste would contain Highway
Route-Controlled Quantities of Radioactive Materials.

J.1.2.2.1 Routes Used in the Analysis

Routes used in the analysis of transportation impacts of the Proposed Action and Inventory Modules I
and 2 are highways and rail lines that DOE anticipates it could use for legal-weight truck or rail
shipments from each origin to Nevada. For rail shipments that would originate at sites not served by
railroads, routes used for analysis include highway routes for heavy7haul trucks or barge routes from the
sites to railheads. Figures J-5 and J-6 show the truck and rail routes, respectively, analyzed for the
Proposed Action and Inventory Modules I and 2. Tables J- 10 and J- 11 list the lengths of trips and the
distances of the highway and rail routes, respectively, in rural, suburban, and urban population zones.
Sites that would be capable of loading rail casks, but that do not have direct rail access, are listed in
Table J- 11. The analysis used six ending rail nodes in Nevada (Beowawe,. Caliente, Dry Lake, Eccles,
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Table J-10. Highway distances for legal-weight truck shipments from commercial and DOE sites to
Yucca Mountain, mostly legal-weight truck transportation (kilometers)ab (page 1 of 2).

Origin State Totalc Rural Suburban Urban

Browns Ferry AL 3,798 3,344 393 61
Joseph M. Farley AL 4,149 - 3,617 463 69
Arkansas Nuclear One AR 2,810 2,588 191 30
Palo Verde AZ 1,007 886 100 21
Diablo Canyon CA 1,015 828 119 68
Humboldt Bay CA 1,749 1,465 192 92.
Rancho Seco CA 1,228 1,028 124 76
San Onofre CA 694 517 89 87
Haddam Neck CT 4,519 3,708 736 75
Millstone CT 4,527 3,673 746 109
Crystal River FL 4,675 3,928 672 75
St. Lucie FL 4,944 4,115 748 80
Turkey Point FL 5,198 4,210 840 148
Edwin I. Hatch GA 4,342 3,695 572 74
Vogtle GA 4,294 3,623 592 79
Duane Arnold IA 2,773 2,544 189 40
Braidwood IL 3,063 2,796 231 36
Byron IL 3,032 2,773 223 36
Clinton IL 3,104 2,814 252 38
Dresden/Morris IL 3,059 2,798 225 36
La Salle IL 3,017 2,766 215 36
Quad Cities IL 2,877 2,631 211 36
Zion IL 3,167 2,834 284 50
Wolf Creek KS 2,686 2,474 173 38
River Bend LA 3,479 3,097 322 60
Waterford LA 3,565 3,159 346 59
Pilgrim MA 4,722 3,697 930 94
Yankee-Rowe MA 4,615 3,692 831 92
Calvert Cliffs MD 4,278 3,511 684 82
Maine Yankee ME 4,894 3,733 1,052 108
Big Rock Point MI 3,866 3,266 547 52
D. C. Cook MI 3,196. 2,827 318 51
Fermi MI 3,524 3,014 449 61
Palisades Ml 3,244 2,855 338 51
Monticello MN. 3,003 2,702 261 41
Prairie Island MN 2,993 2,720 232 41
Callaway MO 2,988 2,721 225 43
Grand Gulf MS 3,354 2,989 311 54
Brunswick NC 4,773 3,994 696 82
Shearon Harris NC 4,543 3,815 649 79
McGuire NC 4,347 3,737 535 74
Cooper Station NE 2,523 2,328 160 36
Fort Calhoun NE 2,348 2,165 148 35
Seabrook NH 4,725 3,675 942 107
Oyster Creek NJ 4,424 3,530 825 69
Salem/Hope Creek NJ 4,350 3,531 739 79
Ginna NY 4,089 3,356 642 91
Indian Point NY 4,382 3,695 620 67 •
James A. FitzPatrick/Nine NY 4,234 3,461 688 85
Mile Point

J-26



Transportation

Table J-10. Highway distances for legal-weight truck shipments from commercial and DOE sites to
Yucca Mountain, mostly legal-weight truck transportation (kilometers)a b (page 2 of 2).

Origin State Totalc Rural Suburban Urban
Davis-Besse OH 3,520 3,106 358 55
Perry OH 3,693 3,157 464 73
Trojan OR 2,137 1,865 236 36
Beaver Valley PA 3,779 3,214 500 64
Limerick PA 4,287 3,484 741 62
Peach Bottom PA 4,205 3,479 662 63
Susquehanna PA 4,126 3,539 528 59
Three Mile Island PA 4,147 3,443 643 60
Catawba SC 4,350 3,686 594 70
Oconee SC 4,208 3,586 551 71
H. B. Robinson SC 4,467 3,739 647 81
Summer SC 4,352 3,704 576 71
Sequoyah TN 3,856 3,361 433 61
Watts Bar TN 3,933 3,460 413 61
Comanche Peak TX 2,794 2,547 213 34
South Texas TX 3,011 2,652 295 64
North Anna VA 4,437 3,825 533 79
Surry VA 4,611 3,898 629 83
Vermont Yankee VT 4,615 3,675 846 94
Colombia Generating WA 1,880 1,669 178 32

Station
Kewaunee WI 3,347 2,978 314 55
La Crosse WI 3,014 2,773 198 43
Point Beach WI 3,341 2,972 314 55
Ft. St. Vraind CO 1,637 1,501 108 28
INEELe ID 1,201 1,044 129 27
West Valleyf NY 3,959 3,322 562 75
Savannah Rivere SC 4,294 3,622 593 79
Hanforde WA 1,881 1,671 178 32

a. To convert kilometers to miles, multiply by 0.62137.
b. Distances determined for purposes of analysis using HIGHWAY computer program.
c. Totals might differ from sums due to method of calculation and rounding.
d. DOE spent nuclear fuel site.
e. DOE spent nuclear fuel and high-level radioactive waste site.
f. High-level radioactive waste site.

Jean, and Apex) to select rail routes from the 77 sites. These rail nodes would be starting points for the
rail and heavy-haul truck implementing alternatives analyzed for transportation in Nevada.

Selection of Highway Routes. The analysis of national transportation impacts used route
characteristics of existing highways, such as distances, population densities, and state-level accident
statistics. The analysis of highway shipments of spent nuclear fuel and high-level radioactive waste used
the HIGHWAY computer model (DIRS 104780-Johnson et al. 1993, all) to determine highway routes
using regulations of the U.S. Department of Transportation (49 CFR 397.10 1) that specify how routes are
selected. The selection of "preferred routes" is required for shipment of these materials. DOE has
determined that the HIGHWAY program is appropriate for calculating highway routes and related
information (DIRS 101845-Maheras and Pippen 1995, pp. 2 to 5). HIGHWAY is a routing tool that DOE
has used in previous EISs [for example, the programmatic EIS on spent nuclear fuel (DIRS 101802-DOE
1995, Volume 1, p. 1-6) and the Waste Isolation Pilot Plant Supplement II EIS (DIRS 101814-DOE 1997,
pp. 5 to 13)] to determine highway routes for impact analysis.
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Table J-11. Rail transportation distances from commercial and DOE sites to Nevada ending rail nodesa

(kilometers)bc (page 1 of 3).

Site Totald Rural Suburban Urban
Commercial sites with direct rail access

Arkansas Nuclear One
Beaver Valley
Braidwood
Brunswick
Byron
Catawba
Clinton
Columbia Generating Station
Comanche Peak
Crystal River
D. C. Cook
Davis Besse
Dresden/Morris
Duane Arnold
Edwin I. Hatch
Fermi
H. B. Robinson
Humboldt Bay
James A. FitzPatrick/Nine Mile Point
Joseph M. Farley
La Crosse
La Salle
Limerick
Maine Yankee
McGuire
Millstone
Monticello
North Anna
Palo Verde
Perry
Prairie Island
Quad Cities
Rancho Seco
River Bend
San Onofre
Seabrook
Sequoyah
Shearon Harris
South Texas
Summer
Susquehanna
Three Mile Island
Trojan
Vermont Yankee
Vogtle
Waterford
Watts Bar

Wolf Creek
Zion

2,593 - 2,930
3,242 - 3,579
2,586 - 2,923
4,145 - 4,482
2,403 - 2,740
3,819-4,156
2,595 - 2,932
1,369- 1,706
2,492 - 2,678
4,175 - 4,653
2,632 - 2,969
2,917 - 3,254
2,510 - 2,847
2,168 - 2,505
3,929 - 4,266
3,072 - 3,409
3,889 - 4,226

724- 1,412
3,632 - 3,969
4,021 - 4,358
2,851 - 3,579
2,653 - 3,381
3,934 - 4,271
4,435 - 4,771
3,916 - 4,253
4,139 - 4,476
2,655 - 2,822
3,944 - 4,281

872- 1,466
3,222 - 3,558
2,344 - 2,681
2,595 - 3,323

263 - 882
3,266 - 3,405

472- 1,133
4,282 - 4,619
3,366 - 3,703
4,046 - 4,383
2,815 - 3,277
3,755 - 4,092
3,827 - 4,164
3,828 - 4,165
1,326 - 2,048
4,078 - 4,415
3,985 - 4,322
3,408 - 3,540
3,310 - 3,647
2,108 - 2,445
2,542 - 2,879

2,427 - 2,720
2,675 - 2,968
2,260 - 2,553
3,363 - 3,656
2,207 - 2,500
3,265 - 3,559
2,358 - 2,651
1,274- 1,567
2,218 - 2,401
3,481 - 3,960
2,261 - 2,555
2,452 - 2,745
2,253 - 2,546
2,014 - 2,307
3,396 - 3,689
2,513 - 2,806
3,137 - 3,430

550- 1,093
2,848 - 3,141
3,438 - 3,731
2,578 - 3,361
2,396 - 3,179
3,148 - 3,441
3,245 - 3,538
3,170 - 3,463
3,078 - 3,371
2,347 - 2,543
3,132 - 3,425

778 - 1,113
2,836 - 3,129
2,100 - 2,393
2,324 - 3,108

178 - 694
2,966 - 3,027

322 - 756
3,183 - 3,477
3,044 - 3,337
3,301 - 3,595
2,539 - 2,770
3,291 - 3,584
2,883 - 3,176
3,129 - 3,422
1,040- 1,836
3,135 - 3,429
3,443 - 3,736
2,878 - 3,086
3,011 - 3,304
1,995 - 2,288

2,231 - 2,525

149- 181
452 - 484
253 - 286
721 -753
172-204
495-527
196-228
84- 116

213-236
587-672
277-309
356-389
222-255
135-167
480-513
437-469
685-717
137-239
631 -663
529-561
196-234
181 -220

664-696
1,008-1,040

679-712
893-925
241 -265

639-672
77-252

317-349
223-255
194-233
61 - 139

268-358
93-264

920-952
277-309
686-718
234-434
414-446
771 -803
588-620
172-346
778-811
489-522
293-453
254-286
98-130

247-279

17- 29
115- 127
73- 85
60-72
24-35
59-70
41 -53
11 -22

37-43
55- 106
94-105

109- 121
35-46
20-31
53-64

123 - 135
68-79
36-80

154- 165
54-66
22-39
20-37

123- 135
182- 193
66-78

168- 179
38-44

172-184
18- 101
69-80
22-33
21 -38

24-48
28-68
58- 112

179- 190
46-57
59-70
42-73
50-62

173-185
111-123
40- 108

164- 176
53- 64
63-76
46-57
15-27

64-75
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Table J-11. Rail transportation distances from commercial and DOE sites to Nevada ending rail nodesa

(kilometers)b'c (page 2 of 3).

Site Totald Rural Suburban Urban
Commercial sites with indirect rail access

Big Rock Point
HHe-20.0 kilometers

Browns Ferry
HH-55.4 kilometers

Callaway
HH- 18.5 kilometers

Calvert Cliffs
HH-41.9 kilometers

Cooper Station
HH-53.8 kilometers

Diablo Canyon
HH-43.5 kilometers

Fort Calhoun
HH-6.0 kilometers

Ginna
HH-35.1 kilometers

Grand Gulf
HH-47.8 kilometers

Haddam Neck
HH- 16.6 kilometers

Hope Creek
HH-5 1.0 kilometers

Indian Point
HH-14.2 kilometers

Kewanee
HH-9.7 kilometers

Oconee
HH- 17.5 kilometers

Oyster Creek
HH-28.5 kilometers

Palisades
HH-41.9 kilometers

Peach Bottom
HH-58.9 kilometers

Pilgrim
HH-8.7 kilometers

Point Beach
HH-36.4 kilometers

Salem
HH-5 1.0 kilometers

St. Lucie
HH-23.5 kilometers

Surry
HH-75.2 kilometers

Turkey Point
HH-17.4 kilometers

Yankee-Rowe
HH- 10.1 kilometers

3,258 - 3,595

3,118 - 3,455

2,230 - 2,567

3,829 - 4,166

1,852 - 2,189

715-789

1,736 - 2,073

3,532 - 3,869

3,108 - 3,445

4,105 - 4,442

3,978 - 4,315

3,981 -4,318

2,867 - 3,204

3,738 - 4,075

4,061 - 4,398

2,680- 3,017

3,849 - 4,186

4,263 - 4,600

2,820- 3,157

3,950 - 4,287

4,315 - 4,840

4,065 - 4,402

4,662 - 5,140

3,998 - 4,335

2,766 - 3,059

2,723 - 3,016

2,103 - 2,396

3,024 - 3,317

1,719 - 2,012

461 - 522

1,656- 1,949

2,792 - 3,086

2,817- 3,115

3,070 - 3,363

2,842 - 3,135

3,034 - 3,327

2,421 - 2,714

3,221 - 3,514

2,862 - 3,155

2,279 - 2,572

3,134 - 3,427

3,103 - 3,396

2,405 - 2,698

2,868 - 3,161

3,464 - 3,984

3,468 - 3,761

3,696 - 4,175

3,083 - 3,376

399-431

353-386

108- 140

631 -663

109- 141

162- 181

70- 102

604-636

259-373

868-901

912-944

781 -813

363-395

464-496

957-989

306-338

604- 637

986- 1,018

338-370

864- 896

732-809

523-555

785- 870

752-784

93- 105

42-53

20-32

174- 185

25-36

73- 105

10-21

136- 147

28-67

167 - 178

225-236

166- 177

84-95

54- 65

242-254

96-107

111- 122

174- 185

78- 89

219-230

74-125

74-85

127- 179

164- 175
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Table J-11. Rail transportation distances from commercial and DOE sites to Nevada ending rail nodesa
(kilometers)b'c (page 3 of 3).

Site Totald Rural Suburban Urban
DOE spent nuclear fuel and high-level

radioactive waste
Ft. St. Vrainf 1,039 - 1,321 1,011 - 1,214 24-93 3 - 13
Hanford Site' 1,356 - 1,693 1,262 - 1,555 84- 116 11 -22
INEELg 482-819 445-738 34-66 4- 15
Savannah River Siteg 3,751 - 4,088 3,081 - 3,374 605-638 65-76
West Valleyh 3,447 - 3,784 2,774 - 3,067 538 - 570 135 - 146

a. The ending rail nodes (INTERLINE comnuter proeram designations) are Anex-14763: Caliente-14770: Beowawe-14791:

b.
C.

d.
e.
f.
g.
h.

and Jean-16328.
To convert kilometers to miles, multiply by 0.62137.
This analysis used the INTERLINE computer program to estimate distances.
Totals might differ from sums due to method of calculation and rounding.
HI-I = heavy-haul truck distance.
DOE spent nuclear fuel.
DOE spent nuclear fuel and high-level radioactive waste.
High-level radioactive waste.

Because the regulations require that the preferred routes result in reduced time in transit, changing
conditions, weather, and other factors could result in the use of more than one route at different times for
shipments between the same origin and destination. However, for this analysis the program selected only
one route for travel from each site to the Yucca Mountain site. Section J.4 describes the highway routes
used in the analysis along with estimated impacts of legal-weight truck shipments for each state.

Although shipments could use more than one preferred route in national highway transportation to
comply with U.S. Department of Transportation regulations (49 CFR 3 97.101), under current U.S.
Department of Transportation regulations all preferred routes would ultimately enter Nevada on
Interstate 15 and travel to the repository on U.S. Highway 95. States or tribes can designate alternative or
additional preferred routes for highway shipments (49 CFR 397.103). At this time the State of Nevada
has not identified any alternative or additional preferred routes that DOE could use for shipments to the
repository.

STATE-DESIGNATED PREFERRED ROUTES

U.S. Department of Transportation regulations specify that states and tribes can designate preferred
routes that are alternatives, or in addition to, Interstate System highways including bypasses or
beltways for the transportation of Highway Route-Controlled Quantities of Radioactive Materials.
Highway Route-Controlled of Radioactive Materials include spent nuclear fuel and high-level
radioactive waste in quantities that would be shipped on a truck or railcar to the repository. If a state
or tribe designated such a route, highway shipments of spent nuclear fuel and high-level radioactive
waste would use the preferred route if (1) it was an alternative preferred route, (2) it would result in
reduced time in transit, or (3) it would replace pickup or delivery routes. Fourteen states have
designated alternative or additional preferred routes (65 FR 75771; December 4, 2000). Although
Nevada has designated a State routing agency to the Department of Transportation (Nevada
Revised Statutes, Chapter 408.141), the State has not yet designated alternative or preferred routes
for Highway Route-Controlled Quantities of Radioactive Materials. State route designations in the
future could require changes in highway routes that would be used for shipments of spent nuclear
fuel and high-level radioactive waste from 77 sites to Yucca Mountain. As an example of recent
changes, two states notified the U.S. Department of Transportation of state-designated preferred
routes (65 FR 75771; December 4, 2000) near or following publication of the Draft EIS.
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Transportation

Selection of Rail Routes. Rail transportation routing of spent nuclear fuel and high-level radioactive
waste shipments is not regulated by the U.S. Department of Transportation. As a consequence, the
routing rules used by the INTERLINE computer program (DIRS 104781-Johnson et al. 1993, all)
assumed that railroads would select routes using historic practices. DOE has determined that the
INTERLINE program is appropriate for calculating routes and related information for use in
transportation analyses (DIRS 10 1 845-Maheras and Pippen 1995, pp. 2 to 5). Because the routing of rail
shipments would be subject to future, possibly different practices of the involved railroads, DOE could
use other rail routes. Section JA contains maps of the rail routes used in the analysis along with
estimated impacts of rail shipments for each state.

For the 24 commercial sites that have the capability to handle and load rail casks but do not have direct
rail service, DOE used the HIGHWAY computer program to identify routes for heavy-haul transportation
to nearby railheads. For such routes, routing agencies in affected states would need to approve the
transport and routing of overweight and overdimensional shipments.

J.1.2.2.2 Routes for Shipping Rail Casks from Sites Not Served by a Railroad

In addition to routes for legal-weight trucks and rail shipments, 24 commercial sites that are not served by
a railroad, but that have the capability to load rail casks, could ship spent nuclear fuel to nearby railheads
using heavy-haul trucks (see Table J- 11). In addition, six of the sites that initially are legal-weight truck
sites would be indirect rail sites after plant shutdown.

J.1.2.2.3 Sensitivity of Analysis Results to Routing Assumptions

Routing for shipments of spent nuclear fuel and high-level radioactive waste to the proposed repository
would comply with regulations of the U.S. Department of Transportation and the Nuclear Regulatory
Commission in effect at the time shipments would occur. Unless the State of Nevada designates
alternative or additional preferred routes, to comply with U.S. Department of Transportation regulations
all preferred routes would ultimately enter Nevada on Interstate 15 and travel to the repository on U.S.
Highway 95. States can designate alternative or additional preferred routes for highway shipments. At
this time the State of Nevada has not identified any alternative or additional preferred routes DOE could
use for shipments to the repository. Section J.3.1.3 examines the sensitivity of transportation impacts
both nationally and regionally (within Nevada) to changes in routing assumptions within Nevada.

J.1.3 ANALYSIS OF IMPACTS FROM INCIDENT-FREE TRANSPORTATION

DOE analyzed the impacts of incident-free transportation for shipments of commercial and DOE spent
nuclear fuel and DOE high-level radioactive waste that would be shipped under the Proposed Action and
Inventory Modules I and 2 from 77 sites to the repository. The analysis estimated impacts to the public
and workers and included impacts of loading shipping casks at commercial and DOE sites and other
preparations for shipment as well as intermodal transfers of casks from heavy-haul trucks or barges to rail
cars.

J.1.3.1 Methods and Approach for Analysis of Impacts for Loading Operations

The analysis used methods and assessments. developed for spent nuclear fuel loading operations at
commercial sites to estimate radiological impacts to involved workers at commercial and DOE sites.
Previously developed conceptual radiation shield designs for shipping casks (DIRS 101747-Schneider et
al. 1987, Sections 4 and 5), rail and truck shipping cask dimensions, and estimated radiation dose rates at
locations where workers would load and prepare casks (DIRS 104791 -DOE 1992, p. 4.2) for shipment
were the analysis bases for loading operations. In addition, tasks and time-motion evaluations from these
studies were used to describe spent nuclear fuel handling and loading. These earlier evaluations were
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Water Quantity Model for the Upper Broad River Basin

Scope of Work - Phase I

1.0 Introduction

Duke Energy (Duke) is developing a water supply capacity model of the Upper Broad River
Basin from its headwaters in North Carolina extending downstream to Duke's Ninety-Nine
Islands Dam near Blacksburg, SC. Phase I of this Study is intended to explore the water supply
capacity associated with the proposed expansion of Duke's Cliffside Steam Station, located near
Cliffside, North Carolina and Duke's proposed construction of the Lee Nuclear Station (LNS),
located near Blacksburg, South Carolina. Phase I of the Study will help Duke ensure a clear
understanding of the total, long-term water supply picture at these power plant sites. The Study
will determine the water supply capacity in the Upper Broad River Basin during low-flow, or
drought, conditions and provide tools and analysis that will be used to support the application
process for both proposed facilities.

This Study will incorporate eight existing reservoirs, beginning at Lake Lure and Lake Summit
to the Northwest, Moss Lake to the Northeast, and ending at Ninety-Nine Islands, as well as
routing of flows in identified riverine sections upstream of the proposed LNS. In addition to the
water quantity model, this proposal includes performing a water supply Study to inventory
current water withdrawals and returns, and project future water withdrawals and returns for the
Upper Broad River Basin. The results of the water supply Study will be used to support the
development of a dynamic water budget model (CHEOPS'). Subsequently, the information and
model will be used to conduct safe yield analyses for the Upper Broad River Basin in support of
Duke Energy's proposed power plant expansions.

A second phase (Phase II) of this Study is also planned and is described in Appendix A. Figure 1
depicts the geographical extent of the Phase I and Phase II study areas. The Phase I drainage
area is approximately 1,550 square miles and the Phase II drainage area adds an additional 3,745
square miles, for a total drainage area of 5,295 square miles at the confluence of the Broad River
and the Saluda River near Columbia, South Carolina.

2.0 Approach

Devine Tarbell & Associates (DTA) has teamed with HDR, Inc. (both firms have business
offices in Charlotte, NC) to provide the water quantity and water supply services outlined in this
proposal. DTA and HDR worked together successfully in the past on the Duke Energy Catawba-
Wateree Hydro Project relicensing, providing similar services to those outlined below. HDR
will provide expertise in water supply analysis and projections of future water demand in the
Upper Broad River Basin. DTA will develop a computer based water quantity model and
provide expertise in performing scenario modeling and basin specific water budget projections
based on results of the water supply Study combined with the CHEOPS model.



Upper Broad River Water Quantity Model - Phase I
March 5, 2007
Page 2 P DukeDEnergye



Upper Broad River Water Quantity Model - Phase I
March 5, 2007 Duke
Pa(ye 3 EneMye

Water Quantity Model

The water quantity modeling phase of the project will encompass the upstream constraints in the
Upper Broad River Basin down to the Ninety-Nine Islands Hydroelectric facility in Cherokee
County, South Carolina. The water quantity model of the Upper Broad River Basin will allow
for the evaluation of the cooling water supply potential of the study area while taking into
consideration the restrictions that are in place on the river system. The restrictions and
characteristics to be modeled include daily hydrology of both direct inflows to the reservoirs and
lateral inflows, reservoir operations, hydro unit performance and generation capacity for the
facilities to be modeled as hydroelectric generation projects, water (consumptive and non-
consumptive use) withdrawals and returns, and operating restrictions. The model will
incorporate known withdrawal and return points and characterization of flow travel time between
nodes either by a direct time lag or the U.S. Army Corps of Engineers HEC- I program's Normal
Depth routing scheme. The routing characteristics of the reaches will be derived from a
combination of field measurement and topographic estimations for representative reaches in the
study area.

The majority of the Upper Broad River Basin information to be used in the development of t he
CHEOPS model will be acquired from the existing HEC-1 model developed for the calculation
of the 1997 Ninety-Nine Islands Probable Maximum Flood (PMF) Study. This work was
developed by current DTA engineering staff.

The headwaters of the Broad River originate in the Blue Ridge Mountains through the foothills
to the Piedmont. The major tributaries to the Broad River above the Ninety-Nine Islands facility
are the Green River, the Hungry River, the Second Broad River, and the First Broad River.
These tributaries incorporate the two proposed public water system reservoirs in Cleveland
County, North Carolina, on the First Broad River and Buffalo Creek. The Ninety-Nine Islands
Hydroelectric Station is -on the Broad River in Cherokee County, South Carolina and has a
drainage area of approximately 1,550 square miles. The dam is located approximately 6 miles
south of Blacksburg, South Carolina, and approximately 9 miles southeast of Gafffiey, South
Carolina. It is approximately 90 miles north of the confluence of the Broad River and Saluda
River near Columbia, South Carolina. The Ninety-Nine Islands project will be modeled as a
peaking facility. There are a number of existing dams upstream of Ninety-Nine Islands:

Tuxedo (Lake Summit) on the Green River

Turner Shoals (Lake Adger) on the Green River

Lake Lure on the Broad River
Stice Shoals on the First Broad River

Gaston Shoals on the Broad River

Cherokee Falls on the Broad River

Kings Mountain Reservoir (Moss Lake) on Buffalo Creek
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Tuxedo Dam (Lake Summit)
The Tuxedo Hydroelectric Project is located on the Green River in Henderson County, North
Carolina, approximately 2 miles west of the Town of Saluda, NC. Tuxedo Dam impounds Lake
Summit. Lake Summit has a surface area of approximately 300 acres and a shoreline of about 10
miles at full pond elevation of 2,012.6 ft msl. The project will be modeled as a generating
modified run-of-river facility.

Turner Shoals Dam (Lake Adger)
The Turner Shoals Hydroelectric Project is located on the Green River in Polk County, North
Carolina, approximately 3 miles northwest of the Town of Mill Springs, NC. Turner Shoals
Dam impounds Lake Adger, which has a surface area of approximately 438 acres and a shoreline
of about 15 miles at full pond elevation of 911.6 ft msl. The project will be modeled as a
generating modified run-of-river facility.

Lake Lure Dam
The Federal Energy Regulatory Commission (FERC) licensed Lake Lure Hydroelectric Project
is located on the Broad River in Rutherford County, North Carolina, on the eastern side of the
Town of Lake Lure, NC. Lake Lure has a surface area of approximately 900 acres at full pond
elevation of 991 ft ms], which makes it the largest reservoir upstream of Ninety-Nine Islands.
The project will be modeled as a fill-and-spill reservoir due to the availability of project
information.

Stice Shoals Dam
The Stice Shoals Hydroelectric Project is located on the First Broad River in Cleveland County,
North Carolina, approximately 4 miles upstream of the confluence with the Broad River and is
approximately 5.5 miles southwest of the City of Shelby, NC. The project will be modeled as a
fill-and-spill reservoir due to the availability of project information and negligible storage
capacity.

Gaston Shoals Dam
The FERC-licensed Gaston Shoals Hydroelectric Project is located on the Broad River in
Cherokee County, South Carolina, approximately 7 miles upstream of Ninety-Nine Islands
Reservoir. Gaston Shoals has a drainage area of approximately 1,300 square miles, including the
Green River, the Hungry River, the Second Broad River, and the First Broad River. The
reservoir volume is estimated to be 2,500 acre-feet, based on the 1997 Ninety-Nine Islands PMF
Study. The project will be modeled as a peaking facility.

Cherokee Falls Dam
The FERC-licensed Cherokee Falls Hydroelectric Project is a Federal Energy Regulatory
Commission (FERC) licensed project located approximately 4.5 miles upstream of the Ninety-
Nine Islands development on the Broad River in Cherokee County, South Carolina. The project
will be modeled as a fill-and-spill reservoir due to the availability of project information and
negligible storage capacity.
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Kinas Mountain Dam (Moss Lake)
Kings Mountain Dam (Moss Lake) is located in Cleveland County, North Carolina, on Buffalo
Creek, approximately 5 miles northwest of the City of Kings Mountain, NC. The project will be
modeled as a fill-and-spill reservoir due to the availability of project information.

There are also two reservoirs in the Upper Broad River Basin that are in the early planning
stages:

" Cleveland County Sanitary District's proposed reservoir is to be located on the First
Broad River in Cleveland County, North Carolina. This facility will be modeled as a
storage facility.

" Kings Mountain's proposed reservoir is to be located on Muddy Fork Creek in
Cleveland County, North Carolina. Currently, there are no plans to model this facility
due to limited available preliminary design information.

There are also number of ponds and small lakes in the Ninety-Nine Islands watershed. These
features will not be modeled as reservoirs. However, depending on the location of the routing
reaches and the water withdrawals, a small pond or reservoir may have to be included in the
routing calculations. The CHEOPS model will be used to route the water between each of the
facilities to analyze the travel time of releases from existing or proposed storage projects. The
focus of the modeling is to analyze streamflow and water quantity at specific points along the
Broad River during low river flow (drought) conditions. Therefore, calibration of the model will
be performed over a range of "in-bank" river flows. To facilitate calibration of the routing of the
river flows between points of interest along the river (nodes), DTA is proposing to install level
logger instrumentation that will record stage and timing of flows. DTA is also proposing to
develop four point stage-flow rating curves at approximately 10 locations in the basin above
Ninety-Nine Islands. This data is essential in the calibration of parameters used in the CHEOPS
model for performing river routing between nodes.

As part of the Broad River Water Quantity Model Project, a Water Supply Study will be
completed for the Ninety-Nine Islands Reservoir and drainage basin. The initial phase of the
Water Supply Study will be completed by HDR and consist of data compilation and development
of future projected water withdrawals and returns within the Upper Broad River Basin. The
Water Quantity Model will be used for a series of scenario runs, which apply the future projected
withdrawals developed by HDR to determine the safe yield for the Ninety-Nine Islands
Reservoir. The future projected withdrawals will be incrementally applied to drought hydrology
to determine the safe yield.

Water Supply Study

The objective of the Broad River Basin Water Supply Study is to inventory current water
withdrawals and returns, and project future water withdrawals and returns for the Broad River
Basin that begins in western North Carolina and extends into western South Carolina. The
results of this Study will be used (by others) to support the development of a dynamic water
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budget model (CHEOPS). Subsequently, the information and model will be used to conduct safe
yield analyses for the Upper Broad River Basin in support of Duke Energy's proposed LNS
project, as well as other interests.

The Study will produce the following information:

A listing of all significant water users (power, agricultural/irrigation, public water
suppliers, and industrial) withdrawing and/or returning water to/from the surface
waters of the Broad River Basin.

" Current water withdrawal and return rates, on an annual average basis, with monthly
variability factors, where available, for each significant user identified.

" Projected water withdrawal and return rates, on an annual average basis, with
monthly variability factors, where available, for each significant entity identified.
Projections will be provided every year for 60 years beyond the base year (assumed
as 2015).

Geographic and Temporal Scope

The Study will cover all water withdrawals and returns greater than 100,000 gallons per day
(gpd) to/from the Broad River and its surface water tributaries within the Upper Broad River
Basin. Additionally, existing and potential future inter-basin transfers (IBTs) into or out of the
Upper Broad River Basin will be estimated and included.

Summary of Existing Data

The following is a list of existing available data that may be useful in the development of this
Study:

1. Local Water Supply Plans (LWSPs) of North Carolina public water suppliers (updated
every five years)

2. Withdrawals in South Carolina registered in compliance with the South Carolina Surface
Water Withdrawal and Reporting Act

3. South Carolina Water Plan (1998 or latest)
4. National Pollutant Discharge Elimination System (NPDES) permit information for

wastewater treatment facilities
5. Public domain Geographic Information Systems (GIS) information
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3.0 Scope of Project

Water Quantity Model

1. Acquire System Information
This task includes collecting, compiling, reviewing, and organizing project operating
characteristics data. It is assumed that the majority of the necessary Basin information is
available in the existing HEC-1 model developed in 1997 for the calculation of the
Ninety-Nine Islands PMF Study.

Necessary information:
a. Hydro Facilities

i. Physical Features
1. Reservoir Storage Curve
2. Tailwater Curve
3. Spillway Curve
4. Reservoir Area Curve
5. Turbine Curves - For generating facilities
6. Generator Curves - For generating facilities
7. Head loss Coefficients - For generating facilities

8. Flashboards - If any
ii. Operations

1. Withdrawals and Returns
2. Bypass Flows and Return Points
3. Operation Type - Peaking vs. run-of-river
4. Operating Band - Minimum, maximum, and target
5. Historic Operations

a. Lake Elevations
b. Generation - Preferably monthly
c. Withdrawals and Returns

b. Non-Generating Facilities
i. Physical Features

1. Reservoir Storage Curve
2. Spillway Curve
3. Reservoir Area Curve

4. Flashboards - If any
ii. Operations

1. Withdrawals and Returns
2. Bypass Flows and Return Points
3. Operating Band - Minimum, maximum, and target

c. Routing Reaches
i. Channel Geometry

ii. Stage/Flow Relationships
iii. Inflow and Outflow Points
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1. Lateral Inflows
2. Withdrawals and Returns

2. Develop Hydrology
This task includes the development of unimpaired hydrology at each of the node
locations using available USGS gage records and historic plant information.

3. Develop Model
This task includes the development of the CHEOPS model for reservoir interactions and
flow regimes. This will require custom coding for the routing and withdrawal sections as
well as the specific reservoir operations for water supply support.

a. Incorporate Withdrawal Points
i. River Reaches

ii. Reservoirs
b. Develop Routing

i. HEC-1 Set-up
ii. HEC-1 Calibration

iii. Incorporate into CHEOPS
c. Develop existing conditions scenario and interactions between reservoirs

4. Model Calibration
This task includes model calibration runs for representative wet, dry, and normal
hydrology years for which historical operating data is available. Additional model runs
will be made for current operation constraints for the hydrology period of record to
establish a long-term data set of existing operation as a baseline. The routing routines
will be calibrated for a range of normal operating flows.

5. Scenario Runs and Analysis
This task includes a series of runs necessary to define the water supply capacity of the
Upper Broad River Basin in reference to the proposed LNS project. This process will be
performed in conjunction with HDR for the development of the safe yield at the Ninety-
Nine Islands Reservoir. DTA assumes 30 runs will be needed to quantify the water
supply capacity for specific drought periods, and 5 runs for a long-term record.

6. Report and Summary
This task includes compiling the modeling scenario results, summary preparation, and
preparing a technical report for the Study participants.

7. Deliverables
Hydrology Report

Calibration Report

Summary Report

Compiled Model
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8. Schedule
To support the Nuclear Regulatory Commission (NRC) combined construction and
operating license application process for the proposed LNS project, the CHEOPS tool
will be calibrated by the end of May 2007 and available to run simulations from June
through August 2007.

Water Supply Study

1. Document Current and Projected Water Withdrawals and Returns
" Compile current permitted surface water withdrawals and returns greater than

100,000 gpd or more in the Upper Broad River Basin, including any identified IBTs.
" Review and reconcile the information presented in the LWSPs of North Carolina

communities and in the Water Plan of South Carolina for South Carolina
communities.

" Arrange and conduct interviews with entities that produce significant withdrawals
and/or returns to obtain current data that is more accurate and discuss, in more detail,
future projections.

" Compile future population and growth projections from various sources within the
Upper Broad River Basin.

" Review current and future industrial growth trends by industry type in the Upper
Broad River Basin (including power production facilitieS).

" Review USGS information associated with current and future agricultural/irrigation
water demands.

" Develop a set of 60-year future water withdrawal and return projections for all
entities identified in the Study. Projections will utilize population and growth rates
estimated based on an evaluation of local and regional factors, trends, and influences.

* Review any available information on population projections, etc.
* Provide technical memorandum summarizing the water withdrawal and return

projections.

2. Assemble and Coordinate Data for Use in the CHEOPS Model
" Compile water withdrawal and return information into spreadsheets usable for

loading into the CHEOPS model.
" Coordinate with DTA staff on modeling issues related to the withdrawal and return

projections.

3. GIS Mapping
" Develop a GIS map and database that documents. the water withdrawal and return

entities included in the Study.
" Load relevant data for each entity into the GIS system including name, phone

number, current water withdrawals and returns, and future water withdrawal and
returns.
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4. Safe Yield Analysis
" Evaluate preliminary safe yields for water withdrawal interests in the Upper Broad

River Basin.
" Evaluate impacts of future water supply modifications (e.g. new reservoirs, intake

modifications) on safe yields.
" Provide technical memorandum on safe yield results and potential impacts of future

water supply modifications.
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APPENDIX A

Water Quantity Model for the Lower Broad River Basin

Proposed Scope of Work - Phase 11

1.0 Introduction to Phase 11

Duke Energy (Duke) recognizes that other organizations rely on the Broad River as well for
drinking water-, industrial and agricultural water needs, and other uses and Duke wants to ensure
that all the major water quantity interests are considered in the Study. Therefore, in addition to
developing a water quantity model for the Upper Broad River Basin, as described above, Duke is
also considering a future second phase of this Study. Phase 11 would extend the geographic
scope of the water quantity model and water supply Study from Ninety-Nine Islands Dam
downstream to the Broad River's confluence with the Saluda River near the Columbia Canal
Diversion Dam in Columbia, South Carolina. This would more than double the scope of the
original Phase I Study by adding an additional 90 miles of river making up the Lower Broad
River Basin. Note that the Phase I drainage area is approximately 1,550 square miles and the
Phase 11 drainage area adds an additional 3,745 square miles, for a total drainage area of 5,295
square miles at the confluence of the Broad River and the Saluda River near Columbia, South
Carolina.

2.0 Phase 11 Approach

The approach for the proposed Phase 11 Study would replicate that of the Phase I Study described
above, only it would be applied to the Lower Broad River Basin. The result would be a single
model and water supply Study covering the entire Broad River watershed from the headwaters in
western North Carolina to the confluence with the Saluda River near Columbia, South Carolina.
Phase II will require the development of hydrology downstream of the Nmiety-Nine Islands
facility and the acquisition of the physical and operational characteristics of the Lockhart facility,
Neal Shoals facility, Fairfield facility, Monticello Reservoir, Parr Shoals facility, and the
Columbia Canal facility near Columbia, South Carolina.

The majority of the Lower Basin inforination necessary for the development of the CHEOPS
model would be acquired from publicly available data, Modeling of the hydroelectric facilities
would be limited to the availability of operational and physical data for the facilities.

Lockhart Dam
The FERC-licensed Lockhart Dam is located in Chester and Union counties, South Carolina, on
the Broad River. This project would be modeled as a peaking facility.
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Neal Shoals Dam
The FERC-licensed Neal Shoals Dam is located in Chester and Union counties, South Carolina,
on the Broad River, approximately 10 miles south of Lockhart Dam. This project would be
modeled as a peaking facility.

Fairfield Dam
The FERC-licensed Fairfield Dam is located in Fairfield County, South Carolina, on the Broad
River. Fairfield Dam is a pump-storage facility for the Monticello Reservoir. This project could
be modeled as either a storage facility or a pump-storage facility, in tandem with the Monticello
Reservoir, depending on data availability and participation of stakeholders.

Parr Shoals Dam
The FERC-licensed Parr Shoals Dam is located in Newberry and Fairfield counties, South
Carolina, on the Broad River. This project would be modeled as a run-of-river reservoir due to
the availability of project information, negligible storage capacity, and current run-of-river
operations.

Columbia Canal Diversion Dam
The FERC-licensed Columbia Canal Diversion Dam is located in Richland County, South
Carolina, on the Broad River. This project would be modeled as a run-of-river reservoir due to
the availability of project information and negligible storage capacity.

3.0 Determination to Proceed with Phase II

Because Duke is concerned with water supply capacity as it pertains to the proposed expansion
of Cliffside Steam Station and the proposed construction of LNS (Lee Nuclear Station), the
Upper Broad River Basin Study, as outlined in Phase I above, is Duke's primary interest.
However, Duke also recognizes that its facilities are part of a larger watershed with a growing
population that has many diverse water interests and needs. Therefore, Duke is planning to
pursue Phase II of this Study with the following criteria:

" A Broad River Water Supply Study Advisory Group (SAG - see Appendix B for a
description) is established during the Phase I Study with representatives from Duke,
South Carolina Electric & Gas (SCE&G), state resource agencies, and a
representative cross-section of public water system owners, industrial and agricultural
water users from both North Carolina and South Carolina.

" The SAG works collaboratively during Phase I of the Study to use the resulting tools,
analysis, and information for sound decision making purposes.

" Duke's interests are met with respect to filing an application for a LNS combined
construction and operating license with the NRC by October 2007.

E The SAG makes a recommendation that Phase II of the Study be pursued, identifies
the deliverables of such a Study, and as part of that decision, considers a cost-sharing
approach to Phase II.
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Note: Duke will make the final decision regarding whether or not it proceeds with Phase
II of the Study.

It is anticipated that a final decision as to whether to proceed with Phase II of the.Study would
need to occur by July 31, 2007, near the end of the Phase I Study. If a decision to proceed with
Phase II is made, the expected completion date of the Phase II Study would be near the end of
November 2007.
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APPENDIX B

Broad River Water Supply Study Advisory Group

Background
Duke Energy (Duke) is planning to expand its coal-fired power plant located at Cliffside, NC and
to develop a new nuclear power plant (the Lee Nuclear Station), just east of Gaffney, SC. Both
of these power plant sites are located in the Broad River Basin (Basin) that begins in the foothills
and mountains of North Carolina and extends into the piedmont region to Columbia, SC. As part
of the planning effort, Duke is conducting a Phase I Water Supply Study that includes both an
analysis of water supply needs and the development of a water quantity model for the portion of
the Basin upstream from the Ninety-Nine Islands Hydroelectric Project (located near Gafffiey,
SC). Phase I of the Study will help Duke ensure a clear understanding of the total, long-term
water supply picture at its Broad River power plant sites. Duke recognizes other organizations
rely on the Broad River as well for drinking water, industrial and agricultural water needs, and
other uses and Duke wants to ensure that all the major water quantity interests are considered in
the Study.

Broad River Water Supply Study Advisory Group Description
Duke believes that the quality and usefulness of the Study can be substantially enhanced by the
formation of a Broad River Water Supply Study Advisory Group (SAG). The SAG would
consist of representatives from the two large power producers in the Basin (i.e., Duke and South
Carolina Electric & Gas (SCE&G)), state resource agencies, and a representative cross-section of
public water system owners, industrial and agricultural water users from both North Carolina and
South Carolina. The SAG would review and provide technical input for the development of
water use projections and the water quantity model, in addition to guiding the development of
future water use scenarios. Participation on the SAG shall be entirely advisory in nature and in
no way represents approval or endorsement of either the methodology or results of the Study or
of the development plans at Duke's power plants. Once the products from Phase I are nearing
completion, the SAG would also provide Duke with additional input so a final decision can be
made as to whether to proceed with Phase II of the Study. This would extend the data collection,
water use projections, and modeling efforts from Ninety-Nine Islands Dam to the mouth of the
Broad River in Columbia, SC.

Proposed SAG Membership
The following is a proposed list of 9-13 potential members of the SAG {Note: "large" in
reference to water intakes means intakes that typically withdraw 1 Million Gallons per Day
(MGD) or more}:

Large Power Producers (One representative each)
* Duke - Ed Bruce

* SCE&G - Bill Argentieri
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State Resource Agencies (One representative each)
" North Carolina - Department of Environment and Natural Resources (NC-DENR-

DWR) - Tom Fransen
" South Carolina - Department of Health and Environmental Control (SC-DHEC) -

Larry Turner and Chuck Gorman
" South Carolina - Department of Natural Resources (SC-DNR) - Andy Wachob

Public Water Suppliers
* A representative from each of 1-2 large NC public water system owners

* A representative from each of 1-2 large SC public water system owners

Industrial/Agricultural Users
" A representative from each of 1-2 large NC industrial or agricultural water intake

owners
" A representative from each of 1-2 large SC industrial or agricultural water intake

owners

Water intake owners interested in being on the SAG can notify Duke or its consultant within one
week following the regional Study kick-off meetings. SAG members from the power companies
and state agencies will meet within two weeks following the regional kick-off meetings to decide
on the remaining SAG membership. Every effort will be made to include representation from
the proposed Phase II Study region, as well as the Phase I Study region.

The consulting company conducting the Study for Duke will facilitate the meetings and provide
all logistical support for the SAG. Duke will also ensure that communications mechanisms are
in place to keep other water supply interests (in addition to those that are on the SAG) informed
about the Study.
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supplies would be 50 tons per year during the construction phase and 67 tons per year during the
operations and monitoring phase; emissions would contribute a maximum of an additional 0.07 percent to
the estimated 2000 daily carbon-monoxide levels in the nonattainment area (DIRS 156706-Clark County
2000, Appendix A, Table 1-3).

Impacts in other environmental resource areas would be unlikely to occur.

6.2 National Transportation

This section describes the estimated national transportation impacts from shipping spent nuclear fuel and
high-level radioactive waste from 72 commercial and 5 DOE sites throughout the United States to the
proposed Yucca Mountain Repository. This section includes the following:

0 Definition and an overview of the analysis scenarios (Section 6.2.1)

* Impacts to workers and the public from spent nuclear fuel and high-level radioactive waste
loading operations at commercial and DOE sites (Section 6.2.2)

* Potential incident-free (routine) radiological impacts and vehicle emission impacts
(Section 6.2.3)

0 Potential accident scenario impacts (Section 6.2.4).

National transportation of spent nuclear fuel and high-level radioactive waste, which would use existing
highways and railroads, would average 7.8 million truck kilometers (4.9 million miles) per year for the
mostly truck case and 1.6 million railcar kilometers (1 million miles) per year for the mostly rail case.
Barges used to ship rail casks to nearby railheads from commercial sites not served by a railroad could
average as much as 6,500 kilometers (4,000 miles) per year. The national yearly average for total
highway and railroad traffic is 186 billion truck kilometers (116 billion miles) and 49 billion railcar
kilometers (30 billion miles) (DIRS 150989-BTS 1998, pp. 5 and 6)]. Spent nuclear fuel and high-level
radioactive waste transportation would represent a very small fraction of the total national highway and
railroad traffic (0.004 percent of truck kilometers and 0.003 percent of railcar kilometers). Domestic
waterbome trade in 1995 accounted for about 1 billion metric tons (910 million tons) (DIRS 148158-
MARAD 1998, all). This represents about I million barge shipments per year. Thus, shipments of spent
nuclear fuel by barge would only be a very small fraction of the total annual domestic waterbome
commerce.

With the exception of occupational and public health and safety impacts, which are evaluated in this
section, the environmental impacts of this small fraction of all national transportation would be very
small in comparison to the impacts of other nationwide transportation activities. Thus, the national
transportation of spent nuclear fuel and high-level radioactive waste would have very small impacts on
land use and ownership; hydrology; biological resources and soils; cultural resources; socioeconomics;
noise and vibration; aesthetics; utilities, energy, and materials; or waste management.

To determine if pollutants of concern from national transportation vehicles (truck and rail) would degrade
air quality in nonattainment areas, DOE reviewed traffic volumes in these areas. This review determined
that the numbers of shipments of Yucca Mountain-destined vehicles through these areas would be very
small in relation to normal traffic volumes. Therefore, the impact to air quality in these areas, except
Nevada (see Section 6.1.3), would be very small.

Radiological impacts of accidents on biological resources would be extremely unlikely. The analysis
focused the impacts from accidents on human health and safety. A severe accident scenario, such as the
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maximum reasonably foreseeable accident scenarios discussed in Section 6.2.4.2, that would cause a
release of contaminated materials would be very unlikely. The probabilities of the severe accident
scenarios discussed in Section 6.2.4.2 are less than 3 in 10 million per year for both the mostly legal-
weight truck and mostly rail transportation scenarios. Because of the low probability of occurrence, an
accident scenario during the transport of spent nuclear fuel and high-level radioactive waste would be
unlikely to cause adverse impacts to any endangered or threatened species, and impacts to other plants
and animals would be small. Therefore, the analysis did not evaluate the impacts for these environmental
parameters for national transportation activities further.

This chapter does not evaluate the risks of economic loss or resultant environmental consequences from
potential transportation accidents that could cause releases of radioactive materials. DOE did not perform
these analyses because estimating economic risks, and environmental consequences would depend on
many factors associated with accidents that cannot be known in advance. Therefore, the information that
would be needed for such an analysis is not available. Section J.1.4.2.5 of Appendix J presents a review
and analysis of studies by the U.S. Nuclear Regulatory Commission, the National Aeronautics and Space
Administration, DOE, and others that discusses cost factors and provides estimates of the range of costs
and environmental consequences of cleaning up contamination following hypothetical accidental releases
of radioactive materials.

6.2.1 ANALYSIS SCENARIOS AND METHODS

Under the mostly legal-weight truck scenario for national transportation, DOE would transport shipments
(with the exception of naval spent nuclear fuel and possibly some DOE high-level radioactive waste) by
legal-weight truck to Nevada. Naval spent nuclear fuel would be shipped by rail from the Idaho National
Engineering and Environmental Laboratory. Under the mostly-legal weight truck scenario, DOE assumed
that some shipments of DOE high-level radioactive waste would use overweight trucks. With the
exception of permit requirements and operating restrictions, the vehicles for these shipments would be
similar to legal-weight truck shipments but might weigh as much as 52,200 kilograms (115,000 poun ds).
States routinely issue special permits for trucks weighing up to 58,500 kilograms (129,000 pounds).

Figure 6-11 shows the highway routes (mostly Interstate ffighways) that the analysis used to estimate
transportation-related impacts, along with the locations of the commercial and DOE'sites and Yucca
Mountain. The routes selected for analysis are representative of routes that DOE could use for truck
shipments if the Yucca Mountain site was approved. In addition, the highway routes shown would
conform to the. routing requirements in 40 CFR 397. 101 (see Appendix J, Section J. 1.2).

Although DOE cannot be certain of the actual mix of rail and truck shipments that would occur, it expects
that the mostly rail scenario best represents the mix of modes it would use. This belief is based on
analyses the Department has done to assess generator site capabilities to handle larger (rail) casks,
distances to suitable railheads, and historic experience in actual shipments of fuel, waste, or large reactor-
related components. In addition, DOE considered relevant information published by knowledgeable
sources such as the Nuclear Energy Institute, which provided information on capabilities of generator
sites to handle large rail casks (DIRS 155777-McCuUum 2000, all). Although DOE believes the mostly
rail scenario best represents what would be likely for the transportation of spent nuclear fuel and high-
level radioactive waste to a Yucca Mountain Repository, Appendix J, Section J. 1.2.1.4 describes an
analysis that illustrates how changes in the mix of rail and truck modes would change estimated health
and safety impacts for national transportation. The results of the analysis indicated how a mix between
the limits represented by the mostly legal-weight truck and mostly rail scenarios would result in health
and safety impacts that would be between those estimated for the two scenarios and would not be greater
than the impacts from either scenario.
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MOSTLY LEGAL-WEIGHT TRUCK AND MOSTLY RAIL SCENARIOS

The Department would prefer most shipments to a Yucca Mountain repository be made using rail
transportation. It also expects that the mostly rail scenario described in this EIS best represents the
mix of rail and truck transportation that would be used. However, it cannot be certain of the actual
mix of rail and truck transportation that would occur over the 24 years of the Proposed Action.
Consequently, DOE used the mostly legal-weight truck and mostly rail scenarios as a basis for the
analysis of potential impacts to ensure the analysis addressed the range of possible transportation
impacts. The estimated number of shipments for the mostly legal-weight truck and mostly rail
scenarios represents the two extremes in the possible mix of transportation modes, thereby covering
the range of potential impacts to human health and safety and to the environment for the
transportation modes DOE could use for the Proposed Action.

Under the national transportation mostly rail scenario, DOE would transport shipments (with the
exception of commercial spent nuclear fuel at six sites that do not have the capability to load a rail cask)
by rail to Nevada. In addition, this scenario assumes that 24 commercial sites that have the capability to
handle and load rail casks, but that do not have railroad service, would make shipments to nearby
railheads by barge or heavy-haul truck. Barge shipments of rail casks containing spent nuclear fuel could
be possible from 17 commercial sites that are on or near navigable waterways. Figure 6-12 shows the
raiload routes that the analysis used to estimate transportation-related impacts, along with the locations
of the commercial and DOE sites and Yucca Mountain. The routes selected for analysis are
representative of routes that could be used for rail shipments if the Yucca Mountain site was approved.
The analysis estimated that these routes would most closely follow current railroad industry practices and
the system-wide capability to ship hazardous materials safely. These routes would reduce time in transit,
reduce the number of interchanges between railroads, and use mainline tracks to the maximum practical
extent.

The railroad routes shown in Figure 6-12 could also be used by generators to transport spent nuclear fuel
to a proposed Private Fuel Storage facility near Skull Valley in northwestern Utah (DIRS 152001-NRC
2000, all). Rail routes from that facility to connections with potential branch rail lines or to an intermodal
transfer station in Nevada would be essentially the same as the western sections of rail routes analyzed in
this chapter. Thus, impacts presented in this chapter for five candidate routes for heavy-haul trucks and
five candidate rail corridors in Nevada would be about the same whether shipments were directly from 72
commercial and 5 DOE generator sites to a Yucca Mountain Repository or from a Private Fuel Storage
facility in Skull Valley, Utah. Chapter 8, Section 8.4, discusses potential cumulative impacts of
transporting commercial spent nuclear fuel to a Private Fuel Storage facility and then to a Yucca
Mountain Repository (see Appendix J, Section J.1.2).

This section evaluates radiological and nonradiological impacts to workers and the public from routine
transportation operations and from accidents. DOE used a number of computer models and programs to
estimate these impacts; Appendix J describes the analysis assumptions and models.

The CALVIN model (DIRS 155644-CRWMS M&O 1999, pp. 2 to 22) was used to estimate the number
of shipments of commercial spent nuclear fuel for both the mostly legal-weight truck and mostly rail
scenarios. The CALVIN program used commercial spent nuclear fuel inventories and characteristics
from the Report on the Status of the Final 1995 R W-859 Data Set (DIRS 104848-CRWMS M&O 1996,
all) and the Calculation Method for the Projection of Future SNF Discharges (DIRS 156305-CRWMS
M&O 2001, all) (see Appendix A) to estimate the number of shipments. For DOE spent nuclear fuel and
high-level radioactive waste, the analysis used inventories and characteristics for materials to be shipped
under the Proposed Action that were reported by the DOE sites in 1998 (see Appendix A) to estimate the
number of shipments. Chapter 2, Section 2.1.3, and Appendix J discuss the number of shipments.
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The transportation analyses used the following computer programs:

" HIGHWAY (DIRS 104780-Johnson et al. 1993, all) to identify the highway routes that it could use to
transport spent nuclear fuel and high-level radioactive waste. All of the routes would satisfy U.S.
Department of Transportation route selection regulations.

" INTERLINE (DIRS 104781-Johnson et al. 1993, all) to identify rail and barge routes for the analysis.

* RADTRAN 5 (DIRS 150898-Neuhauser and Kanipe 2000, all; DIRS 155430 Neuhauser, Kanipe, and
Weiner 2000, all) to estimate radiological dose risk to populations and transportation workers during
routine operations. The analyses also used this program to estimate radiological dose risks to
populations and transportation workers from accidents.

" RISKIND (DIRS 101483-Yuan et al. 1995, all) to estimate radiological doses to the maximally
exposed individuals and to the population during routine transportation. This program also estimated
radiological doses to the maximally exposed individuals and to the population from transportation
accidents.

6.2.2 IMPACTS FROM LOADING OPERATIONS

This section describes potential impacts from loading spent nuclear fuel and high-level radioactive waste
in transportation casks and on transportation vehicles at the 72 commercial and 5 DOE sites. It also
describes methods for estimating radiological and industrial hazard impacts from routine loading
operations and radiological impacts of loading accidents to workers and members of the public. During
loading operations, radiological impacts to workers could occur from normal operations and accidents. In
addition, workers could experience impacts from industrial hazards. Members of the public could
experience radiological impacts if a loading accident occurred but would not experience impacts from
industrial hazards, including hazards associated with nonradioactive hazardous materials. Nonradioactive
hazardous materials would be used only in small quantities, if at all, in loading operations. Chapter 4
addresses impacts from unloading operations at the repository.

6.2.2.1 Radiological Impacts of Routine Operations

Radiological impacts to members of the public from routine operations would be very small. An earlier
DOE analysis estimated that public dose from loading operations (primarily due to atmospheric effluents)
would be less than 0.001 person-rem per metric ton of uranium loaded (DIRS 104731-DOE 1986, Volume
2, p. E.6) (see Appendix I for more information)- Therefore, to be conservative this analysis estimated
the dose to the public from loading operations by multiplying the value of 0.001 person-rem per metric
ton of uranium by the 70,000metric tons (77,000 tons) of spent nuclear fuel and high-level radioactive
waste DOE would transport under the Proposed Action. [DIRS 104731-DOE (1986, Volume 2, all) uses
the term "metric ton uranium," which is essentially the same as metric tons of heavy metal for
commercial spent nuclear fuel.] The resulting population dose would be 70 person-rem, which, based on
conversion factors recommended by the International Commission on Radiological Protection, would
result in 0.04 latent cancer fatality. The Commission recommends 0.0004 and 0.0005 latent cancer
fatality per person-rem for involved worker populations and the general public, respectively (DIRS
101836-ICRP 1991, p. 22).

Table 6-6 lists estimated involved worker impacts from loading spent nuclear fuel at commercial sites and
loading DOE spent nuclear fuel and high-level radioactive waste at DOE facilities for shipment to the
Yucca Mountain site under the Proposed Action. The impacts assume worker rotation and other
administrative actions at commercial sites would follow guidance similar to that in DOE Standard -
Radiological Control Manual (DIRS 156764-DOE 1999, Article 211). Although the guidance that the
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annual dose received by an individual worker could be as high as 2 rem per year, DOE policy is to limit
doses to individual workers to no more than 500 millirem per year. The maximum individual dose would*00.1 

1

Table 6-6. Estimated radiological impacts to
involved workers from loading operations.,

!I

Mostly Mostly legal-
Impact rail weight truck

Maximally exposed individual
Dose (rem) 12' 12"
Probability of LCF' 0.005 0.005

Involved worker population"

Dose (person-rem) 4,200 15,000
Number of LCFs 1.7 6.1

a. Numbers are rounded.
b. Based on 500-millirem-per-year administrative dose

limit.
c. LCF = latent cancer fatality.
d. All involved workers at all facilities, preparing about

11,000 shipments under the mostly rail scenario and
about 53,000 shipments under the mostly legal-weight
truck scenario over 24 years.

be 12 rem over the 24 years of loading operations
for individuals who worked the entire duration of
repository operations. The estimated probability of
a latent cancer fatality for an involved worker from
this dose would be about 0.005 (5 chances in
1,000).

As many as 2 latent cancer fatalities from the
mostly rail scenario and about 6 latent cancer
fatalities from the legal-weight truck scenario could
result in the involved worker population over
24 years. The mostly legal-weight truck scenario
would result in more potential impacts than the
mostly rail scenario because of the increased
exposure time needed to load more transportation
casks.

To assess potential radiological impacts at generator
facilities, the EIS analysis assumed that

I

noninvolved workers would have no direct involvement with handling spent nuclear fuel or high-level
radioactive waste.. DOE expects radiological impacts to noninvolved workers to be even smaller than
those to involved workers.

6.2.2.2 Impacts from Industrial Hazards

Table 6-7 lists estimated impacts to involved workers from industrial hazards over 24 years of loading
operations at the 77 sites. Fatalities from industrial hazards would be unlikely from loading activities
under either national transportation scenario. The mostly legal-weight truck scenario would have about
three times the estimated number of total recordable cases and lost workday cases of the mostly rail
scenario because there would be more shipments and more work time (full-time equivalent worker years).
Using the assumption that the noninvolved workforce wouldbe 25 percent of the number of involved
workers, the analysis determined that impacts to noninvolved workers would be about 25 percent of those
listed in Table 6-7.

Table 6-7. Impacts to involved workersa from industrial hazards during loading operations.b
Impact Mostly rail Mostly legal-weight truck

Total recordable cases' 130 380
Lost workday casesd 67 200
Fa

a.

atalities' 0.29 0.9
Includes all involved workers at all facilities during 24 years of repository operations. During the 24 years of shipments to
the proposed repository, these workers would put in 1,300 worker years (2,080 hours per worker year) preparing about
11,000 shipments under the mostly rail scenario and 3,700 worker years preparing about 53,000 legal-weight truck
shipments and 300 naval spent nuclear fuel rail shipments under the mostly legal-weight truck scenario. Industrial safety
impacts in the noninvolved workforce would be about 25 percent of those listed.
Numbers are rounded to two significant digits.
Total recordable cases (injury and illness) based on a 1998 loss incident rate of 0.08.
Lost workday cases based on a 1998 loss incident rate of 0.05.
Fatalities based on a 1998 loss incident rate of 0.000218.

b.
C.
d.
e.
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D To assess potential industrial safety impacts at generator facilities, the EIS analysis assumed that
noninvolved workers would be persons with office-based administrative duties associated with loading
operations. In addition to industrial safety impacts, traffic fatality and vehicle emissions impacts as a
result of commuting workers associated with loading operations were estimated. Traffic involving
commuting workers could result in 0.4 fatality under the mostly legal-weight truck scenario and 0.2
fatality under the mostly rail scenario. Estimated vehicle emissions impacts from commuting could result
in 0.06 latent fatalities for the mostly legal-weight truck scenario and 0.02 for the mostly rail scenario.

6.2.3 NATIONAL TRANSPORTATION IMPACTS

The following sections discuss the impacts of transporting spent nuclear fuel and high-level radioactive
waste to the proposed Yucca Mountain Repository under the mostly legal-weight truck and mostly rail
scenarios. The analysis in this section addresses the impacts of incident-free transportation. Section
6.2.4 discusses accidents, and Appendix J contains the details of the analysis and its assumptions.

6.2.3.1 Impacts from Incident-Free Transportation - National Mostly Legal-Weight Truck
Transportation Scenario

This section addresses radiological and nonradiological impacts to populations and maximally exposed
individuals for incident-free transportation of spent nuclear fuel and high-level radioactive waste for the
mostly-legal weight truck scenario.

Incident-Free Radiological Impacts to Populations. Table 6-8 lists the incident-free population dose
and latent cancer fatalities to workers and the public for the mostly legal-weight truck scenario. The
impacts include those for the shipment of naval spent nuclear fuel by rail to Nevada, intermodal transferDof rail casks to heavy-haul trucks, and subsequent heavy-haul transportation to the proposed repository.
Section 6.3.3 and Appendix I contain additional information on worker impacts from intermodal transfer
operations. Worker impacts would include radiological exposures of security escorts for legal-weight
truck, rail, and heavy-haul truck shipments and from the transfer of naval spent nuclear fuel shipments
from rail to heavy-haul truck. The collective dose to the security escorts traveling in separate vehicles
would be about 6 person-rem for legal-weight truck shipments. Doses to escorts of rail shipments of
naval spent nuclear fuel, who would travel in railcars in sight of but separated from the cask cars,
followed by escorted heavy-haul truck shipments in Nevada would be about 0.4 person-rem.

Table 6-8. Population doses and impacts from incident-free transportation for national mostly legal-
weight truck scenario.,

Legal-weight truck Rail shipments of naval
Category shipments spent nuclear fuelb Totalsd

Involved workers
Collective dose (person-rem) 14,000 29 14,000
Estimated LCFsH 5.6 0.01 5.6

Public
Collective dose (person-rem) 5,000 20 5,000
Estimated LCFs 2.5 0.01 2.5

a. Impacts are totals for shipments over 24 years.
b. Includes impacts from intermodal transfer operations (see Section 6.3.3.1).
c. LCF = latent cancer fatality.
d. Totals might differ from sums of values due to rounding.

If escorts accompanied legal-weight truck shipments over the full length of their shipment routes, rather
than only in highly populated urban areas as required by Federal regulations (10 CFR 73.37), the
estimated doses to escorts over 24 years would be 360 person-rem (a 0.14 probability of a latent cancer
fatality in the population of escorts).
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In addition, as is recommended by the Commercial Vehicle Safety Alliance (DIRS 155863-CVSA 2000,
all), the analysis assumed state safety inspections of shipments would occur only in originating and
destination states. If inspections were conducted for every shipment in each state through which the
shipment would pass, inspectors would receive an additional dose of 7,000 person-rem (about 2.8 latent
cancer fatalities) over 24 years.

Appendix J, Section J. 1.3.2.2.2 contains additional information about the analysis of impacts to escorts
and inspectors.

The estimated radiological impacts would be 6 (5.6) latent cancer fatalities for workers and 3 (2.5) latent
cancer fatalities for members of the public for the 24 years of operation. The population within 800
meters (0.5 mile) of routes would be about 10 million based on projections to 2035. About 2.3 million
members of this population would be likely to incur fatal cancers from all other causes not associated
with the Proposed Action (DIRS 153066-Murphy 2000, p. 5).

Incident-Free Radiological Impacts to Maximally Exposed Individuals. Table 6-9 lists estimates of
doses and radiological impacts for maximally exposed individuals for the legal-weight truck scenario
(which considers drivers and security escorts). The risks are calculated for the 24 years of shipment
activities. Appendix J discusses analysis methods and assumptions. State inspectors who conducted
frequent inspections of shipments of spent nuclear fuel and high-level radioactive waste and
transportation vehicle operating crews would receive the highest annual radiation doses.

Table 6-9. Estimated doses and radiological impacts to maximally exposed individuals for national
mostly legal-weight truck scenario. ab

w

Individual Dose (rem) Probability of latent fatal cancer
Involved workers
Crew member (including driver) 48e 0.02
Inspector 48' 0.02
Railyard crew member 0.13 0.00005

Public
Resident along route 0.006 0.000003
Person in traffic jam 0 .0 16 d 0.000008
Person at service station 2.4c 0.0012
Resident near rail stop 0.009 0.000005

a. The assumed external dose rate is 10 millirem per hour at 2 meters (6.6 feet) from the vehicle for all shipments.
b. Totals for 24 years of operations.
c. Based on 2-rem-per-year administrative dose limit. If a lower dose limit, for example 500 millirem per year, was imposed

for transportation workers or state inspectors, maximally exposed individual doses would be lower. See DIRS 156764-DOE
(1999, Article 211) for DOE guidance on occupational dose limits.

d. Person in a traffic jam is assumed to be exposed one time only.
e. Assumes the person works at the service station for all 24 years of operations. Mitigation would be required to reduce

impacts to members of the public to below 100 millirem per year.

Impacts to the maximally exposed individuals in the general public would be very low. The highest
impacts would be to a service station employee who worked at a station where the analysis assumed all
truck shipments would stop under the mostly legal-weight truck scenario (Table 6-9). The analysis
estimated that this employee would receive a dose of 2.4 rem over 24 years, which corresponds to the
maximum that would be allowed (100 millirem per year) for a member of the general public under
regulations in 10 CFR Part 20. The estimate assumes that measures would be taken by DOE to reduce the
dose to the employee from 130 millirem per year (3.2 rem over 24 years)-the dose estimated by the
analysis if dose reduction measures were not implemented. The estimate of 3.2 rem over 24 years
conservatively assumed the person would be exposed to 450 truck shipments each year for 24 years. For
perspective, under the mostly legal-weight truck scenario, which assumes an average of 2,200
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Plegal-weight truck shipments per year, about 450 truck shipments would pass through the Mercury,
Nevada, gate to the Nevada Test Site in 1,800 hours. A worker at a truck stop along the route to Mercury
would work about 1,800 hours per year. Thus, if every shipment stopped at that truck stop, the maximum
number of shipments the worker would be exposed to in a year would be 450.

Impacts from Vehicle Emissions. Using data published by DIRS 151198-Biwer and Butler (1999, p.
1165 to 1166), DIRS 155786-EPA (1997, all), and DIRS 155780-EPA (1993, Section 13.2.13) (see
Appendix J, Section J. 1.3.2.3), DOE estimated the number of fatalities that vehicle emissions from
shipments to Yucca Mountain could cause (Table 6-10). These potential impacts would result principally
from exposure to increases in levels of pollutants, where the additional pollutants would come from
vehicles transporting spent nuclear fuel and high-level radioactive waste and the accompanying escort
vehicles. In the context of the number of vehicle kilometers from shipments to the Yucca Mountain site,
these emissions would be very small in comparison to the emissions from other vehicles.

Table 6-10. Population health impacts from vehicle emissions during incident-free transportation for
national mostly legal-weight truck scenario.'

Legal-weight tiruck Rail shipments of naval
Category shipments spent nuclear fuel Totalb

Estimated vehicle emission-related fatalities 0.93 0.01 0.95
a. Impacts are totals for shipments over 24 years.
b. Total differs from sums of values due to rounding.

This section addresses radiological and nonradiological impacts to populations and maximally exposed
individuals from the incident-free transportation of spent nuclear fuel and high-level radioactive waste for
the mostly rail national transportation scenario. In addition, it identifies impacts of legal-weight truck
shipments that would occur under the mostly rail scenario for the six commercial sites that do not have
the capability to load rail casks (about 1,079 legal-weight truck shipments over 24 years). Of these six
sites, two have direct rail access and four have indirect access. Of the four sites with indirect access,
three have barge access. The analysis assumed that the six legal-weight truck sites would upgrade their
crane capacities and ship by rail after reactor shutdown.

6.2.3.2 Impacts from Incident-Free Transportation - National Mostly Rail Transportation
Scenario

For this analysis, DOE assumed that it would use either a branch rail line or heavy-haul trucks in Nevada
to transport rail casks to and from the repository. Accordingly; the results indicate the range of impacts
for the rail and heavy-haul truck implementing alternatives that DOE could use for transportation to the
repository after rail shipments arrived in Nevada. Section 6.3 and Appendix J present more information
on the analysis of the environmental impacts of the Nevada rail and heavy-haul implementing
alternatives. Appendix J, Section J.2, also presents a comparison of the effects of using dedicated trains
or general freight services for rail shipments.

The mostly rail scenario assumes that the 24 commercial sites not served by a railroad but with the
capability to handle rail casks would use heavy-haul trucks to transport the casks to railbeads for transfer
to railcars. In addition, 17 of the 24 sites are adjacent to navigable waterways. At some of the 17 sites on
navigable waterways, barges could be used for the initial trip segments (see Appendix J, Section J.2. 1).
The impacts estimated by the analysis include the impacts of heavy-haul truck or barge shipments of rail
casks from the 24 sites to nearby railheads.

The analysis assumed that the truck shipments of spent nuclear fuel and high-level radioactive waste
would make periodic stops for state inspections, changes of drivers, rest, and fuel. Rail shipments would

6-41



Environmental Impacts of Transportation

VEHICLE EMISSION UNIT RISK FACTORS

DIRS 151198-Biwer and Butler (1999, all) presents unit risk factors for estimating vehicle emissions
and the resulting health effects (fatalities) from truck and rail transportation. Changes to information
used in the Biwer and Butler analysis resulted in revised factors used in the analyses in this EIS.
DOE made four changes:

Fugitive dust emission factor. Biwer and Butler used the paved road fugitive dust emission factor
equation from DIRS 155786-EPA (1997, Volume 1, Supplement D, Section 13.2.1) to estimate
fugitive dust emission factors for individual vehicle weight classes. The emission factor used in
the Final EIS analysis is based on the fleet average weight, as recommended in the reference.

" Diesel exhaust emission factor. Biwer and Butler used diesel exhaust emission factors for trucks
operating in 1995. The Final EIS analysis used information presented in the Motor Vehicle-
Related Air Toxics Study (DIRS 155780-EPA 1993, all) to> estimate diesel exhaust emission
factors projected for the fleet of trucks operating in 2010.

* Mortality rate used to estimate health effects. The PM10 risk factor used in Biwer and Butler was
calculated using a baseline mortality rate of 0.008. This is the crude rate, which is influenced by
age differences in population composition. The analysis for the Final EIS used an age-adjusted
mortality rate of 0.005.

" PM10 risk factor. The PM10 health risk factor used by Biwer and Butler was based on an upper
bound reported by DIRS 152600-Ostro and Chestnut (1998, all), who also presented lower-
bound and central estimates. To avoid compounding conservative assumptions, the Final EIS
analysis uses the central estimate.

These changes resulted in values for vehicle emission health effect (fatality) unit risk factors that are
about a factor of 30 smaller that those estimated by DIRS 151198-Biwer and Butler (1999, all).

also make periodic stops. However, the assumed frequency of the stops and the numbers of people
nearby would be different from those for truck shipments and would result in a lower dose.

Incident-Free Radiological Impacts to Populations. Table 6-11 lists incident-free radiological
impacts that would occur during the routine transportation of spent nuclear fuel and high-level radioactive
waste under the mostly rail national transportation scenario. Because national impacts would result from
transportation from the commercial and DOE sites to the repository, they include impacts from a Nevada
rail or heavy-haul truck implementing alternative. For the case in which rail shipments would continue in
Nevada, total impacts to members of the general public would differ depending on the implementing
alternative (see Section 6.3.2 for additional details). The range of values listed in Table 6-11 includes the
range of impacts from the Nevada implementing alternatives.

About I latent cancer fatality could result from shipments of spent nuclear fuel and high-level radioactive
waste under the mostly rail scenario over 24 years. The latent cancer fatality would occur over the
lifetime of an individual in the exposed population. The population within 800 meters (0.5 mile) of
routes in which this fatality would occur would be approximately 16.4 million. Approximately 3.8 million
members of this population would incur fatal cancers from all other causes not associated with the
Proposed Action (DIRS 153066-Murphy 2000, p. 5).

Incident-Free Radiological Impacts to Maximally Exposed Individuals. Table 6-12 lists the results
of risk calculations for maximally exposed individuals for the mostly rail transportation scenario over 24
years. Truck and rail crew members would receive the highest doses. The mostly rail scenario would
require transport crews for legal-weight trucks (1,079 total shipments over 24 years) and for rail
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Table 6-11. Population doses and radiological impacts from incident-free transportation for national
mostly rail scenario.a

Category Legal-weight truck shipments Rail shipmentsb,, Totalsd
Involved workers

Collective dose (person-rem) 360 3,300- 4,300 3,700 - 4,600
Estimated LCFs' 0.14 1.3-1.7 1.5,-1.9

Public
Collective dose (person-rem) 130 1,100 - 1,500 1,200 - 1,600
Estimated LCFs 0.07 0.55 - 0.76 0.61 - 0.81

a. Impacts are totals for 24 years.
b. Barge transportation to a railhead on navigable waterways could be used for transportation from 17 commercial sites that do

not have rail service but can load a rail cask. See Appendix J.
c. Includes impacts from intermodal transfer station operations.
d. Totals might differ from sums of values due to rounding.
e. LCF = latent cancer fatality.

Table 6-12. Estimated doses and radiological impacts to maximally exposed individuals for national
mostly rail scenario.a3b

Receptor Dose (rem) Probability of latent fatal cancer

Involved workers
Crew member (rail, heavy-haul truck, or legal-weight truck) 48c 0.02
Escort 48c 0.02
Inspector (rail) 34 0.014
Railyard crew member 4.2 0.0017

Public
Resident along route (rail) 0.0016 0.0000008
Person in traffic jam (legal-weight truck) 0.016 0.000008
Person at service station (legal-weight truck) 0.075 0.000038
Resident near rail stop 0.29 0.00014

a.
b.
C.

The assumed external dose rate is 10 millirem per hourat 2 meters (6.6 feet) from the vehicle for all shipments.
Totals for 24 years.
Based on 2-rem-per-year administrative dose limit. If a lower dose limit, for example 500 millirem per year, was imposed
for transportation workers or state inspectors, maximally exposed individual doses would be lower. See DIRS 156764-DOE
(1999, Article 211) for DOE guidance on occupational dose limits.

shipments. Individual crew members who operated legal-weight trucks and escorts for rail shipments
could be exposed to as much as 48 rem over 24 years of operations (maximum exposure of 2 rem each
year). State inspectors who would conduct frequent inspections of rail shipments could receive annual
radiation doses as high as 1.4 rem (see Appendix J, Section J.1.3.2.2.2). Escorts traveling with rail
shipments could be exposed to up to 48 rem over 24 years of operations (maximum exposure of 2 rem per
year; see Appendix J, Section J. 1.3.2.2.3).

Impacts from Vehicle Emissions. Less than 1 (a range from 0.55 to 0.77) fatality could result from
exposure to vehicle emissions over 24 years under the mostly rail scenario. This potential would arise
principally from exposure of people in urban areas to very small increases in levels of pollutants caused
by vehicles transporting spent nuclear fuel and high-level radioactive waste.

6.2.4 ACCIDENT SCENARIOS

6.2.4.1 Loading Accident Scenarios

The analysis used existing information from several different sources (DIRS 104794-CRWMS M&O
1994, all; DIRS 103177-CP&L 1989, all; DIRS 103449-PGE 1996, all; DIRS 101816-DOE 1997, all) to
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estimate potential radiological impacts from accidents involving the loading of spent nuclear fuel or high-
level radioactive waste for shipment and handling of shipping casks. As summarized below, the results in
these sources indicate that, because no cask would be likely to be breached and thus no radionuclides
released, there would be no or very small potential radiological consequences for the public and for
workers from accidents in all cases. Appendix J, Section J. 1.3.1, presents a description of typical
operations for loading spent nuclear fuel in a shipping cask at a commercial facility.

Lift-handling incidents involving spent nuclear fuel in a transfer facility would have an estimated
probability of 0.0001 (1 in 10,000) per handling operation (DIRS 104794-CRWMS M&O 1994, pp. 3 to
8). The estimated collective dose to workers from the incidents would be no more than 0.1 person-rem,
and it would be much less to the public.

The total number of high-level radioactive waste canisters potentially handled would be approximately
the same as the number of spent nuclear fuel canisters, and handling operations would be similar. DOE
expects the consequences of handling incidents that involved high-level radioactive waste would be less
than those involving spent nuclear fuel (DIRS 103237-CRWMS M&O 1998, p. 3). Thus, impacts from
high-level waste handling would be less than the estimated 0.1 person-rem from a spent nuclear fuel
handling accident.

Reports on independent spent fuel storage installations and previous DOE analyses provide further
evidence of the low probable impacts associated with a loading accident. Safety analysis reports prepared
for independent spent fuel storage installations at the Trojan Nuclear Station and the Brunswick Steam
Electric Plant concluded that there would be no or low radiological consequences from accidents that
could occur at such facilities (DIRS 103449-PGE 1996, Section 8.2; DIRS 103177-CP&L 1989,
Section 8.2). This analysis examined the potential magnitude of impacts from spent nuclear fuel storage
facility operations. Similarly, previous DOE analyses (DIRS 101816-DOE 1997, all; DIRS 104794-
CRWMS M&O 1994, all) indicate that radiological. consequences from accidents involving spent nuclear
fuel and high-level radioactive waste management activities would be very small (Table 6-12). The low
consequences listed in Table 6-13 are consistent with the results from an earlier DOE analysis (DIRS
104731-DOE 1986, Volume 2, p. xvii).

I

Table 6-13. Radiological consequences of accidents associated with handling and loading operations.
Impact 24-year

Affected group (per year)' impact Source
Involved workers

Maximally exposed involved worker
Dose (rem) 0.0005 0.01 _b

Probability of LC1r 0.0000002 0.000005
Worker population

Collective dose (person-rem) 0.1 2.4 DIRS 104794-CRWMS M&O (1994, p. 3-8)
Number of LCFs 0.00004 0.001

Noninvolved workers
Maximally exposed noninvolved worker

Dose (rem) 0.0002 0.005
Probability of LCF 0.00000005 0.000001

Public
Maximally exposed individual

Dose (rem) 0.0013 0.03
Probability of LCF 0.0000007 0.00002

Population
Collective dose (person-rem) 0.000074 0.002 DIRS 104794-CRWMS M&O (1994, p. 3-8)
Number of LCFs 0.00000004 0.000001

a Average annual impact for 24 years.
b. -- = determined by analysis.
c. LCF = latent cancer fatality.
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6.2.4.2 Transportation Accident Scenarios

Accidents could occur during the transportation of spent nuclear fuel and high-level radioactive waste.
This section describes the risks and impacts to the public and workers for a range of accident scenarios
including those that are highly unlikely but that could have high consequences (called maximum
reasonablyforeseeable accident scenarios) and those that are more likely but that would have less severe
consequences. The impacts would include those to the population and to hypothetical maximally exposed
individuals. The following paragraphs describe the analysis approach. Appendix J, Section J.1.4,
contains more details.

The analysis did not address accident impacts to workers apart from impacts to the public. For example,
fatalities from train and truck accident scenarios would include fatalities for vehicle operators. The
collective radiological risk ftorn accidents to highway vehicle and train crews would be much less than
for the public because of the large difference in the numbers of individuals that could be affected, In
addition, based on national accident statistics, motor carrier and train operators are much less likely to be
fatalities in nonradiological accidents than operators of other vehicles (DIRS 1034 1 O-DOT 1998, p. 30).

MAXIMUM REASONABLY FORESEEABLE ACCIDENT SCENARIOS

'Maximum reasonably foreseeable impacts from accident scenarios for the transportation of spent
nuclear fuel and high-level radioactive waste would be characterized by extremes of mechanical
(impact) forces, heat (fire), and other conditions that would lead to the highest reasonably
foreseeable consequences. For postulated accident scenarios such as these, the forces and heat
would exceed the regulatory design limits of transportation cask structures and materials. (The
performance of transportation casks was demonstrated through a combination of tests and
analyses.) In addition, these forces and heat would be applied to the structures and surfaces of a
cask in a way that would cause the greatest damage and bring about releases of radioactive
materials to the environment. The most severe accident scenarios analyzed in this chapter would
release radioactive material. These accident scenarios. correspond to those in the highest accident
severity category, which represent events that would be very unlikely but, if they occurred, would
result in human health effect consequences.

In general, this EIS considers accidents with conditions that have a chance of occurring more often
than 1 in 10 million times in a year to be reasonably foreseeable. Accidents and conditions less
likely than this are not considered to be reasonably foreseeable.

The specific number, location, and severity of an accident can be predicted only in general terms of the
likelihood of occurrence (the probability). Similarly, the weather conditions at the time an accident
occurs cannot be precisely predicted. Therefore, the EIS analysis evaluated a variety of accident
scenarios and conditions to understand the influence of various conditions on environmental impacts.
The analysis of impacts to populations along routes assumed that an accident could occur at any location
along a route.

The EIS analysis considered accident scenarios based on the 19 truck and 21 rail accident cases presented
by DIRS 152476-Sprung et a]. (2000, all). Appendix J, Section J. 1.4.2. 1, describes those cases and their
derivations. In addition, the analysis estimated impacts of postulated releases from accident scenarios in
three population zones-urban, suburban, and rural-under a set of meteorological (weather) conditions
that represent the national average meteorology. The analysis used state-specific accident data, the
lengths of routes in the population zones in s ' tates through which the shipments would pass, and the
number of shipments that would use the routes to determine accident scenario probabilities.
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The EIS analysis used the properties of a representative commercial spent nuclear fuel along with the
properties for the 15 categories of DOE spent nuclear fuel and high-level radioactive waste described in
Appendix A. Since the publication of the Draft EIS, DOE has reevaluated the properties of commercial
spent nuclear fuel that it used in analyses of transportation accidents and determined that the
representative spent nuclear fuel described in Appendix A is more appropriate for analysis of such
accidents. Representative commercial spent nuclear fuel would be (1) fuel discharged after 14 years from
a boiling-water reactor with a bumup of 40,000 megawatt-days per MTHM and (2) fuel discharged from
a pressurized-water reactor after 15 years with a burnup of 50,000 megawatt-days per MTHM. Because
representative spent nuclear fuel would be younger and have higher burnup than typical spent nuclear
fuel, its relative health and safety hazard would be greater. In fact, the hazard is about 2 times greater. As
a consequence, estimates of impacts of transportation accidents involving casks containing representative
spent nuclear fuel would be about 2 times greater than if the casks contained typical spent nuclear fuel.

TRANSPORTATION EMERGENCIES

Under Section 180(c) of the Nuclear Waste Policy Act, as amended, the Department would provide
technical assistance and funding for training of local and American Indian public safety officials of
eligible states and tribes in relation to transportation under the Proposed Action. The training would
cover safe routine transportation and emergency response procedures. DOE would also require its
transportation contractors to comply with Carrier and Shipper Responsibilities and Emergency
Response Procedures for Highway Transportation Accidents Involving Truckload Quantities of
Radioactive Materials (DIRS 156289-ANSI 1987, Section 5.2). This standard requires the
preparation of an emergency response plan and describes appropriate provisions of information
and assistance to emergency responders- The standard also requires the carrier to provide
appropriate resources for dealing with the consequences of the accident including isolating and
cleaning up spills, and to maintain working contact with the responsible governmental authority until

Nave the latter has declared the incident to be satisfactorily resolved and closed. DOE would, as
requested, assist state, tribal, and local governments in several ways to reduce the consequences
of accidents related to the transportation of spent nuclear fuel and high-level radioactive waste. In
addition, DOE maintains an emergency response program through eight Regional Coordinating
Offices across the United States. These offices are capable of responding to transportation
radiological emergencies and are on call 24 hours a day. They respond to requests for radiological

F assistance from state or tribal authorities. Other DOE, Federal Emergency Management Agency,
and U.S. Department of Transportation programs have provided training for transportation
emergencies for many areas (for example, Colorado and South Carolina to support preparation for
transportation for the Foreign Research Reactor and Waste Isolation Pilot Plant programs).
Appendix M contains additional detail.

In addition to the risk due to accidents involving a release of radioactive material, the analysis examined
the impacts of loss-of-shielding accidents. The loss-of-shielding scenarios range from an accident with
no loss of shielding to a low-probability severe accident involving both a loss of shielding (and any
increased direct exposure) and a release of some of the contents of the cask.

The EIS analysis also estimated impacts from an unlikely but severe accident scenario called a maximum
reasonably foreseeable accident to provide perspective about the consequences for a population that
might live nearby. For maximum reasonably foreseeable accident scenarios, the consequences were
estimated for each of the accident scenarios and for both truck and rail casks from the spectrum of
accidents presented in DIRS 152476-Sprung et al. (2000, all). For each accident scenario, possible
combinations of weather conditions, population zones, and transportation modes were considered. The
scenarios were then ranked according to those that would have a likelihood greater than 1 in 10 million
per year and would have the greatest consequences (see Appendix J).
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REEXAMINATION OF SPENT FUEL SHIPMENT RISK ESTIMATES

Factors other than the environment can cause uncertainties in the prediction of accident impacts.
Uncertainty can result from both limited data and the limitations of computer models used to predict
accident impacts. The first comprehensive study that developed estimates of the impacts of severe
accidents was the Shipping Container Response to Severe Highway and Railway Accident
Conditions (DIRS 101828-Fischer et al. 1987, all; also called the Modal Study) for fractions of
shipping cask contents (spent nuclear fuel or high-level radioactive waste) that such accident
scenarios could release to the environment. The estimates of severe accident impacts developed in
the Modal Study were reexamined by Sandia National Laboratories in Re-Examination of Spent Fuel
Shipment Risk Estimates (DIRS 152476-Sprung et al. 2000, all) published in April 2000. The
Nuclear Regulatory Commission staff, in a memorandum to the Commissioners, concluded "the best
estimate spent-fuel shipment risks from the reexamination appear to be less than the 'Modal Study'-
based estimates by as much as 2 orders of magnitude" (DIRS 155562-NRC 2000, all). Although the
Commission staff offered this positive finding, it also observed that several questions on the Sandia
methodology require resolution before the best-estimate results can be completed. Even though it
expressed caution regarding its findings, on the basis of the results presented the Commission staff
concluded "the transportation risk studies provide a technical basis for determining that current
regulations are sufficient to prevent releases of radioactive material during transport" (DIRS 155562-
NRC 2000, all).

6.2.4.2.1 Impacts from Accidents - National Mostly Legal-Weight Truck Scenario

This section summarizes the potential impacts and risks associated with accidents under the legal-weight
truck scenario. The impacts and risks include those associated with the legal-weight truck and rail
shipments to Nevada plus the transfer of the spent nuclear fuel and high-level waste to heavy-haul trucks
and its transportation in Nevada. The section summarizes radiological impacts for six accident scenario
categories, under two types of weather conditions, and in three population densities (urban, suburban, and
rural), in terms of a collective dose risk and consequence (latent cancer fatalities). It describes the
potential impacts from the maximum reasonably foreseeable accident scenario separately. It also
describes nonradiological impacts in terms of accident fatalities.

Radiological Impacts to Populations from Accidents. Based on state-specific accident rates, the total
estimated number of traffic accidents under the Proposed Action for the mostly legal-weight truck
scenario would be 66, or 2.8 per year. The collective radiological accident dose risk, as described in
Appendix J, Section J. 1.4.2.1, would be less than 1 (0.5) person-rem for the population within 80
kilometers (50 miles) along routes for the national mostly legal-weight truck scenario. This calculated
risk would be the total for 24 years of shipment operations. The radiological dose risk of accidents is the
sum of the products of the probabilities (dimensionless) and consequences (in person-rem) of all potential
transportation accidents. A radiological dose risk of 0.5 person-rem would be likely to cause much less
than 1 (0.0002) latent cancer fatality, or approximately 2 chances in 10,000 of 1 latent cancer fatality
among the more than 10 million persons within 80 kilometers of the routes that the shipments would use.
The 0.5 person-rem risk includes the dose risk associated with loss-of-shielding events. The accident risk
for legal-weight truck shipments dominates the total risk, contributing more than 99.9 percent of the
population dose and risk in comparison to the risk associated with the 300 proposed shipments of naval
spent nuclear fuel.

Consequences of Maximum Reasonably Foreseeable Accident Scenario. The analysis evaluated
the impacts of a maximum reasonably foreseeable accident scenario in urbanized and rural population
zones for both legal-weight truck and rail shipments under the mostly legal-weight truck scenario. The
maximum reasonably foreseeable transportation accident scenario that would have the greatest
consequences for the mostly legal-weight truck scenario (a probability of approximately 3 in 10 million
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per year) would be a long-duration severe fire accident in which the transportation cask was fully
engulfed by the fire. This accident is further described by DIRS 152476-Sprung et al. (2000, p. 7-25) as
case 18 in accidents evaluated for legal-weight truck casks (see Appendix J, Section J. 1.4.2. 1). The
analysis assumed that the accident would occur under stable (slowly dispersing atmospheric conditions
that would not be exceeded 95 percent of the time) meteorological conditions in an urban area. Severe
accidents in other population zones under stable or neutral weather conditions (atmospheric conditions
that would not be exceeded 50 percent of the time) would have smaller consequences. The accident
scenario assumes a breach of the shipping cask and the release of a portion of its contents to the air. This
accident in combination with stable atmospheric conditions would be very unlikely (2.3 in 10 million per
year). Table 6-14 summarizes the impacts of the accident scenario. This accident scenario could cause
0.55 latent cancer fatality; in comparison, a population of 5 million within 80 kilometers (50 miles) of the
center of a large U.S. metropolitan area such as that assumed in the analysis would be likely to experience
more than 1.1 million lifetime cancer fatalities from other causes not related to the Proposed Action
(DIRS 153066-Murphy 2000, p. 5). For this accident scenario, the analysis projected that most of the
dose to a population would come from inhalation, cloudshine, and groundshine sources. The maximally
exposed individual, assumed to be about 150 meters (490 feet) from the accident where particles heated
by the accident would fall after cooling, would receive a dose of about 0.8 rem (Table 6-14). A first
responder to this accident would receive a small dose (2.6 millirem).

Table 6-14. Estimated radiological impacts of maximum reasonably foreseeable accident scenario for
national mostly legal-weight truck scenario.

Urbanized area
Impact (stable atmospheric conditions)

Accident scenario probability (annual) 0.00000023 per year (about 2.3 in 10 million)
Impacts to populations

Population dose (person-rem) 1,100
Latent cancer fatalities 0.55

Impacts to maximally exposed individuals
Maximally exposed individual dose (rein) 3
Probability of a latent cancer fatality 0.0015

Impacts to first responder
Maximally exposed responder dose (rem) 0.26
Probability of latent cancer fatality 0.0000013

In addition to a maximum reasonably foreseeable accident, DOE evaluated other severe accidents.
Appendix J, Section J. 1.4.2.1, describes these accidents and their potential impacts. The accident
conditions for one truck accident (Case 11) could be similar to those from a crash of a commercial jet
airliner into a legal-weight truck cask (DIRS 15721 0-BSC 2001, all). The consequences of this accident
(1,100 person-rem or 0.55 latent cancer fatality) would be about the same as those for the maximum
reasonably foreseeable truck accident described above.

Section J. 1.4.2.5 in Appendix J summarizes studies of potential economic and environmental impacts of
hypothetical severe transportation accidents that would releaseradioactive materials from transportation
casks.

Impacts from Traffic Accidents. Approximately 5 (4.9) traffic fatalities could occur in the course of
transporting spent nuclear fuel and high-level radioactive waste under the mostly legal-weight truck
national transportation scenario during the 24 years of operations for the Proposed Action. Essentially all
of these fatalities would be from truck operations; none would occur from the 300 railcar shipments of
naval spent nuclear fuel. The fatalities would be principally from traffic accidents; half would involve
trucks transporting loaded casks to the repository and half would involve returning shipments of empty
casks. The fatalities would occur over 24 years and approximately 380 million kilometers (240 million
miles) of highway travel. Based on information extrapolated from the U.S. Department of Transportation
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about 1 million deaths would be likely to occur in traffic accidents on U.S. highways.

6.2.4.2.2 Impacts from Accidents - National Mostly Rail Transportation Scenario

This section discusses the results of the analysis of radiological impacts to populations and maximally
exposed individuals and of traffic fatalities that would arise from accidents during the transportation of
spent nuclear fuel and high-level radioactive waste for the national mostly rail transportation scenario.

DOE used the models and calculations described in Appendix J, Section J. 1.4.2.1, to estimate the impacts
from rail accidents, and included impacts postulated to occur during the transportation of commercial
spent nuclear fuel by legal-weight trucks from six commercial sites that do not have the capability to
handle or load large rail casks. The analysis also included the impacts from accidents for heavy-haul
truck or barge shipments to nearby railheads from 24 commercial sites that have the capability to load a
rail cask but are not served by a railroad. DOE used the models and calculations described in Appendix J
to estimate the impacts. Appendix J, Section J.2.4, presents additional information on heavy-haul truck
and barge transportation from the 24 commercial sites.

Accident Radiological Impacts for Populations. Based on state-specific accident rates, the total
estimated number of rail and truck traffic accidents under the Proposed Action for the mostly rail scenario
would be about 10, or about 0.4 per year. The collective radiological dose risk of accidents would be
approximately 1 (0.89) person-rem for the population within 80 kilometers (50 miles) along routes for the
national mostly rail transportation scenario. This calculated dose risk would be the total for 24 years of
shipment operations. The radiological dose risk of accidents is the sum of the products of the
probabilities (dimensionless) and consequences (in person-rem) of all potential transportation accidents.
A radiological dose risk of 1 person-rem would be likely to cause much less than 1 (0.00045) latent.
cancer fatality.

Radiological risks from accidents for the mostly rail scenario would include impacts associated with
about 9,646 railcar shipments (one cask to a railcar) and 1,079 legal-weight truck shipments. National
rail transportation of spent nuclear fuel and high-level radioactive waste would account for most of the
population dose and risk to the public.

Impacts of Maximum Reasonably Foreseeable Accident Scenario. The analysis evaluated the impacts
of a maximum reasonably foreseeable accident scenario in urbanized areas or rural population zones and
under stable and neutral atmospheric conditions. The maximum reasonably foreseeable accident scenario
under the mostly rail scenario would involve a release of a fraction of the contents of a rail cask in an urban
area under stable meteorological conditions (slowly dispersing atmospheric conditions that would not be
exceeded 95 percent of the time), where atmospheric dispersion of contaminants would occur more slowly
only 5 percent of the time. This accident scenario would have a likelihood of about 2.8 in 10 million per
year, and would result in about 5 latent cancer fatalities in the population (Table 6-15). The maximally
exposed individual, assumed to be about 330 meters (1,080 feet) from the accident, would receive a dose of
about 29 rem. An accident that involved high impact forces or a long-duration fire could reduce the
effectiveness of the radiation shielding in a shipping cask. A first responder to this accident could receive a
dose of as much as 0.83 rem.

Actual transportation accidents involve collisions of many kinds, such as with other vehicles and roadside
objects, involvement in fires and explosions, inundation, and burial. These accidents are caused by a
variety of initiating events including human error, mechanical failure, and natural causes such as
earthquakes. Accidents occur in many different kinds of places including mountain passes and urban. areas, rural freeways in open landscapes, and rail switching yards. Thus, there are as many different
kinds of unique initiating events and accident conditions as there are accidents. DOE could not
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,' j Table 6-15. Estimated impacts from maximum reasonably foreseeable accident scenario for national
mostly rail transportation scenario.

Impact Urbanized area (stable atmospheric conditions)

Accidentprobability 0.00000028 per year (about 2.8 in 10 million)
Impacts to populations

Population dose (person-rem) 9,900
Latent cancer fatalities 5

Impacts to maximally exposed individuals
Maximally exposed individual dose (rem) 29
Probability of a latent cancer fatality 0.01

Impacts to first responder
Maximally exposed responder dose (rem) 0.83
Probability of latent cancer fatality 0.0004

practicably attempt to analyze every possible accident that could occur. Instead, DOE analyzed a broad
range of accidents, each of which represents a grouping of initiating events and conditions having similar
characteristics. For example, the EIS analyzes the impacts of a collection of collision accidents in which
a cask would be exposed to impact velocities in the range of 60 to 90 miles per hour (see Appendix J,
Section J. 1.4.2.1).

In addition, the EIS analyzes a maximum reasonably foreseeable accident in which a collision would not
occur but the temperature of a rail cask containing spent nuclear fuel would rise to between 750'C and
1,000°C (between 1,400'F and 1,800'F) (Section 6.2.4.2). The conditions of the maximum reasonably
foreseeable accident analyzed in the EIS envelop conditions reported in newspapers for the Baltimore
Tunnel fire (a train derailment and fire that occurred in July 2001 in a tunnel in Baltimore, Maryland).
Temperatures in that fire were reported to be as high as 820°C (1,500'F) and the fire was reported to have
burned for up to 5 days (DIRS 156753-Ettlin 2001, all; DIRS 156754-Rascovar 2001, all).

DOE evaluated other severe accidents. Appendix J, Section J. 1.4.2. 1, describes these accidents and their
potential impacts. The accident conditions for one rail accident (Case 4) could be similar to those from a
crash of a commercial jet airliner into a rail cask (DIRS 157210-BSC 2001, all). The consequences of
this accident (1,300 person-rem or 0.65 latent cancer fatality) would be less than those for the maximum
reasonably foreseeable rail accident described above.

Impacts From Traffic Accidents. The analysis estimated that across the United States approximately

3 (3.1) traffic and train accident fatalities could occur during transportation of spent nuclear fuel and
high-level radioactive waste under the national mostly rail transportation scenario. Half of the fatalities
would occur during the return of empty casks to commercial and DOE sites. Essentially all of the
fatalities would involve train operations; about half would involve highway vehicles hit by trains. There
would be about a 12-percent chance of 1 fatality from the 1,079 legal-weight truck shipments of
commercial spent nuclear fuel. This fatality could happen during the 24 years of transportation
operations involving approximately 77 million kilometers (48 million miles) of railcar travel and
10 million kilometers (6 million miles) of highway travel. On the basis of data presented by the Bureau
of Transportation Statistics (DIRS 150989-BTS 1998, p. 20), during the same 24-year period about
I million people will die in traffic accidents on U.S. highways.

6.2.4.2.3 Impacts of Acts of Sabotage

The Nuclear Regulatory Commission has developed a set of rules specifically aimed at protecting the
public from harm that could result from sabotage of spent nuclear fuel casks. Known as physical
protection and safeguards regulations (10 CFR 73.37), these security rules are distinguished from other
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regulations that deal with issues of safety affecting the environment and public health. The objectives of
the physical protection and safeguard regulations are to:

" Minimize the possibility of sabotage

* Facilitate recovery of spent nuclear fuel shipments that could come under control of unauthorized
persons

To achieve these objectives, the Nuclear Regulatory Commission physical protection and safeguard rules
require:

* Advance notification of each shipment to the Nuclear Regulatory Commission, the states, and Native
American governments [proposed rulemaking 10 CFR Parts 71 and 73 (64 FR 7133 1, December 21,
1999)]

• The licensee to have current procedures to cope with safeguards emergencies

* Instructions for escorts on how to determine if a threat exists and how to deal with it

" Maintenance of a communications center to monitor continually the progress of each shipment

* A written log describing the shipment and significant events during the shipment

* Advance arrangements with law enforcement agencies along the route

" Advance route approval by the Nuclear Regulatory Commission

9 Avoidance of intermediate stops to the extent practicable

* At least one escort to maintain visual surveillance of the shipment during stops

• Shipment escorts to report status periodically

* Armed escorts in heavily populated areas

" Onboard communications equipment

• Protection of specific shipment information

The cask safety features that provide containment, shielding and thermal protection also provide
protection against sabotage. The casks would be massive. The spent nuclear fuel in a cask would
typically be only about 10 percent of the gross weight; the remaining 90 percent would be shielding and
structure.

It is not possible to predict whether sabotage events would occur and, if they did, the nature of such
events. Nevertheless, DOE examined various accidents, including an aircraft crash into a transportation
cask. The consequences of both the maximum reasonably foreseeable accident and the aircraft crash are
presented above for the mostly truck and mostly rail transportation scenarios and can provide an
approximation of the types of consequences that could occur from a sabotage event. DOE also
considered the consequences of a potential successful sabotage attempt on a cask. A study conducted by
Sandia National Laboratories (DIRS 104918-Luna, Neuhauser, and Vigil 1999, all) estimated the amounts
and characteristics of releases of radioactive materials from rail and truck casks subjected to the effects of
two different devices.
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Devices considered in the Sandia study (DIRS 104918-Luna, Neuhauser, and Vigil 1999, all) included
possible devices that might be used in acts of sabotage against shipping casks. (Note: The shield walls of
shipping casks for spent nuclear fuel and high-level radioactive waste are similar to the massive layered
construction used in armored vehicles such as tanks.) These kinds of devices were demonstrated by the
study to be capable of penetrating a cask's shield wall, leading to the dispersal of contaminants to the
environment.

The truck cask design selected for analysis was the General Atomics GA-4 Legal-Weight Truck Cask.
This cask, which uses uranium for shielding, is a state-of-the-art design recently certified by the Nuclear
Regulatory Commission to ship four pressurized-water reactor nuclear fuel assemblies (DIRS 148184-
NRC 1998, all). The rail cask design used was based on the conceptual design developed by DOE for the
dual-purpose canister system. This design is representative of large rail casks that could be certified for
shipping spent nuclear fuel and high-level radioactive waste.

DOE used the RISKIND code (DIRS 101483-Yuan et al. 1995, all) to evaluate the radiological health and
safety impacts of the estimated releases of radioactive materials. The analysis used assumptions about
the concentrations of radioisotopes in spent nuclear fuel, population densities, and atmospheric conditions
(weather) used to evaluate the maximum reasonably foreseeable accidents.

Because it is not possible to forecast the location or the environmental conditions that might exist for acts
of sabotage, the analysis determined consequences for urbanized areas (see Appendix J, Section J. 1.4.2.1)
under neutral (average) weather conditions.

For legal-weight truck shipments, the analysis estimated that a sabotage event ocacuring in an urbanized
area could result in a population dose of 96,000 person-rem. This dose would cause an estimated 48 fatal
cancers among the population of exposed individuals. A maximally exposed individual could receive a
lifetime committed dose of 110 rem, which would increase the risk of a fatal cancer from about 23
percent from all other causes, to about 29 percent.

These estimates exceed those presented in the Draft EIS for two reasons. The analysis for this section
assumed that the cask would contain representative (or average hazard) spent nuclear fuel. The analysis
in the Draft EIS assumed that the cask would contain typical (or average age) spent nuclear fuel. The
amount of radioactivity in representative'spent nuclear fuel is about twice that in typical spent nuclear
fuel. In addition, the analysis in the Draft EIS used urban area populations reported in the 1990 Census,
whereas the analysis for this section used populations projected to 2035. The population estimates used
for 2035 are about 40 percent greater than those reported by the 1990 Census. The combined result of
these changes is that the estimated consequences of an act of sabotage against a transportation cask in this
section are about 3 times those estimated in the Draft EIS.

The consequences estimated for an act of sabotage involvinga rail shipment would be less than those
estimated for a legal-weight truck shipment. The smaller consequence for the rail shipment would be
because less of the radionuclides would be released from a rail transportation cask than from a legal-
weight truck transportation cask (DIRS 104918-Luna, Neuhauser, and Vigil 1999, all). For rail
shipments, the analysis estimated that a sabotage event in an urbanized area could result in a population
dose of 17,000 person-rem. This dose would be likely to cause an estimated 9 fatal cancers among the
population of exposed individuals. A maximally exposed individual could receive a lifetime committed
dose of 40 rem, which would increase the risk of a fatal cancer from about 23 percent from all other
causes to about 25 percent.

Because of the attacks on September 11, 2001, the Department and other agencies are reexamining the
protections built into our physical security and safeguards systems for transportation shipments. As
dictated by results of this reexamination, DOE would modify its methods and systems as appropriate.
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6.2.5 ENVIRONMENTAL JUSTICE

Shipments of spent nuclear fuel and high-level radioactive waste would use the Nation's existing
railroads and highways. DOE expects that transportation-related impacts to land use; air quality;
hydrology; biological resources and soils; cultural resources; socioeconomics; noise and vibration;
aesthetics; utilities, energy, and materials; and waste management would be small. In addition, as
described in the preceding sections, incident-free transportation.and the risks from transportation
accidents (the maximum reasonably foreseeable accident scenario would have about 3 chances in 10
million of occurring per year) would not present a large health or safety risk to the population as a whole,
or to workers or individuals along national transportation routes. The low effect on the population as a
whole also would be likely for any segment of the population, including minorities, low-income groups,
and members of Native American tribes.

A previous DOE analysis of the potential for environmental justice concerns from the transportation of
DOE spent nuclear fuel to the Idaho National Engineering and Envirorimental Laboratory (DIRS 10 1802-
DOE 1995, Volume 1, pp. L-2 and L-36) also concluded that impacts to minority and low7income
populations and to populations of American Indians in Idaho would not be disproportionately high and
adverse. As part of that analysis, DOE consulted with the Shoshone Bannock Tribe to analyze impacts to
tribe members because the shipments in question would cross the Fort Hall Reservation. The analysis
(DIRS 101802-DOE 1995, Volume 3, Part A, p. 3-32) concluded that risks to the health and safety of the
potentially affected tribal population in Idaho from incident-free transportation and from accidents would
be very low.

The EIS analyzes potential public health effects of both routine (incident-free) transportation of
radioactive materials and transportation accidents involving radioactive materials. First, regarding
routine transportation, the EIS considers air emissions and doses from exposure to radioactive materials
during transport. The EIS estimates the impact from air emissions to be 1 emissions-related fatality. The
EIS also estimates that the 24-year national transportation campaign would cause fewer than about 3
latent cancer fatalities among the public under the mostly legal-weight truck scenario and fewer under the
preferred mostly rail scenario. Although many people would be exposed nationwide over a long
campaign, the radiation dose to any exposed individual would be very low. In this context, DOE does not
consider such impacts to be high. Because DOE does not know of a plausible mechanism under these
circumstances whereby low-income or minority populations could incur high and adverse impacts when
the general public would not, the Department believes there could be no disproportionately high and
adverse impacts on low-income or minority populations.

The EIS estimates the number of people in the general public'who could be killed by accidents involving
transportation of spent fuel and high-level radioactive waste. The two mechanisms for such impacts are
bodily trauma from collisions or exposure to radioactivity that would be released if a sufficiently severe
accident occurred. The analysis estimated that the 24-year national campaign would cause fewer than 5
fatalities among the general public from trauma sustained in collisions with vehicles carrying spent
nuclear fael or high-level radioactive waste. In this context, DOE does not consider such impacts to be
high. Again, DOE does not know of a plausible mechanism under these circumstances whereby low-
income or minority populations could incur high and adverse impacts when the general public would not.

Only a severe accident that resulted in a considerable release of radioactive material could cause high and
adverse health effects to the affected population. Because the risk of these high and adverse
consequences applies to the entire population along all transportation routes, it would not apply
disproportionately to any minority or low-income population.

Based on the analysis of incident-free transportation and transportation accidents in this EIS and the
results of a transportation analysis conducted by DOE 'in a previous programmatic EIS, and the fact that
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DOE has identified no subsection of the population that would be disproportionately affected by'
transportation related to the Proposed Action, DOE has concluded that no disproportionately high and
adverse impacts would be likely on minority or low-income populations from the national transportation
of spent nuclear fuel and high-level radioactive waste to Yucca Mountain.

Section 6.3.4 discusses environmental justice in relation to transportation in Nevada. Chapter 4, Section
4.1.13.4, contains a discussion of a Native American perspective on the Proposed Action.

6.3 Nevada Transportation

The analysis of impacts from national transportation includes those from transportation activities in the
State of Nevada. This section discusses Nevada transportation impacts separately to ensure that the
impacts of alternative transportation modes in Nevada are apparent. Spent nuclear fuel and high-level
radioactive waste shipped to the repository by legaI-weight truck would continue in the same vehicles to
the Yucca Mountain site. Material that traveled by rail would either continue to the repository on a newly
constructed branch rail line or transfer to beavy-haul trucks at an intermodal transfer station that DOE
would build in Nevada for shipment on existing highways that could require upgrades. Selection of a
specific rail alignment within a corridor, or the specific location of an intermodal transfer station or the
need to upgrade the associated heavy-haul truck routes, would require additional field surveys,
environmental and engineering analysis, state, local, and Native American Tribal government
consultation, and National Environmental Policy Act reviews.

The transportation analysis in the EIS treats the candidate legal-weight truck routes, rail corridors, and
heavy-haul truck routes as current analysis tools and refers to them in the present tense. The EIS refers to
impacts associated with these alternatives in the conditional voice (would) because they would not occur
unless DOE proceeded with the Proposed Action. This convention is applied whenever the EIS discusses
the transportation implementing alternatives.

This section describes potential impacts of three transportation scenarios and their respective
implementing alternatives. The three transportation scenarios are (1) mostly legal-weight truck
(corresponding to that portion of the national impacts that would occur in Nevada), (2) mostly rail, and
(3) mostly heavy-haul truck.

The mostly legal-weight truck scenario does not include implementing alternatives. Under this scenario,
highway shipments would be restricted to specific routes that satisfy the regulations of the U.S. '
Department of Transportation (49 CFR Part 397). Because the State of Nevada has not designated
alternative preferred routes, only one combination of routes for legal-weight truck shipments would
satisfy U.S. Department of Transportation routing regulations (1-15 to U.S. Highway 95 to Yucca
Mountain). This scenario assumes that over 24 years approximately 300 shipments of naval spent nuclear
fuel would arrive in Nevada by rail from the Idaho National Engineering and Environmental Laboratory
and that heavy-haul trucks would transport them to the repository from a railhead.

The mostly rail scenario has five implementing alternatives, each of which includes a corridor with
variations for a branch rail line in Nevada. Each implementing alternative includes the construction and
operation of a rail line. These alternatives would include about 1,079 legal-weight truck shipments (about
45 per year) from 6 commercial sites that, while operational, would not have the capability to load rail
casks.

The mostly heavy-haul truck scenario has implementing alternatives for five different routes on e .xistmg
Nevada highways. The highways would have to be upgraded to enable beavy-haul trucks routinely to
transport rail casks containing spent nuclear fuel and high-level radioactive waste from an intermodal
transfer station to the repository. Each heavy-haul truck implementing alternative includes the
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Legislators slam door to nuclear waste site
By SAMMY FRETWSLL
A Utah company's push to dump more nuclear waste in Barnwell County suffered a crippling defeat Wednesday
that some legislators called historic in its message to the nation:

South Carosa wants out of the nudearwaste disposal business after three decades of owning a landfill for the
country's radioactive garbage.

Wednesday's surprising 16-0 House committee vote effectively Ifls legislation to keep the landfil open to the
country after 2008, although the tandfi's operator could try other legislative means to accomplish its goaL

Energy Solutions of Utah, a rapidly expanding nuclear services company, could get help from lawmakers who
could attach an amendment to another bill.

The company, which has hired 10 lobbyists through its Barnwell division, is expected to push similar legidation
next year.

But lawmakers who voted against the landfill said the nation needs to find another place to bury tow-level nuclear
waste. The overwhelming vote by the House Agriculture, Natural Resources and Environmental Affairs
Committee underscores that belief, some said.

South Carolina has been taken for granted as a disposal site by other states, said Rep. David Umphlett,
R-Berkeley.

The big allowed power plants across the nation to continue using the site through 2023, instead of reserving the
landfill for only South Carolina, New Jersey and Connecticut after next year.

'These other states in the United States need to get up off of their backsides and start doing what's right," said
Umphliett, who Initially supported keeping the site open. "They want to stomp us in the ground and beat us up and
say 'You bunch oa country hicks.'

"I'm just getting tired of it."

The landfil is used as a disposal site mostly by nuclear power plants for low-level radioactive waste. Since 1971,
it has taken about 28 milon cubic feet of waste. Its closure would mean plants in most states would have to store
some of their most potent nuclear waste on site. Past attempts in the Leoslature to shutter the site have failed
after Intense lobbying by tme landfilrs operator and utilities.

Energy Solutions, which last month took lawmakers on a bus tour of the landfill, issued a statement saying the
legislation helped the state and county economies.

-MW are of course disappointed with today's committee vote on what Energy Solutions, the uttes. Barnwell
County and others consider a sensible and needed piece of legistion," the statement said.Wednesday's vote
shocked people familiar with the 18-member House agriculture committee.

The panel. which hears most environmental bills, in recent years has been sympathetic to industries that sought.
law changes. But the Conservation Voters of South Carolina. an umbrella group for environmental organizations,
intensely lobbied to close the dump to the nation.

For many legislators, the decision hinged on South Carolina's obligations. Under a 2000 law, the Palmetto State
agreed to reserve landfill space after 2008 for only New Jersey, Connecticut and South Carolina companies that
generate nuclear waste.

Keeping the site open to everyone after 2008 could take up much of that space and create legal problems, many

legislators said.

'We've set the rules. The game is over," said Rep. Kenneth Hodges, D-Colleton. -The dock has expired."

The landfill has Mitle more than I million cubic feet of space left 100,000 has been committed to New Jersey and
Connecticut and much of the rest to South Carolina. That's particularly precious space If South Carolina utilities
add new nuclear power plaint that would eaate more waste, some lawmakers said.

Rep. W.D. "Bill* Witherspoon, who sponsored the bill, abstained from voting. Another member was absent.
Witherspoon. said the space question sank the billThe dump opened as a disposal site for lightly contaminated
radioactive material, such as hospital gloves and gowns. Today, it's the only commercial tandfill in the U.S. that
takes the most potent forms of low-level nuclear waste, such as old reactor parts.

If the landfill remains open to every state after 2008. the state "could be home to some 30 dead decommissioned
nuclear reactors," the Sierra Club's Susan Corbett said of power plants that will dose.

Barnwell County's landf has had two spits or leaks of tritium, records show. Environmental groups say the site is
a long-term threat to Lowcountiy dlnng water. State officlails say the site doesn't pose a health threat.

Bamwell-area leaders were disappointed and angry about Wednesday's vote. The landfill contriutes more than
$2 million a year to the county for schools and government services - and many tomi residents said they want
the facility to remain open.

"This is an embarrassment," Barnwell-area industrial recruiter Danny Black heatedly told Wterspoon.

Black said the landfill has been unfairly charactedzed as a dump and Barnwell County must pay the price. The
county has had dilfioulty recruiting industry because of what he called the negative image portryed by the media
and landfill opponents.

'How do you expect us to have Industrial recwutment down there when we get this kind of negative response from
our elected leaders and people that are supposed to be covering it in a not biased way? Black told Witherspoon.

Witherspoon and Rep. Lonnie Hosey, a Bamwell Democrat who is not a member of the committee, said South
Carolina must now consider how it will replace money lost from the landfill. Fees and other money from the dump
contribute about $12 million to the state and county.. 6
Envimnmentalists who worked to defeat the till said the economic argument is poor. South Carolina has ample
revenue growth and can make up for any lost money from the landfill, said Cary Chamblee, a lobbyist for the S.C.
Sierra Club and the S.C. Wildlife Federation.

"It could be made up very easily. It is a drop In the bucket"

Reach Fretwel at (803) 771-8537.

INSIDE BARNWELL

Bamwell County's tow-level nuclear waste dump will close to the nation as scheduled In 2008, a House committee
agreed Wednesday.


