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(AEC 1974) U. S. Atomic Energy Commission, Final Environmental Statement related to
the proposed Alvin W. Vogtle Nuclear Plant Units 1, 2, 3, and 4, Georgia Power
Company, Docket Nos. 50-424, 50-425, 50-426, and 50-427, Directorate of Licensing.
Washington, D.C.,-March.
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Fuel Diversity
History has taught us that it is risky to develop an over-reliance
on any one energy source. In fact, a balanced energy portfolio
has been the key to providing America with a growing supply of
affordable electricity for the past 30 years.
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supply disruptions or price volatility. With America's demand
for electricity expected to grow 40% by 2020, meeting the
nation's growing demand for reliable, affordable electricity will
require the continued utilization of all domestic energy
resources. And that includes coal, which is the primary source
of the electricity that powers America's homes and businesses.
* Currently, more than half of the electricity consumed by
U.S. homes and businesses (51.8%) comes from coal.
* Other fuels used to generate electricity include nuclear
(19.8%), natural gas (16.1%), hydroelectric facilities
(7.2%), petroleum (2.9%), and non-hydro renewables
(such as wind and solar) and other energy sources (2.2%).
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Ferromanganese piles at the DNSC Depot Point Pleasant, WV
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The Defense National Stockpile Center -- a part of the Defense Logistics Agency -- is
responsible for providing safe, secure and environmentally sound stewardship for strategic
and critical materials in the United States National Defense Stockpile (NDS). An early
form of the NDS was created just before World War II with a mission of acquiring and
storing metals, minerals and agricultural supplies such as rubber. The stockpile of
materials was intended to decrease dependence upon foreign sources of supply during
national emergency.
The Congress of the United States has authorized the Defense National Stockpile Center
to sell commodities that are excess to Department of Defense needs. Since 1993, DNSC
sales have totaled approximately $5.7 billion. Sales of excess NDS materials produce
revenue for the Treasury General Fund and a variety of defense programs such as the
Foreign Military Sales program, military personnel benefits, and the buy-back of
broadband frequencies for military use. The sale revenues also fund DNSC operations to
make it a self-sustaining organization.
DNSC stores 42 commodities at 20 locations throughout the U.S. that have a current
market value of over $1.5 billion. Commodities range from base metals such as zinc,
lead, cobalt, and chromium to the more precious metals such as platinum, palladium, and
industrial diamonds. There is no private sector company in the world that sells this wide
range of commodities and materials.
DNSC employs approximately 140 people working at nine staffed depots throughout the
U.S. and at the DLA Headquarters at 8725 John J. Kingman Road, Suite 3229, Fort
Belvoir, Virginia 22060-6223.
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The Defense National Stockpile Center -- a part of the Defense Logistics Agency -- is
responsible for providing safe, secure and environmentally sound stewardship for strategic
and critical materials in the United States National Defense Stockpile (NDS). An early
form of the NDS was created just before World War II with a mission of acquiring and
storing metals, minerals and agricultural supplies such as rubber. The stockpile of
materials was intended to decrease dependence upon foreign sources of supply during
national emergency.
The Congress of the United States has authorized the Defense National Stockpile Center
to sell commodities that are excess to Department of Defense needs. Since 1993, DNSC
sales have totaled approximately $5.7 billion. Sales of excess NDS materials produce
revenue for the Treasury General Fund and a variety of defense programs such as the
Foreign Military Sales program, military personnel benefits, and the buy-back of
broadband frequencies for military use. The sale revenues also fund DNSC operations to
make it a self-sustaining organization.
DNSC stores 42 commodities at 20 locations throughout the U.S. that have a current
market value of over $1.5 billion. Commodities range from base metals such as zinc,
lead, cobalt, and chromium to the more precious metals such as platinum, palladium, and
industrial diamonds. There is no private sector company in the world that sells this wide
range of commodities and materials.
DNSC employs approximately 140 people working at nine staffed depots throughout the
U.S. and at the DLA Headquarters at 8725 John .. Kingman Road, Suite 3229, Fort
Belvoir, Virginia 22060-6223.
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Table N-2. Inputs for Steel-Plate Reinforced Concrete Structures

Quantity
MATERIALS
Amount of materials used to construct concrete
walls
Concrete (yd3)
Rebar (ton)
Embedments (bs)
Formwork (ft2)
LABOR
Craft hours for structural concrete in a plant
Concrete (hr)
Rebar (hr)

Value (see note 1)

12,239
3,107
377,147
210,845
33,635
76,890

Source
Nuclear
Industry
Experience

Nuclear
Industry*
Experience

89,410
Embedments (hr)
95,651
Formwork (hr)
Assumption
40
Percentage of concrete craft hours dedicated to
removing formwork (%)
Assumption
300
-Space requirement of single laborer (ft2)
Assumption
10
Average work day duration M
REACTOR BUILDING CHARACTERISTICS
Assumption
Cylinder
Shape
130
Diameter (ft)
100
Height (ft)
Note:
I. The values for the information in this table were obtained from information pertaining
to construction of a nuclear safety-related concrete building. That information is
proprietary, so only the values are referenced here.
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Table N-6. Inputs for Advanced Cable Splicing

Quantity
MATERIALS
Combined quantity of
power and control cable in a
single-unit PWR or BWR
Combined quantity of
power and control cable in
reactor building

Value
6,500,000 LF

2,500,000 LF

Source
Based on industry experience
and review of new plant design
data.
Based on industry experience
and review of new plant design
data. (some new plant designs
have greatly reduced the quantity
of cabling in the reactor building
to approximately 15-20% of this
value)

Quantity of cable as
percentage of total
Power

30%

Control
Reactor building cable
quantity on critical path as
percentage of total

70%
50%

Assumption

Assumption based on 25%
critical path overlap with prior
and subsequent construction
activities

LABOR
Manpower Requirement
Cable laying- Power

High - 0.30 MH/LF
Low-0.10 MH/LF

High - 0.09 MH/LF
Low - 0.05 MH/LF
Cable laying crew size
10
(No. of laborers)
10_Assumption
Space requirement of single
300 fl
laborer
_
_I_
I
Work day duration
10 hr
REACTOR BUILDING CHARACTERISTICS
Shape
Cylinder
Diameter
130 ft
Height
100 ft

Reference 1

Cable laying- Control

MPR-2610
Revision I

Assumption
Assumption
Assumption
Assumption
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Further inputs to this calculation are provided in Table N-9.
Table N-9. Inouts for Pre-Fabrication, Preassembly, and Modularization
Quantity

Value

Average unit man-hours for pipe fitting for
one and two unit nuclear plants of size 8001150 MWe per unit (man-hours/ft)
Space requirement of single laborer (ft)
Labor reduction due to modularization

High - 13.8
Hig - 3.8
Low - 3.35
300
50%

Source

LABOR

Reference 1
Assumption
Assumption

(%)
MATERIALS-

Length of piping (_>2.5 in. diam.) required
for two-unit nuclear power plant of size
range 840-1300 MWe (ft)
Piping quantity (> 2.5 in. diam.) in new
plant designs as a percentage of past (%)

170,000
to
275,000

Reference 1

Maximum: 90%
Minimum: 50%

Assumption

20-30%

Assumption

Cylinder
130

Assumption

Piping quantity in reactor building relative
to total (%)
REACTOR BUILDING CHARACTERISTICS

Shape
Diameter (ft)
Height (ft)

100

Approach
This calculation estimates the improvement in the nuclear plant construction schedule based
on the pipe installation duration only. It also uses only the low (best-case) value for achieved

pipe installation productivity rate (MH/ft) from Reference 1, as previously discussed in
Section 4.1 of this Appendix.
Modularization improves the productivity of workers on the job site by reducing the
congestion of the work areas. In past nuclear plant construction, congestion slowed work as
pipe fitters, electricians, and other trades needed to perform work in the same area (referred
to as "stacking trades"). If the modules used include piping and hangers, the majority of pipe
welds and hanger installations will be made in a shop. Pipe fitters will only have to make the
field welds necessary to connect piping between modules. MPR estimates that the reduction
in the number of welds, the reduction in the number of hanger installations, and the increase
in productivity due to less congested working conditions could shorten the construction time
associated with piping by 50-80%.

MPR-2610
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Issues in Focus
In the Balanced Future scenario, considerably more
gas is produced from regions of the offshore Atlantic
and Pacific that are currently not accessible. In 2025,
the incremental Atlantic and Pacific offshore gas production is projected to be just over 752 billion cubic
feet. Most of the incremental offshore gas production
that results from increased Federal access occurs in
the offshore Atlantic, where gas production is projected to reach 608 billion cubic feet in 2025. The
impact of greater Federal access is not apparent until
after 2010, because considerable delays are expected
to be encountered in leasing, seismic exploration,
drilling, and development.
AE02004 assumes a much larger volume of onshore
gas resources, both conventional and unconventional,
than do the NPC scenarios (see Figure 30). Also,
AE02004 and the NPC scenarios project similar levels of offshore gas production, even though AE02004
projects considerably more total production than in
the NPC scenarios. As a consequence, most of the difference between the AE02004 and NPC gas production projections is attributable to their different
projections for onshore natural gas production.
The AE02004 projection for unconventional natural
gas production is consistently higher than the NPC
projections [70]. In 2025, AE02004 projects 9.2 trillion cubic feet of unconventional gas production, compared with the Reactive Path and Balanced Future
projections of 7.9 and 7.3 trillion cubic feet (Figure
35). Although the NPC scenario projections for
unconventional gas production are quite different in
2025, they are almost identical up to 2020.
For lower 48 onshore conventional production,
AE02004 and the NPC scenarios again show considerable differences in their projections for both
nonassociated and associated natural gas. AE02004
projects a slow decline in nonassociated conventional
gas production throughout the forecast, to 5.9 trillion
cubic feet in 2025. The Reactive Path and Balanced
Future scenarios project more rapid declines to 4.2
and 4.1 trillion cubic feet in 2025, respectively. In all
three scenarios, unconventional gas production
increases while nonassociated conventional gas production does not, indicating that unconventional gas
Table 17. Portionof the lower 48 naturalgas
resource baseproduced,2002.2025 (percentof
technically recoverableand accessible resources)
AE02004
Reactive Path
Balanced Future

54

is the least expensive incremental source of lower 48
onshore natural gas production.
Lower 48 onshore production of associated-dissolved
conventional gas declines throughout the AE02004
projection, to 1.2 trillion cubic feet ifn 2025. In the two
NPC scenarios, associated-dissolved conventional gas
production declines until 2005, then rises from 1.3
trillion cubic feet in 2005 to 1.5 trillion cubic feet in
2025. Associated-dissolved gas production depends
directly on crude .oil production, and all three scenarios project declining onshore production of crude oil
throughout the forecast period. The NPC scenarios,
however, project a slower decline than in the
AE02004 reference case. In addition, the NPC scenarios project more natural gas production per barrel
of oil produced in 2025 than does AE02004, which, in
combination with NPC's higher projections for oil
production, results in the only instance of a higher
projection for a component of domestic natural gas
supply in 2025 in the NPC forecasts than in
AE02004.
Nuclear Power Plant Construction Costs
With the improved performance of the 104 operating
U.S. nuclear power plants, increases in fossil fuel
prices, and concerns about global warming, interest
in building new nuclear power plants has increased.
Because no nuclear plants have been ordered in the
United States in nearly three decades, the costs of a
new plant are uncertain. To assess the economics of
building new nuclear power plants, EIA conducted a
series of workshops and seminars focusing on key factors that affect the economics of nuclear power-primarily, the cost of building power plants and the
financial risks of constructing and operating them.

0`ý

Figure35. Lower 48 onshore unconventional
naturalgas production,2001-2025 (trillioncubic
feet)
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Issues in Focus
History of Nuclear Power Construction Costs
As was typically the case with fossil-fuel-fired power
plants, many of the first-generation U.S. reactors
were constructed on a fixed price, turnkey basis.
Under this type of contractual arrangement, the vendor assumed all the risk associated with cost overruns
and scheduling delays. In total, about 12 units were
ordered on a turnkey basis in the early to mid-1960s.
Although the costs of the reactors were never made
public, one study estimated that the vendors lost
more than $1 billion 171]. As a result, they eventually
stopped offering turnkey contracts to build nuclear
power plants and instead went to cost-based
contracts.
Factors affecting the costs of non-turnkey U.S. reactors have been the subject of a number of analyses. An
EIA analysis found that realized real.overnight costs
grew from about $1,500 per kilowatt for units beginning construction in the 1960s to about $4,000 per
kilowatt for units beginning construction in the early
to mid-1970s (all costs in 2002 dollars, except where
noted). Lead times also increased, from about 8 years
to more than 10 years. Much of the growth in overnight costs and lead times was unforeseen by those*
preparing the estimates, and overruns in real overnight costs and lead times ranged from 70 to 250 percent [72].
Because of severe data limitations and the inherent
difficulty in measuring regulatory impacts, there is
only qualitative agreement that the following factors
caused the 'growth in nuclear plant costs and lead
times [73]:
- Increased regulatory requirements that caused
design changes (backfits) for plants under construction
• Licensing problems.
- Problems in managing "mega projects"
• Misestimation of cost savings (economies of scale)
for larger plants
• Misestimation of the need for the capacity.
Historically, the deployment of nuclear plants abroad
lagged behind that in the United States. Thus, there
was a tendency for utilities in Europe and Asia to
learn from the U.S. experience. Now, just the opposite
is occurring-the next generation of U.S. nuclear
power plants will benefit from foreign learning.
Accordingly, EIA's present cost estimates used realized costs of nuclear power plants in Asia as a starting
point.

BuildingNew NuclearPlants in the
United States
One of the major uncertainties in building new
nuclear power plants involves the regulatory and
licensing process. Regulatory actions were one of the
factors that contributed to the cost growth in the
1970s and 1980s, and as a result there were significant efforts to reform the process. In the late 1980s,
the U.S. Nuclear Regulatory Commission (NRC)
modified backfit regulations to make it more difficult
to order changes in a plant's design during construction. Additionally, with the passage of the Energy Policy Act of 1992, the licensing process was also changed
substantially. Before 1992, a utility needed one
license to begin construction and another to begin
commercial operation. Public hearings were a prerequisite for both licenses, and in some cases they proved
to be very contentious. Now, as long as a firm follows
all the agreed-upon procedures, tests, and inspections, separate hearings are not required. The 1992
legislation also allowed for the pre-approval of various designs; as a result, many technical engineering
issues can be settled before the licensing process
begins.
Beginning in the mid-1990s, the nuclear industry
began to design new Generation III (or III+) reactors.
In general, the new designs represent incremental
improvements over the current generation of
light-water reactors. They are simpler and include
more "passive" safety features. As discussed below,
these design changes have cost implications.
The vendors of two Generation III reactors-the
Advanced Boiling Water. Reactor (ABWR) and an
Advanced Pressurized Water Reactor (the AP1000)have prov ided: estimates .of construction costs. GE's
estimate for the ABWR ranges from $1,400 t0 $1,600
per kilowatt (2000 dollars) for a large, single-unit
plant (1,350 megawatts or more). British Nuclear
Fuels Limited (BNFL), the manufacture of the
AP1000, has estimated that construction costs for the
first tWo-unit 1,100-megawatt reactors will range
from $1,210 to $1,365 per kilowatt (2000 dollars).
GE's estimate assumes that the governnient would
pay for 50 percent' of the first-of-a-kind engineering
costs, and BNFL's estimate assumes that'the government (or someone other than the purchaser of the
plant) would pay for all the first-of-a-kind costs.
BNFL also assumes that, because of learning, a third
two-unit plant could be built for about $1,040 per
kilowatt (2000 dollars) [74];.
A state-owned Canadian firm, Atomic Energy Canada
Limited (AECL), has also stated its intention to

Energy Information Administration /Annual Energy Outlook 2004
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market an advanced CANDU reactor, the ACR-700,
in the United States. The ACR-700, a design that uses
heavy water to moderate the reaction, is substantially
different from the AP1000 and ABWR [75]. One
major advantage of CANDU reactors, which have
been built worldwide [76], is the ability to refuel the
unit while it is operating. Light-water reactors must
be taken out of service before they can be refueled. On
the other hand, the use of heavy water raises nuclear
proliferation issues. The total cost of building "third
of a kind" twin-unit plants has been estimated by
AECL at about $1,100 to $1,200 per kilowatt.
All the above estimates are much lower than the capital costs that have been realized in the past for
nuclear power plants built in the United States and
abroad [77]. As noted above, the average construction
cost of U.S. units that entered commercial operation
in the 1980s was about $4,000 per kilowatt. On average, light-water and CANDU reactors have been built
in the Far East and elsewhere abroad at costs that are
in the low $2,000s per kilowatt. The AP1000 has
never been built anywhere in the world. If the vendors are able to achieve their projected costs, their
plants are likely to be competitive with other generating options. The key question is whether cost reductions of the magnitude projected by the vendors are
achievable.
There is reason to believe that new reactors will be
less costly to build than those currently in operation
in the United States. Over the past 30 years, there
have been technological advances in construction
techniques that would reduce costs. In addition, the
simplified, standardized, and pre-approved designs
clearly result in cost savings. The newer plants have
fewer components and therefore would be less costly.
At least in the United States, only a few previously
built plants were based on standardized designs, and
in most cases construction began before the unit was
totally designed. The construction of customized
units, with the design work being done during the
plant's construction, is clearly expensive. Because the
designs of advanced reactors are (or will be)
pre-approved by the NRC, much of the design work
will be done before their construction begins, and this
will lower costs. Regulatory changes will also lower
regulatory costs and risk.
Although it is reasonable to expect lower construction
costs for the new reactors, ETA and other organizations have questioned the size of the cost reductions
[78]. This is particularly true of the vendors' estimates relative to recently realized costs in Asia.

56

All the cost estimates from nuclear vendors assume
savings from building large multi-unit plants. The
estimates for the AP1000 and CANDU reactors
assume two unit sites, and those for the ABWR deal
with a 1,350- to 1,500-megawatt reactor. As discussed
below, the size of these projects has financial implications that cannot be overlooked. Moreover, there is
some evidence that cost overruns for earlier U.S.
reactors resulted from misestimation of the savings
from building large or multi-unit plants.
There are four major parties (and numerous secondary ones) involved in the construction of a nuclear
power plant: a firm that manages the construction of
the plant, a firm that supplies engineering and architectural support, a firm that supplies the reactor or
Nuclear Steam Supply System, and the firm that purchases the unit. All incur costs, and it is important
that all their costs be included in the estimate. It is
possible that some reported estimates might deal only
with the costs to two or three of the parties; in such
cases, the estimates would not be inclusive.
Results of EJA-Sponsored Workshops and
Seminars and Derivationof EIA Estimates
In addition to sponsoring several workshops and seminars on the subject of nuclear construction costs, ETA
also commissioned a series of reviews of the vendor
estimates. All the reviewers generally found that the
estimates included the costs to the four parties
involved with the construction of a nuclear power
plant, but they also found that the estimates were not
sufficiently detailed to permit verification, of their
accuracy. Indeed, the only way to verify the estimates
would be to reproduce them-an effort that is prohibitively expensive.
EIA's reviewers were forced to use their subjective
judgment, and there were differing opinions about
the estimates. The reviewers and workshop participants from the nuclear industry think that the cost
reductions are achievable, making arguments similar
to the ones presented above. One reviewer who is an
outside observer of the industry, one workshop participant who is a financial analyst, and some outside
researchers were more skeptical. For example, in a
recent study from the Massachusetts Institute of
Technology (MIT), researchers used $2,000 per kilowatt as a "base case" and employed a 25-percent cost
reduction as "unproven but plausible."
The procedure used to derive nuclear construction
cost estimates for AE02004 is as follows. For
non-nuclear technologies, ETA uses cost estimates
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consistent with realiz'ed outcomes for the construction of new generating capacity in the United States.
However, because no reactors have been built
recently in the United States, EIA's cost estimates
are based on foreign cost data. There are two marketable Generation III light-water reactors currently in
operation, and another four are under construction in
Asia [79]. Thus, the starting point for an estimate of
building the "next" new U.S. advanced nuclear power
plant was the realized cost of the two operating
light-water nuclear units in Asia. InAE02004, $2,083
per kilowatt (inclusive of all contingencies) is used as
the realized cost for these two reactors [80].
The four units that are under construction in Asia
will be completed over the next 5 years. The first new
U.S. plant could not become operational until 2012 at
the earliest. Thus, the construction of the first U.S.
plant will benefit from experience gained in the construction of the four units in Asia.
For all advanced technologies that are in the early
stages of commercialization, EIA assumes that,
because of learning, U.S. capital costs will fall by 5
percent for each of the first 'three doublings of newly
built capacity. The same learning factor is applied to
the costs of the four advanced light-water reactors
under construction in Asia. Thus, the cost reduction
from learning in building four additional reactors
(roughly 1.5 doublings of capacity) is about 8.5 percent. As a result, the assumed realized cost, inclusive
of contingencies, of the sixth advanced light-water
reactor in Asia when it is completed is $1,928. This is
the estimate used in the projections [811.
As new U.S. nuclear plants are built, because of learning, EIA assumes that costs will continue to fall. For
example, if 10 new units were constructed in the
United States, costs would continue to fall to about
$1,719 per kilowatt (inclusive of all contingencies) as
a result of learning. Even if no nuclear plants were
built in the United States, EIA assumes that costs
would fall to about $1,752 per kilowatt by 2019. As
shown in Figure 36, the AE02004 cost estimates'are
below realized costs for' older U.S. plants and plants
recently built abroad.

process to the date of commercial, operation. The
licensing process will take 12 to 24 months, and there
will be an additional 6 months between fuel loading
and commercial operation. Thus, EIA assumes a
6-year lead time.
In one of EIA's workshops, the issue of the time and
cost for preparing a license application and the
expenses incurred in obtaining the license were discussed. Some within the industry think an additional
4 years would be needed to prepare the, application
and license the first few plants, resulting in a 10-year
total lead time. A small cost premium (up to 5 percent) is added by EIA to the cost of just the first four
units built. This is called the "technological optimism
factor." Because this factor gradually goes.to zero as
new nuclear plants are constructed, there will be an
additional reduction in costs over and above the
learning effects. This cost reduction, in part, captures
the reduction in expenses associated with the 4-year
reduction in lead times as a result of improvements in
the licensing process.
Summary of the Projections
Over the past few years, most economic analyses of
nuclear power have tended to compare the cost of generating electricity from nuclear technology with the
cost of pro'ducing power from a combined-cycle natural-gas-fired power plant. As long as natural gas
prices remain in the range of $2 to $3 per thousand
cubic feet, the cost of building and 6peratini a new
gas-fired plant will be much less than the cost of a new
coal-fired plant. Therefore, the assumption has been
.that nuclear power would compete with combined-cycle gas plants. With natural gas prices rising,
however, new coal-fired power plants and, to some
extent, renewable energy are becoming competitive
with new natural gas units in many parts of .the
United States.
Figure36. Estimates of overnight capitalcosts for
nuclear power plants (2002 dollarsper kilowatt)
liEstimatedcost: U.S. plant built in the 1980s
Realized cost:"US. plant built in the 1980s
Aberiage realized c6st. recent foreign plants
AE02003: r;rsk US. unit

The vendors' estimates of construction lead times are
generally about 36 to 48 months from the date of the
first concrete pour to the date of initial system testing
(or fuel loading). This definition of lead time is often
used, because most of the funds are expended over
that period. To compute interest costs, EIA uses a
slightly different definition of lead times-namely,
the time between the commencement of the licensing

AE02004: first US. unit
AE02004: tenth US. unit
APJ10: first-of-a-kirid unit

AP1000: third-of-a.kindunit
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Issues in Focus
The AE02004 reference case assumes that nuclear
power plant construction costs will fall from $1,928
per kilowatt to $1,752 in 2019. On that basis, no new
nuclear power plants would be built before 2025 in
the reference case. In two advanced nuclear cases,
vendor estimates for the AP1000 and ACR-700 reactors are used. In both advanced cases, the current
level of nuclear capital costs is assumed to be lower
than in the reference case, and cost reductions are
assumed to be greater than in the reference case. Specifically, one advanced case-the vendor estimate
case-is based on an average of the AP1000 and
ACR-700 reactor first-of-a-kind and nth-of-a-kind
costs [82]. In this case, costs would fall from $1,555
per kilowatt in 2004 to $1,149 in 2019. The second
advanced nuclear case-the AP1000 case-uses just
the vendor cost estimates for the AP1000. In this
case, costs would fall from $1,580 per kilowatt to
$1,081 in 2019.
In the AP1000 case, where costs fall to about $1,081
per kilowatt in 2019, EIA projects that about 26
gigawatts of new nuclear power plant capacity would
be constructed and become operational by 2025. The
26 gigawatts of new nuclear power plant capacity
would displace 19 gigawatts of coal-fired capacity and
7 gigawatts of mainly fossil-fuel-fired capacity. In the
average cost case, where costs fall to $1,149 per kilowatt in 2019, 12.8 gigawatts of new nuclear power capacity would be built and become operational by 2025,
displacing about 9.4 gigawatts of coal-fired capacity.
If the projections were extended beyond 2025, or if
the cost reductions occurred more rapidly than
assumed in the two advanced nuclear cases, the projected amount of new nuclear capacity would be much
greater. The total assumed capital cost of a pulverized
coal plant in 2005 is $1,170 per kilowatt-about 10
percent higher than the vendor's estimate of the
AP1000 costs [831. Coal and nuclear fuel costs are 10
mills and 4 mills per kilowatthour, respectively. Historically, non-fuel operating and maintenance costs
are roughly the same for the two technologies. Given
a nuclear capital cost estimate of $1,081 per kilowatt,
both the capital ani operating costs would therefore
be less for nuclear than for coal-fired power plants. If
the $1,081 per kilowatt estimate could be realized, it
is possible that nuclear power could eventually be
used to satisfy virtually all the baseload demand in
the United States in future years.
The Issue of'Risk
Another issue that received considerable attention in
the EIA workshops was the financial risk in constructing and operating any power plant. There are
58

risks associated with the use of natural gas, coal, and
nuclear power. Natural-gas-fired power plants can be
built in a few years and are relatively inexpensive,
and thus there is little risk in their construction; however, because natural gas prices are volatile, there are
risks involved with the operation of gas-fired power
plants. -Indeed, a number of the workshop participants noted that nuclear power can be used to hedge
fuel price risks associated with gas plants.
Environmental factors aside, coal prices are relatively
stable, and thus the fuel price risks associated with
coal-fired power plants are small. Environmental regulations could change, however, especially with
respect to global warming, with major impacts on the
economics of operating coal plants. Thus, there are
regulatory risks associated with the operation of
coal-fired power plants. One workshop participant
noted that firms have been able to finance the construction of coal-fired plants because of a perception
that changes in environmental regulations will not
occur for another 10 to 15 years, and by then the loans
will have been repaid.
There are also regulatory risks involved with the construction and operation of nuclear power plants.
According to a number of workshop participants, the
financial community clearly has not completely discounted the cost overruns that occurred in the 1970s
and 1980s. Thus, all the participants agreed that the
nuclear industry must demonstrate that a nuclear
power plant can be built on time and on budget. Further, the new licensing process has yet to be tested,
and there is considerable uncertainty about how it
will work. In fact, all the participants agreed that
some type of support from a third party (the Federal
Government) would be needed before the first few
plants could be built.
If nuclear power plants are built in a deregulated
environment, their owners-like the owners of any
power plant-will be exposed to output price risk.
Electricity prices might be lower than anticipated,
resulting in insufficient revenues to cover all the
operating costs, loan repayments, and returns to
shareholders. As a result of market deregulation,
electricity is now a commodity, and like any other
commodity, in the short run electricity prices are
extremely volatile and subject to "boom and bust"
cycles. The events of the past few years suggest that if
plants become operational in the "bust" part of a
cycle, the result can be financial ruin.
Although all units are subject to output price risk,
nuclear power plants are affected differently because
of their relatively high capital costs and longer lead
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Issues in Focus
times. That is, because of nuclear power's relatively
high capital costs, relatively more capital is "at risk."
Moreover, the uncertainty of any forecast of electricity prices increases as the length of the forecast period
increases (a 6-year forecast is more uncertain than a
2-year forecast). Because of nuclear power's relatively
long lead times, electricity prices must be anticipated
over a relatively long period, leading to more
uncertainty.
All the workshop participants outside, the nuclear
industry argued that stable and predictable revenues
resulting from long-term, fixed-price power purchase
agreements or other financial or regulatory instruments are crucial to the financing of a nuclear power
plant..Long-term (10 to 20 years) firm fixed price purchased power contracts are, however, very difficult
and expensive to obtain. Moreover, as a recent EIA
report noted, until some structural flaws in electric
power markets are corrected, the use of financial
derivatives to manage electricity price risk is limited
[84]. Thus, at least in the short run, it is not clear
whether it will be possible to obtain a'stablestream of
revenues from a nuclear (or other) power plant.
The advanced nuclear cases summarized above and
presented in detail in the "Market Trends" section of
this report assume that institutional and financial
arrangements can be used to mitigate (or shift) output price risk at very little cost to decisionmakers. A
fixed-price purchased power contract is one possible
financial arrangement that would shift the risk to
those holding the contract. Another possible institutional arrangement would be a consortium formed by
a group of utilities and vendors to build nuclear power
plants. In such a case, the.risks would be spread
among all the consortium members.
The Renewable Electricity Production
Tax Credit
In the late 1970s and early 1980s, environmental and
energy security concerns were addressed at the Federal level by several key pieces of energy legislation.
Among them, the Public Utility Regulatory Policies
Act of 1978 (PURPA), P.L. 95-617, required regulated
power utilities to purchase alternative electricity generation from qualified generating facilities, including
small-scale renewable generators; and the Investment Tax Credit (ITC), P.L. 95-618, part of the
Energy Tax Act of 1978, provided a 10-percent Federal tax credit on new investment in capital-intensive
wind and solar generation technologies [85].
_

The Energy Policy Act of 1992 (EPACT) included a
provision that addresses problems 'with the ITC-

specifically, the lack of incentives for operation, of
wind facilities. EPACT introduced the Renewable
Electricity Production Tax Credit (PTC), a credit
based on annual production of electricity from wind
and some biomass resources. The initial tax credit of
1.5 cents per kilowatthour (1992 dollars) for the first
10 years of output from plants entering service by
December. 31, 1999, has been adjusted for inflation
and is currently valued at 1.8 cents per kilowatthour
(2002 dollars) [86, 87].
The original PTC applied to generation from
tax-paying owners of wind plants and biomass power
plants using fuel grown in a "closed-loop", arrangement-crops grown specifically for energy production, as opposed to byproducts of agriculture,
forestry, urban landscaping, and other activities. In
its early years, the PTC had little discernable effect
on the wind and biomass industries it was designed to
support. By 1999, however, when the provision was
originally set to expire, U.S. wind capacity had begun
growing again, and the PTC supported the development of more than 500 megawatts of new wind capacity in California, Iowa, Minnesota, and other States.
Wind power development was also encouraged by
State-level programs, such as the mandate in Minnesota for 425 megawatts of wind power by 2003 as part
of a settlement with Northern States Power (now
Xcel Energy) to extend on-site storage of nuclear
waste at its nuclear facility [88].
In 1999, the PTC was allowed to expire as scheduled,
but within a few months it was retroactively extended
through the end of 2001 [89], and poultry litter was
added to the list of eligible. biomass fuels. Although
wind power development slowed significantly in 2000,
2001 was a record year with as much as 1,700 megawatts installed [90]. Again, State and local programs,
including a significant renewable portfolio standard
(RPS) program in Texas, also supported new wind
installations.
The PTC was allowed to expire again on December
31, 2001, while Congress worked on a comprehensive
new energy policy bill. It was retroactively extended a
second time to December 31, 2003, as part of an omnibus'package of extended tax credits passed in
response to the economic downturn and terrorist
attacks of 2001 [91].
Like the 1999 expiration and extension, the extension
of the PTC in 2002 was followed by a lull in' wind
power~development. And again, a review of confirmed
industry announcements indicates that 2003 will see
total new installations of more than 1,600 megawatts
of wind capacity. Significantly, while many 2003
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Notes and Sources
DOE/EIA-0485 (Washington, DC, March 1986), Appendix B.
[74]U.S. Department of Energy, Office of Nuclear Energy,
Science, and Technology, A Roadmap to Deploy New
NuclearPowerPlantsin the UnitedStates by2010 (Washington, DC, October 2001), Vol. 2. GE is also designing a
newer BWR, the ESBWR, which is simpler and has more
passive safety features than the ABWR. A cost estimate
for the ESBWR has not yet been prepared.
[75]All the operating reactors in the United States use light
water as a moderator. With the exception of the United
Kingdom's gas-cooled reactors and CANDU units, the
same is generally true in Europe and Asia. Both the
ABWR and API000 are light-water reactors.
[76]The ACR-700 has never been built.
[77]In general, the information about the cost of foreign
nuclear power plants is not as good as the U.S. data. The
realized overnight costs for foreign units that entered
commercial operation in the 1980s tended to range in the
mid-$2,000s per kilowatt. There is also some evidence of
growth in foreign nuclear power capital costs. See G.
McKerron, "Why Do Nuclear Power Plant Construction
Costs Continue To Increase?," Energy Policy (July 1992).
It must be noted that this research is somewhat controversial. Additionally, recent experience suggests that
costs of building nuclear power plants in Asia are falling.
[78]See, for example, The Futureof NuclearPower (Massachusetts Institute of Technology, August 2003).
[79]There are a number of pressurized light-water reactors
(PWRs) either operating or under construction in South
Korea that are improvements on existing PWRs and thus
could be considered advanced-the System 80 + reactors
manufactured by BNFL (Westinghouse). However, the
vendor has chosen not to market those reactors in the
United States but instead to focus on the AP1000. Therefore, they are not considered here. See U.S. Department
of Energy, Office of Nuclear Energy, Science, and Technology, A Roadmap to Deploy New NuclearPower Plants
in the United States by 2010 (Washington, DC, October
2001),Vol. l,p.21.
[80) There are a number of problems with "transferring"
foreign costs and experience to the United States. The
most obvious is the use of exchange rates, which may distort the underling cost differences. The firm that supplied the cost data to EIA used a Purchasing Power Parity
Index, instead of official exchange rates, which corrects
for some (but not all) problems with currency conversions. Additionally, some have argued that because of
practices that are unique to Asia, the cost of building the
same plant in the United States would be less than in
Asia. For example, some have argued that payments to
residents surrounding plants in Asia are included in the
construction costs, and because such payments would not
be made in the United States, the cost of building the
same plant in the United States would be less than in
Asia. Thus, $2,060 per kilowatt, which was used as the
starting point in the calculations, is actually less than the
realized costs of the two operating advanced plants. The
exact amount of the cost reduction cannot be made public
because of proprietary agreements with the firm supplying the cost information.
[81 ]Exclusive of contingencies, the estimated nuclear construction cost is about $1,650 per kilowatt. EIA uses a

project contingency of 10 percent and a "technological
optimism factor" of 5 percent.
[82]The AP1000 estimates were obtained from U.S. Department of Energy, Office of Nuclear Energy, Science, and
Technology, A Roadmap to Deploy New Nuclear Power
Plants in the United States by 2010 (Washington, DC,
October 2001), Vol. 2, Chapter 4, Table II. The direct
overnight construction costs for the CANDU reactor
were obtained from "New Fuel for the CANDU-And a
New CANDU, Too!," Nukem Market Report (June 2002),
web site www.aecl.ca/images/up-NUKEMJune2002.pdf.
The first-of-a-kind costs were estimated by EIA. EIA also
examined a case in which nuclear capital costs were
reduced by 10 percent. Becuase the case did not result in
the construction of any new nuclear units, the results are
not presented.
[83]The vendor's estimate of the cost (inclusive of contingency) of the third-of-a-kind twin-unit AP1000 is about
$1,066 per kilowatt.
[84]Energy Information Administration, Derivatives and
Risk Management in the Petroleum, Natural Gas, and
Electricity Industries, SR/SMG/2002-01 (Washington,
DC, October 2002).
[85)The rate was later raised to 15 percent by the Crude Oil
Windfall Profits Act of 1980, which extended the credit to
December 31, 1985, when it was allowed to lapse for wind.
[86]Dollars are expressed in year 2002 values, except as otherwise noted.
[873See IRS Form 8835, Renewable Electricity Production
Credit for the year 2002, web site www.irs.gov/pub/
irs-pdf/f8835.pdf.
[88]Interstate Renewable Energy Council, Minnesota
Renewable Energy Incentives (September 22, 2003),
database of State incentives for renewable energy, web
site www.dsire.org. Note that 425 megawatts, the original mandated term in 1994, has subsequently been
extended to 825 megawatts by 2006 and 1,125 by 2010.
[89]Tax Relief Extension Act of 1999, Public Law 106-170.
[90]EIA's Annual Energy Review 2002, Table 8.7a, indicates 1,487 megawatts of net installations in 2001 for
plants over 10 megawatts. See web site www.eia.doe.gov/
emeu/aer/elect.html. The American Wind Energy Association estimates 1,697 megawatts of installations of all
sizes in 2001. See web site www.awea.org/faq/instcap.
html.
[91)Job Creation and Worker Assistance Act of 2002, Public
Law 107-147.
[92]Wind power facilities also receive a 5-year accelerated
depreciation allowance.
[93]For further discussion of cost and performance
improvements, see C. Namovicz, "Modeling Wind and
Intermittent Generation in the National Energy
Modeling System (NEMS)," in American Wind Energy
Association, WindPower 2003 Conference Proceedings
(2003).
[94]Cost includes "busbar" costs plus transmission interconnection charge, but does not include additional grid
services that may be required to facilitate integration of
wind power. Excellent wind resources refer to sites in
wind power Class 6 or better, as defined by the Pacific
Northwest Laboratory as a site with an annual average
wind speed at 50 meter hub height of 8.0 meters per second (17.9 miles per hour) or higher. See D.L. Elliot et 9l.,
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BY THE COMMISSION:
I.

STATEMENT OF PROCEEDINGS

On January 30, 2004, Georgia -Power Company ("Georgia Power" or "GPC") and
Savannah Electric and Power Company ("Savannah Electric") (collectively referred to
herein as "Companies") separately submitted to the Commission applications for
Integrated Resource Plans ("IRPs" or "Plans") for approval pursuant to O.C.G.A. § 46-3A1 et seq. ("IRP Act" or "Act"). The Georgia Public Service Commission ("Commission")
issued a Procedural and Scheduling Order on March 5, 2004, finding .it appropriate and
administratively convenient to hold concurrent and consolidated hearings in these dockets.
No party entered an objection to the consolidation of the cases. These proceedings were
declared to be contested cases as the term is defined in O.C.G.A. § 50-13-13 and were
also held to encompass complex litigation pursuant to O.C.G.A. § 9-11-33(a).
The Procedural and Scheduling Order directed the Companies, at a minimum, to address
those issues that are required by the IRP Act and Commission Rule 515-3-4 ("IRP Rules"),
as well as any directives issued for the Companies to follow in the 2001 IRP cases.1 In
addition to the issues that traditionally are included in an IRP case, the Commission
sought input from interested parties whether existing Utility Rule 515-3-4-.04(3), Request
for Proposals Procedure for Long-Term New Supply-Side Options, should be modified
to provide in greater detail the manner in which new supply side resources are to be
requested, evaluated and presented to the Commission for certification.
In accordance with O.C.G.A. § 46-3A-5(c), the Commission established fees for review of
the IRPs within sixty days of the filing of the applications. The Commission concluded that
$143,060.00 was the appropriate fee for Georgia Power Company,2 and $61,311.00 for
Savannah Electric.3 On March 16, 2004, Georgia Power and Savannah Electric remitted
the established fee amount, thereby. making the statutory deadline for this, proceeding to
be July 14, 2004..
Pursuant to statute, the Commission Staff ("Staff") and the Consumer Utility Counsel
Division ("CUCD") of the Governor's Office of Consumer Affairs were parties to these
dockets. Applications for Intervention were filed as follows:
Docket No. 17687-U: Resource Supply Management ("RSM")
intervened on February 18, 2004; Georgia Industrial Group ("GIG")
intervened on February 19, 2004; Georgia Textile Manufacturers
Association ("GTMA") intervened on February 20, 2004; Calpine
Corporation ("Calpine") intervened on February 25, 2004; Georgia
1 See Final Order,Docket Nos. 12499-U, 13305-U and 13306-U, filed on July 17, 2001.
2 UDocket No. 17687-U, Order Establishing Fee for Georgia Power Company's Application for Approval
of the 2004 IntegratedResource Plan, filed on March 22, 2004.
3 Docket No. 17688-U, OrderEstablishingFee for Savannah Electric and Power Company's Application
for Approval of the 2004 IntegratedResource Plan,filed on March 22, 2004.
Docket Nos. 17687-U and 17688-U
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Environmental Facilities Authority ("GEFA") intervened on February
25, 2004; Southern Alliance for Clean Energy ("SACE") intervened on
March 5, 2004;4 Live Oaks Company, LLC intervened on March 26,
2004; Alliance to Save Energy ("ASE") intervened on April 16, 2004;
Georgia Interfaith Power and Light ("GIPL") intervened on April 16,
2004; and Homeowners Opposing Powerline Encroachment, Inc.
("HOPE") intervened on April 19, 2004.
Docket No. 17688-U: Calpine intervened on February 25, 2004;
SACE intervened on March 5, 2004;5 Live Oaks Company, LLC
intervened on March 26, 2004; and ASE intervened on April 16,
2004.
No party was denied intervention during the proceedings. 6
On March 5, 2004, and again on May 25, 2004, the Commission filed amendments to its
Procedural and Scheduling Order. Both sets of amendments were not substantive in
nature, but, rather, were the result of the Commission's need to modify the dates on which
the hearings were to be held and filings were to be made.
The Commission conducted the hearings in three phases in this matter. During the first
phase of the hearings, the Companies presented their direct cases on April 19, 2004, and
April 20, 2004, through one panel of witnesses comprised of Mr. Richard A. White. Mr.
Larry R. White, Mr. Jeffrey A. Burleson, and Mr. Garey C. Rozier.7
On May 25, 2004, the Commission Staff presented a panel of witnesses setting forth its
positions in these dockets. This panel consisted of Mr. Mark W. Crisp, Mr. Jerry W. Smith,
Mr. Evan D. Evans, Ms. Kathleen F. Best, Mr. Daniel R. Cearfoss, Jr. and Mr. Phil M.
Hayet. GIG and GTMA co-sponsored two witnesses, Mr. Jeffry Pollock arn'd Mr. John A.
Mallinckrodt, who testified on this same date, with Mr. Timothy Eves testifying on behalf of
Calpine in between the presentations of the two GIG/GNG witnesses.
A witness panel comprised of Mr. Richard F. Spellman and Mr. Harry Misuriello also
testified on behalf of ASE on May 25, 2004, and on May 26, 2004, as well, followed by a
panel of three witnesses for SACE that consisted of Mr. James Presswood 8 , Ms. Rita
4 In the

Georgia Power IRP docket, an Amended Application for Leave to Intervene was filed by SACE on
May 20, 2004.
5 Also on May 20, 2004, an Amended Application for Leave to Intervene was filed by SACE
in the
Savannah Electric IRP docket.
6 Although Mr. John S. Ellis intervened on behalf of Live Oaks Company, LLC, no appearance at the
hearings was made by Mr. Ellis on behalf of this party.
7 Both Mr. Burleson and Mr. Larry R. White are employed directly by Georgia Power. Mr. Richard A.
White is employed by Savannah Electric. Mr. Rozier is employed by Southern Company Services. See
Pre-filed direct testimony of the Companies' panel of witnesses, page 1.
8 Mr. Presswood testified as a subject matter expert during the hearings and also served as SACE's
counsel in this proceeding.
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Kilpatrick, Mr. William Prindle. 9 This second phase of the hearings concluded after the
testimony on behalf of.a witness sponsored by GIPL, Ms. Melissa Heath, was provided.
Thereafter, during the third and final phase of the hearing that was held on June 28, 2004,
the Companies presented rebuttal testimony through the same panel of witnesses that
previously testified to support their direct cases.
At the conclusion of the hearings in these dockets, closing arguments and/or proposed
final orders were filed by-the.Companies, ASE, Calpine, RSM, Staff, andthe CUCD on
July 1, 2004, or on July 2, 2004, as permitted by the Commission.
On July 9, 2004, at a Special Administrative Session, the Commission considered the
positions of the various parties and rendered decisions on the Companies' respective
IRPs.
In conjunction with doing so, the Commission hereby adopts in this Final Order, with
modifications and further directives, the .IRPs filed by Georgia Power and Savannah
Electric. In doing so, the Commission sets forth. in this Order further direction to Georgia
Power and Savannah Electric for further reporting and analysis to be performed and
provided to the Commission prior to or in conjunction with their next IRP filings,
amendments- or applications for de-certification. Finally, this Order issues directives by the
Commission that are to be followed by its Staff in order to facilitate a Demand Side
Management Working Group and initiate the process required for amending the agency's
existing Utility Rule 515-3-4-..04(3), Request for Proposals Procedure for Long-Term
New Supply-Side Options.
1I.

JURISDICTION AND AUTHORITY

Georgia Power and Savannah Electric are public electric utilities serving retail customers
within the State of Georgia. Georgia Power and Savannah Electric are two of the five
retail operating companies of which the Southern Company.system is comprised. This
Commission has jurisdiction over Georgia Power's and Savannah Electric's IRPs pursuant
to O.C.G.A. § 46-2-1 et seq., generally, and the IRP Act in particular.
The IRP Act requires the Companies to file Integrated Resource Plans at least every three
years.10 The Companies' obligations with respect to the information that is filed is set forth
pursuant to criteria identified in the Commission's IRP Rules. A "plan" is defined in the Act
as an Integrated Resource Plan thatcontains the utility's: electric demand and energy
forecast for at least a 20-year period; program for meeting the requirements shown in its
forecast in an economical, and reliable manner; the. analysis. of all capacity resource
9 Although Ms. Sara Barczak was identified on the pre-filed direct testimony as a witness who would be
testifying on behalf of SACE, she was unavailable to appear at the hearing to answer questions about the
ýt0anel testimony. As such, the panel was permitted to proceed with its testimony in her absence.
0 O.C.G.A. § 46-3A-2.
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options, including both demand-side and supply-side options; and the assumptions used
and the conclusions reached with respect to the effect of each capacity resource option on
the future cost and reliability of electric service. The Plan also must:
(A)

Contain the size and type of facilities which are expected to be owned
or operated in whole or in part by such utility and the construction of
which is expected to commence during the ensuing ten years or such
longer period as the Commission deems necessary and shall identify
all existing facilities intended to be removed from service during such
period or upon completion of such construction;

(B)

Contain practical alternatives to the fuel type and method of
generation of the proposed electric generating facilities and set forth
in detail the reasons for selecting the fuel type and method of
generation;

(C)

Contain a statement of the estimated impact of proposed and
alternative generating plants on the environment and the means by
which potential adverse impacts will be avoided or minimized;

(D)

Indicate, in detail, the projected demand for electric energy for a 20year period and the basis for determining the projected demand;

(E)

Describe the utility's relationship to other utilities in regional
associations, power pools, and networks;

(F)

Identify and describe all major research projects and programs which
will continue or commence in the succeeding three years and set
forth the reasons for selecting specific areas of research;

(G)

Identify and describe existing and planned programs and policies to
discourage inefficient and excessive power use; and

(H)

Provide any other information as may be required
Commission."'

K,,)

by the

The Commission is required under O.C.G.A. § 46-3A-2 to make determinations as to the
.adequacy of the IRPs and to ensure that the utilities' Plans have appropriately addressed
numerous matters. There must be a determination that the forecast requirements
contained in the Plan are based on substantially accurate data and an adequate method of
forecasting. 12 The Commission must also find that the Plans identify and take into account
any present and projected reductions in the demand for energy that may result from

K9

1 O.C.G.A. § 46-3A-1 (7).
12 O.C.G.A. § 46-3A-2(b)(1).
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efficiency
in- the industrial, commercial, residential, and
measures to •improve energy
"
"
13
energy-producing sectors of the state.•3
Further, the Commission must determine whether the Plans adequately demonstrate the
economic, environmental, and other benefits to the state and to customers of the utilities,
associated with the following possible measures and sources of supply:
(A)
(B)
(C)
(D)
(E)
(F)

Improvements in energy efficiency;
Pooling of power;.
Purchases of power from neighboring states;
Facilities that operate on alternative sources of energy;
Facilities that operate on the principle of cogeneration or hydrogeneration; and
Other generation facilities and demand-side options. 14'

After hearings have been conducted on a Plan, the Commission may approve the IRP;
approve it subject to stated conditions; approve it with modifications; approve it in part
and reject it in part; reject the plan as filed; or .provide an alternate plan, upon
determining that this is in the public interest.'
With regard to its rule-making authority to enact or modify regulations regarding the
manner in which new supply-side resources are to be attained for the Companies' retail
customers, the Georgia Legislature conferred upon the Commission a general blanket
of authority under which it may enact those rules necessary to execute the functions
that it has been delegated.' 6 Along this avenue of authority, the Commission included in
the Procedural and Scheduling Order a request for information from *parties in order to
determine whether its existing Utility Rule 515-3-4-.04(3), Request for Proposals
Procedure for Long-Term New Supply-Side Options, should be enhanced and, if so, in
what manner; In furtherance. of this purpose, the agency's stated areas of interest
included:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

13
O.C.G.A.
14 O.C.G.A.

The procedures for the issuance of any Request for Proposals (RFP)
The contents of the RFP
The need for and role of an Independent Evaluator to oversee the RFP
process
Evaluation Criteria and Procedures including selection process for a
competitive tier and/or short list of bidders
Codes of conduct for participation in an RFP
The manner in which Information will be made available to bidders
Exceptions, if any, to' the RFP procedures

§§ 46-3A-2(b)(2).
46-3A-2 (b)(3).

15

GPSC Utility Rule 515-3-4-.01(2)..

16

O.C.G.A. § 46-2-30.
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(h)
(i)

The inclusion of a "Self-build" option by a Georgia-regulated utility, in the"
RFP process; and
A description of, and the use that is to be made of, a "Target Price" in the

.

RFP evaluation process.17

III.

FINDINGS OF FACT AND CONCLUSIONS OF LAW

To ensure that the competing interests of* all parties were properly considered, the
Commission has carefully analyzed all evidence of record including the testimony given
and the various exhibits entered by all the parties. As set forth hereinafter, the
Commission makes findings of fact and conclusions of law' 8 based on the evidentiary
record created, taking into consideration any joint proposals for a resolution to an issue
raised by this agency.

A)

OF THE INTEGRATED
REVIEW -AND
EVALUATION
RESOURCE PLANS FILED BY GEORGIA POWER COMPANY
9
AND SAVANNAH ELECTRIC AND POWER COMPANY'

1)

LOAD FORECAST

In Volume 1A, Table 4.2, on page 9 of the Technical Appendix 20 to Georgia Power
Company's 2004 IRP filing, the load forecast for the years 2004 through 2023 is set
forth as it pertains to the Companies' service areas as well as the Southern System as a
whole. With regard to the demand and energy forecasts that are used to project load
for the Companies, the Staff panel of witnesses was the only one to comment on each
of -them. A review of the testimony provided by Staff regarding the adequacy of the
forecasts filed by Georgia Power and Savannah Electric is relevant to this Commission
making at determination whether they should be approved as filed.

Proceduraland Scheduling Order,March 5, 2004, p. 6.
18 The areas of discussion included in the body bf the Order in terms of Findings of Fact and Conclusions
of Law speaks only to the areas of the Plans filed that were contested. Matters that were not disputed or
previously were decided by the Commission in these dockets are referenced in the ordering paragraphs
only.
19 Due to the way the transcripts of the three phases of the hearing were prepared in these dockets, there
is no way to identify specific pages in the transcripts when pre-filed testimony of any witness(es) is(are)
referenced. As a consequence, all statements referenced as an authority in this Final Order will be cited
from a party's pre-filed testimony, which, at the hearing, was accepted into the record as evidence.
20 This information is contained in the Trade Secret version of the Georgia Power's filing.
17
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a)

Sufficiency of Load Forecasts
Georgia Power Company

In conducting its analysis, Staff noted that Georgia Power used econometric. models
developed in-house for the short-term forecasts (2004-2006), and a set of EPRI enduse models (REEPS, COMMEND and INFORM) for the longer-term forecasts (20072023). Georgia Power also used the EPRI model, HELM, to produce the demand
forecast. The long-term models used are well accepted industry-wide, -and Georgia
Power performed an appropriate analysis of data input and calibration for each of these
load forecast models. Staff acknowledged that some judgment was necessary in the
selection of variables for all models, and that Georgia Power appeared to have made
reasonable decisions for the Budget 2004 forecast, which was prepared during the
spring of.2003.21 The energy forecast is dependent on the input variables provided by
Economy.com.
In its analysis of load, Georgia Power provided data that indicated a recent tendency for
this company to over-forecast total, company demand, with the errors ranging from
approximately 1% to 7% on a weather adjusted basis2. However, the more recent
interim forecasts appeared to have improved and were in the'range of 1% to 4% error.
Staff determined that these percentages of errors are in the range of what is acceptable.
23
A similar review of the weather adjusted comparisons for total company energy
revealed that on a total company basis, Georgia Power systematically also has overforecasted energy usage. However, the forecast errors are within acceptable ranges of
3% to 5%, with more recent forecasts indicating improved accuracy with variances of
approximately 1% to 3%.

Staff evaluated the weather adjusted energy. forecasts by customer class 24 and

concluded that forecast accuracy is within acceptable limits; with the potential exception
of the industrial'class. (Pre-filed Panel Testimony of Staff, p. 49). The industrial class
enrergy forecast errors from the Budget 1999 through the Budget 2001 forecasts are in
the range of 15% over-forecasted.. The Budget 2002 forecast improved, accuracy
considerably to the 3% to 7% range. Georgia Power lost industrial'customers from 1990
through 2003. Over the period, the number of industrial customers declined at the
average annual rate of 2.9%. Georgia Power forecasted an average annual rate of
decline for industrial customers of 1.6% for the period of 2004'through 2023. The
industrial class represented approximately 24% of the total Georgia Power demand in
2003. A ratio has been projected by the Company to decline to about 20% in 2023. On

21

Georgia Power performed weather-normalization for both energy and. demand data in order to provide

historically appropriate comparisons of forecasts to actual energy and demand.
22
23
24

Georgia Power's 2004 IRP Filing Technical Appendix Volume 2, Section 9, pages 189- 190.
Georgia Power's2004 IRP Filing Technical Appendix Volume 2, Section 9, page 185..
GeorgiaPower's 2004 IRP FilingTechnical Appendix Volume 2, Section 9, pages 185-188.
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an energy basis, the industrial class represented about 35% in 2003, a ratio is projected
to decline to 30% in 2023.25
Staff observed that Georgia .Power estimated and adjusted the industrial class to
account for a trade secret concern that has the potential to be realized in the upcoming
years. Id. at 50. Minor adjustments start in 2007 and major adjustments occur in 2008
and beyond., It is likely these estimates will change when trade secret concerns had by
the Company are decided one way or another. Secondary economic effects of these
trade secret concerns were included in the residential and commercial classes also.
In looking at Georgia Power's forecast, which was prepared in .the spring of 2003, Staff
concluded that there have been potential signs of some economic recovery in the
southeastern United States, which make it prudent to examine a case where some
growth in the industrial class resumes before 2008B In order to examine this scenario,
Staff recommended a sensitivity case to be performed, that in addition to other data
changes, increased the total system load and demand by 1% over the Georgia Power
Budget 2004 forecasts. Id. at 51. This case represents the possibility that some
economic recovery is now in progress but had not yet been picked up in the Georgia
Power forecasting models.
Necessity for Update to Georgia Power's Existing Load Forecast
When doing cross-examination of the Companies' direct testimony, Staff inquired as to
whether there would be an updated load forecast filed with the Commission by Georgia
Power for use in the upcoming 2004 rate cases. (Transcript (Tr.) 47.) Witness Jeffrey
Burleson indicated that one had not been prepared and there was no intention to file
one. (Tr.48.) During the rebuttal phase of the hearing, Staff made additional inquiries
during cross-examination through which the genuine need for the Commission to obtain
a new or updated load forecast from Georgia Power was explored. (Tr.984-997.) Among
the points made by Staff that would support a more current load forecast being filed by
Georgia Power included the fact that some of the data underlying the one in the, IRP
was from at least January 2003, maybe earlier (Tr.991-992); the growth predicted in the
for6cast for the various retail customer sectors may have far exceeded actual growth as
per recent Company pronouncements (Tr.986-991); and the significant role that a load
forecast plays in a rate case, which Georgia Power filed on July 1, 2004, seeking
increased rates. (Tr.990-994.)
Through its responses, Georgia Power witness Burleson disputed any need for an
updated load forecast to be filed. He indicated that, as per the Final Order in the last
IRP case (Docket No. 13305-U), Georgia Power only had to notify the Commission if a
new load forecast was developed by the Company. (Tr.980.) Mr. Burleson indicated that
information tracking any variances in the load forecast is routinely made available to
management of the Company in the form of reports. (Tr.982.)
25

Georgia Power Company's Technical Appendix, Vol. 2, Section 2, page 22.
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In furthering his opposition to preparing an updated forecast based on actual data
becoming available since it was prepared in early 2003, this witness contended that the
actual data, once weather normalized, would'result in the forecast being lower than
what it is presently. (Tr.994-995.) While there may be actual data that shows higher,
sales for a customer class, Mr. Burleson seemed to infer that such increases were
somehow. offset by lower than predicted sales in the forecast for. another class. (Tr.986-

988)
When asked about the importance of its load forecast in terms of its upcoming rate
case, Mr. Burleson did concede that there would be overearnings by a utility if its
revenue requirements were to be spread across a customer base that was lower than
what was forecasted. (Tr.992-994.) In light.of this and other inquiries made by Staff, Mr.,
Burleson stood firm in his position that a load update was not necessary.
While the Commission understands the position of Georgia Power in this regard, it
shares Staff's concern about Georgia Power's decision that a more current load
forecast will not be made available for the rate case that is to be. decided later this year.
While Mr. Burleson possesses a great deal of credibility as a.witness, the Commission
would be derelict in its duty if it were merely to rely on his representations as to the
impact that the availability that actual data has had on the forecast, and not to direct that
this updated information be filled with this agency. Since the information necessary to
update the existing forecast appears to be readily available to representatives of the
Company, it should not be any hardship for the Company to do an 'update to its load
forecast.
It also must be noted that the need for an updated load forecast is compounded by the
fact that a cost of service study has been done by rate schedule for the first time in the
2004 rate case. If actual sales data deviates from that which is embedded in the existing
load forecast, it could result that certain customer classes will have rates set for them
that subsidize rates that will be set for consumers that take service under another
class's rates. To eliminate any far-reaching ramifications from this occurring, it is
imperative that by no later than August 15, 2004, Georgia Power must file an updated
load forecast and budget comparison information with the most up-to-date information
as of March 31,•2004.
Savannah Electric and Power-Company
Staff noted that Savannah ..Electric prepared short-term. (2004-2006) econometric
models for most classes. (Pre-filed Panel Testimony of Staff, p. 53). For its industrial
class, the company tabulated individual customer forecasts to obtain the forecast of the
entire class. Savannah. Electric used a set of -EPRI end-use models (REEPS,
COMMEND and INFORM) for the longer-term forecasts (2007-2023). The, company
also used the EPRI model, HELM, to produce the demand forecast. The long-term
models are well accepted industry-wide and Savannah Electric has performed the
appropriate analysis of data input and calibration for each of these models.
Docket Nos. 17687-U and 17688-U
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Like its sister company, Georgia Power, Savannah Electric performed weathernormalization for both energy and demand data in order to provide historically accurate
comparison of forecasts to actual energy and demand. It provided data indicating
forecast errors that are in the-range of approximately 1% to 5% on a weather adjusted
basis, with the exception of the industrial energy. 26 However, a. more recent interim
Budget'2003 forecast resulted in errors of 1% to.3%. As with Georgia Power, this range
of errors is acceptable, and the company's demand forecast is also within standard
tolerances. Id.
For the industrial energy forecast comparisons on a weather adjusted basis, Savannah
Electric over-projected energy sales by as much as 15% in the most recent forecast. 27
Staff noted that it Was advisable to attempt additional econometric or other modeling for
the short-term industrial energy sector to see whether any improvement could- be
achieved since this class represented approximately 20% of the total sales in 2003. Id.
Staff ultimately concluded.that Savannah Electric's short-term models fit the historical
data and appear to be reasonable and consistent with trends, with the possible
exception of the industrial sales forecast, and that the company's demand projections
were reasonable. Id. at 54..

.Necessity for Update to Savannah Electric's Existing Load Forecast
While Savannah Electric. witness Richard White was not asked the same questions
about the load forecast as Georgia Power witness Jeffrey Burleson, similar concerns
are present about the age of the existing load forecast exist since Savannah Electric
also will be filing a rate case later this year. Irrespective of the concern that this utility
does not share its sister company's situation in terms of doing a cost of service by
individual rate, Savannah Electric likewise is directed to update its load forecast and
budget for filing with the Commission based on the relevancy of such information to the
rates that will be set next year as a result of its 2004 rate case filing.
b)

Recommendations Regarding the Companies' Load Forecast

Based upon the evidence in the record, the Commission finds and concludes that it is
appropriate to approve the demand and energy forecasts as filed by Georgia Power and
Savannah Electric without modification to any projections to any customer class. In
doing so, however, the Commission does find the concerns about the vintage of the
forecast information, which is old and can easily be updated by'actual data. Providing
this more current information is essential because this information will play a critical role
in the Company's upcoming rate case. As such, the Commission further finds and
concludes that Georgia Power and Savannah Electric shall each update its forecasts
utilizing actual data through March 31, 2004. Once updated, these forecasts shall be
filed by the Companies on or before August 16, 2004.
26

Savannah Electric's 2004 IRP Filing,Technical Appendix, Section 1, pages 46-47.

21 Id. at 46.
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C)

2)

RELIABILITY-AUTHORIZED TARGET RESERVE MARGIN

In an effort to plan for a reliable system, allowances for capacit y resources in excess of
a utility's projected peak demand requirement are made for the purpose of recognizing
that generating units can fail randomly, and load projections typically have some
measure of forecast error. This commitment to have, excess capacity provides a
reasonable assurance that the utility will always have resources available to serve its
load. A system with too large of a reserve margin will tend to have high revenue
requirements because it will overbuild capacity on its system. A system with too small
of a reserve margin will have to depend on-purchases from the wholesale market that
can be quite high at times of peak demand, once again resulting in high revenue
requirements. The goal of a reserve margin study is to determine the level at which
revenue requirements are the lowest for a given level of reserve margin. This results in
a well-planned, reliable, and cost-effective utility system.
In the 2004 IRP, the Companies have proposed that the ultimate system reserve margin
should be set at 13.5% for the first 3 years, and then 15% for.the years after that. As
support underlying this recommendation, Southern Company Senrices conducted a
reseive margin study 28 that updated the one that was previously done in 1999. The
conclusion reached in both studies was that 15% is the appropriate level'of reserve
margin for the-Southern Company System. In the 2001 IRP, Georgia Power cited to the
1999 study as its basis for relying on 15% as its target reserve margin .level for the
Southern Company System. 29 Also, in the 2001 IRP, Georgia Power proposed a lower
System reserve margin level for. the short-term, arguing that it was an acceptable level
for the first three years of the IRP study period. Ultimately, the Commission accepted
these target reserve margin levels for the 2001 IRP.1For purposes of its 2004 IRP reserve margin study, Southern Company Services relied
on its Monte Carlo Frequency and Duration Model "MCFRED," to develop the
relationship between system revenue requirement and reliability based on Expected
Unserved Energy (EUE). The cost of EUE is the payment which one customer is willing
to make to avoid an hour of sudden, unexpected, firm load curtailment on a hot,
summer afternoon. The goal/of the reserve margin study is to determine the appropriate
level of reserve margin such that total .system revenue requirement is minimized,
considering the cost of generating to serve load, the cost to build new capacity and the
cost of expected unserved energy that might result from not having built quite enough
capacity to serve load. In the 2004 filing, the reserve margin study explains that several
changes were made in the modeling methodology to more'closely represent the
operational. characteristics of the system.
Base on the results of the reserve margin study and the resulting analysis done by Staff,
the Commission -believes that the Companies' proposed system reserve margin
28

29

See Technicai Appendix Volume 1B of Georgia Power's filing.
Staff PanelTestimony filed May 11,2001, Docket Nos. 13305 and 13306, page 18 at line 5.
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recommendation, which includes a risk adjustment, 30 should be approved in this IRP.
Their recommendation appears to be quite reasonable based on a number of facts.
These include an acknowledgement that a 15% reserve margin is consistent with what
other utilities typically use, that presently there is considerable excess merchant
capacity in'the southeast region and that Southern Company as a whole is itself in an
over-capacity situation.
As such, the Commission finds and concludes that the:Companies' proposed 13.5%
target reserve margin for the 2004 - 2006 time frame shall be set at 13.5%, with 15% to
be used for the remainder of the study period. It is further directed that, in future reserve
margin studies, as with all evaluations that are conducted as part of an IRP, consistent
modeling data should be used to the greatest extent possible.

3)

SUPPLY-SIDE MANAGEMENT
a)

Generation Expansion Plan

Georgia Power Company's Resource Planning Process
Georgia Power's base case supply-side Resource Plan, which covers the 20-year
period from 2004 through 2023, identifies-the need for new resources to begin in 2009
and continue every year thereafter through 2023. In each of those years, Georgia
Power proposes to add various combinations of gas-fired combustion turbine ("CT") and
combined cycle ("CC") units. Between 2004 and 2008, the Companies' have already
made commitments to satisfy their resource needs based on prior IRPs, through
reduction in the peak demand forecast, and in accordance with Commission certification
proceedings that took place in December 2000 and December 2002.
The December
2000 certification allowed Georgia Power to proceed with the following
31
resources:

1,800 MW of purchased power coming online in the 2003 and 2004 time
period based on purchases from Southern Power Company. (The Franklin
and Harris Power Purchase Agreements (PPAs).
12 MW upgrades to the Goat Rock Hydro units
300n

page 48 of the Risk Margin study, Southern Company Services reported that the optimal reserve
margin for the system is actually lower than the 15% reserve margin that the Companies have
recommended. However, through a series of additional analyses, risk factors were derived and added to
the lower reserve margin result. The net result of these risk factors is that additional capacity has to be
planned for the system to satisfy the higher reserve margin targets. It should be noted that the use of risk
adjustments is not unusual when they are applied in such a way that the utility may meet other goals in
addition to those required by the basic methodology. Staff determined that planning for a reliable system
in an uncertain environment was an adequate reason in these filings to use a risk adjustment.
31 Georgia Power Company's 2004 IRP Main Document, pages 1-7.
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The December 2002 certification included:
1,660 MW of purchased power coming online in 2005 based on purchases
from Duke Energy Southeast Marketing,. LLC and Southern Power
Company.3 2
Savannah Electric's Resource Planning Process
Savannah Electric's base case supply-side resource plan also covers the same 20-year
time frame and has identified the need for new resources to begin in 2009. Just as in
the case of Georgia -Power, after 2009, and through the remainder of the planning
period, Savannah Electric's resource plan calls for the addition of CT and CC units.
Based on decisions made in prior IRPs and approved in Commission certification
proceedings (one in March 2000, and another in December 2002), Savannah Electric
has already made commitments to satisfy its resource needs covering the period of
2004-2008.
In March 2000, the Commission
certification allowed Savannah Electric to proceed with
33
resources:
following
the
*

200 MW of purchased power coming online in June 2002 based on
purchases from Southern Power Company, from its Wansley Combined,
Cycle Plant. This is a 7.5 year PPA covering the period of June 2002
through December 2009.

The December 2002 certification provided approval for:
*

200 MW of purchased power coming online in June 2005 based on
purchases from Southern Power Company, from its McIntosh Combined
Cycle Plant.34

*

The retirement of approximately 100 MW at Plant Riverside on May 31,
2005, based on the purchase of McIntosh unit.

Based upon the information filed by the Companies in their IRPs, the Commission finds
and concludes that the Companies' respective Generation Expansion Plans appear to
be adequate.
Since both Companies filed their IRPs on January 30, 2004, a joint application was made to the
Commission on May 7, 2004, requesting direction to buy the two units, McIntosh 10 and 11, which were
the subject of the purchase power agreements that they previously entered with Southern Power
Company, and which the Commission certified in December 2002. The Commission issued this directive
in an order filed on May 19, 2004, in Dockets 15392-U and 15393-U and will be considering the valuation
of them as part of a rate case later this year.
33 Savannah Electricand Power Company's 2004 IRP Main Document, pages 1-8.
ý4 See Footnote~ Number 17.
32
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b)

Unit Retirement Study

In -conjunction with -its 2004 IRP filings, -the Companies have considered whether it is
prudent to consider for retirement any of their electric plants or the individual units
located within them. In doing so, Georgia Power has requested that the Commission decertify the Plant Atkinson CTs 5A and 5B, which total 80 MW of capacity, and which
were retired from service on December 31, -2003. (Pre-filed Panel Direct of the
Companies, page 7.) Upon examining whether Georgia's plans for the retirement of
these two units are reasonable, Staff testified that they were.. (Tr.485.) No other party
addressed this issue with Georgia Power at the hearing.
A decision to extend the life of a unit at Plant Kraft has been made by Savannah Electric
in its IRP filing. This utility previously had been planning for the retirement of the Kraft
CT unit, which is a 17 MW combustion turbine that is capable of providing black start
service. However, Savannah Electric since has performed further retirement evaluations
(Pre-filed Panel Direct of the Companies, page 14) and is now recommending that the
life of Kraft CT 17 MW be extended. Neither Staff (Pre-filed Staff Panel Direct
Testimony, pages 43-44) nor any other party has opposed Savannah Electric's doing
SO.
Based on these considerations, the Commission finds and concludes that it is
reasonable for Plant Atkinson CT's 5 A and 5B to be de-certified by Georgia Power
Company. The Commission further finds and concludes that it is prudent for Savannah
Electric to extend the planned life of the 17 MW Kraft CT unit that is capable of
providing black starts and to remove it from further consideration for retirement.
c)

Fuel Forecast

Staff expressed concern in its direct testimony that natural gas prices have risen sharply
in the past year or two and seem to be forecasted to gradually trend lower from the
currently high levels for a few years before returning to an upwardly trending pattern
over the long term. (Pre-filed. Staff Panel Direct Testimony, p. 16.) Unlike past history,
as the natural gas prices decline in the next few years, none of the industry experts
appear to expect prices to drop back to around $3.00/mmbtu again over the next 20
years. Id. For purposes of making a proper analysis of the IRP filings, Staff compared
the Companies' base and high gas forecast to other forecasts including NYMEX and the
Energy Information Administration's ("EIA") forecast. Based on its comparison, Staff
concluded that the Companies' reference case forecast may be a little low. Id.
The Staff pointed out that price forecasts currently exhibited large fluctuations
associated with many uncertainties in the markets. Id. at 15. The EIA 2003 Energy
Outlook forecast of the fuel prices may be low given the more recent developments in
the natural gas markets. The EIA revised these price forecasts upward in the EIA 2004
Energy Outlook published in December 2003. The gas price for electric generators for
the Middle Atlantic region, as reported in the 2004 EIA Energy Outlook, was revised
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upward by an average of 10.6% for the period 2004 to 2025. Id. at 54-55. Forthe shortterm period 2004 to 2008, the average increase in the gas price forecast for the electric
generators is 18.4%. Id. For the period of 2009 to 2025, the average annual price
upward revision .is about 8.4%. At the retail level, the EIA forecast for residential gas
prices in the Middle Atlantic Region was revised upward by an average of 8.8% for the
period of 2004 to 2008, and an average of 3.7% for the period of 2009 to 2023. Id. For
commercial customers and industrial customers, the price forecast revisions are higher:
commercial users: 2004-2008, 19.3%; 2009-2023, 10.3%; and industrial users: 2004.2008, 13.9%; 2009-2023, 9.8%. Id. Even though there is not-full agreement with all of
the Companies' data assumptions, none were determined by Staff to be completely
unreasonable. (Pre-filed Staff Panel Direct Testimony, p. 15.)
Within the testimony of. John Mallinckrodt, the Georgia industrial Group and Georgia
Textile Manufacturers Association expressed concern that GPC is planning to rely
totally on natural gas. for, future resource additions. (Pre-filed Testimony of John
Mallinckrodt, p. 2.) A primary, basis for GPC's reliance on natural gas is an assumption
that natural gas prices will drop due to increased imports of liquid natural gas ("LNG").
Id. Mr. Mallinckrodt pointed 'out that domestic supply is declining, as are imports from
Canada, and that even assuming that all LNG that is projected to be imported through
both existing, expanded and new terminals, LNG will still not significantly increase
domestic gas supply. Id.. at 5. GIG/GTMA argued that contrary to GPC's projection of
declining natural gas prices in 2004 to 2009 timeframe, natural gas prices are not likely
to change significantly relative to current high levels. Id. at 7.
The fuel forecasts of Georgia Power and Savannah Electric utilized in various parts of
the IRP originated over a range of dates. For example, fuel prices used in some of the
forecast models were based on the EIA 2003 Energy Outlook published in December
2002 (Georgia Power's 2004 IRP Filing Main Document, 'page 3-3; Savannah Electric's
2004 IRP Filing Technical Appendix, Section 1, page 76), and it appears that other fuel
forecasts were derived for other analyses such as the Optimal Resource Mix Study.
Staff recommended that the Companies update and file prospectively their ,fuel
forecasts on June 30th of each year. (Pre-filed Staff Panel Direct Testimony, p. 87.) As
per Staff, the uPddates should include anassessment of how the conclusions and
recommendations reached by the Cormmissi6n in the most recent IRP order n•ay need
to
be modified
result'of the updated forecasts. These updates should also include a
comparison
of as
theaforecasts
'used in the previous iRP with the actual data for the current
year. The. Staff also recomrnended that the Commission consider continuing its previous
order requiring Georgia Power and Savannah Electric to file load and fuel forecasts,
together with detailed supporting information and analyses each year, rather than at the
three year IRP intervals, in order to capture significant changes in the region. Id.
With regard to three of Staff's recommendations, the Companies argued that, pursuant
to Commission Rule 515-3-4-.06(5), they already are already required to notify the
Commission of any major changes •in any condition that would impact resource
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planning. (Pre-filed. Panel Rebuttal of the Companies, page 41.) Georgia Power and.
Savannah Electric also'are currently under the obligation to file with the Commission a
copy of each load forecast update prepared by the Companies as soon as such update
becomes available. Id. Similarly, since the Companies already currently file a copy of
the Environmental Compliance Strategy each year, as well as filing a status report of
their certified DSM programs, the obligation to make a further in this area would be
burdensome and unnecessary, In sum, the Companies argued that Commission already
has in place several mechanisms through which it can stay abreast of their resource
planning process in between filed IRPs and additional filings to report on same would be
.
redundant. Id.
The Commission is concerned about the volatility in the price of natural gas, the
increasing cost of fuel, and the IRPs' long term reliance on natural gas. In order for this
agency to adequately monitor the issues surrounding fuel that have developed in recent
years and are expected to continue, the Commission finds and concludes that both
Companies shall promptly notify the Commission of any changes in fuel price
conditions, including external forecasts that may warrant development of a new utility
price forecast.. In imparting this information, Georgia Power and Savannah electric also
shall advise the Commission of the impacts these changes may have on the long range
IRP.
The Commission further finds and-concludes that the Companies shall make available
any fuel forecast update as soon as it is available. This information shall be provided as
appropriate within each 6 month Progress Report to the Commission as required by
Utility Rule 515-3-4-.05.
4)

DEMAND SIDE MANAGEMENT
a)

Demand Side Management Issues Raised by The Companies
Proposals

Neither the IRP filing for Georgia Power nor the filing made by Savannah Electric
contained any new Demand Side Management ("DSM") programs because, the
Companies contended, none were found to be cost-effective by applying the screening
tests specified in the Commission's rules and prior orders. (Pre-filed Panel Direct of the
Companies, page 41.) Georgia Power and Savannah Electric have indicated that it
remains appropriate for this Commission to use the Rate Impact Measure ("RIM") test
as the final screening tool to determine whether a DSM measure should be
implemented. Id. at 10 and 16. Both Companies also stated their intent to continue the
Power Credit program, which was reauthorized by the Commission in its 2001 IRP
order. Id. at 9 and 16.
Georgia Power also proposed to maintain its Low Income Weatherization Assistance
Program and to continue existing energy information programs that provide customers
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with cost-effective energy saving options. Id. at 10. Similarly, Savannah Electric has
made the same proposal .Id. at 16.
1)

Implementation of Additional Measures to Foster Energy Efficiency
a)

Partnership with Enerqy Star@

Georgia Power and Savannah Electric indicated that in April 2004, they entered into a
partnership with Energy Star®, through which appliances acknowledged as having a
certain level of energy efficiency would be promoted by the Companies in ways such as
providing consumers with manufacturers' coupons for energy efficient appliances with
their bills. (Tr.1029.)
The Commission finds and concludes that both GPC and Savannah Electric shall
continue to develop the partnership that it has entered into with Energy Star® through
which appliances acknowledged as having a certain level of energy efficiencies would
be promoted by the Companies in ways such as providing consumers with
manufacturers' coupons for energy efficient appliances with their bills.
b)

Desire for Greater Levels of Customer Education

It was apparent to the Commission through comments made by public witnesses that
most of them supported additional education regarding efficient use of electricity. Public
witness Ms. Peggy Bartlett stated in relevant part that "[w]here I expected some folks to
be quite resistant to suggestions that they change their personal habits with regard to
lights, computers, small appliance, copy machines, . . . we have found extremely
positive response. People want to know what to do. They are grateful for educational
specifics of what they should do." (Tr.428.) Another citizen who made public comments,
Ms. Elizabeth Mojica, stated that she was "disappointed in Georgia's lack of renewable
energy sources and the poor education of consumers on energy conservation issues."
(Tr.446.) Mr. John Heavener, also a public witness who gave up his personal time to
come to the hearing, commented that "[a] part of that strategy could be encouraging
commercial and residential consumers to utilize Energy Star@ appliances and building
products as well as instituting education campaigns on how to reduce the demand for
energy." (Tr.458.)
The interest among consumers in making efficient use of electric energy also was
addressed by Staff witness Evan Evans, who testified that helping people understand
how to set programmable thermostats already located in their homes could itself be a
program design, and that education along those lines incorporated into.the informational
program that Georgia Power already has in place would produce benefits. (Tr.521.) In
terms of understanding how to exact energy efficiencies from current electric usage,
ASE's witness, Dick Spellman, noted that the existence of market barriers resulted in
most. people .lacking awareness of energy efficient technologies, which, is why
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educational programs like the one provided by Georgia Power through brochure
information are greatly needed to educate the public. (Tr.849-850.)
Georgia Power and Savannah Electric stated on ýrebuttal:.th.at "[a]lthough [they] work
with customers daily on how to use energy efficiently, the Companies are also willing to
engage in additional customer education regarding DSM." (Company Panel Rebuttal
testimony, page 7.) As support for this representation, the Companies noted a number
of ways that they proposed to do so. The Companies further stated their willingness to
more aggressively promote their willingness to conduct energy audits for customers
upon request in an effort to raise customer awareness of the availability of this service.
(Tr. 1027-1037.)
Based upon the foregoing, the Commission finds and concludes that the Companies
shall initiate customer education programs -through which they each will disseminate
information to consumers about the efficient use of electricity. Georgia Power and
Savannah Electric also shall more aggressively promote the availability of energy audits
for interested customers.
c)

Funding for Educational Initiatives

In order for Georgia Power and Savannah Electric to properly implement the customer
education programs that they have been charged with initiating, the Commission finds
and concludes that Georgia Power shall fund with no more than $2,000,000 annually an
energy efficiency campaign that it shall implement to promote consumer awareness of
those energy efficiency measures and practices that produce the greatest economic
efficiency and benefit to a participant. Savannah Electric shall support a similar initiative
with no more than $200,000 annually in funding to do so.
All of the funding authorized for these programs shall be directed to promoting
education regarding those energy efficiency measures and practices that produce the
greatest economic efficiency. and benefit for the participant. In terms of outreach to
achieve this goal, the Companies may use any recognized medium through which their
customers could reasonably be expected to be reached -with energy efficiency
information, including, but not limited to, television advertisements, radio spots and
advertisements in local newspapers and periodicals.
All such advertisements made through these mediums shall be for the exclusive
purpose of promoting education in the area of energy efficiency and shall not serve as a
forum to promote the Southern brand (or that of its subsidiaries) in.any way, or to further
other initiatives of the Companies outside of those contemplated -herein. Television,
radio and/or print ads shall provide as much information about managing electric usage
as possible in the time/space allotted. A general understanding of electric energy
efficiency and conservation should be able to be derived by the average viewer after
viewing/listening to any advertisements. The theme of all advertisements should be
strictly education-based. Any advertisements that the Commission, in its sole discretion,
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finds not to be adequate for its intended purpose shall not be financed with monies
allocated in this order for consumer education.
Copies of television ads, radio scripts and print advertisements containing information
that is to be disseminated to the public shall first be provided to the Commission's
Consumer Affairs Office, the Commission's Public Information Office and the.
Commission's Electric Staff in advance of being published. Upon their receipt of same,
Staff will immediately give other interested parties five (5) business days to review the
content of what the Companies seek to publish in order to raise any objection as to the
content of the ads. The Commission shall be the ultimate decision maker as to whether
an advertisement shall be approved.
In order for Staff to monitor the spending that the Companies will be doing in providing
energy. efficiency education, the Companies shall filed quarterly reports with the
Commission detailing with specificity the expenditures made through this education
program. None of the funds allocated shall be used for any expenditure not expressly
contemplated by this order.
d)

DSM Working Group

The Integrated Resource Planning statute requires this Commission to consider both
demand side and supply-side options. In doing so, this Commission must evaluate "the
economic, environmental, and other benefits to the state and to consumers of the utility"
associated with these various options. O.C.G.A. §§ 46-3A-1 (7) and 46-3A-2(b)(3).
In the early 1990's, the Commission embraced numerous DSM programs that ultimately
proved costly to non-participants and provided little system-wide benefit. The primary
reason for this failure was that there was no real focus or targeted objectives in
approving those DSM options. As a result of this failure, in its 1995 IRP Order the
Commission adopted the RIM test, which -virtually eliminated implementation of any
DSM initiative. As it has turned out, the Commission went from one extreme to another.
Since 1995, much has changed in the electric industry that now may impact this
Commission's opinion about the need for more DSM. Among other things, many states
have found ways to improve and refine these DSM programs. The move towards retail
electric deregulation has all but ended, and many regulators are once again considering
the public service obligations of utilities that have been granted monopoly rights. These
factors, coupled with a dramatic increase in fuel costs to generate energy over the past
few years, make the issue of energy efficiency one that must be more closely examined
to see whether the position that this agency supported in 1995 regarding the RIM test
should be revisited.
In light of these factors, the Commission seeks to find a solution that will strike a
balance between economic efficiency and fairness and equity when considering
implementation of DSM programs. Regrettably, the record that was created in these
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dockets has not been not adequately develop'ed in this area for the Commission to be
able to find that balance. The positions of the parties on DSM were very far apart and,
for most of the hearing, the parties seemed to be talking past each other and not
attempting to reach any middle'ground...
As such, rather than returning to the hearing process at this time to further develop the
record, the Commissibn believes-that a more productive way to proceed would be to
form a DSM Working Group that shall meet to develop a proposed DSM initiative for this
Commission to consider. Instead of the all-or-nothing approaches that were presented
at the hearing, it is the sincere desire of this agency that the Working Group will develop
a reasonable and credible DSM initiative.
Based on the foregoing, the Commission finds and concludes that a Working Group of
interested stakeholders to develop a proposed DSM Plan for residential and commercial
customers for the Commission's consideration. The Commission Staff shall organize
and act as the facilitator of the Working Group, .which shall consist of the parties in the
IRP cases. The Companies shall not be required to pay the cost of retaining a
consultant as requested by ASE during the hearing
The Working Group shall convene for the first time no later than August 15, 2004, and
meet as often as needed thereafter. Within 10 days after each of its meetings, the
Working Group shall file reports with the Commission in these IRP dockets. These
reports shall detail the minutes of the meeting and provide status information regarding
the project, including, milestones reached and a timetable for completion of remaining
milestones. The Commission does not find it appropriate to require the Companies to
provide $300,000 as requested by ASE to pay costs that may be incurred by the group
in executing and fulfilling its mission.
The Companies will provide to the Working Group such data as may be reasonably
necessary for the Working Group to perform its tasks and develop its proposed DSM
Plan. To the extent that the Companies contend that any such information is proprietary,
it shall be filed with the Commission and be made available to members of the group
pursuant to the Commission's Trade Secret rules.
The proposed DSM Plan shall be a comprehensive proposal consisting of 1) a mix of
DSM initiatives to be recommended to the Commission for approval, including detailed
information regarding how each of the initiatives would be implemented; 2) a
recommended process for the selection of DSM initiatives in the future; and 3)
recommendations regarding the need for changes to the Commission's IRP rules
regarding DSM or for proposed legislation.
The recommended mix of DSM initiatives in the DSM Plan shall be selected by the
Working Group using the following criteria:
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a. The proposed DSM Plan should minimize upward pressure on rates and
maximize economic .efficiency. This directive is extremely critical given
Georgia Power Company's $328 million pending rate increase request
and Savannah Electric and Power Company's scheduled rate filing.
-

b. The cost/benefit analysis results of each initiative using all 3 tests (RIM,
Total Resource Cost test and Participants test) shall be considered by the
Working Group and shall balance between economic efficiency and
fairness and equity.
c. An examination of where growth is occurring.on the system shall be
performed by the Working Group, which shall attempt to concentrate its
recommended initiatives there. Consideration shall also be given to
initiatives that encourage participation by low-income customers.
d. In addition to traditional DSM programs, the Working Group shall consider
rate design initiatives. In considering such initiatives, the Working Group
should consider the cost/benefit analysis of such initiatives and the time
periods that such initiatives would be available to a customer.
e. Every effort should be made by the parties to develop innovative programs
and market approaches that will prevent upward pressure on rates and
subsidies between participants and non-participants.
f. Where appropriate, the Working Group should consider the development
of pilot -initiatives (limited enrollment, limited terms) as a tool to gauge
initiatives.
g. The, Working Group shall also provide input to the utilities in the
development of the energy efficiency educational efforts approved by the
Commission.
By no later than :February 15, 2005, the Working Group shall conclude its mission by
submitting a proposed DSM Plan to theCommission.
After the Working Group has tendered its recommendation to the Commission, this
agency will consider any further action to be taken regarding the appropriate mix of
DSM initiatives to be adopted and the process for the selection of DSM initiatives in the
future..
e)

-Increased Weatherization Program Funding

In their rebuttal testimony, the Companies acknowledged the Commission's concerns
regarding low-income, customers and expressed a continued commitment to the -lowincome weatherization assistance programs that have been established for these
Docket Nos. 17687-U and 17688-U
Page 22'of 42

customers. (Tr.1025-1026.) Under cross examination by the Staff during the rebuttal
phase of the hearing, the Companies indicated that they were amenable to increasing
the existing level of funding.for their respective low-income weatherization programs. Id.
Georgia Power proposed raising its funding level by $300,000 annually (Tr.1025), while
Savannah Electric indicated that it believed a $30,000 per year funding increase of its
program was appropriate. (Tr.1026.)

(3)

During the Special Administrative Session held on July 9, 2004, to issue a decision in
this matter, the Commission Chairman read a letter (that also was made part of the
record) from Georgia Power in which it was stated this utility, and not its ratepayers,
would provide this extra funding. Savannah Electric, he noted, was working toward
doing the same thing.35
As such, the Commission finds and. concludes that the low-income weatherization
program of Georgia Power Company shall be continued. Its level of funding, now set at
$1,000,000, shall be increased by $300,000, thereby making $1,300,000 the total sum
of money that shall be dedicated to' the program annually for the next three years.
Georgia Power Company has agreed that this additional $300,000 in annual funding
shall not be recoverable from ratepayers.
Savannah Electric's low-income weatherization program also shall be continued. Its
level of funding, now set at $100,000, shall be increased by $30,000, thereby making
$130,000 the total sum of money that shall be dedicated to the program annually for the
next three years. Savannah Electric shall work toward supplying the additional funding
so that the $30,000 will not be paid by ratepayers. After -doing so, Savannah Electric
shall report back to the Commission with information as to whether this is possible.
In terms of executing their weatherization programs, both Companies shall offer
programmable thermostats to customers with central heat and air who wish to have
them installed.- Education regarding the use of these thermostats also shall be provided
to the participants in these programs..
f)

Staff's Programmable Thermostat Recommendation

During its direct case, Staff recommended that Georgia Power and Savannah Electric
should be required to develop and implement pilot programs that provide customers an
incentive to install programmable thermostats (Energy Star®) in existing residences,
and that pilot programs be initiated by both Companies. (Pre-filed Direct Testimony of
Staff Panel, page 58.) Initially, it was proposed by Staff that Georgia Power's program
should be limited to 25,000 participants, while Savannah Electric's program should have
up to 2,000 participants Id.
In the rebuttal testimony of Georgia Power and Savannah Electric, the Companies
expressed support for all of Staff's DSM recommendations except for this one. (Pre-filed
35 Transcript

of Special Administrative Session, July 9, 2004, pages 4-5.
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Panel Rebuttal Testimony of Companies,. page. 19.) This lack of support stemmed from
Georgia Power's further examination of this -measure 36 in which programmablethermostats were represented as having passed the RIM test by only $1.00 before any
rebate was considered. Id. After the $25 rebate recommended by Staff was added to
the cost of the program, Georgia Power noted that the programmable thermostat
program failed the RIM test by at least $24 per thermostat. (Tr. 545.) It also was
represented that additional program costs would only serve to worsen this disparity, and
that the specifics for Savannah Electric regarding this measure's implementation would
be similar. Id.
In light of the Commission's decision to create a Working Group to further consider
DSM initiatives, the Commission declines to adopt the Staff recommendation on the
development of pilot programmable thermostat program at this time.
2)

Continuation of Power Credit Program

As proposed by the Companies, the Commission finds and concludes that Power Credit
program should be continued.' However, as recommended by Staff (Pre-filed Panel
Direct of the Staff, page 60), the program shall be further evaluated by the Georgia
Power and Savannah Electric based upon the marginal costs that result from this filing
and be included with the updated evaluation of other DSM measures within 3 months of
the issuance of the Commission's final order in these dockets. Furthermore, until such
time that the Companies project that they will begin activating the programs to reduce
peak loads, these programs only should be evaluated as providing reliability benefits.
3)

Request for Updated DSM Data Made By Staff

With regard to the "consistency of data" issue discussed elsewhere in this order,
Georgia Power and Savannah Electric agreed during cross examination by Staff to file
the demand side management evaluation, just as it has always done, with what would
be the most current data available at the time of the filing. (Tr.1039.) The Companies
did, however, indicate the need to come back with a supplemental filing, probably in the
late March/early April time frame, which would Show' the results of the DSM evaluation
using all of those new cost assumptions that were developed in the IRP process. Id.
Georgia Power Company and Savannah Electric noted that it would be their intent to try
and have that data available prior to the presentation of the Companies' direct cases for
the next IRPs filed. As a consequence, Georgia Power and Savannah Electric would be
providing updated evaluations for all of those measures with the exact same cost data
used in the IRP process itself. (Tr.1037.)
To move towards consistency of data in all analysis performed, the Commission finds
and concludes that it is. appropriate for the utilities to update the DSM evaluation as
described herein during the next IRP filing.
36 This

examination centers on us e of such a thermostat in a home heated by natural gas.
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5)

Use Made of RealiTime Pricing Tariffs

In reviewing the Companies' various pricinrg options, Staff'pointed out a number of
short-comings with Georgia Power's Real Time Pricing ("RTP") tariffs in terms of it being
viewed as a load management tool. Staff argued that due to the way this tariff has been
administered, RTP has not resulted in a sizable reduction of load during peak periods.
(Pre-filed Direct Testimony of Staff Panel, page 60.) Rather, Staff contended that since
it appears that RTP is beirig'used to compete for new loads, the Company's claims of
peak load reduction benefits to its system really do not exist. Id. Staff did not dispute
that RTP can be a tool for economically adjusting the load shapes of participants in a
manner that can benefit not only them but non-participants as well. It did take the
position, however, that in order to be effective and beneficial, the hourly price signals
must be adequate to encourage participants to change their hourly load shapes. Id. at
60-61. Prices charged of participants on these tariffs must be set to ensure that these
customers are supporting the marginal costs incurred to serve them, plus provide a
reasonable contribution toward fixed costs. Id. Ifthey are not set to recover these costs,
then non-participating customers would be subsidizing the customers on these rates.
The Staff also expressed a concern that the tariff does not contain sufficient
requirements for establishing a firm Customer Baseline Load (CBL) below the actual
projected load for new load. Id. at 61. The RTP tariff automatically permits an industrial.
customer to establish its CBL at 60% of the forecasted load for new load, without proof
that it can actually operate at 60% of the forecasted load. In addition, the CBL for new
loads can be further reduced by reducing load on a one-time basis for only two (2)
consecutive hours, with a day-ahead notice. RTP customers have significant economic
incentive to reduce their loads for these two hours, considering the fact that
37 they can
achieve significant potential savings on all additional load reductions. Staff was
concerned that, while RTP tariffs provide significant incentive for customers to
temporarily reduce loads to obtain lower RTP. prices, reductions may not materialize
Id. at 62. This
when the need for significant, sustained load to be shed in the futur le.
concern is supported by the fact that estimated RTP reductions for 2003 were such a
small fraction of the total RTP load above CBL on Georgia Power's system. If a
customer's CBL is set artificially low, then that customer would not be making an
appropriate contribution towards fixed costs and those costs would have to be shifted to
the remaining non-participating customers.
Staff testified at the hearings that Georgia Power's RTP tariff, as presently
administered, has not achieved an appreciable level of load reduction relative to total
load above the CBL. Id. at 63. As such, it should be subject to revisions in the upcoming
rate case to achieve this goal, if the Commission regards the purpose of RTP to be a
load management tool. Id. In addition, the Staff recommended that in its next IRP filing,
This information was derived from the Staff Report filed with the Commission in Docket No. 16896-U,
Proceeding to Examine Alleged Discrimination in the Application of Georqi Power Company's Real Time
Pricing Tariff, filed on November 14, 2003, p. 8-9.
37
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Georgia Power provide an updated study of the peak load reduction benefits and costs
of RTPR Id.
In rebuttal testimony Georgia Power argued that the Staff. recommendations do not
recognize the primary purposes of the RTP tar'iffs, which are to provide marginal cost
based rates to customers in Georgia that, represent market conditions while fully.
covering cost and making a contribution to fixed costs of customers. (Pre-filed Panel
Rebuttal of the Companies, page 21-22.) Georgia Power further argued that its RTP
tariffs helped. it to compete in the customer-choice market, which results, in downward
pressure on rates to all of its customers. It was further noted that load management also
was a benefit derived.from RTP tariffs, through which customers could compare the
value of electricity to their cost and make a decision whether or not to purchase energy.Id. Georgia Power testified that it has seen RTP load reduction of over 800 MW in
previous years when constrained capacity resources forced the RTP price to extremely
high levels. Id.
The Commission finds and concludes that the RTP tariffs shall be further evaluated
during the Georgia Power 2004 rate case. If it is found to be appropriate in that case for
modifications to the RTP tariffs to be made, the Commission will consider doing so in
conjunction with issuing its final order in that docket. For purposes of this case,
however, from a system reliability standpoint, it is extremely important to have the best
information available to evaluate the load impact of RTP tariffs on the system.
Therefore, the Commission finds and concludes that, in its next IRP filing, Georgia
Power shall provide an updated study of the peak load reduction benefits from its RTP
tariffs.
6)

Green Power Programs

Georgia Power Company's 2004 IRPF filing includes a stated intention to pursue Green

Energy contracts that will provide renewable resources to -meet customer
requirements. 38 Savannah Electric stated in its IRP filing 39 that it will participate in the
Green Power Program approved in Docket No. 16574-U. These programs will not
provide capacity resources butWill allow.willing customers to purchase green energy at
zero-cost to non-participants. Both are designed. so that they, are voluntary for the
participants and will have, no adverse impact.on non-participants. The green portfolio as
contemplated will likely include solar, wind, and landfill gas resources.
In the summer of 2003, the Commission approved for each company.a Green Energy
tariff that authorizes it to sell renewable energy under certain terms and conditions.
Despite obtaining this approval, however, the Companies have represented that they
are having difficulty in finding, local viable sources.for their Green Power Programs
(Tr.89), which presently are not active. In its testimony, the Staff Panel recommended
38
39
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that the Companies increase their efforts to locate and contract for green energy
resources. (Pre-filed testimony of Staff Witness Panel, p..71.)

K-.

In conjunction with their doing so, Staff also -recommended that a target date of one
year be established for them to identify a source or sources of green energy, to secure
these resources, -to establish the availability of the option and to initiate subscriptions
with their customers. Id. If,however, within the one year period from August 1,2004, the
Companies remain unable. to establish a contractual relationship renewable energy
despite :employing their best efforts, they should be required to return to the
Commission with an explanation and request that their Green Power Programs be reevaluated. Id. The Companies indicated that they agreed with this recommendation in
their rebuttal testimony. (Pre-filed testimony Of Companies' Rebuttal Panel, pages 2-3.)
As a consequence of the foregoing, the Commission finds and concludes that the
Companies shall increase their efforts to locate and contract for green energy
resources. A target date of one year from the date of this final order shall be established
at which time the Companies shall identify a green energy source or sources; contract
to secure the resources; confirm the availability of the tariff with interested consumers,
as well as commence their pre-planned advertising campaigns; and to initiate
subscriptions with their customers. If, by August 1, 2005, the Companies remain unable
to successfully execute these functions despite employing their best efforts, Georgia
Power and Savannah Electric shall file notification of the underlying circumstances with
the Commission by September 1, 2005, so that the agency can re-evaluate their Green
Power Programs.

7)

TRANSMISSION

The Staff Panel was the only set of witnesses that provided any type of examination of
the Companies" transmission system planning, the results of which will be set forth
generally hereinafter. In doing so, Staff found that the Companies made an assessment
of the adequacy and reliability of their transmission system by using the Guidelines for
Planning the Southern Company Transmission System (the "Southern Guidelines"), the
Guidelines for Planning the Georgia Integrated Transmission System ("ITS Guidelines"),
the North American Electric Reliability Council ("NERC") Planning Standards, and the
Southeastem Electric Reliability Council ("SERC") Supplements to the NERC Planning
Standards. The Companies used two basic criteria for determining its reliability of the
transmission grid: (1) overloads on line conductors (based on their thermal limits), and
(2) under-voltage on transmission busses. 40 (Pre-filed Panel Testimony of Staff, pages
66-67.)
Staff observed that these criteria were applied first. to the "base case" where all
generation and loading conditions are at levels that are expected to be "normal."
There are other planning criteria such as transient stability but the criteria mentioned above are the
main ones.
40
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Subsequently, the criteria were applied to contingency cases (in particular.to firstcontingency failure situations), where a generation unit or a transmission line (or
transformer) is removed from service. Id. at 67. Under these contingency conditions, the
Companies would be able to -determine where trouble spots are given, likely operating
conditions which would allow them to determine whether operating solutions exist to
solve the problem, or whether new transmission facilities must be built to solve it.
Insofar as their planning procedures are concerned,, the Companies took a typical
approach to identifying .and proposing various solutions to problem areas on the
transmission system, eliminating solutions that do not work, and selecting the most
cost-effective solution for the long-.term.
Staff's. analysis resulted in a finding :that three basic types of transmission projects
existed: 1) projects related to general improvements to the transmission grid; 2) projects
related to the addition of new generation to the transmission grid; and 3) projects related
to the increase in interface transfer capacity (imports or exports) between the Southern
Company (Georgia Power and Savannah Electric in particular) and adjacent utility
systems. Although Staff's review was limited to only 12 projects, each of them appeared
to be justifiable. Id. at 68-69. The Companies were believed to have identified projects
in the ten-year transmission plan that presently are or will be necessary to provide
adequate and reliable electric service to their respective customers. Id. Of course, the
Commission does not.certify transmission projects in the IRP, and decisions on the
inclusion of transmission costs in base rates is a decision that is made in rate cases.
In terms of recommendations, Staff had just one. In future IRP filings, Staff would like
the Companies to provide the most inclusive and detailed data available for the first half
of its 10-year plan. For the remaining half of its plan, the data provided could contain
less in-depth information. Id. at 91. In considering Staff's request in this regard, the
Companies have indicated in their rebuttal that they are not opposed to doing so. (Prefiled Panel Rebuttal Testimony of the Companies, page 3.)
As such, the Commission finds and concludes that future IRP filings should provide
specific, comprehensive, detailed data for the first 5 years of the 10-year transmission
plan, and less detailed data for the remaining 5 years of.the plan.
8)

ENVIRONMENTAL COMPLIANCE STRATEGY

In analyzing the Companies' IRPfilings, Staff reviewed the 2002/2003 Environmental
Compliance Strategy Report contained in the Technical Appendix, Volume 1B of
Georgia Power's IRP filing. In doing so, the Environmental Compliance Strategy Report
was examined to determine if the many environmental issues impacting electric utility
operations were adequately.analyzed and properly incorporated into the IRPs. Staff also
Despite making this statement, Staff noted that it could not be stated with certainty that every other
project is absolutely necessary,.nor could it be said definitively that there might not be other alternatives
to some of the projects that the Companies are proposing.
41
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evaluated the environmental issues and assumptions utilized in the Unit Retirement
Study, which is also found in Technical Appendix, Volume lB.
-As a result of conducting its review, Staff made three recommendations to the
Commission in which it sought additional information to what had been filed in the IRPs.
Its first recommendation was that, within 60 days of a final order in these dockets, a
comprehensive assessment be filed -by the Companies detailing all of the possible
impacts of all pending environmental regulations that may take effect in the next twelve
months. This assessment should provide the Commission with an annual update of the
impact of newly promulgated environmental regulations or proposed legislation that may
modify the Companies' most recently completed IRP process. It also should include a
high and low range of potential capital cost requirements if a particular regulation is
promulgated or legislation is enacted, and statewhether compliance with the enactment
will materially change the recommendations made in the'2004 IRPs. Staff further
proposed that the Companies be directed to .provide the Commission with an annual
update of their Environmental Compliance Strategy along with an analysis of how the
updated strategy will impact the Companies' planning processes for the addition of
generation and transmission. (Pre-filed Panel Testimony of Staff, pages 91-92.)
A second recommendation made by Staff was for the Companies to use in future IRP
filings the same environmental scenarios from their Unit Retirement Study as they do in
the Resource Planning Model (IRP Base Case). Id. at 92. This request was made based
on a belief that in the 2004 filings, the Unit Retirement Study used included two
additional cases recognizing the potential for increased levels• of compliance, including
Regional Particulate, Regional Haze, State NOx 8-hour Ozone SIPs, Mercury MACT,
Clear Skies Act, Clean Power Act and Clean Air Planning Act. Id. The scenarios used in
the Resource Planning Model Base Case, however, appeared to Staff to only include
previous Acid Rain provisions, the 1-hour ozone requirements and the Regional NOx
SIP Call for Georgia beginning in 2007. Using the same scenarios in both the IRP base
case and the Unit Retirement Study was promoted by Staff as providing for greater
homogeneity.
Staff's third recommendation was for Georgia Power to prepare and file an assessment
of the potential impact of increased environmental costs due to hydropower re-licensing.
Id. at 92-93. The assessment sought should include the potential impact of increased
environmental costs due to hydropower relicensing, reflecting not only the costs of relicensing but also the potential for lost capacity due to operational modifications to
mitigate environmental concerns and the potential increased capacity as a result of unit
rehabilitation. In addition thereto, Staff recommended that Georgia Power be directed to
provide an assessment of the impact of lost hydropower generation on the existing IRP
resource mix if, during relicensing, capacity loss occurs due to environmental mitigation.
With respect to its first recommendation, it should be noted that the Company filed on
May 21, 2004, Southern Company's 2003/2004 Environmental Compliance Strategy
Review, which is an annual filing that is made on behalf of Georgia Power and
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Savannah Electric. This 2004 environmental .filing, which was made one week after
Staff's panel testimony was filed, contains much of the information that Staff
recommended be filed, although perhaps not to the level of detail that was identified in
the panel testimony. (Pre-filed Panel Rebuttal ofthe Companies, page 43.)
As it pertains to Staff's second recommendation, the Companies indicated that.there
was no objection with compliance but noted that it appeared to be the'product of Staff's
confusion that the environmental scenarios from the IRP base case were different from
those used in the Unit Study when this was not the'case. (Pre-filed Panel Rebuttal of
the Companies, pages 49-50).
Regarding the third recommendation, .however, Georgia Power has expressed concerns
in its panel rebuttal testimony regarding Staff's request as it relates to the preparation
and filing of an assessment of potential impacts of increased environmental costs due to
Hydropower Re-licensing. In doingso, Georgia Power noted that such an analysis was
done in compliance with the 2001 IRP order in which it was noted that cost and other
issues related to facility upgrades were largely unknown some 5 years before the first
facility was to be relicensed. 42 (Pre-filed Panel Rebuttal of the Companies, page 53.)
Based upon 'the foregoing, the Commission finds and concludes that the Companies
shall continue to file their Environmental Compliance Strategy Review on. an annual
basis; provided, however, that the scope-of this filing shall be supplemented to include:
1) a high and low range of potential capital cost requirements if a particular regulation is
promulgated or legislation is enacted, and information whether compliance with the
enactment will materially change.the recommendations made in the 2004 IRPs; and 2)
an analysis of how the updated strategy will impact the Companies' planning processes
for the addition of generation arid transmission.
The Commission further finds and concludes that it is appropriate for Georgia Power to
keep this agency and its Staff abreast of any developments that will result in more
concrete information becoming available regarding cost estimates and facility upgrades
for the hydropower facilities that are to be relicensed. Information that should be
provided to the Commission on this issue, when available, shall include the potential
impact of increased environmental costs due to hydropower relicensing, reflecting not
only the costs of re-licensing but alsothe potential for lost capacity due to operational
modifications to mitigate environmental concerns and the potential increased capacity
as a result of unit rehabilitation. In addition thereto, Georgia Power shall provide in its
Environmental Compliance Strategy Review an assessment of the impact of lost
Hydropower generation on the existing IRP resource mix if, during relicensing, capacity
loss occurs due to environmental mitigation.

The hydropower facilities to be relicensed within the next 20 years include Morgan Falls (2009),
Bartletts Ferry (2014) and Wallace Dam (2020).
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9)

GENERAL RECOMMENDATIONS
a)

Anticipated Impacts of Resource Plans on Rates

In its rebuttal testimony, the Companies opposed providing more detailed information
regarding individual company rate impacts resulting from the underlying resource
selections. (Companies' Pre-filed Rebuttal Panel Testimony, p. 48.) The panel indicated
that more detailed information regarding rate impacts of resource selections was not the
purpose of the IRP hearing, which was held to examine the development of resource
plans and not project rates. (Tr. 1013-1014.) However, when pressed as to what type of
hearing would take place at which the Commission would have the opportunity to
examine the potential rate impacts,' given that .gas prices are high, environmental costs
are growing and the .company plans to do nothing but build gas-fired units, no forum
could be identified. Id. It was also noted during rebuttal that what information had been
provided about rate analyses in Exhibit A-1 to Georgia Power's Technical Appendix 1-A
pertained to the Southern Company foot print as a whole, and not to each of the
individual operating companies. (Tr. 1004-1005.)
Based upon the absence of company-specific details regarding rate-analyses for the
resources identified in the plan, the Commission finds and concludes that the
Companies must more fully communicate in future IRP filings information regarding the
anticipated impacts their resource plans have on their forecasted rates. The nature of
the Companies' resource mix clearly is changing. Operating companies" rates are
vulnerable to such things as fuel spikes, environmental actions and technology
advancements. As the resource mix changes from one that primarily uses coal and
nuclear energy to one that more heavily relies on natural gas, the vulnerabilities and
rate impacts that accompany such change must be clearly and accurately articulated
within the IRP filings. Furthermore, at such time as the ultimate decision is to be made
as to selecting one technology type over another, the knowledge of forecasted rate
impacts should provide additional guidance in selecting the appropriate resource type.
The IRP review, with its focus on a long-term evaluation of resource plans would be' the
ideal proceeding to also evaluate the resulting impacts on individual operating company
customer rates.
b)

Filing of Information in Integrated Resource Plans

In future IRP filings, the Companies are encouraged to use consistent data in evaluating
all aspects of the IRP. Again, this includes transmission analyses, DSM modeling,
retirement studies, as well as the load forecast, etc.
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B)

RULES
TO THE IRP
PERTAINING
DIRECTIVES
AND
-REGARDING THE : PROCESS FOR ISSUING
EVALUATING REQUESTS FOR PROPOSALS

As previously-stated in this Order, the Commission invited interested parties to provide
testimony during the hearings on various topics related to the manner in which bids for
purchase power contracts are solicited and evaluated on behalf of the Companies. The
purpose of seeking this information was to consider amending Utility Rule 515-3-4.04(3), Request for Proposals Procedure for Long-Term New Supply-Side Options, to
state with greater specificity the steps that were to be followed when a competitive
solicitation was to be issued for purchase power to fill a designated supply-side need.
Recommendations were made that pertain to the timing issues related to the bidding
"
process to be considered in future solicitatio'ns.
a)

Modifications Proposed to Existing Utility Rule 515-3,4-.04(3)

The Staff, Calpine, and GTMA/GIG. pre-filed testimony43 that responded to the issues
identified by the Commission' on this subject, all of which was supportive of having some
form of an independent evaluator involved in the RFP process. Each'of the witnesses
testifying on this topic, however, had different ideas regarding the details that. would
need to be laid out regarding the manner in which the RFP Was to be issued, how they
were to be evaluated, and how the winning solicitations were to be selected and
presented to the Commission for-certification. The Companies, while not as adamant as
the other responding parties as to the need to have an independententity perform these
functions, offered testimony as"to what they believed would be a fair process through
which an independent monitor could assist in the RFP."4
As.the hearing progressed, representatives of Staff, Calpine, GTMA/GIG, the CUC and
the Companies met to discuss this issue to see if a joint solution could be reached.
During the rebuttal phase of the hearings, the Companies,.. on behalf of all of the
aforementioned parties, entered into evidence as "Joint Parties Exhibit 1"- a Stipulation
endorsing the acceptance of measures to be applied in future supply-side solicitations
over which a Commission-selected Independent Evaluator would preside. The structure
proposed therein represents principles and procedures the sponsoring entities believe
should be captured and embodied in a rulemaking by the Commission to modify existing
Rule 515-3-4-.04(3).in order to adopt an Independent Evaluator ("IE") for use in all

Staff's initial view on the RFP related issues can be found on pages 76 through 87 of its pre-filed panel
testimony. Calpine's preliminary position on these issues was provided by Mr. Timothy Eves on pages 8
through 20 of his pre-filed testimony. GTMA/GIG's stance on this subject matter was provided by Mr.
43

Jeffry Pollock on pages 5 through 10 of his pre-filed testimony.
,4 The positions taken by the Companies on the contemplated RFP process changed throughout the

hearings and can be found on pages 17 through 27 of their pre-filed direct testimony, as well as later in
their proposal modifying this initial position found on pages 22 to 40 of their rebuttal.
Docket Nos. 176.87-U and 17688-U
Page 32 of 42

future RFPs. To make the changes called for by the Stipulation, it was further
recommended that a rulemaking be commenced by the Commission. 45
Based on the agency's review of the Joint Stipulation, which is attached and
incorporated by reference herein, the Commission finds and concludes that it is
appropriate to approve and accept its terms and provisions as part of the Final Order in
these dockets. In order to properly further the enhancements that have been authorized,
the Commission finds and concludes that a rulemaking proceeding shall be initiated
before the end of August 2004, in which the Commission shall accept and incorporate
the proposed amendments to the RFP Rule in accordance with the RFP/IE structure
endorsed by the stipulation.
b)

Detailed Code of Conduct To Be Prepared by the Companies

The Commission also finds and concludes that the Companies shall prepare and file for
the agency's approval no later than August 31, 2004, a detailed code of ethics regarding
affiliate communications, particularly as they relate to the preparation and evaluation of
competitive solicitations. The depth and breadth of the code of conduct that is to be
proposed by Georgia Power and Savannah Electric shall be extended to cover those
individuals that are directly or indirectly in the employ of any of its affiliates or parent
company and shall be executed in the manner contemplated bythe Joint Stipulation.
c)

Status Of The 70/30 Directive Regarding The Ownership
Percentage Of And The Purchased Power Percentage Of
Capacity Called For In the 2001 IRP Order

K'i-

In his pre-filed testimony, Calpine witness Tim Eves argued that the directive calling for
at least 70% ownership of capacity by the Companies and not more than 30%
purchased,7power 46 should be regarded as a flexible Commission "guideline" and not a
"hard cap.' (Pre-filed testimony of Calpine, p. 21-22.) However, the manner in which
the limitations on the percentage of purchased power works is now governed by the
terms of the Joint Stipulation. The only remaining question is whether the Commission,
at this time, should modify those percentages. Having considered doing so, the
Commission expressly declines to make any such modification at this time. In opting
not to change the percentages, the Commission notes that the Companies are not and
will not be in the next 3 years in a situation in which the issue the 30% cap will be
reached. Consistent with the terms of the Joint Stipulation, the Commission will revisit
the issue in the 2007 IRP.
On transcript pages 962-966, Companies' witness Garey C. Rozier provided a good summary of the
contents of the Stipulation, which will not be recited again in this Order, but rather, will be made an
attachment to and be incorporated by reference.
46 This 70/30 directive is contained in the FinalOrder issued in IRP Docket Nos. 13305-U and 13306-U.

45
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d)

Directives Pertaining to the Contemplated Solicitation for 2009
Capacity Needs
1)

Inclusion of Life of Unit Solicitations in Future IRPs

During the hearing, Staff made a recommendation that future capacity solicitations
should include requests for consideration of proposals for "life-of-unit" proposals. (Prefiled Direct Staff Panel Testimony, page 90.) As understood by the Commission, these
bids effectively permit a merchant unit owner to sell the capacity and energy to the
Companies for the same time period that the Companies themselves -would operate a
self-build option. On rebuttal, the Companies indicated that it was opposed to seeking
life-of-unit proposals on the grounds-that it would cause a loss in operating flexibility,
was unnecessary since the existing 7 to 15year solicitations have yielded good results,
and would cause confusion as to what is actually meant in by the phrase "life-of-unit" in
submitting and evaluating such a bid. (Tr. 1014-1016.)
The Commission disagrees with the Company in part, and would like to see such bids
solicited in order to foster competitive bidding in Georgia. In seeking life-of-unit bids,
however, the Commission does agree that there exists a potential for confusion as to
what exactly is being sought in terms of a supply side resource.
Based on these concerns, the Commission finds and concludes that in the 2009 RFP,
the Companies shall seek 30-year contracts for purchased power in addition to the 7and 15-year contracts that it has been soliciting in recent time. In the event that this
directive would conflict with the Commission's 30% limit on total supply-side purchased
power resources, the life-of-unit purchases could then be structured as an actual sale of
the unit(s) to the Companies.
2)

Schedule of Actions for the Next RFP to be Issued

In furtherance of the objectives set forth in the Joint Stipulation regarding the
competitive bidding process referenced above, the Commission finds and concludes
that the a schedule of events for the release of an RPF shall* be adhered to in
conjunction with seeking the most economical supply-side capacity assets in the
immediate future. On or before July 15, 2005, the Companies will file for approval with
the Commission a proposed schedule of events for the release of RFPs for the time
period 2009 through 2012. This- filing shall also include target dates for submitting
proposed IE's, RFP Service Dates, dates for notification of bid and evaluation team
members, dates for filing of draft RFP's and standard purchase power agreements and
capacity to be sought in each RFP.
Once approved by the Commission, any deviations, planned or unintended, from the
established schedule must be authorized by this agency before they are made by the
Companies.
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IV.

ORDERING PARAGRAPHS

WHEREFORE: IT IS ORDERED that the Commission adopts the Integrated
Resource Plans developed by Georgia Power and Savannah Electric with the
augmentations and/or modifications set out below...
ORDERED FURTHER, that the demand and energy forecasts filed by Georgia
Power and Savannah Electric be approved without modification to any projections to
any customer class.
ORDERED FURTHER, that Georgia Power and Savannah Electric shall update
their demand and energy forecasts and budget comparison information through March
31, 2004, in order to reflect actual usage that has occurred since these forecasts were
finalized in the spring of 2003. Once updated through this time frame, these forecasts
shall be filed with the Commission by no later than August 16, 2004.
ORDERED FURTHER, that in conducting future reserve margin studies, as with
all evaluations that are conducted as part of an IRP, consistent modeling data should be
used to the greatest extent possible.
ORDERED FURTHER, that the Companies' target reserve margin for the 20042006 timeframe shall be set at 13.5%, with 15% to be used for the remainder of the
study period.
* ORDERED FURTHER, that the Companies' Generation Expansion Plans shall
be regarded as adequate based upon the information that has been made available to
the Commission.

ORDERED FURTHER, that Plant Atkinson CT's 5 A and 5B shall be de-certified
by Georgia Power Company.
ORDERED FURTHER, that Savannah Electric shall extend the planned life of
the 17 MW Kraft CT unit capable of providing black starts and remove it from further
consideration for retirement until such time when such action is shown to be warranted.
ORDERED FURTHER, that Georgia Power and Savannah Electric shall inform
the Commission in a filing of any changes in fuel price conditions, including external
forecasts that may warrant development of a new utility price forecast and advise the
Commission on the impacts these changes may have on the long range IRP. The
Companies also shall make available any fuel forecast update as soon as it is available
within each 6 month Progress Report to the Commission called for by Utility Rule 515-34-.05.
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ORDERED FURTHER, that both GPC and Savannah Electric shall further
develop the partnership that it has entered into with Energy Star® through which
appliances acknowledged as having a certain level of energy efficiencies would be
promoted by the Companies in ways such as providing consumers with manufacturers'
coupons for energy efficient appliances with their bills.
ORDERED FURTHER, that Georgia Power and Savannah Electric also shall
more aggressively promote the availability of energy audits for interested customers.
ORDERED FURTHER, that the Companies shall offer as part of their low-income
weatherization programs the option of having programmable thermostats installed to
those customers with central heat and air that wish to have the thermostat installed.
Education as to how to use the thermostat shall also be provided.
ORDERED FURTHER, that a Working Group be- created of interested
stakeholders to develop a proposed DSM Plan for residential and commercial
customers for the Commission's consideration. The Commission Staff shall organize
and act as the facilitator of the-Working Group, which shall consist of the parties in the
IRP cases.

(SAGE

ORDERED FURTHER, that the recommendation by ASE and supported by
and GIPL for the Companies to berequired to fund a consultant for a working
group is rejected in its entirety.
ORDERED FURTHER, that the Working Group shall convene for the first time no
later than August 15, 2004, and meet as often as needed thereafter.
ORDERED FURTHER, that within 10 days after each of its meetings, the
Working Group shall file reports with the Commission in these IRP dockets. These
reports shall detail the minutes of the meeting and provide status information regarding
the project, including milestones achieved and a timetable for completing those that
remain.
ORDERED FURTHER, that the Companies will provide to theWorking Group
such data as may be reasonably necessary for the Working Group to perform its tasks
and develop its proposed DSM Plan. To the extent that the Companies Contend that any
such information is proprietary, it shall be filed with the Commission and be made
available to members of the group pursuant to the Commission's Trade Secret rule.
ORDERED FURTHER, that the proposed DSM Plan shall be a comprehensive
proposal consisting of 1) a mix of DSM initiatives to be recommended to the
Commission for approval, including detailed information regarding how each of the
initiatives would be implemented; 2) a recommended process for the selection of DSM
initiatives in the future; and 3) recommendations regarding the need for changes to the
Commission's IRP rules regarding DSM or for proposed legislation.
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ORDERED FURTHER, that the recommended mix of DSM initiatives in the DSM
Plan shall be selected by the Working Group using the following criteria:
a. The proposed DSM Plan should minimize upward pressure on rates and
maximize economic efficiency. This directive is extremely critical given
Georgia Power Company's $328 million pending rate increase request
and Savannah Electric and Power Company's scheduled-rate filing.
b. The cost/benefit analysis results of each initiative using all 3 tests (RIM,
Total resource Sot test and Participants test) shall be considered by the
Working. Group and shall balance between economic efficiency and
fairness and equity.
c. An examination of where growth is occurring on the system shall be
performed by the Working Group, which shall attempt to concentrate its
recommended initiatives there. Consideration shall also be given to
initiatives that encourage participation by low-income customers.
d. In addition to traditional DSM programs, the Working Group shall consider
rate design initiatives. In considering such initiatives, the Working Group
should consider the cost/benefit analysisof such initiatives:and the time
periods that such initiatives would be available to a customer.

.

e. Every effort should be made by the parties to develop innovative programs
and market approaches that will prevent upward pressure on rates and
subsidies between participants and non-participants.
f. Where appropriate, the Working Group should consider the development
of Pilot Initiatives (limited enrollment, limited terms) as a tool to gauge
initiatives.
g. The working group shall also provide input to the utilities in the
development of the energy efficiency educational efforts approved by the
Commission.
ORDERED FURTHER, that by no later than February 15, 2005, it shall conclude
by submitting a proposed DSM Plan to the Commission.
ORDERED FURTHER, that the Commission does not find it appropriate to
require the Companies to provide $300,000 as requested by ASE to pay costs that may
be incurred by the group in executing and fulfilling its mission.
ORDERED FURTHER, that after the Working Group has tendered its
recommendation to the Commission, this agency will consider any further action to be
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taken regarding the appropriate mix of DSM initiatives to be-adopted and the process
for the selection of DSM initiatives in the future
ORDERED FURTHER, that given the Commission decision to create a Working
Group to consider DSM programs, the Staff recommendation that the Companies
develop a pilot programmable thermostat DSM program is not adopted by the
Commission at this time.
ORDERED FURTHER, that the low income weatherization program of Georgia
Power Company shall be. continued. Its level of funding, now set at $1,000,000, shall be
increased by $300,000, thereby making $1,300,000 the total sum of money that shall be
dedicated to the program annually for the next three years. Georgia Power Company
has agreed that this additional $300,000 in annual funding shall not be recoverable from
ratepayers.
ORDERED FURTHER, that Savannah Electric's low-income weatherization
program also shall be continued. Its level of funding, now set at $100,000, shall be
increased by $30,000, thereby making $130,000 the total sum of money that shall be
dedicated to the program annually for the next three years. Savannah Electric shall
work. toward supplying the additional funding so that the $30,000 will not be paid by
ratepayers. After doing so, Savannah Electric shall report back to the Commission with
information as to whether it can do so.
ORDERED FURTHER, that additional education on the efficient use of electricity
shall be made available by the Companies.
ORDERED FURTHER, that Georgia Power shall fund with no more than
$2,000,000 an energy efficiency campaign that it shall implement to promote consumer
awareness of those energy efficiency measures and practices that produce the greatest
economic efficiency and benefit to a participant.
ORDERED FURTHER, that Savannah Electric shall fund with no more than
$200,000 an energy efficiency campaign that it shall implement to promote consumer
awareness of those energy efficiency measures and practices that produce the greatest
economic efficiency and benefit to a participant.
ORDERED FURTHER, that in order to further their respective energy efficiency
educational campaigns, the Companies may use any recognized medium through which
their customers could reasonably be expected to be exposed, including, but not limited
to, television advertisements, radio spots and advertisements in local newspapers and
periodicals.
ORDERED FURTHER, that all information disseminated through the media shall
be for the exclusive purpose of promoting education in the area of energy efficiency and
shall not serve as a forum to promote the Southern brand (or that of its subsidiaries) in
any way, or to further other initiatives of the Companies outside of those contemplated
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herein. Television, radio and/or print ads shall provide as much information about
managing electric usage as possible in the time/space allotted. A general understanding
of electric energy efficiency and conservation should be able to be derived by the
average viewer after seeing/listening to any advertisements. The theme of all
advertisements should be strictly education-based. Any advertisements that the
Commission, in its sole discretion, finds not to be adequate for its intended purpose
shall not be financed with monies allocated in this order for consumer education.
ORDERED FURTHER, that copies of television ads, radio scripts and print
advertisements containing information that is to be disseminated to the public as part of
the energy efficiency: programs shall first be provided to the Commission's Consumer
Affairs Office, the Commission's Public Information Office and the Commission's
Electric Staff in advance of being published. Upon their receipt of same, Staff will
immediately give other interested parties five (5) business days to review the content of
what the Companies seek to publish in order to raise any objection thereto. The
Commission shall be the ultimate decision maker as to whether an advertisement shall
be approved.
ORDERED FURTHER -that the Companies shall file quarterly reports at the
Commission detailing with specificity the expenditures made through this education
program. None of the funds allocated shall be used for any expenditure not expressly
contemplated by this order.
ORDERED FURTHER, that to move towards consistency of data in all analyses
performed, the Commission finds that it is appropriate for the utilities to update the DSM
evaluation as described herein during the next IRP filing.
ORDERED FURTHER, that the Companies shall continue their implementation
of the Power Credit Program;
ORDERED FURTHER, that the Power Credit program shall be further evaluated
by the Companies based upon the marginal costs that result from this filing and be
included with the updated evaluation of other DSM measures within 3 months of the
issuance of the Commission's Final Order in these dockets.
ORDERED FURTHER, that with regard to the "consistency of data" issue
discussed elsewhere in this order, as it relates to the DSM screening analysis, Georgia
Power and Savannah Electric shall file the demand side management evaluation with
what would be the most current data available at the time of the filing, but then come
back with a supplemental filing, in the late March, early April time frame, that would
show the results of the DSM evaluation using all of those new cost assumptions that
were developed in the IRP process.
ORDERED FURTHER, the Companies shall update their DSM evaluation in the
manner described in this order for use in their 2007 IRP filings.
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ORDERED FURTHER, that the Commission shall evaluate the RTP tariffs during
the Georgia Power 2004 rate case and make any appropriate tariff revisions at that time
as it sees fit.
ORDERED FURTHER, that, in its next IRP filing, Georgia Power shall include an
updated study of the peak load reduction benefits from RTP tariffs.
ORDERED FURTHER, that the Companies shall increase their efforts to locate
and contract for green energy resources for their Green Energy Programs.
ORDERED FURTHER, that a target date of one year from the date of this Final
Order shall be established during which the Companies shall identify a green energy
source or sources; contract to secure the resources; confirm the availability of the tariff
with interested consumers, as well commence their pre-planned advertising campaigns;
and to initiate subscriptions with their customers.
ORDERED FURTHER, that if, by August 1, 2005, the Companies remain unable
to successfully execute these functions relating to renewable resources despite
employing their best efforts, 'Georgia .Power and Savannah Electric shall file a
notification of the underlying. circumstances with the Commission by September 1,
2005, so that the agency can re-evaluate their Green Power Programs.
.ORDERED FURTHER, that in future.IRP filings, the Companies provide the most
comprehensive, detailed data available for the first half of their 10-year transmission
plan. For the remaining half of its plan,. less detailed data may be filed
ORDERED FURTHER, that the Companies shall continue to file their
Environmental Compliance Strategy Review on an annual basis; provided, however,
that the scope of this filing shall be supplemented to include: 1) a high and low range of
potential capitalcost requirements if a particular regulation is promulgated or legislation
is enacted, and information whether. compliance with the enactment will materially
change the recommendations made in the 2004 IRPs; and 2) an analysis of how the
updated strategy will impact the Companies' planning processes for the addition of
generation and transmission.
ORDERED FURTHER, that Georgia-Power shall keep this agency and its Staff
abreast of any developments that will result in more concrete information. becoming
available-regarding cost estimatesand facility upgrades for the hydropower facilities that
are to be relicensed. Information that should be provided to the Commission on this
issu e, when available, shall include the potential impact of :increased environmental
costs due to hydropower relicensing,• reflecting not only the costs of re-licensing but also
the potential for lost capacity due to.,operational modifications to mitigate environmental
concerns and the potential increased capacity as a result of unit rehabilitation.
ORDERED FURTHER, that Georgia Power shall provide in its Environmental
Compliance Strategy Review an assessment of the impact of lost Hydropower
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.IRP resource mix if, during relicensing, capacity loss occurs
on the existing
generation
mitigation.
due to environmental
ORDERED FURTHER, that the Companies must more fully communicate to the
Commission in future IRP filings information regarding the anticipated impacts their
resourcd plans have on their forecasted rates. The vulnerabilities and rate impacts that
accompany the resource mix change being planned for must be clearly and accurately
articulated within the IRP filings.
ORDERED FURTHER, that in conducting IRP studies the Companies should to
the greatest extent possible, set as an objective to .use consistent data throughout all
analyses conducted as part of the IRP.
ORDERED FURTHER, that the Joint Stipulation regarding the RFP/IE rule
enhancements agreed to by interested parties in these dockets is approved as part of
the Final Order in the dockets, a copy of which is attached and incorporated by
reference herein.
ORDERED FURTHER, that a rulemaking proceeding shall be initiated by Staff
before the end of August 2004, in which the Commission shall promulgate as rule
amendments the RFP/IE structure endorsed by the Joint Stipulation.
ORDERED FURTHER, that the Companies shall prepare and file for the
agency's approval no later than August 31, 2004, a detailed code of conduct regarding
affiliate communications, particularly as they relate to the preparation and evaluation of
competitive solicitations.
ORDERED FURTHER, that the depth and breadth of the code of conduct that is
to be proposed by Georgia Power and Savannah Electric shall be extended to cover
those individuals that are directly or indirectly in the employ of any of its affiliates or
parent company-and shall be executed in the manner contemplated by the Joint
Stipulation.
ORDERED FURTHER, that consistent with the IRP Final Order issued July 5,
2001, the Commission shall limit the amount of supply-side capacity provided through
A
purchased power contracts to 30 percent of total supply-side resources.
eliminated
in
its
determination of whether this cap should be increased, decreased or
entirety is an issue that this Commission will not have the need to contemplate until the
2007 IRP.
ORDERED FURTHER, that in the 2009 RFP, the Companies shall seek 30-year
contracts for purchase power in addition .to the 7- and 15-year contracts that it has been
soliciting in recent time. In the event that this directive would conflict with the
Commission's 30% limit on total supply-side purchase power resources, the life-of-unit
purchases could then be structured as an actual sale of the unit(s) to the Companies.
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ORDERED FURTHER, that on or before.July 15, 2004, the Companies will file
for approval with the Commission a proposed schedule of events for the release of
RFPs for the time period 2009 through 2012. This filing also shall include target dates
for submitting proposed IE's, RFP Service Dates, dates for notification of bid and
evaluation team members, dates for filing of draft RFP's and standard purchase power
agreements and capacity to be sought in each RFP.
ORDERED FURTHER, that once approved by the Commission, any deviations,
planned or unintended, from the established schedule of events must be authorized by
the agency before they are-made by the Companies.
ORDERED FURTHER, that no determinations are made as to the need,
effectiveness or reasonability of any rates, tariffs and pricing strategies filed in
conjunction with the IRPs in this Order. The f6asibility and determination of the
appropriate. level of these rates, tariffs and pricing strategies shall be made in the
general rate cases that have been or will be filed by the Companies in 2004.
ORDERED FURTHER, that all findings of fact and conclusions of law contained
within the preceding sections of this Order are hereby adopted as findings and conclusions
of this Commission.
ORDERED FURTHER, that a motion for reconsideration, rehearing or oral
argument or any other motion shall not stay the effective date of this Order, unless
otherwise ordered by the Commission.
ORDERED FURTHER, that jurisdiction over this matter is expressly retained for the
purpose of entering such further Order or Orders as this Commission may deem just and
proper.
The above by action of the Commission during a Special Administrative Session held on
July 9, 2004.

REECE MCALISTER
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INTRODUCTION
An interdisciplinary MIT faculty group decided to study the future of nuclear power becaL
belief that this technology is an important option for the United States and the world to m
future energy needs without emitting carbon dioxide and other atmospheric pollutants. 0
options include increased efficiency, renewables, and carbon sequestration, and all may
needed for a successful greenhouse gas management strategy. This study, addressed t
government, industry, and academic leaders, discusses the interrelated technical, econc
environmental, and political challenges facing a significant increase in global nuclear po\
utilization over the next half centu6y and what might be done to overcome those challený
This study was supported by the Alfred P.'Sloan Foundation and by MIT's Office of the F
and Labori.tory for Energy and the Environment.
NEWS RELEASE
MIT RELEASES INTERDISCIPLINARY STUDY ON "THE FUTURE OF NUCLEAR ENE
-.

-rofessorý

__Joh Daeutc and-Ernest-Mooiz_.CtlairedEffort-toldentify-BarriersandSolutio
for Nuclear Option in Reducing Greenhouse Gases

July 29, 2003
Washington, D.C. - A distinguished team of researchers from the Massachusetts Institui
Technology (MIT) and Harvard released today what co-chair Dr. John Deutch calls "the i
comprehensive, interdisciplinary study ever conducted on the future of nuclear energy."

1-ittnollutPh mit Pr 11/n11C1PgrnnAxw~r/
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The report maintains that "The nuclear option should be retained precisely because it is
important carbon-free source of power.".
"Fossil fuel-based electricity is projected to account for more than 40% of global greenhc
gas emissions by 2020," said Deutch. "in the U.S. 90% of the carbon emissions from ele
generation come from coal-fired generation, even though this accounts for only 52% of tI
electricity produced. Taking nuclear power off the table as a viable alternative will prever
'global community from achieving long-term gains in the control of carbon dioxide emissic
But the prospects for nuclear energy as an option are limited, the report finds, by four
unresolved problems: high relative costs; perceived adverse safety, environmental,and
effects; potentialsecurity risks stemming from proliferation;and unresolved challenges h
term management of nuclear wastes.
The study examines a growth scenario where the present deployment of 360 GWe of nu
capacity worldwide is expanded to 1000 GWe in mid-century, keeping nuclear's share ol
electricity market about constant. Deployment in the U.S. would expand from about "100
today to 300 GWe in mid-century. This scenario is not a prediction, but rather a study ca
which nuclear power would make a significant contribution to reducing C02 emissions.
"There is no question that the up-front costs associated with making nuclear power coml
are higher than those associated with fossil fuels," said Dr. Moniz. "But as our study shoe
there are many ways to mitigate these costs and, over time, the societal and environmer
price of carbon emissions could dramatically improve the competitiveness of nuclear po %9)
The study offers a number of recommendations for making the nuclear energy option vis
including:
" Placing increased emphasis on the once-through fuel cycle as best meeting the c
low costs and proliferation resistance;
" Offering a limited production tax-credit to 'first movers' - private sector investors w
successfully build new nuclear plants. This tax credit is extendable to other carboi
electricity technologies and is not paid unless the plant operates;
" Having government more fully develop the capabilities to analyze life-cycle health
safety impacts of fuel cycle facilities;
" Advancing a U.S. Department of Energy balanced long-term waste management
program.
" Urging DOE to establish a Nuclear System Modeling project that would collect thE
engineering data and perform the analysis necessary to evaluate alternative reacd
concepts and fuel cycles using the criteria of cost, safety, waste, and proliferation
resistance. Expensive development projects should be delayed pending the outcc
this multi-year effort.
" Giving countries that forego proliferation- risky enrichment and reprocessing activ
preferred position to receive nuclear fuel and waste management services from n;
that operate the entire fuel cycle.
.,j)
The authors of the study emphasized that nuclear power is not the only non-carbon optic

httn://web.mit.edu/niicleimnwer/
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stated that they believe it should be pursued as a long term option along with other optio
as the use of renewable energy sources, increased efficiency, and carbon sequestration
The members of the study team are: John Deutch (co-chair), Ernest Moniz (co-chair), S.
Ansolabehere, Michael Driscoll, Paul Gray, John Holdren (Harvard), Paul Joskow, Richa
Lester, and Nell Todreas.
Members of the Advisory Committee included: former U.S. Congressman Phil Sharp (ch
former White House Chiefs of Staff John Podesta and John Sununu, John Ahearne, Ton
Cochran, Linn Draper, Ted Greenwood, John MacWilliams, Jessica Mathews, Zack PatE
Mason Willrich.
This study was supported by the Alfred P. Sloan Foundation and by MIT's Office of the F
and Laboratory for Energy and the Environment.
CONTACTS: David Dreyer/Eric London
PHONE:202-986-0033
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Nuclear Energy's Role in Reducing Demand for Natural Gas
Through Diversification of Energy Sources
Used for Electricity Generation

-

A Paper Submitted by
The Nuclear Energy Institute

Conference on Natural Gas Supply and Demand
United States Senate
Energy and Natural Resources Committee
January 24, 2005

ABSTRACT
High prices for natural gas and the intense, recurring periods of price volatility experienced over
the last four years is caused partly by unsustainable demand for natural gas in the electric
generation sector. Electric sector demand for natural gas. is being driven by the large amounts of
new gas-fired electric generating capacity built in the United States during the last decade. More
than 90 percent of all new electric generating capacity added over the past five years is fueled
with natural gas.
Diversity of fuel and technology is the core strength of the U.S. electric supply system. A
diverse, balanced portfolio of fuels and technologies is a hedge against supply disruptions caused
by geopolitical events or simple commodity shortages.
This diversity is at risk because today's business environment and market conditions inhibit
investment in large, new capital-intensive technologies, notably the advanced nuclear power
plants and advanced coal-fired powe'r plants best suited to supply baseload electricity.
The United States faces a critical need for investment in energy infrastructure, particularly the
capital-intensive, long-lead-time advanced nuclear and coal-fired power plants that represent the
backbone of the U.S. electricity supply system. Finding ways to stimulate investment in these
technologies is in the national interest because advanced coal and nuclear power plants will (1)
preserve the fuel and technology diversity that is the core strength of the U.S. electric power
system; (2) help to address the environmental challenges (criteria pollutants and greenhouse
gases) that face the U.S. electric sector; (3) strengthen U.S..energy security.

The Nuclear Energy Institute (NEI), the U.S. commercialnuclear energy industry's Washingtonbased policy organization, appreciates the opportunity to respond to questions posed by the
Senate Energy and Natural Resource Committee for its Natural Gas Supply and Demand
Conference. Nuclear energy can play a strategic role, in the short-term and the long-term, in
reducing pressure on natural gas supply and price.
High prices for natural gas and the intense, recurring periods of price volatility experienced over
the last four years are caused partly by unsustainable demand for natural gas in the electric
generation sector. Electric sector demand for natural gas is being driven by the large amounts of
new gas-fired electric generating capacity built in the United States during the last decade. More
than 90 percent of all new electric generating capacity added over the past five years is fueled
with natural gas. Natural gas has many desirable characteristics and should be part of our fuel
mix, but "over-relianfce on any one fuel source leaves consumers vulnerable to price spikes and
supply disruptions."'
Diversity of fuel and technology is the core strength of the U.S. electric supply system. A
diverse, balanced portfolio of fuels and technologies is a hedge against supply disruptions caused
by geopolitical events or simple commodity shortages.
This diversity is at risk because today's business environment and market conditions inhibit
investment in large, new capital-intensive technologies, notably the advanced nuclear power
plants and advanced coal-fired power plants best suited to supply baseload electricity.
Construction of massive amounts of gas-fired generating capacity over the last 12 years reflects
the fact that gas-fired capacity represents the lowest investment risk at a time when the U.S.
electric power sector faces a large number of significant business risks and uncertainties. These
uncertainties include:
1)
2)
3)
4)

future environmental requirements, including the potential for controls on carbon;
market design;
the status, scope and timing of electric sector restructuring and deregulation, and
the expectations, plans and procedures associated with resource planning and investment
recovery.

These uncertainties inhibit capital investment in the long-lead-time, capital-intensive new
technologies (notably advanced nuclear power plants and advanced "clean coal" technologies
like integrated gasification combined cycle [IGCC]) that provide the highest degree of forward
price stability.
The United States faces a critical need for investment in energy infrastructure, particularly the
capital-intensive, long-lead-time advanced nuclear and coal-fired power plants that represent the
backbone of the U.S. electricity supply system. These two technologies represent approximately
70 percent of U.S. electricity supply, and they provide the highest degree of price stability, but
investment in new nuclear and coal-fired power plants has dwindled in the last 10-15 years. In
Report of the President's National Energy Policy Development Group, May 2001, page xiii.

•.')

the 12 years since the U.S. last enacted major energy policy legislation (the Energy Policy Act of
1992), the United States has built approximately 270,000 megawatts of new gas-fired generating
capacity. Only 4,355 megawatts of new nuclear capacity (all of it planned and under
construction long before 1992) and 9,560 megawatts of new coal-fired generating capacity have
entered service since 1992.
This trend must be reversed or the United States will place unsustainable pressure on natural gas
supply and price. Reversing this trend will require federal government actions and initiatives to
stimulate investment in new baseload generating capacity, including advanced coal-fired
technologies and new nucleair power plants.
Finding ways to stimulate investment in these technologies is in the national interest because
advanced coal and nuclear power plants will (1) preserve the fuel and technology diversity that is
the core strength of the U.S. electric power system; (2) help to address the environmental
challenges (criteria pollutants and greenhouse gases) that face the U.S. electric sector; (3)
strengthen U.S. energy security.

(7

..

The nuclear energy sector has recorded dramatic efficiency gains over the last 15 years. The
industry is uprating capacity, and increasing output, at its plants-over 2,000 megawatts of
power uprates authorized by the Nuclear Regulatory Commission over the last three years, and
another 2,000 megawatts exp'ected over the next several years. In addition, nuclear generating
companies are pursuing license renewal. This option allows today's operating plants to extend
their lives for 20 additional years-from 40 to 60 years. The NRC has approved renewed'
licenses for 30 reactors and 43 reactors have either already filed their renewal applications, or
indicated formally to NRC that they intend to do so. The industry has also implemented
systematic programs to manage the systems and components in these plants for their entire
expected lifetime. Without all these steps in the short-term, today's natural gas situation would
be significantly worse.
There are obvious limits, however, on how much additional electricity output can be produced at
the existing 103 nucle'ar power plants. Meeting the nation's growing demand for electricity----.
which will require as much as an additional 400,000 MW by 2025, depending on assumptions
about electricity demand growth-will require construction of new nuclear power plants in the
years ahead.
The nuclear energy industry is committed to construction of new nuclear plants, and the industry
has been working for several years on regulatory, legislative and financial policy initiatives that
will allow companies to invest in new nuclear capacity. Three companies (Dominion Resources,
Entergy and Exelon) are obtaining early site permits, part of the new licensing regime created by
the 1992 Energy Policy Act. Two industry consortia are preparing applications
for combined construction/operating licenses (COLs). All this work, designed to validate the
new licensing process, is cost-shared with the Department of Energy.
The overall objective for this industry initiative is to ensure new nuclear plants can be
operational by early in the next decade. In order for this undertaking to be successful, continued
funding of pre-commercial activities under the Department of Energy's Nuclear Power 2010
program is essential. This program, cost-shared between industry and the federal government,

would (1) validate the new licensing process created by the 1992 Energy Policy Act, and
establish a well-defined, predictable and stable process; (2) support sufficient detailed design and
engineering on advanced reactor designs to provide cost and schedule certainty; and (3)
demonstrate the early site permit and COL processes.

K...'

Construction of new nuclear generating capacity also requires limited financial support and
investment stimulus to offset the higher risks associated with new nuclear plant construction in
the minds of debt and equity investors. The financial stimulus must address the investment risks
and issues that make it difficult for companies to undertake capital-intensive projects (i.e., risk of
regulatory or judicial actions causing delays in plant construction or operation; earnings dilution
during construction and no accretion to earnings during first years of operation; long period for
recovery of capital investment under existing tax depreciation rules, etc.).
Electricity generated by America's nuclear power plants over the past half century has played a
key part in our nation's growth and prosperity. Nuclear power produces over 20 percent of the
electricity used in the United States today without producing air pollution. As our energy
demands continue to grow in years to come, nuclear power should play an even greater role in
meeting those needs.
Over the past 30 years, nuclear energy played a strategic role in reducing dependence on oil for
electricity generation. At the time of the first oil crisis in 1973, oil represented approximately 20
percent of U.S. electricity supply; nuclear power, less than five percent. Thanks to construction
of new nuclear generating capacity in the 1970s and 1980s, oil now represents only
approximately 3 percent of U.S electricity supply; nuclear energy, approximately 20 percent.
What nuclear energy did for U.S. electricity supply in the 1970s and 1980s with respect to oil, it
can do for natural gas over the next 10-20 years. To produce the same amount of yearly
electricity as a single 1,000-megawatt nuclear plant operating at 90 percent capacity factor
requires approximately 54 billion cubic feet of natural gas. This is equivalent to the usage of
approximately 660,000 residential gas customers, or about one percent of the total residential
customers in the U.S. Clearly, improving nuclear production-through efficiency gains and
building new nuclear power plants-relieves pressure on the natural gas supply and enhances the
nation's energy diversity.
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EXECUTIVE SUMMARY
Industry consolidation, increasing needs for infrastructure investment, price
increases, technological change, and far-reaching new federal energy legislation
were among the defining developments in public utility regulation in 2005.
Besides markets and government, nature made its mark with unmistakable force.
Hurricane Katrina, closely followed by her sister Rita, devastated New Orleans and
surrounding areas of the Southeast, reminding regulators just how essential are
electricity, natural gas, telecommunications, and water and wastewater treatment
for life and commerce. State regulators were pressed to fulfill their traditional
responsibilities, including a surprising upsurge in rate cases, as well as to examine
their role in a policy area where the service is local but the economy is global.
Numerous multi-state mergers called for regulators to weigh the potential for
competition as well as dangers of possible corporate abuse. Infrastructure needs in
the energy and water sectors loomed large in regulatory problem identification and
decisions. Affordability of service was an issue across all utility sectors because
of price rises in the energy sector, vast infrastructure needs in the water industry,
and the fast-evolving structure of the telecommunications industry. Technological
change was most evident in the telecommunications industry, which continues
its wild ride into innovations that give consumers new choices for individual or
packaged information, whatever the conduit and whether the content is voice, text,
or video. The hurricane damage raised the alert level for natural disasters, already
high for man-made threats to critical infrastructure.
This briefing paper is intended as a straightforward, bare-bones prequel to the
Commissioners Only Summit, to be held Jan. 7-9, 2006 in San Antonio, Texas.
NRRI researchers review some of the major highlights and trends in utility markets
and their regulation to contribute to the background information commissioners
will bring to the Summit. There the commissioners will identify and discuss major
issues facing regulators in the coming 12 to 18 months. There are many ways the
information could be organized; here we use utility sector-electricity, natural
gas, telecommunications, and drinking water and wastewater. A brief summary
concludes the paper.
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The EPAct of 2005 was
the mostfar-reaching
development in electricity
regulationthisyear.
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ELECTRICITY

Price Forecasts for 2006

The Energy Policy Act of 2005 (EPAct
or the Act) signed by the President
August 8 Was the most far-reaching
development in electricity markets and
regulation this year. High gas prices were
a strong influence on electricity market
issues. The growing interdependency
of electricity and gas markets -means
that electric generating facilities have
becoming increasingly hostage to high
natural gas prices. (Natural gas issues
are discussed in detail in the next section
of the briefing paper.)

EIA predicts that the price for electricity
should rise to 8.0 cents/kWh in 2006. Of
course, future prices are dependent on
the volatile and rising, prices for natural
gas and oil. Prices for coal have been
steadily gaining, rising 18.6 percent over
the last two years. In the short term,
however, EIA estimates that households
heating with electricity can expect a 7
percent increase in winter heating costs,
compared to 38 percent and 21 percent
increases for homes heating with natural
gas and oil, respectively.

The State of the Market

Mergers

•Market Structure

The number of mergers and acquisitions
•is expected to increase significantly
in the wake of the repeal of the Public
Utility Holding Company Act of 1935
(PUHCA), effective on Feb. 6, 2006.
State and federal regulators can expect
mergers among geographically distant
companies and diverse activities within
holding company structures. Most states
have authority to approve and condition
mergers but may lack authority or
experience in reviewing the transactions.

Thirty states are under traditional
electricity market regulation, and 20
have full or partially restructured
retail markets,._ a number, that has
remained stable since 2003. (See ht
//www.nrri.ohio-state.edu/Electric/mapof-ele'etricity-restnicturing/view.)

Prices in 2005 .

The number of mergers
and acquisitionsis
expected to increase
significantly in the wake
of PUHCA repeal.

2

According to the Energy Information
Administration (EIA), average retail
prices for electricity rose approximately
5 percent to 7.95 cents per kilowatthour
(kWh) for the first eight months of the
year compared to the same .period last
year. Average use rose 3.1 percent
over that same period, stimulated by
an unusually hot summer. Along with
Alaska and Hawaii, the New England
region saw the steepest increases in prices
(9.4 percent so far this year compared to
last year), reflecting their higher reliance
on natural gas as a fuel source.

Electricity-Natural Gas
Interdependency
State commissions, especially in New
England and other regions where natural
gas is increasingly used in electric
generating facilities, are concerned about
the tighter interdependency between the
electric and natural gas sectors. With
natural gas burned in large quantities
in the generation of electricity, there is
apprehension over the impact on both
energy sectors. Likely effects include
higher prices for both electricity and
natural gas and, perhaps, less reliable
service in both sectors. Another concern
is the predominance of non-firm pipeline

The National Regulatory Research Institute
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commercial transactions involving gasfired electric generating facilities.
Resource Adequacy
State regulators as well as other
policymakers are concerned that over
the* next several years new generation
capacity will not keep pace with
the- growing demand for electricity.
Regulatory barriers, financial constraints,
and the inherent boom-and-bust cycle
phenomenon of competitive commoditylike markets could all hamper investments
in new generating capacity. In most
markets "resource adequacy" is not
problematic since prices equilibrate to
balance supply and demand in addition to
providing incentives for investments. But
because the electric industry has distinct
uncertainty
characteristics-namely,
over future, market design, inactive
demand-side responsiveness to price, and
various market flaws in wholesale and
retail markets-many analysts question
whether the market on its own will
guarantee adequate generation resources
in the coming years. Several issues
surround future capacity needs: (1) the
amount of generation capacity that will
be needed, (2) entities that will build this
capacity, (3) location of new capacity, (4)
financing, (5) market participants paying
for new capacity, and (6) regulatory
changes that may be needed at the state
level to incent new investments.
Hurricane Recovery
Most of the damage caused by hurricanes
to the bulk power system has been
repaired. Gas and oil production from the
Gulf is recovering more slowly, however.

Federal Legislation: EPAct of 2005

1
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nrri

of the bulk power grids and wholesale
trading markets. Among many important
provisions, EPAct creates:
" An Electric Reliability Organization
with authority to enforce mandatory
reliability standards
* A federal "backstop" transmission
siting authority at the Federal Energy
Regulatory Commission (FERC)
* A requirement for states to evaluate
five new Public Utility Regulatory
Policy Act standards, including
net metering, fuel diversity, and
interconnection
* A guarantee for distribution utilities
to use firm transmission rights to
deliver energy to meet native load
service obligations
• State-FERC joint boards to study
security-constrained
economic
dispatch (FERC established four
regional boards in October)

K)
EPAct 2005 marks a
shift towards national
and regionalgovernance
of the bulk power grids
and wholesale trading
markets.

0

The State of Regulation
Emphasis on Fuel Diversity for
Electric Generation
The issue of electric-natural gas
interdependency is closely intertwined
with the highly topical issue of fuel
diversity, where specifically the debate
is over how the United States can shift
emphasis away from gas-fired electricity
generation to other sources of fuel,
including coal, nuclear and renewables.
The tightening of the wholesale natural
gas market over the last few years has
heightened interest by a wide spectrum
of stakeholders and policymakers in
diversifying the future portfolio of
electric generation technologies and
fuels. Projections for the next 20 years
call for a higher share of natural gas in
electric generation (see Figure 1).

Policymnakersare
concernedthat addition
ofgenerationcapacity
will not keep pace with
demand.

The passage of the EPAct marks a shift
toward national and regional governance

The National Regulatory Research Institute
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Fig. 1. U.S. electricity generation by fuel, 2003 and 2025 (billion kWhs).
Wholesale Market Transparency
Under EPAct, FERC was given authority
to prescribe wholesale market, transparency rules, but is not required to do
so. FERC issued a request for comments
on wholesale and retail competition in
October 2005.
New Rules on Oualifving Facilities

NERC predicts adequate
fuel supply this winter
and until 2009. After
that, reliabilityis less
certain.

Following EPAct, utilities no longer have
to purchase electricity at avoided cost
from PURPA qualifying facilities (QFs,
such as small renewable facilities). The
removal of ownership restrictions on QFs
will require monitoring, to assure that
purchase obligations originating from
contract or statute are the products of
competitive markets.
Rate Cases
In many states with restructured electricity
markets price caps and rate freezes will
be coming off in the near term, resulting
in rate increases. Even regulated states
will see an increase in rates because of

4

purchased power adjustment clauses and
fuel adjustment clauses. Most states have
not dealt with rate cases since the early
1990s, so in light of turnover, commission
staff may require training in rate cases.
The year was an active one for the filing
of cases before commissions. Eighteen
utilities have received return on equity
(ROE) determinations as of the end
of the third quarter, an increase from
eleven at the same time .the previous
year, .according to Regulatory Research
Associates.

Reliability
This Winter
The North American Electric Reliability
Council (NERC) predicts that fuel supply
should be adequate to meet demand this
winter, but Florida, Texas, and the areas
served by ISO-New England and the
Western.Electricity Coordinating Council
face possible fuel and power shortages
(see ftp://www.nerc.com/pub/sys/all upd
l/docs/pubs/winter2005-06.pdf).
New
The National Regulatory Research Institute
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England is especially susceptible given
that a third. of its generation comes
from natural gas and depends heavily
ori pipelines from the Gulf region. If
winter weather'is extreme, natural gas
may be diverted to home heating under
firm supply contracts and could result in
rolling blackouts.

NERC regards the current transmission
system as adequate for purposes of
reliability. EPAct requires FERC to
establish incentive-based rates in the
coming year to attract new investment
to transmission and reduce the cost of
delivered power by reducing congestion.

NERC Forecast
Technologies
NERC projects that generation capacity
will be adequate to meet customer
demands until 2009, but the reliability of
the system beyond that date is less certain
and more dependent on construction of
new generation capacity and associated
new transmission lines, along with the
supply and cost of fuel (see Figure 2).
However, markets will be operating
with smaller margins: NERC forecasts a
continued decline in average generation
reserve margins from approximately 20
percent in 2004 to 9 percent in 2014 (see
ftp://www.nerc.com/pub/sys/all updl/
dcsfpiibs/LTRA2005.pdf.).

K)

Transmission Investment

Integrated Gasification Combined
Cycle
The last year has seen advances in the
technology of electric generation.
In
September, AEP and GE announced plans
to begin construction of the country's
first commercial generation facility to
turn coal into gas. Regulators can expect
to see applications for such Integrated
Gasification Combined Cycle (IGCC)
plants in the coming years. Utilities are
likely to seek higher rates for IGCC plants,
but the plants offer a much more attractive
emissions profile, comparable to natural
gas. The gasification also allows for the

Technologicaladvances
have increasedthe
probabilityof comnmercialization oflGCC;
and itsjust possible
thata new generationof
nuclearplants could be
built.

C

Source: NERC, 2005 Long Term ReliabilityAssessment, September 2005, Figure 6, p 16.

Fig. 2. Amount ofplanned new generation, 2005-2014, as a percentage of 2004
capacity.
The National Regulatory Research Institute
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separation out of CO,., an important step
towards carbon sequestration.

The State of the Market
Prices in 2005

Nuclear Power

The averageprice of
wholesale naturalgas
thisyear is the highestin
history.

Rising costs of natural gas and coal
will make nuclear power more costcompetitive. On top of.this, growing
concern about CO 2 and other emissions
has brought more attention to nuclear
energy from political leaders and some
environmental groups.
The passage
of EPAct provides a 1.8 cent/kWh
production tax credit, loan guarantees,
and coverage for financial losses arising
from litigation or licensing delays caused
by the Nuclear Regulatory Commission.
The EPAct provisions will lessen the
risks of designing and constructing new
nuclear plants. Several nuclear industry
groups are pursuing new reactor designs.
Siting is most likely to take place at
existing nuclear plant locations that were
previously licensed for multiple plants that
ended up being cancelled. For example,
the NuStart consortium• has chosen
Entergy's Grand Gulf (Mississippi) and
TVA's Bellefonte (Alabama) nuclear plant
sites for its application.
The effort to establish Yucca Mountain as
the national permanent waste repository
has slowed, and the project is unlikely to
reach its. targeted 2010 opening date. In
November 2005, Congress cut funding for
the project by $127 million, a reduction of
*27 percent.

NATURAL GAS
As in recent years, in 2005 high natural
gas prices have permeated both market
and regulatory events. Most of the
. regulatory initiatives in 2005 revolved
around high and volatile natural gas
prices. This is expected to continue in
2006.

6

This year the average price of wholesale
natural gas will be the highest in U.S.
history. The year began with the Henry
Hub price below $6 per Mcf. Prices
escalated at least through the beginning
of October. The Henry Hub price soared
to over $13 post-Katrina/Rita. (About 20
percent of the natural gas produced in this
country comes from the Gulf area.) Even
before the hurricanes, natural gas prices
began rising because of hot weather in
the late summer and high oil prices (see
Figure 3). Contributing to the increase
has been the lower than expected storage
levels, caused in part by the hurricanes
and the high use of natural gas in electric
facilities. Prices sharply fell in early
October from their peak levels after the
hurricanes, but starting in late November
rose again to high levels. Most analysts
have projected shockingly high heating
bills for this winter. In early December
EIA projected that households heating
with natural gas, . on average across
the country and under normal weather
conditions, will see close to a 40 percent
increase in their gas bills this winter
compared with last winter.
Uncertainty over Future Prices
Anyone following the natural gas industry
over the last several years readily knows
the high uncertainty attached to projecting
gas prices, even for only a month or so into
the future. -The tightness of the. natural
gas market has caused prices to be highly
volatile and difficult to predict. But it
has become more, plausible, based on
•movements in gas prices over the last few
months, to predict that we are entering
a new era of gas prices ascending to yet
another unprecedented plateau. Relief
* may await gas consumers in 2006, but in

The National Regulatory Research Institute

nrri

773T=W

f

K)
lb.UUI

14.00
12.00
10.00
1;

z

8.00
6.00
4.00
2.00
0.00

n
0
0

0

L3M

0

00

0

0

O

n

0
00

00

n

M

n

0
0000

0

W

M '

0

O 0

0040
00

0

M
0

0

O O n
0

0
0

0
0

Date
Source: New York Mercantile Exchange, various reports.

Fig. 3. Henry Hub natural gas prices, 2005.

most likelihood it won't happen until after
this upcoming winter heating season.
For example, EIA projects Henry Hub
prices will fall in the second and third
quarters of 2006 to levels comparable to
the first half of this year. A warm winter
combined with a cool summer will be
most welcoming. A cold winter this year
could easily elevate the natural-gas price
problem to the most urgent short-term
energy challenge facing the United States.
Looking longer term, many analysts
project natural gas prices to settle around
$7 per Mcf, which is equivalent to $40
West Texas Intermediate crude oil.

gas in the United States will grow by 40
percent during 2005-2025, with domestic
gas supplies projected to increase by only
15 percent over the same period. This
translates to an increase in the gap of
5.9 trillion cubic feet (Tcf) by 2025, or
about 15 percent of current consumption,
which means that additional foreign
supply sources-namely, Canadian gas
and liquefied natural gas (LNG)-will
be required to serve the U.S. market. The
United States consumes about 25 percent
of the natural gas in the world but has
only about 3 percent of the world's proven
gas reserves.

GaD between Demand and Supplv

Industry observers now see the changed
post-1999 market conditions as structural,
with sustained effects, rather than cyclical.
Most analysts expect no significant relief
in natural gas prices until 2008 or later.
In contrast, price spikes experienced
in the 1990s were' short-lived, caused
largely by brief periods of unusually cold
weather or regional pipeline bottlenecks.
In terms of the effect on the economy,

The gap between the demand for gas and
supplies from traditional supply sources
is expected to continuously grow over
the next twenty years. According to
the latest EIA long-term outlook (See
AEO2005 at http://www.eia.doe.gov/oiaf/
aeo/index.html), the demand for natural

The National Regulatory Research Institute

EIA projects the demand
for naturalgas will grow
by 40 percentduring
2005-2025, but that
domestic gas supplies
will increase by only 15
percent.
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most analysts see the combination of high
natural gas and oil prices slowing down
short-term economic growth in addition
to contributing to inflationary pressures.
One serious consequence
of high gas prices is
continued shut-down of
industrialfacilities.

in addition to volatile, gas prices for the
upcoming heating season as well as over
the next few years.
The State of Regulation

Demand Destruction
Portfolio Approach
One serious outcome of high gas prices
has been the continued shut-down of
industrial facilities, especially in the
chemical industry and nitrogen fertilizer
sectors. Sustained higher gas prices over
the past few years have led to permanent
demand -losses with the .closing of
industrial facilities and the migration of
plants and facilities overseas to areas with
cheaper gas prices. Also because of high
gas prices, we have also seen the closing
of several gas-fired generating facilities.
Although the magnitude of the impact is
unclear, the continuation of. high prices
will likely further erode the use of natural
gas by the industrial sector.

Turning to the states, major state naturalgas regulatory initiatives in 2005 also were
provoked by high and volatile natural gas
prices. State commissions have recently
been more proactive in their oversight
of the gas procurement and hedging
activities of gas utilities. Increasingly,
both gas utilities and state commissions
have become more receptive to a portfolio
approach to' gas procurement, where
tradeoffs typically need to be made
between the, often conflicting objectives
of least-cost gas purchases, and price
stability and predictability.
Proliferation of Rate Cases

Federal Legislation: EPAct 2005

Majornaturalgas
regulatoryinitiatives
were provoked by high
and volatileprices:
• Portfolioapproaches
to procurement
" Proliferatingrate cases
• Promotion ofenergy
efficiency
" A new look at longterm contracts

8

Like most of the government and market
events in 2005, the gas provisions of the
EPAct 2005 are directed at moderating
the future price. These provisions include
the clarification of FERC's exclusive
authority to permit LNG terminials,
the 'promotion of energy efficiency
through financial incentives, and the
encouragement of fuel diversity in electric
generation. Most industry analysts do not
expect the Act to have an immediate, or
even short-term, effect, on natural gas
prices. Any noticeable reductions in
gas prices that might be stimulated by
the Act will liav'e little impact on natural
gas prices for a.number of years: industry
and regulatory inertia, in addition to the
expected 'market' d6lays in responding to
the .changed policies embodied in the Act,
will preclude any overnight "miracles"
for the currently tight natural gas market.
Consumers can therefore expect high,

In recent years, state commissions have
seen the filing of numerous rate cases
by gas utilities. These filings, for some
utilities the first in over a decade, are
the result of eroding profits caused by
a combination of higher' costi; required
capacity expenditures, partly the result
of ' customer growth" and new safety
regulations; and flat demand "gi6wth.
Commissions "are being challenged by
gas utilities to approve new rate designs
and other ratemaking practices in vie~v of
recent market developments. Proposals
include shifting 'of fixed 'costs from
the commodity charge to the customer
or demand charge, recovery 'of bad
debt through a tracker, and weathernormalization adjustnienhts.
Energy Efficiency

.

Also largely because of high gas prices,
state, commissions have shown greater
-The National Regulatory Research Institute
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interest in promoting energy efficiency.
Many industry observers view energy
efficiency as the most effective option
to soften gas prices over the next few
years. Gas utilities themselves seem to
be supportive of energy efficiency as
long as it does not adversely affect their
shareholders. Accordingly, some of them
have proposed "revenue decoupling" or
what some gas utilities call "conservation
tariffs" as a ratemaking mechanism that
would eliminate their disincentive to
promote energy efficiency.
Long-Term Contracting
Another issue that started to surface in
2005 revolves around the financing of new
gas-delivery infrastructure. Specifically,
the issue is whether long-contracts are
required for project sponsors to obtain
financing for new capital infrastructure,
including storage facilities and pipelines.
Starting in the :early 1980s, with the
inception of restructuring of the natural
gas sector from a highly regulated
industry to a more market-oriented
one, commercial trading arrangements
have become radically shorter term and
more flexible in both price, and terms
and conditions. We have observed this
phenomenon throughout the natural
gas sector, from gas procurement, gas
storage, retail transactions, to capacity
contracting for pipeline services.
There is consensus on the need for
new infrastructure investments, with
some studies projecting the market
requirements at over $150 billion of
new capital investments in distribution,
storage, and pipelines over the next 20
years. But whether and to what extent
state commissions should encourage
long-term financial commitments by gas
utilities to new infrastructure is currently
being debated. In October, FERC held
a conference on the state of the natural
gas infrastructure, which focused on
regulatory impediments and other issues
The National Regulatory Research Institute
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pertaining to the development of the
natural-gas pipeline infrastructure. (See
the opening statement of Chairman
Kelliher at http://www.ferc.gov/pressroomIstatements/kel l iher/l 0-12-05kelliher.pdf).

(9

Affordability
Several commissions are 'grappling with
how to buffer the economic effects of high
gas prices on' consumers, especially lowincome households. State legislatures
and governors are increasingly asking
commissions what initiatives should be
taken to alleviate this serious problem.
High gas prices have become a visible
political problem that will not subside
until prices start to fall. Several states
have in particular addressed 'the impact
of high prices on low-income customers
through' a combination of education,
subsidized-weatherization and financialassistance initiatives.

Market and technological
convergence continuedto
roil telecommunications
regulation.

TELECOMMUNICATIONS
Market and technological convergence
continued to roil the world of
telecommunications
regulation
in
2005. Multiple platforms are able to
deliver functionality that approaches or
exceeds traditional voice-grade service.
Broadband access technologies such
as broadband over power lines (BPL),
broadband in gas (BiG),' cable modems,
and digital subscriber line (DSL) create
opportunities for consumers to bypass
traditional local providers via voice over
the Internet protocol (VoIP). On the
wireless side, not only do wireless providers provide increasingly competitive
services to consumers concerned more
with individual connectivity than with
locational connectivity, but Wi-Fi and
Wi-Max wireless broadband technologies
will enable wireless VoIP.

9
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Regulatorsare
strugglingto integrate
new technologies into
regulatorygoals that
traditionallypresumed
wired connections.
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Regulators are scrambling to integrate
these technologies into a regulatory
framework that traditionally presumed
mainly. .wired connections. Consumer
protection, quality of service, and E911
provision are crucial issues. Although
technology andecon;ergence will bring..
benefits to many consumers, especially
those -who, are- technologically- adept,
less savvy consumers may be harmed if
traditional networks do not continue to
offer straightforward, simple transparent
service.
The State of the Market
Competition

It is likely that 40 million
or more broadband
connections are available
as the year ends.

Competition to incumbent telephone
companies continued .to develop in 2005.
At year-end 2004, competitors served 18.5
percent ofwireline connections nationally.
One conspicuous statistic is that the total
number of wireline connections fell from
192.5 million at the end of 2000 to 177.9
million at the end of 2004. Over the same
period, wireless subscribers grew from

101 million to 181 million, passing the
number of wireline connections for the
first time during 2004 (see Figure 4).
Growth of Broadband

"

At year-end 2004, over- 35 million
residential and small business customers
had high-speed (broadband) internet
access lines (see Figure 5). Cable modem
connections were still dominant (60
percent), but DSL lines acc6ufited
for 37
percent of connections and were growing
faster than cable modem connections.
High-speed connections were growing at
a rate of about 5 million per year, so it is
likely that 40 million or more broadband
connections are available at year-end
2005. It should be noted that, although
recent estimates put VoIP user numbers at
about 3.6 million in September 2005, each
broadband connection is a potential VoIP
user.2 Moreover, the existence of VolP
may be one factor driving broadband
takeup rates, since to the extent it reduces
voice service expenditures, VoIP can
subsidize broadband fees.

20.0
18.0
16.0

14.0
12.0
10.0
8.0
6.0

"

4.0 1 00000

a' 88

'~

~

&.a'

a'

t

Source: Data from Local Telephone Competition: Status as of December 31, 2004, Federal
Communications Commission, July 2005, Table 1.

Fig. 4. Percentage of competitive local exchange carriers 1999-2004.
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Fig. 5. Number of residential and small business with high-speed lines.

Mergers
The SBC/AT&T merger and the Verizon/
MCI merger . each

involved a large

incumbent telephone company and a
large long-distance company. Each was
approved by the Federal Communications
Commission (FCC) and by the state
commissions that reviewed it. The FCC
and some states, however, conditioned
their approval on behavioral conditionsincluding a two-year freeze in unbundled
network element (UNE) rates and offering
"naked DSL" (The colorful term refers to
a telephone company offering broadband
DSL service without a requirement that
customers also buy circuit-switched
voice service.). These conditions are
intended to limit possible anticompetitive
impacts of combining major local and
long-distance companies, each of which
competed in the other's market.

process. Proponents claimed that the
mergers would result in economies of
scale and scope that would result in better
deals for consumers.
The possible anticompetitive impact of
the mergers may be blunted by intermodal
competition from wireless providers and
from the spread of VolP, especially as
offered aggressively by cable providers.
In the wireless space, mergers of Sprint/
Nexfel and AllTel/Westem Wireless
raised fewer concerns.

The FCC and some states
attachedbehavioral
conditions to their
approvalof the SBC/
AT&T and Verizoiz/MCI
mergers.

Hurricane Recovery
The hurricanes in the Gulf of Mexico
reinforced the need to ensure the
survivability and recoverability of critical
communications networks as well as the
operability of emergency communications
systems.

It is too soon to assess the impact of the
mergers. Opponents argued that these
combinations would increase market
power, harm competition, likely raise
wholesale rates charged other carriers,
and remove major voices from the policy
The National Regulatory Research Institute
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Federal Legislation and Federalism
Rewrite of Telecommunications Act

In a majorpolicy
departure,NARUC
resolved that a revision of
the Telecommunications
Act might not retain
traditionalend-point
jurisdiction.

It is almost certain that The Telecommunications Act of 1996 will be
rewritten; what is not certain is when that
will take place and what will be left for the
states. Predictions that the rewrite could
happen in 2005 proved overly optimistic,
and 2006 might be too soon, too.
The Federal-State Partnership
In July 2005, NARUC adopted a resolution that suggests that any new regulatory
framework recognize the particular
expertise and interests of federal, state,
and local government. The resolution
says that any new regulatory framework
should allow the states to perform a
strong consumer-focused role.

Legislation in 13
states revisedthe way
telecommunications
companies areregulatedt
The trend was towards
lighterregulation or
deregulation.

12

Telecommunications Act might not retain
traditional end-point jurisdiction as the
basis for state oversight, especially with
regard to newer services like VolP.
Loss of this jurisdiction would represent
a major departure from NARUC's
long held position covering several
decades. However, eliminating current
jurisdictional, underpinnings without
providing for continued state oversight
would be . bad •for consumers, . public
safety, competition, and universal service.
Therefore, the resolution says end-point
jurisdiction should be reconsidered only
if it is replaced by an appropriate alternate
basis for allocating jurisdiction such as
functional jurisdiction, which would
allocate state and federal responsibility
primarily on the characteristics of the
function and the core..competencies of
different levels of government.

NARUC Telecommunications Committee
Chair. Tony Clark testified before a
Congressional committee that a federal
framework should assign regulatory
functions on the basis of who can
perform each function most effectively.
He noted that states excel at responsive
consumer protection, efficiently resolving
intercarrier disputes, ensuring public
safety, assessing the level of competition
in local markets, and tailoring national
universal service and other goals to
the fact-specific :circumstances of
each state. He suggested a technology
neutral approach that includes vigorous
and flexible procedures for consumer
protection, interconnection, public safety,
and universal service.

The State of Regulation

His positions reflected NARUC's July
2005 Resolution on NARUC Telecom
Legislative Reform and the accompanying
NARUC Legislative Task Force Report
on Federalism and Telecom,' which
suggested that a major revision of the

Several states, including Michigan and
Virginia, have revised their service
quality rules, and/or adopted "bills of
rights" for consumers. The new service
quality rules are adapted to evolving
technology and growing competition.

Retail Rates
In 2005, legislation in 13 states
had the effect of revising, the way
telecommunications companies are regulated. The trend was generally towards
lighter regulation or deregulation of
certain services or areas.

Legislation

was considered but not passed ih several
other states, and commissions in several
states (including California, New York,
Oklahoma, and Colorado) are considering
revising their regulatory regimes.
Quality of Service and Consumer
Protection

The National Regulatory Research Institute
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As states reduce the level of direct
economic regulation, consumer protecFor
tion becomes more important.
example, the Texas PUC recently ordered
AT&T to pay over $1 million in penalties,
credits and refunds for billing errors
and cramming violations dating back to
January 2004. Some commissions have
considered or endorsed "bills of rights"
for consumers, considered rules on early
termination fees for wireless carriers,
and made moves to set wireless service
quality standards. In addition, broadband
service quality and consumer protection
issues are of interest at the FCC and in
some states.
Interconnection and Wholesale
Market Issues
Triennial Review Remand Order
In February 2005, the FCC released
its Triennial Review Remand Order
(TRRO).4 The TRRO revised the FCC's
rules on unbundled elements, eliminating
UNE-platform (UNE-P) and line sharing
for DSL going forward and providing
a one-year phase out of existing UNEP lines and DSL line sharing. The
TRRO also set impairment standards
for transport and revised UNE pricing
rules. The TRRO was consistent with the
FCC's desire to promote facilities-based
competition. The phase-out period ends
in March 2006; states are likely to be
involved in arbitrating interconnection
local
as
competitive
agreements
exchange carriers (CLECs) adopt other
arrangements. The Progress and Freedom
Foundation called for an end to mandated
interconnections, claiming market forces
will lead to negotiated arrangements.
Interearrier Compensation
includes
compensation
Intercarrier
both local reciprocal compensation
and toll access charges. This issue is
The National Regulatory Research Institute

before the FCC,5 which has indicated
that it wants a uniform plan that can
be applied to all traffic. The current
system is considered unsustainable in a
convergent environment because it varies
compensation depending on the source,
technology, and destination of traffic.
These charges are especially important to
rural carriers who are dependent on access
charges and universal service support for
a large portion of their revenues. The
simplest "bill and keep" model in which
carriers recover their costs from their
own end users is considered untenable by
those who believe that network owners
should be compensated by originators of
traffic that transits or terminates on their
network.

Consistentwith
the FCC's goalof
promotingfacilitiesbasedcompetition,
the TriennialReview
Remand Orderrevised
rules on unbundled
network elements.

Some plans provide for rural carriers
to receive special support that would
be similar to existing high-cost support
for universal service. A major question
is whether states will control intrastate
access charges or a uniform national
system will prevail.

The National Association of Regulatory
Utility Commissioners' (NARUC) position is that the FCC lacks jurisdiction
to impose a unified, national plan.
NARUC's intercarrier compensation task
force has held numerous workshops and
brought advocates of various positions
together to determine both common
ground and areas of disagreement.

Q)

3)
The archaicsystem
of intercarrier
compensation is being
revised by the FCC.

Separations
With the separations freeze scheduled
to end in 2006, the Separations Joint
Board will be considering proposals to
revise jurisdictional cost allocation rules.
Proposals have included ending the
separations process and dividing entire
categories of plant between federal and
state jurisdictions.
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Regulation of Broadband

The FCC determinedthat
DSL is an information
service, which may
raiseproblemsfor state
regulators'ability to
protectconsumers.

Federaluniversalservice
funding is facing reform,
and severalproposalsare
on the table.

Even as incumbent local exchange
carriers have been granted more favorable
unbundling rules from the FCC, they are
facing increased competitive threats from
broadband and wireless technologies,
many of which are outside traditional
regulatory boundaries.
Wireline Broadband
The FCC's wireline broadband order,6
which attempted• to level, the playing
field between DSL and cable modems
after the Supreme• Court's Brand X
decision7 determined, that DSL was
an . information service-specifically
that the transmission component of
wireline broadband Internet access is
not a telecommunications service.e This
determination may raise problems -for
• state regulators if it; is -interpreted as
stripping them of the authority to impose
consumer protection, .public safety, and
universal service funding rules on DSL
providers.
If state regulators are preempted• from
regulating broadband-even with respect
to consumer protection, public safety,
and universal service-the' growth of
VoIP will, over time, leave little effective
jurisdiction, in the states. . States need
to counter the argument made by the
industry that. regulation severely limits
their. incentives to invest, in. advanced
technology networks and services..
The FCC's recognizes these issues, and
has sought comment on the need for any
• non-economic regulatory requirements
* necessary to ensure .:.that. consumer
protection needs are met by all providers
of broadband Internet access service,
9
regardless of the underlying technology.
NARUC has resolved to file comments in
+ support of an appropriate stat.e role.

. 14

.Naked DSL
Some states have determined that
requiring, naked DSL service, benefits
competition. , A resolution endorsing
naked DSL was tabled at the NARUC
annual convention in November. Among
the concerns was its impact on rural
States actively monitoring
carriers.
the status, of competition may. be
basing deregulation on the progress
of competition. Though the .CLEC's
market share was still growing, the rate
of growth had slowed. The effect of the
withdrawal of UNE-P as a mandated
offering will be seen as CLECs shift to
other arrangements.
Affordability
Federal universal service funding (USF)
is likely to be reformed in the next few
years. Members and staff of the Universal
Service Joint Board have proposed
several plans. Other groups, including
the Progress and Freedom aFoundation,
have proposed reforms such as capping
the total size of the fund. Though some
large incumbents support reform, rural
carriers are wary of reform proposals
because they might reduce their funding.
One factor driving reform is the .fall in
intrastate revenues, which resulted in
.the USF contribution factor exceeding 11
percent for part of 2005. Some speakers at
NARUC's convention favored connection
or number-based funding methods rather
than the current revenue-based method.
Another factor . is. the growth of
competitive .eligible telecommunications
carriers (ETCs, many of which are
wireless), which tends to put upward
pressure on the size of the fund. In March
2005, the FCC issued new guidelines for
states to use in certifying ETCs and new
1
reporting and build-out requirements?

The National Regulatory Research Institute
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This has led some states to modify their
rules for certifying ETCs.
Possible issues for the future include
whether USFs should support broadband
and whether broadband providers should
receive USF support."
On the low-income side, the FCC and
NARUC are cooperating in an initiative
to increase awareness of the Lifeline and
Link-Up assistance programs.
Technology may be making it more
difficult to measure the success of
universal service programs. The FCC
estimates that six percent of households
rely on wireless service for their telephone
connection. In addition, some households
may have wireless access and wired
access via VoIP -through a broadband
connection. These factors may make
subscribership data somewhat unreliable.

DRINKING WATER AND
WASTEWATER
State of the Industry
The water and wastewater industries are
growing rapidly for three reasons: stricter
environmental compliance standards,
new responsibilities to protect critical
infrastructure from bio-terrorism and
other intentional acts, and population
growth, particularly that associated with
new housing developments.12 In some
states, for example, Arizona, California,
and Florida, population increases are
exacerbating existing water scarcity
and supply challenges. Water supplies
in many areas of the country may be
impacted by dry weather, as illustrated
in Figure 6.
Workforce shortages are expected within
five years, due to expected retirement of
baby boomers. Nevertheless, a majority
of utilities, 74 percent, do not have
The National Regulatory Research Institute

neither a succession plan nor a knowledge
management plan to address associated
loss of undocumented, tacit knowledge
that departs with experienced staff. This
is important, as much as 80 percent of
useful water utility operating knowledge
is estimated to be tacit or generally
understood but not documented.t3

I.

The water and
wastewater industriesare
growing rapidly.

Small Systems
Small wastewater and water systems
frequently find it more difficult to operate
successfully over the long term. They
lack economies of scale and access to
internal and external capital-capital
they surely will need for rehabilitating,
replacing and maintaining infrastructure.
State commissions typically work
closely with small utilities via special
small systems regulatory programs such
as staff-assisted rate cases, simplified
rate case processes and assistance in
developing a comprehensive tariff In
addition, acquisition incentives in the
form of acquisition adjustments and
single tariff pricing are used by some
commissions to encourage consolidation
and reduce the number of small systems.
To foster acquisitions of small, troubled
systems, some state commissions have
approved positive acquisition adjustments
accomplished in the case of a merger via
an increase in the valuation of the rate
base. The acquiring utility may then earn
a return on a rate base valued at a higher
amount. Twenty-two state commissions
have permitted utilities to implement
single tariff pricing, with one price for
all of a utility's operating divisions. 4
A constraint to use of acquisition
incentives is their potential to reward an
underperforming operator at the time of
sale.'

Small systems face
difficulties operating
successfully over the long
term.

Decentralizedwastewater
systems areproliferating.

Decentralized Wastewater Systems
Decentralized wastewater systems are
proliferating in tandem with population

J
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As with other regulated
industries,the impact of
water utility mergers on
customers is a concern.
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.growth in outlying areas that cannot
readily, be served by..a centralized
sewer system. The U.S. Environmental
Protection Agency (U.S. EPA) told
the Congress in 1997 that "adequately
managed
decentralized
wastewater
systems are a cost-effective and longterm option for meeting public health and
water quality goals, particularly in less
densely populated areas.":' 6 In order to
ensure that decentralized systems have
the necessary managerial, technical and
financial capability to sustain operations,
the Tennessee. Regulatory Authority,
for example, recently joined with state
environmental regulators to prevent
creation of uinqualified decentralized
systems, discipline errant utilities and,
if 'necessary, revoke authority to*operate.
Commissions in states 'with rural, growth
areas 'will likely find 'their workiload
increasing. Thirty-two state commissions
currently regulate wastewater.

Mergers and Divestments
RWE AG announced plans to sell
American Water Works in late October
marking its abandonment of a five-year,
$17 billion expansion into the regulated
water industry. RWE intendi to complete
the sale by 2007. The American Water
Works companies operate in 29 states and
Puerto Rico. While it is reported 'that
credit analysts, view the move as'sensible
for RWE, affected state commissions
will need to consider the. impact of
the 'proposed sale' on' ratepayers and
formally approve the transaction before
it is concluded in' each jurisdicti'n. ` On
a smaller, incremental basis, larger water
utilities aie continuing to acquire both
private and public drinking water and
wastewater systems.

1The National Regulatory Research Institute
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Infrastructure and Capital Needs
Need for Investment
Water and wastewater utilities have
entered the infrastructure replacement era
because of both the age of many existing
systems and a lack of ongoing asset
management and replacement activities
by utilities of all sizes and. ownership
types. Many systems were installed more
than 100 years ago and have historically
operated in an inefficient, reactive mode
whereby infrastructure is left alone until
failure occurs, for example a main break
necessitating repair or replacement. Some
of this deferred maintenance is due to
insufficient funding. The GAO found in
2002 that funds obtained from ratepayers
and other local sources of revenue were
less than the cost of service for over
a quarter of drinking water utilities
surveyed. And four out often wastewater
utilities took in total revenues locally that
were less than their cost of providing
service.' 7 In a June 2005 report, the U.S.
EPA estimated a total national need for
drinking water investment of $276.8
billion over the next 20 years.'
Asset Management
Even the largest utilities are relative
newcomers to comprehensive asset
management. American Water Works is
in the beginning phase of a five-to-ten
year process to create and deploy an
integrated asset management system.' 9

Critical Infrastructure
Terrorist threats and other intentional
acts require efforts and investments to
make water and wastewater utilities more
secure. Equally important, and typically
less costly, are changes in operating
procedures and practices made as part of
a more security-focused culture among

The National Regulatory Research Institute
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water utility personnel and education
of customers and other stakeholders.
Neighborhood watch programs are
important supplements to installations
such as fences, alarms, cameras and other
investments. All systems were required
by the Bioterrorism Act of 2002 to
complete vulnerability assessments and
emergency response plans by June 2004.

K>

Federal Legislation: Safe Drinking
Water Act and Clean Water Act
Drinking water and wastewater utilities
are required to comply with the federal
Safe Drinking Water Act and the Clean
Water Act. Depending upon the size of
the utility, its source of supply, and its
location, new regulations on both- the
water and wastewater side can compel
costly investments in newplant, processes,
and personnel and additional monitoring
and reporting. Small utilities typically
have the most difficulty in funding new,
compliance-related hires and equipment
purchases. A more stringent 'arsenic
standard takes effect in January 2006.
State programs provide assistance,
training, and regulatory guidance to
small systems, enabling some of them to
operate successfully.20 Although no major
amendments to the foundation legislation
for water and wastewater were enacted in
2005 and none are contemplated in 2006,
potential cuts to appropriations for the
Clean Water State Revolving Fund were
pending in early December 2005.

New state regulatory
mechanisms
have emergedfor
encouragingbadly
needed infrastructure
replacement.

J

The State of Regulation
Infrastructure Replacement
Mechanisms for addressing infrastructure
replacement have emerged, including
system improvement surcharges, low
interest loan programs, and guidance on
best practices in asset management. Some
have suggested utilization of routine rate
case filing cycles (as is done in the United

0
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Today's affordability
programsfor water
utility customers could
eventually lead-to a
federal water assistance
program modeled on
LIHEAR

Kingdom and California) to foster timely
investment and cost recovery. NARUC
has endorsed distribution system
improvement charges as providing benefits
to .ratepayers," which include reducing
the frequency of rate cases. A NARUC
resolution in 2005 deemed Distribution
System Improvement Charges or similar
surcharge mechanisms "best practice"
use in some jurisdictions and worthy of
consideration in others.' On the other
hand, "improvements in pipe-replacement
technology and other asset rehabilitation
and replacement techniques may reduce
the degree to which rates rise to support
the investment."'
Certification and Licensing of New
Systems.

Trends towardintegrated
management,interagency
cooperation,and
stakeholderinvolvement
will likely continue.

Certification (approval-to-operate) regulations and the staff who implement them
are the first line of defense against systems
that are unable to successfully and reliably
operate over time. Prospective water
and wastewater providers are typically
required to demonstrate their managerial,
technical or operational, and financial
capability to run a water or wastewater
company. Utilities seeking to operate
must provide information (for example,
business and facilities plans), demonstrate
the need for services, disclose whether
others have an interest in serving the
customers in question and, in some states,
project rates out to 80 percent or more of
capacity. Prospective owners typically
need to be able to fund operations until
a threshold number of customers begin
taking service. Some commissions are
revisiting their .certification processes
in order to make them more stringent or
tailor them to local circumstances and
types of providers. -See example from
Alaska below:

Affordability
As funds are expended for infrastructure
replacement and protection and for
compliance with new regulations, and
as the price of electricity continue to
rise, water rates will also increase. For
some customers, water rates will become
unaffordable and customer assistance
programs or alternative rate structures
for qualifying customers will become
more common among water utilities. A
2002 Government Accountability Office
(GAO) study found only 14 percent
of drinking water and 13 percent of
wastewater utilities provided some type
of rate relief or other subsidy for lower
income customers.2 4.
Affordability programs and needs at state
commissions, regulated water utilities
and state consumer •advocate agencies
are the subject of ongoing NRRI research
sponsored by the NARUC Committees
on Water and Consumer Affairs. Some
regulators see potential merit in a federal
water assistance program similar to the
low income home energy assistance
program.. (LIHEAP)..

Examples

of

existing programs may .serve as models
for utilities or commissions seeking
to . address water and/or wastewater
affordability..
Such programs are
consistent with regulators' desires to
serve the public interest and recognize
that, for the most part, utility companies
and their customers are in the same boat.
Working,. out individualized payment
arrangements, or creating and -enrolling
customers in assistance programs, honors
and manages a relationship that will
ultimately endure.
Intergovernmental Cooperation
Traditionally, water service was focused on
a service territory and primary activities
included securing and maintaining
reliable source waters, constructing and
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operating a treatment and distribution
system, and collecting revenues from
customers.
Those functions are
beginning to be carried out in a broader
context that explicitly considers related
watershed protection needs, wastewater
management, stormwater, ecosystem,
or other environmental impacts and
other influencing factors. At the state
commission level, it is noteworthy
that only two* of fifteen commissions
responding to NRRI's 2002 water supply
survey had not participated at all 25in
collaborations with other state entities.
Regional Approaches
Since many factors outside traditional
jurisdictional boundaries and roles
can impact water and wastewater
service to customers, trends toward
integrated management of drinking
water and wastewater and toward
interagency cooperation and stakeholder
involvement in broadly-construed water
and wastewater issues are expected to
continue.
As water utilities expand operations, and
in some cases expand into wastewater,
and as state commissions strive to work
more closely with state environmental
regulators, an appreciation of the benefits
of managing water supply, treatment, and
delivery in accord with the hydrologic
cycle and on a watershed basis is
increasing. As well, recurring rainfall
shortages, droughts, and extreme
weather events such as hurricanes
and floods remind policy-makers that
water supply, issues do not conform
to political, jurisdictional boundaries.
Intergovernmental
memoranda
of
understanding, working groups and
citizen-based groups are becoming
more common as entities in charge of a
small piece of the regulatory pie work to
understand how it fits into the bigger water
supply picture. The U.S. EPA is seeking
The National Regulatory Research Institute

to make water and wastewater programs
more complementary.
Infrastructure
replacement issues for water and
wastewater (including stormwater) are
similar. Stricter wastewater standards,
for example, improve source water used
by water utilities.
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Commissionershave
a sumptuous menu

SUMMARY
Interesting decisions, developments
and- trends drove and defined all four
of the regulated utility sectors in 2005,
giving participants in . the upcoming
Commissioners
Only
Summit
a
sumptuous menu of possibilities for indepth discussion. The issues brought
up here are of course not exhaustive for
the regulated industries. Nor have we
reviewed the many issues that focus on
the commissions themselves, such as
organizational development or ethics
and transparent processes. Much of the
excitement and intellectual engagement
at the Summit will derive from the
facilitated group effort to single out the
four or five issues that commissioners
believe are the most important in the next
12 to 18 months, and then to talk about
those in substantial depth.
Electricity
The electricity sector saw the passage
of the EPAct. This legislation contains
several provisions that will have a large
impact on the future development of the
electricity industry. For example, EPAct
shifts governance of the bulk power grids
and. wholesale trading markets toward
national and regional entities. 2005 also
saw renewed interest in nuclear power
and new market developments in IGCC
technology.

ofpossibilitiesfor indepth discussion at the
Commissioners Only
Summit.

Much of the excitement
andintellectual
engagement at the
Summit will come from
group efforts to single
out afew issues that
commissioners believe
will be most important
over the next year.
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Natu ral Gas
In 2005, the natural gas industry once
again was plagued by high prices.
Prices rose to unprecedented levels and
the biggest concern centers around this
winter's heating bills. State commissions
have become more active in overseeing
gas utilities' procurement strategies.
State legislatures and governors have
become more involved in finding options
to the high gas-price problem. Concerns
have also centered on the increased use
of natural gas for electric generation. A
renewed interest in energy efficiency was
also a major development in 2005.
Telecommunications
For telecommunications, the FCC
announced it will address major issues,
including intercarrier compensation
reform, VolP, 911 and reform of the
universal service fund contribution. At
the state level, commissions are grappling
with competition and consumer issues,
as well as considering a revision of their
service quality rules. Rapid technological
developments have confronted both the
FCC and the state commissions with new
challenges.
Drinking Water and Wastewater
For the drinking water and wastewater
industries, a major concern was the
larger capital expenditures that will be
needed to upgrade the infrastructure.
State commissions will face hard
choices of how to pass these costs on
to consumers. The problems of small
water and wastewater utilities continue
to trouble the industry. As water and
wastewater rates increase, there is
increased concern over affordability. The
year saw continuing developments in the
integrated management of drinking water
and wastewater, as well as interagency
cooperation and stakeholder involvement.
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Executive Summary
The United States and the South must have a diversified energy policy that fuels econonmigro'li.
.
environmental preservation and reduces our dependence on foreign sources of energy.-.OerýFepast§
'
30 years, the U.S. economy has grown three times faster than our energy consumption•VDurngthat'....
same period of time, mdre than 55 million jobs have been created while air pllutiohis'beenird-uied.
by about 50 percent. Historically, the United States has put policies in place that etcourqeecpnomic
K
growth, make the nation more dependent on domestic energy sources and protect"te environment
is imperative that states enact policies to further address these urgent issues over thienext twoe
.
Electricity demand is projected to increase by nearly 50 percent by 2030, according to•heU.S.Enr
Information Administration. In the Southeast and across America, pohcymakers'nmst csie-u rcesr`a
implementing a sirategy to meet that demand from a diverse portfolio of electric gso'e`
while maýximizing othei energy resources such as renewable power, along with co~s'e',ato•nan
.

..

efficiency measures.

Nuclear power plays a vital role in this diverse energy portfolio. Uranium fuel is iibnd.
a.5so
affordable, and nuclear power plants already generate 20 percent of U.S. electrci

.

<

emitting any greenhouse gases or controlled air pollutants.

More than 100 nuclear power plants operate in 31 states, including 44 reactors in.SSEB e
states. They are the nation's second-leading source of electricity, after coal, with average •
costs that are cheaper than coal or natural gas for electricity production. Nuclear;povw eralsothelps ,
states meet Clean Air Act goals as well as reduce carbon. Without nuclear energyiond;ud
tionald7tl 0
emissions would have been 28 percent greater in the electricity industry in 2004, a
million tons of carbon dioxide would have been emitted each year-about the same6-as the annual
emissions from 136 million.passenger cars.

.

...
.

' ,#,i-'4.

.

.. "-tcons
In order to fuel regional economic growth and enhance national security, our region
construction of advanced-design nuclear power plants. Electric companies from Lo$uisiani•a to Virmi
Ej=
by
have announced their intention to develop license applications for as many as 20 n..eiira
e
These new reactors are needed to meet rising electricity demand in fast-growing SSEB1
and they are economic drivers for communities and states where they are Iocated k _

.

Provisions in the'Energy Policy Act of 2005 are jumpstarting interest in new react&'s4T'he leis ation.
.
includes limited investment incentives, such as loan guarantees for carbon-free energ y..sources,ýprot.
duction tax credits for new nuclear power plants and federal insurance to protect con"ii"anies
avoidable delay in the government's reactor licensing:process. Moreover, the Nuclefiri-Power2010 V-2'-2, W
Cilt,.t•
Initiative is a $1.1 billion partnership between the federal government and the indgi
construction of advanced reactor designs. Some state legislatures have followed tl~ fee
are considering energy policy legislation to remove impediments to building energyA r'a s$

%

including nuclear power plants.

.

',...

' •
i
Public support foi nuclear energy also'is growing, including many environmentali;ts and opinion
leaders across the political spectrum. Public support for nuclear energy in the Unite•dSt•a
"grown steadily as a result of excellent plant safety and performance, as well as growng .
pUic
u'ral
nuclear energy's benefits. A March 2006 survey revealed that 86 percent of the gedi
years
that nuclear energy will play an important role in meeting our nation's electricity
•h:gs;.n
u
ahead. In addition, 73 percent found it acceptable to add a new reactor at the nearest~e~x
plant site. Overall, 68 percent of Americans surveyed support nuclear energy, whil.'-,29ýperc'ent•o'pp'ose.
.
it (Bisconti Research 2006).

the benefits of conservation, efficiency and renewable sources of energy, opinion
liticalblogger Matt Yglesias, who wrote that "it's simply not feasible to meet
iand through these routes, much less meet current demand plus the additional
conomic growth plus the additional demand imposed by the need to move away
cans looking at nuclear power"(neinucleanotes.blogspot).
of nuclear-waste disposal must move in tandem with new plant construction.
ICongress 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
The key to the economic prosperityre are witnessing in the South is a stable, reliand i
inexpensive supply of electricity. The role of nuclear power has become more significant b ¢ause!2
y
improved efficiency and life extension at existing reactors and because of the prospetpeofe
production at new reactors that could begin to operate within the next decade.
f
i
As we have seen, the latesti era of base-load natural gas plants-presents challenges"with fie.
and as the environmental consequences of some aging fossi-fired power plants coht•'&,-power is on the brink of a remiirkable return to prominence. Existing nuclear plai
JAl
States and in the South are operating at record-high capacity factors, ushering in tiie to
seriously additional reactors in the South. With booming population growth and ecic
proýp&E
the outlook for increased demand for electricity is evident. While some electricity"i"rdiucbo
come from renewable power supply, such as biomass and wind sources, and new
fir
combined cycle plants, the South's thlirsi for electricity will require unprecedented
Wt
U
power supply from nuclear and coal.
The outlook for nuclear power has grown recently due to several other factorsthieZ6QQ
apprehension about global warming, fluctuating fuel prices for other electric generatd.
renewed emphasis on new-generation nuclear technology. Rising world temperaturesbl
d
on greater use of fossil fuels f6r power generation, makes atomic power more attracti
supply option that does not generate greenhouse gases, such as carbon dioxide (C92 ~io.conrle
pollutants such as sulfur dioxide (SO2) and nitrogen oxides (NOx), is attractive fromianIei
on.e
perspective. While the capital costs of nuclear power plants are not expected to b .:cons
ably s%. •
greater than other emerging new baseload technologies, the fuel costs of nuclear are Iow
t thenex
generation of nuclear power plants will be safer, notwithstanding the high levels of 'ifev att
reactors (Francis 2005).
.

The Bush Administration and Congress have signaled their continued support of inuce
I.power
t&Z
help reduce our.dependence on foreign sources of energy and contribute to enwironmen I
solutions to electricity generation. 'President George W. Bush stated, when signinigit
erg
lteiAtl5)Of
Act of 2005, that "nuclearpower is another of America's most important sources
our nation's energy sources, only nuclear power can generate massive amounts of 5i
y
t
emitting an ounce of air pollution or greenhouse gases, and because of advances in sciencedtýech
nology, nuclear plants are far safer than ever before" (NEI 2005).

2
-

,'.

Challenges remain on key issues such as waste storage and disposal; nuclear non-poý 1iferation an•d.
overall safety perceptions in some circles. Nonetheless, nuclear power seemspoised& e'teraso
phase of prominence in the U. S. and globally as part of a diverse electricity supply!i 1':,•;<.

The Scope of Nuclear Power in t

41; .. . . .
.....................................

Nuclear Power Fulfills a Need for Electricity
Many states in the South are confronted with increasing electricity demand and the resulting
new baseload electricity generation. In Texas, high temperatures in April 2006 creatE' O in
2bla
outs, and future electricity demand has state planners concerned. Electric utilities tycly Mundertak
routine power plant maintenance in the 'off-peak' months during the spring and fallbu;b`ttthisextrene-&weather event created a real capacity shortage and rolling blackouts throughout thie'lectnri•Rehiabi

....

COT), affecting over 600,000 residences and businesses in the north Texas area
te'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.
lent was partially blamed on abnormal temperature patterns for the spring, the
ectrical generating capacity in the South is clear. According to the North Amerity Council (NERC), electricity growth for the summer peak demand for the past
has 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 foister pace - 2.1%
1b.
iabiity Council(SERC) states; 2.7% per year for Florida; 1.8%
n .3% t 1
er
e
sest
ver Pool (SPP). Energy use is

Figure 1: NERC Regional Reliability Councils

NERC REGIONS
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NOTE:. The Southern States Energy Board consists of member states represented,.in the most
part, by the following rehliability organizationsof the North American Elect~ic Reliability Council
(NERC):..SERC (Southeast Electric Reliability Council)- most of the SSEB states; ERCOT (Electric
ReliabilityCouncil of Texas) -mbjority of Texas; SPP(Southwest PoWver Pool)" Oklahoma,
Missouri,portions of .TY LA, AR; FRCC (FlordiaRegional CoordinatingCobncil)- Florida.
je6ted: to fo6110w a similar pattern with nationwide growth expected to be around 1.8 % per year
ule!,SERG forecasts energy to grow at 1.7% per year. (Figure 1 shows the regional reliability organi6on'sthat'comprise NERC).

Part of the increased use of electricity is due to the increased population in the reg
an2~bf0'_ter~egi~o'n's population grew by 177o and eig id~e states m the regio.
4, the nauc
Between2000 andd
percentage;than the t
wleethe boun greVwvy 5.oyo.-1'hs-trend is expected to continue in the future. N1
the South representing some 38% of the total U.S. population in 2004, the expectc
the South will be significant.

2.

In the NERC regions that serve the SSEB states, the following peak loads are ex
C-Reio

Pea

Elcti

Dean

2006

I Southeast Electric Reliability Council

Electric Reliability Council of Texas
Florida Regional Coordinating Council
Southwest Power Pool

I
1

-f

.Ggwts

163.0
61.0
41.9

PekEetrcDmn

1

00Igwts
I
I

41.2

178.8
65.0
46.8
44.3

I

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 a(
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 show,
in electrical energy requirements, in billions of Kwh, over the next 25 years.
Figure 2: ElectricityDemand Forecast Through 2030

J

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

)

.48l:G..W of combined cycle additions; 6.5 GW of combustion turbines; 19.4 GW of coal;
Vi'lle
Iturbines;'~ii'-dg-GW'-fiiuclear uprates -H---'dtli6'retu i-m-i-r-f Teiin
-oyn&Perry 1 nuclear plant.
lS. Energy Information Administration, all regions will need additional generating
251Witi the greatest need in the Southeast and the West. In 2025, the Southeast will
pt 39 percent of projected total deand due to tMe size of the electricity market and
i~rbwth in the region, as described earlier. The ETA report expects coal-fired generable capacity to be among the capacity additions in the Southeast (EIA Annual
k1'2U0J5). Electricity demand over the next 25 years will be 45% greater than it isiodu.
ix
require building the equivalent of 50 nuclear
m would
electric fuel supp1yF-ent
V,0
eachi
CUM
coal
..
at.00
......
MWV eacK,279 natural gas plants at 400 MW each,

VY'

re~tmenit by the p.ublie and private sectors for the construction of new nuclear plants has
terest on Wall Street. Fitch Ratings is one of the Wall Street firms bullish on
illcn
clear plants in the near term:
a mtter of debate whether there will be new nuclearplants in the industiy'sfuture.
sn has shifted to predictionsof how many, where and when. New nuclearplants
a pwerplantsusing new coal technologies are least likely to appearin the populous and
t'No'theast or in California,regions that alreadyhave significantlyhigherenergy
i-:he Southeastand Midwest. Forpoliticalorgeologicalreasons, these regionsare likely to
powerfacilities or costly investmentsfor other resources, such as wind or
gasfed
:'urn
se difcfemnces will tend to favor lower energy prices in the Southeast and Midwest to the
NAortheastandCalifornia(Fitch Ratings 2006).
a ,edoft•hi.;e
f thigý'nw electrical load of the next 20 years will be met by wind power and other
qrgy,,.ptons, including small-hydro, the bulk of the requirements will have to fall to a
station ýpower supply option. Limitations to the amount of energy that can be generated
rdrieample, include the fact that there are certain periods of the day when the wind
e a to ensure
e speed
in
or sustained
icla :-cquate
ia:
-I"
"F..ii
Figur6 3: Map Showing Current
•upl•. Typically wvind generaNuclear Units in Member SSEB States
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Nuclear Power Plants Operating in the Soutl
Since they first started to come on line in the early 1970s, the 44 nuclear generatin
region have been a reliable, efficient source of electricity for a growing economy al
Nuclear plants in the South have a combined electrical generating capacity of appi
Gigawatts (GW). In 2005, these reactors contrbibted about 341 billion Kwh of elec
billion Kwh of total ge ieration'in 2004." The operating capacity factor ot those unil
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 Valle', Authority's W.af
MW reactor that began commercial operation in 1996. Figure 3 is a map of the nu
units in the South while Table 1 lists the nuclear generating units in theSSEB 1hil
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 comesfi

Table 1 - Nuclear Generating Units in the Southern States

AR

isrowns k EierL
Browns Ferr ,

iub5
1118

Browns Ferry 3
Farley 1
Farle 2_860

1114
851

Arkansas Nuclear 1
Arkansas Nuclear 2

2014
2016

841
996

2014
2018

838
839
839
693
693

2016
2016
2023
2012
2013

SC

_____

FL

Crystal River 3
St Lucie 1
St Lucie 2
Turkey Point 3

Turkey Point 4
I _.

GA

t~[

Hatch 1
Hatch 2
Vo~tle 1

869
883
1152
1152 1
1149

2034
2038
2027
2027
2029

River Bend

9681
1087 1

2025

873
862

2034
2036

1270

2024

Voettle
V tle I2
LA

2

2017
2021

Waterford 3
MD

Calvert Cliffs 1
Calvert Cliffs 2
OM__y

MS

Grand GulflI

TN

Catawba 1
Catawba 2
Oconee 1
1 Oconee 2
Oconee 3
Robinson 2
Summer
ion, M
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Sequoyah 2

TX

2024
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VA J

LNor
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North Anna 2
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19100
an0

2016
2014
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•46
846
8846
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2024
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2020
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2035

E5M
150
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#
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Vuclear Generation by State and Percentageof State Generation- 2005

Alabama

Arkansas
Florida

5,UUO

1,837.

.
.

3,902
4.053
2,055
.1,735
1,270
.1,137

.

Georgia
Louisiana
Maryland
Mississippi
Missouri,

North Carolina
South Carolina

.

•

Tennessee
Texas
'.
Virginia

4,938
6,472
3,398
4,860
3,440

Total

44,105

.
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28.8
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9.8

22
.9

• 93.6
85.5
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94.2

53.1.
27.8
38.2
27.9

.52
, 29 "
10
35-

90.8
90.2

340.4

•

88.5
89.4

88.1
(90.3 without
Browns Ferry 1)

iery is a Stable, Reliable Power Supply

[h
ris suplily electricity around the clock and help ensure the stability of the nation,1ý. Since the fuel costs and other operational costs of nuclear plants are relatively
!er options (except hydr6 and other renewables), nuclear generating capacity
s base load' generation operating at full output every hour of the day.
t•plants typically operate for long periods of time between either scheduled refueling
iM outages due to unplanned maintenance. Originally the operation of nuclear
4dso that refueling outages were planned for every 12 months, but the industry
led over time to 18 months to 24 months. As a point of reference, the longest
iiU.S. light water reactor is LaSalle 1, which completed a 739 day run in February

ha've been steadily reducing the period of time it takes to refuel reactors, thereby
tihat they are producing electricity. In 2005, the average refueling outage was 38
1-04 days in 1990. The shortest refueling outage by a U.S. nuclear power plant is
•ttaned by TVA's Browns Ferry Unit 3 in 2002 (NEI 2006). Industry-wide i'm1mg outage duration is due to "significant improvements to processes; planning;
spections of equipment; simultaneous performance of more work; and the use of
perforn routine tests more efficiently" (Power 2005).
sure
overall reactor performance is capacity factor. In the past three years, the
actor of
- the
amount of energy actually produced divided by the maximum
energy
ime w-as 89.2% for U.S. nuclear plants. This includes plant down time due to
,_and unplanned maintenance shutdowns.
.4 nuclear plant capacity factors have grown steadily over time from the first six
6t factors ranged between 54% and 58% to the most recent five years (2001-2005),
o•rs w-ere 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 FactorsImprove Over Time

Price Stability Relative to Other Fuel Types
Nuclear energy is characterized by low production costs; high capital costs, stable
operational life and significant regulatory costs. Existing nuclear power plants ar,
tive even in deregulated markets and particularly when initial investment costs hV
(NEA 2003, 59).
The total cost of producing electricity from nuclear power consists of three major
ment in capital costs; operation and maintenance; and fuel. Although capital cost
overall production cost of electricity from nuclear generation is relatively stable o'
low fuel costs and continued reductions in operating and maintenance costs.
Nuclear fuel has been a relatively abundant resource for which there is little conci
availability or price stabiity. Fuel costs include purchasing uranium, and conversi
fabrication services. For a typical 1,100-MNV reactor, the approximate cost of fuel,
(replacing one third of the core) is about $40 million, based on an 18-month refueli
average fuel cost at a nuclear power plant in 2004 was 0.42 cents/iIwh, cheaper di
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 dispos.
waste. In addition, the costs of ongoing maintenance and inspection are also inclu•
Total production costs of electricity from a nuclear generating unit consist of app,:

d maintenance (O&M) cost. For a coal unit, some 76% of the production cost of
iile 24% is O&M. For gas-fired generation, approximately 91% of the total
uel cost. Figure 5 shows production costs for various generitting souices.
n costs of nuclear energy increased from 2.54 cents/Kwh to ai high of 3.63 cents/
Figure 5: ProductionCosts of Various GeneratingOptions

PA"MOMIS

eclining 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 producid 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
ents for coal).
thý'e production costs for gas-fired generation was 5.87 cents/Kwh in 2004, several
ccs.t .of nuclear energy. Because nuclear plants refuel every 18-24
months, fuel costs
"'iue price volatility like natural gas and, more recently, coal-fired power plants.
r6 sident of the Palo Alto, CA-based Electric Power Research Institute (EPRI), said
an*l on future generating costs that as the electric industry begins to recognize and
ociated with CO, emissions, the total operating cost of the coal-fired generation will
to nuclear 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 thL
nomic actiyity by the plant also generates 500 additionaljobs in the local area, accox
several nuclear power plants by the Nuclear Energy Institute.
A nuclear plant generates approximately $350 million in total output for the local cc
roughly $60. million in total labor income. These figures include both direct and sec
The direct effects reflect expenditures for goods, services, and labor made directly.b
secondary effects include subsequent spending effects and reflect how plant expen4d
down" through the local economy.
Another way of measuring the secondary effects of a plant is by using multipliers,'v
ratio of the plant's "total economic impact" to its "direct economic impact" and can
each geographic regiofh. Multipliers essentially measure how many dollars are erea
for every dollar spent by the plant. The local output multiplier for the average nucl
proximately 1.13. That means that every dollar spent by a nuclear plant results in
$1.13 in the local community.
state IT
Nuclear plants also account for a significant amount of tax revenue to theirgenerat
revenue
ties. The tax impacts from a nuclear plant extend beyond the tax
plant. Spending from the plants has direct impacts on income and value creation,affects taxes paid on that income and value. Similarly, the secondary effects of pli
other products and services, in addition to the increased economic activity itself, ldi
income and value creation, as well as additional tax revenues. The average nucle6i
total state and local tax revenue of over $20 million. These tax dollars benefit sch,'
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
4
surrounding the
V
nuclear plants at
McGuire and
Catawba are more
than $1.5 billion,
and those surrounding Oconee
,
-.
plant at $791
million.
In a 2004 economic
impact study of
Progress Energy's
Brunswick
Nuclear Power
Station, University
of North CarolinaWilmington economists Claude

-

T,t

fall Jr. found that the Brunswick facility has significant positive impacts on the
obunties of North Carolina. The facility has impacts on gross output or income,
[1, self-employment income,property income, indirect business taxes, and local
facility's impact on gross output or income in the four counties was almost $901
3ercent of the value of total regional output in the four-county area.
-

iity supported 2,030 jobs (1.3 percent of total employjnent) and $88.4 million in
"Win 2003, with an annual average salary per job of $43,500. "Prior to this report,
wn about the facility's economic impact inside or outside of Brunswick County. It
,Yn and, perhaps, at times, mistinderstood and unappreciated, major asset to the
I economy," the an•lysis found..'Also, not to be overlooked are Progress Energy's
ice contributions associated with the nuclear facility."

New Nuclear Plants - An Energy
Imperative?
Improved Financial Climate for Nuclear Power
Independent analyses by the University of Chicago and the Massachusetts Institute
2003 and 2004, respectively, found.that the first few new nuclear power plants would
economic and financing hurdles. The Energy Policy Act of 2005 addressed these hur
financial incentives for the construction of a limited number of new nuclear plants u`
States. A production tax credit, similar to the credit for wind and solar generationi.5a
tee program, available toall low- or zero-emission generation, were designed to ilpr
of and to facilitate financing'for the first few new nuclear power plants. The ledislaft
standby support, a form of insurance, to help protect private companies against deia
licensing or litigation owing to factors beyond their control.
The electric utility industry has a much shorter focus than in the past. Avoiding nea
risk will sometimes outweigh long-term needs resulting in the increased reliance on 4
such as the over-reliUance on natural gas in the electricity sector.over the past dozena.
issue that will impact the future of nuclear energy is the ability to finance new nudei
In that regard, recent key financial institutions have bolstered the outlook for new n'
construction.
Merrill Lynch, discussing the need for environmental controls on coal plants, sees in
utilities as "beneficiaries of the rising cost profile of coal generation and since the cod
power are relatively stable, these higher prices lead to higher margins for the nucle
addition, nuclear utilities*represent a free option on potential future carbon-reductio
this should be an added margin for a nuclear plant" (December 2005). Moody's saiý
trend of [nuclear] plant performance is partly due to the sector's proactive response
stricter inspection reqiiirements imposed by the NRC" (February 2004).
Finally, Prudential Equity sees a convergence of "powerful economic and politicafli
lead to a renaissance of nuclear power," with momentum for new nuclear construect
tained by industry and federal officials who see nuclear as emission-free, secure soil
(Prudential Equity Group, January 2005).
Of course, the first investors to gain access to funds for a new nuclear plant will be-4
course-or at least one that has not been navigated with the current market, polic);.i
variables. Uncertainty will continue to create some investment angst until the new.
power expansion is well underway. The Energy Policy Act of 2005 will also play a -j
investor confidence and enabling new nuclear power plants to come on line.

Implications on Nuclear Power of Energy Poll(
1992 and.2005
Energy Policy Act of 1992
Although this law had energy-efficiency and conservation as its key features, severe
deal specifically with nuclear power and the role it plays in the electricity mix of thle
The act codified the framework for the licensing process for new nuclear plants, gRi
delays and ensuing financial difficulties posed by the former process. The revisedli

blicjn•ijut early, so that energy companies can resolve issues before they make a large
mtir~tment to build a new reactor.
Oergy companies are now pursuing license applications for new reactors using apeldj!dl~~eander the framework provided by the 1992 law. These include the early site
wshIc aws a company to gain pre-approval of a site for a new reactor in advance of
bbl;dd combined operating process, which allows a company to pursue a construction
eratnd license for a new reactor simultaneously. The law established the United
i
C orporation (USEC) for the purpose of managing uranium and uranium enrichS.•0ot domestcally and to foreign entities. USEC today is a $1.6 billion corporation that.
nh,.•uranium enrichment facility in the United States, a gaseous-diffusion plant, at
nitucky'•:
•.
iealtith uranium' supply and processing, including the establishment of the National
auiiniuIeserve; and health, safety and environmental issues associated with uranium
iht : In addition there was a focus on the commercialization of advanced nuclear
,particular the advanced light-water technolog~and the modular high temperareator technology, along with the liquid metal reactor technology. The act set n place
g a company to gain certification for a new plant design, paving the way for
learctors - an approach not applied on a large scale with the construction
of today's

-

Ct of 2005

',i •~ t

awnAgust 2005, this law includes a range of measures supporting both currently
•iidthe construction of new nuclear plants. The act provides limited incentives for
ctors, including loan guarantees, production tax credits, and investment protection for
Sebilder's control; extends the Price-Anderson Act framework for industry-funded
ion insurance; and provides added nuclear energy research and development funding.
icredit
provides a credit of 1.8 cents/Kwh for the first 6,000 Mwh of generation from
ti•iiifr ~its first eight years of operation for units in service before 2021. The loan
o-mp~n• of the act provides loan guarantees up to 80 percent of the zero-emission or lowject cosgs, while the standby insurance provision protects for financial impacts of delays
idus'reontrol for the first six reactors. These delays c6uld be due to delays in NRC
Ion

5fi~tig~tion.

gyfand•Natural Resources Chair Pete Domenici of New Mexico, in hearings in May 2006,
irance. on delays is an essential part of the act and believes new nuclear generation of up
y., could be in place between 2015 and 2020. "It's important that this risk insurance be
Ve la• en t seen a new nuclear power plant ordered in three decades. I consider an effec.e progr.dn to help utilities cover the cost of delays caused by law suits or regulatory
,eial tomaking those proposedplans a reality" (Energy Senate Press Release 2006).

New Nuclear Plant Licensing - PlantDesign
Certification, Early Site Permits, and Combifn, d`"

.

Operating License
lengthyJicensng roc-ý
Interest in one-step nuclear power plant licensing was accentuated following
n
s
dures for the Shoreham Nuclear Plant in New York and the Seabrook plant in M
4o
.1980s. According to the NRC, it was "apparent thi't the complicated licensing process .was ,a§ j
deterrent to utilities who might consider building nuclear plants." .The NRGCproposet 4,dfcilitate tfý-A,`
ti
licensing
nal two-step process wit a one-step sse:
th
licensing procedures by r~eplacing the traditional two
omipo
.
'
system, the NRC'established a graded approach that applied to the systems, structuriiesand
i.
nents and their relationship.to plant safety, thus ensuring "safetywhileproviding flexibilit f
.
.
ment of new designs (NRC 2003).
.

NRC Chairman Nils Diaz suggested the use of a revamped 10 CFR Part 52 for licensing nuqcleaxn
plants depends on numerous factors, including the quality of the application subm •Wtecc'l
company. "The primary purpose for establishing the new Part 52 process for liceiricl"ar'pwr:
•.
a1d
facilities was to encourage early resolution of issues to increase regulatory predict
• -:
:.i
major financial commitments while maintaining the requisite safety reviews."

{7

'
Recognizing the number of potential applications for new plants that are expected 16,16g
tor4
the economic simplified boiling water reactor (ESBWVR) and the economic pressu jliaze
ay
•ieas
"there is much appeal in an approach that resolves specific design details for all in
in' the pr'ocess - early resolution of environmental issues and emergency preparedi .......i• ,
tal of the combined construction and operating license (CO.L) application, could bt1hei"fieiii i
Q'OL_a hi,
timely completion of the COL'reViews." Standardization iri both industry planniai'*
tion review is the key to making this approach work for potentially scores of license applictiosr
•
.,
.
the three reactor-designs.(Diaz February 13, 2006).
The certification of new standard reactor designs resolves all safety issues with the desigdii before it I
+.
ordered for a particular site. The design certification process is a lengthy process but hasbeen tuc''•
cessfully completed for four advanced reactor designs: the Westinghouse AP-600'(Pressin
Reactor or PWR); the Westirighouse AP-1000; Combustion Engineering System 80.:.(P-WR)a.i
.
GE Advanced Boiling Water Reactor (BWR). The GE ESBWR is currently under revie
•,
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 issues suCh as ernvron-,.
a'
mental impacts, for possible future construction and operation of a nuclear powe
i
td'en &iewt
NRC's review process requires both a technical review of safety issues and an envronm
`to build
for each application. If approved, an ESP gives the applicant up to 20 years to decide65 hther
+ :..•...
to begin
one or more nuclear plants on the site and to file an application with the NRC for approval
construction."+
, ---.+,+.-,+,:+•
To date, three ESP applications have been submitted, all at sites where nuclear poýer plants
!
iscts-sAis
currently operating. Dominion, Entergy and Exelon have submitted applications,,and
have taken place within Duke Energy to consider application for ESP for a new reactor
. ..
,+.....
... site
T.,•... •-(T.. T
Diaz 2004, 83). The NRC issued a final environmental impact statement on the p6po'•dES"pe
Grand Gulf nuclear plant site near Vicksburg, MIssissippi. The Grand Gulf ESP applicationas,.
in 2003 by System Energy Resources, a subsidiary of Entergy Nuclear.

o

t...................-++•.+•:+..•...

.•

Anvilotheithreeconpanies, including Southern Company, are either preparing or considering filing*•
Tlý'Ahe NRC has recently held public meetings in Georgia, for example, to discuss
le 4
site permit application for the Southern Nuclear Operating Company's Vogtle
w icf

•,his two reactors generating electricity (NRC April 25, 2006).

&

instruction and Operating Licenses (COB)
required to obtain an operating license is nother important licensing change

Si

.einteiileda' toý-m
eh-entire process more efficient and manageable. Instead of filing separate applicaio
o c,
.nstrion permit and then an operating license, a prospective nuclear plant operator
,7,dpples o0fi. &orAined
construction and operating license (COL), during which time contentious
lubhe participation in the project are vetted prior to construction. "The intent is
iahg 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
aissued" (Travieso-Diaz 2004, 84).
A

4a.

ii,"ta

!iear plant activity is focused in the Mid-Atlantic and Southern states. Three
applied to the U.S. Department of Energy for matching grants to pursue COLs includTVA-led group, and a Dominion Energy-led group. NuStart, which consists of
o t Duke
E
Energy, EDF International North America, Entergy, Exelon, Florida
oess Energy, Southern Company, TVA, General Electric and Westinghouse, has
o wdto
hich it plans to file an application for COL. At TVA's Bellefonte site, a
K1000
reactor plan will be submitted; and at Entergy's Grand Gulf site, a GE
ESBWR plant vwill 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 applications 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 generation 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; regulatory 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 AP1000. Southern Nuclear Operating Co. plans to
submit a COL for a new reactor at its Vogtle
plant while Entergy likewise has submitted plans
for its River Bend plant.

5,S

History of Nuclear Energy

.

"

The Early Days of Nuclear Power in the

ael
After World War II, the U.S. government encouraged the deivelopmient of nuclearery
•TheAC
civilian purposes. Congress created the Atomic Energy Commission (AEC) in 1946'
rized the construction of Experimental Breeder Reactor I in Idaho, where electrictyt
ated from nuclear energy on Dec. 20, 1951 (DOE 1994). "..
To stimulatethe privatedevelopment of nuclearpower,the Atomic Energy Comlnzsisiin 7
myriad supports to U.S. firns,engaged in building and operatingnuclearpowerstan in clyudin
underwritingreactorconstruction costs, providingfreeficelforreactors,funding nih"
1ýWaste
s.'2":$
developmenit activities,andcommitting thefederal government to thl development
disposalfacilities ('Rodobitik 2006, 105).

FiF

.

'"

eNt
In 1953, President Dwight Eisenhower delivered his 'Atoms for Peace" speech at tliQ
h"te
r
declaring that the United States was intent on fostering international cooperationo
nology "to solve humanity's energy difficulties by the end of the century." The Eisenhbv~Ad
limited h...
tration also supported congressional enactment of the Price-Anderson Act of 1957,i
"e•:,-ofanyVacci-.
liability of utilities operating nuclear reactors to a maximum of $560 million in the event
dent (Rodobnik 2006, 105). Today the U.S. nuclear power industry has an umbrell-a$106f
billion in liability insurance profection to be used in the evefit of a reactor incident.FUýtztues not
public or the federal government, pay for this insurance.

---ý-z

.

could produce electricity for commercial
use. The first commercial nuclear plant
powered by nuclear energy was located in
Shippingport, Pennsylvania. It began
commercial operation in 1957. Light-water
reactors like Shippingport use ordinary
water to cool the reactor core during the

.

-

A major goal of nuclear research in the-.
mid-1950s was to show that nuclear energy

'

" '.'"P
i,,

-
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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 first time a nuclear plant had been

:
[!i..,
"
P,.-

ýtf

ordered as an economical alternative to
fossil fuels (Nuclear Technology Mile-:T
stones). In 1973, U.S. utilities ordered 41
fossil~~~~.....

6-

P

chain reaction. Private industry became

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 commitment to the Oyster Creek nuclear plant,

.,'

:V .

fuls(ucea.ecnloy.i.-..~.

..

4, the first reactor of 1,000-MWV size came online with Conmmonwealth Edison's
is;(DOE 1994).

wer Grows in the Southants in the South in the early 1970s were Carolina Power & Light's'H. B.,
[in Virginia; Turkey Point 3 in Florida, Duke's Oconee 1 arid 2, TV.A!s Browns
;as Nuclear 1. From an electricity dream imthesixties to large-scale power generae large boost of.nuclear energy wais beginning to make a major mark in the elecie
economy in the. South.
tear power policlr created by 'the Southei-n Go'ernors'. Conference in 1969 investi19s, opportunities, and environmental effects related to the increased use of nuclear'
,in the development of state and regional nuclearpower policies for the public
olce (1) identified and evaluated relevant information on the role of nuclear power
id regional electric energy requirements; (2) studied public issues and problems
ower operations, plant safety, radiation control, waste disposal, cooling water
rienvironmental considerations; and (3) prepared recommendations for state or
'Ver policies for consideration by governors and other state officials (Southern
• ice 1970).
of the report included a statement of support for the development of nuclear power;
dgram; regulatory responsibility review and sharing with the federal government;
.of numerous aspects of nuclear power; and cooperation and coordination among
igencies, among others. The Southern States Energy Board, originally formed in
h,e Southern Interstait Nuclear Board, has continuied to be involved with nuclear
le.,
n'eraged about 7 percent per year for a number of years, doubling every 12 years,
'rly 1970s when nuclear power plants were being planned. In addition, projections

at;ng costs were relatively optimistic so that new nuclear units were being ordered
nt-y at a rapid pace. In the late 1970s and 1980s, however, growth slowed. Demand
city decreased and concern grew over nuclear issues, such as reactor safety, waste
enviuronmental considerations (DOE 1994). The oil embargo of the early 1970s
oqwth, while delays and cost increases were occurring at nuclear power plant
tlhese factors resulted in a number of utilities canceling baseload power projects,
ear, that were either under consideration or already under construction.
s~ past 30 years, nuclear power in the South has been a key factor leading to stable
n"adequate, reliable supply of power. With generation topping 341 billion Kwh in
B ýstates, nuclear energy provides approximately one-fifth of the electricity needs of
hait South Carolina receives 52% of its electricity from nuclear' power, while Mirand North Car-olina 3 1%. All but three S SEB states host nuclear power plants.

rýpower generation has tripled in the past 25 years-from 251 billion Kwh in 1980 to
Lwh in 2005. The South's annual generation from nuclear Power over select years
ad has averaged 342 billion Kwh in the past f6iir years. As a point of reference,
roximately 44% of the nation's total electricity. Note that in'2005, the-environmenar energy resulted in the prevention of 305 million tons of carbon dioxide (CO2).

uIlion ton reduction in sulfur dioxide (SO2) emissions; and a 500,000-ton reduction in
):Q emissions.

Table 3: Total Nuclear Generationfrom SSEB Member States - Selec

1986

AL
11.6

AR
8.9

FL
22.0

GA
7.2

LA
10.6

Billions of Kwh
MO
MD MS
12.8 4.1
7.2

NC
20.3

1996

29.7

13.4

25.5

29.9

15.7

12.1

9.2

8.9

2002
2003
2004
2005

31.8
31.7
31.6
31.7

14.6
14.7
15.5
13.7

33.7
31.0
31.2
28.8

31.1
33.3
33.7
31.5

17.3
16.1
17.1
15.7

12.1
13.7
14.5
14.7

10.1
10.9
10.2
10.1

8.4
9.7
7.8
8.0

TN
0

TX
0

VA
21.2

Total
162

.33.7 43.6

22.9

35.7

26.3

307

39.6
40.9
40.1
40.0

27.6
24.1
28.6
27.8

35.6
33.4
40.5
38.2

27.3
24.8
28.3
27.9

343
335
350
341

SC
35.6

53.3
50.4
51.2
53.1

Continued Improvements in
Nuclear -Plant Operations...
Safety Emphasis in the Aftermath of Three Mle Isla6A
The 1979 accident at the Three.Mile Island Unit 2 (TMI-2) nuclear power plant r.g.le.
Pennsylvania was the most serious in U.S. commercial nuclear power plant opervWtin. hiscoev'
though it led to no deaths or injuries to plant workers or Imembers of the nearby comimtbv vo
ope.iior'.t&
this event brought about sweeping changes involving emergency response plannirit;
training, human factors engineering, radiation protection, and many other areas otinuele'a'pove
'
,
plant operations. It alsocaused the U.S. Nuclear Regulatory Commission to heighite i'S""reAult
oversight. Resultant'changes in the nuclear power industry and at the NRC had tIeeectofeh.
ing plant safety and performance.
..
. .•

..

..

The sequence of certain events - equipment malfunctions, design related problems.;nd.rkoei
tf6tr;'' e
.
of.-..the TMI-2 reactor core but only controlled, small o
- led to a partial meltdown
.
radioactivity.
Major industry changes have occurred since the TMI accident:

•

:4•,•

]tri fl•
e Upgrading and strengthening plant design and equipment requirements. This in
piping systcms, au.xiliary cooling water systcms, containment building isolation, compo:nen
.
and automatic plant shutdown ,Wstems;

cilb

t.
-

...
* Identifying human performance as a critical part of plant safety, revamping operat ndrining
staffing requirements, improving instrumentation and controls for operating the laftt, ncst-mbh .if
ing fitncss-for-duhy programs for plant workers;
" Improving reactor operating instruction to avoid the confusing signals that plagu•"
the accident;
•

9'T'erAtion••
dur•nIg•

Enhancing emergency preparedness to include immediate NRC notification recquiemnt ftrjfo a
events and an NRC opeiations center which is staffed 24 hours a day;-.
* Establishing a program to integrate NRC observations, findings, and conclusions abu
performance and management effectiveness into a periodic, public report;
V?•i

icne
k'=

i
:

esident inspector program, first authorized in 1977, whcrcby at 1cast tvb inspectors
ht exclusively At each.plant In the U.8 to provide daily surveillance of licensee
,rcgulations;

Alanta-based Instititc of Nuclear Power Operations (INPO), the industry's own
•\Ad formation of what is now the Nuclear Energy Institute to provide a unified
h-'to generic nuclear policy and regulatory issues.
mved toward a new.reactor oversight process for the nation's nuclear plants, a
•ihtitative performance indicators and safety significance. Today's reactor. overxc:ned to focus industry and.NRC resources on equipment, components and operaaý:e the greatest importance to, and impact on, safety. The agency and the industry
,pi-ience with this revised reactor oversight process and the approach is successful
ansparency, objectivity and efficiency of regulatory oversight.
dht process combines the results of performiance indicators in 18 key areas and
f 2,500.hours of NRC inspections per reactor to determine the appropriate allocaesources across all operating plants. The most recent results, after the fourth
e s follows:l•tgreen (best level) performnance indicators and inspection findings and vvill receive
lii NRC inspection (approximately 2,500 hours per year);
ti'ingle whitc (second-best lcvl) performaficc indicator or inspection finding and wrill
5al inspection beyond the baseline effort;
%iPethan on(e single white indicator or finding in a performance area or had white
dlrigs in different performance areas and will receive more in-dcpth inspection.

gilt Challenges of the Mid-1980s to MidZ.$1

Le embarked on ambitious nuclear programs during a period of high load growth and
4f the 1960s and early 1970s, but that growth pattern evaporated following the Arab
beaid, the nuclear industry experienced skyrocketing construction costs, partly due to
t grew out of the lessons learned from the accident at Three Mile Island. Many
si8 drarnatically'as new, large generating units came into service in the mid-1980s,
xcess capacitynas a result of units prudently started but not currently needed to
6fgrowth in demand for electricity (Baliles 1987, 111-3).
source, "there is little doubt that one*major factor in halting nuclear power expanIr.Fo in demand growth, beginning in' 1973." Demand growth av;eraged 7.1 liercent a
172, then dropped to 2.6 percent a year during 1973-1982. During 1982-1988, load
.3 percent a year. Several other factors in addition to this sharp decline in demand
wer's expansion.. Chief among these are: (1) loss of confidence by the financial
abiliti of utility management; (2) increasingly complex and burdensome regulation
st:ate level; and (3) erosion of the historic cost advantage that nuclear power enjoyed
ajor option for large-scale electiicity generation in the United States. Nuclear
aýi.y also have been affected by a sharp increase during the mid-1970s in the public's
ondserv ation was preferable to the construction of more power plants. In addition,
Lioactiv e waastedisposal played a role in the decline of nuclear power (Nealy 1990, 3).
!Ending the Enedgy Stalemate- A Bipartisan Strategy to Meet America's Energy
'.iational Commission on Energy Policy said that "government policies to improve

the prospects for expansion of nuclear energy are warranted by the interests of sobie'ta'sa
going beyond the private interests that are reflected in the marketplace-in abating clm
h
risks by expanding the share.of no-carbon and low-carbon energy options in the elect
mix. The policies that the commission judges to be warranted at this time.are simlarSsf
to those of the recent MIT study of the future of nuclear energy: they relate to (a) cost
security, considered together; (b) radioactive waste management; and. (c) proliferaton
(e
Commission 2004);
•
.

-

i,

Critics of nuclear power, such as the Natural Resources Defense Council (NRDC),s
sh
are still perceived risks of the accidental release of radioactivity and that there are6occp
public health risks with uranium mining and milling. An NRDC position paper
n-!
'*inoits,ý
d
fortunately, in terms of helping solve the problems of global warming, the nuclear
present state suffers from too many security, safety and environmental exposure proo
.s.and
:exces:
.
e•.
fald2005 'ý2)
sive costs to qualify as a leading means to combat global warming pollution" (Coch
However, other organizations, such as the Pew Cefiter for Global Climate Chang'ethe Progressive
Policy Institute, the Earth Institute at Columbia University and Princeton Univeiqit. beliv that
nuclear energy is one way to meet the dual challenge of meeting our growing electricity demand an
reducing carbon emissions.
.-.
:
*4'•
A May 13, 2006 editorial in The New York Times reiterated the challenges and beriefits of nuceAr
power, including the abundant and inexpensive fuel supply diversity-offered by nublearo' v-. lid
ability of nuclear energy to reduce carbon dioxide emissions that contribute to globla
•ai
fuel diversity that gives growing economies in China and India alternatives to heavy depenAdc,
.....
burning large quantities of coal and oil. However, making any real dentin carboni4"i--require building many hundreds or even thousands of new nuclear plants around t
decades" which, most importantly, begs the question of the long-term solution for vaseisp
(2006).
.
• S....
i

Maximizing Existing Assets: License Renewa
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 40year 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 detefinined that plants would be
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 Vears while nine others have
applied for license renewal.

A4

'prates
,el and operating cost of nuclear facilities, nuclear operating companies have not
rnse renewal but have also continued to upgrade the operation of the units as
31 generating capacity to the units already in service. Since the 1970s, utilities
- uprates as a way to increase the power output of their nuclear facilities. The
-

Figure6: Additional Capacityfrom Nuclear Unit Uprates

r6E BWVRs. Extended power uprates are greater than stretch power uprates and have
i•rincreases up to 20 percent. Extended power uprates usually require significant
-major pieces of plant equipment such as the high pressure turbines, condensate
generators, and transformers. From the first uprate in 1977 at Calvert
rain
reased capacity some 5.5 percent, there have been over 4,200 MW of nuclear uprates.
es.in the South have occurred at Southern Nuclear Operating Companies Plant
i.rcent) and at Progress Energy's Brunswick plant with a 15 percent uprate in 2002.
00, MW of nuclear plant uprates are under consideration by the NRC to be in place
-.
,iears. Figure 6 shows the megawatts of nuclear generating capacity added through
j;dthe period 1977 to 2006.

ap city Factors and other Operating Parameters
laplants has increased substantially with operating capacity factors no*v hovering
3 ;,!ear cycles. In addition, the frequency of unplanned reactor shutdowns has
inie than 7 per 7,000 critical operating hours 20 years ago to less than 1 per 7,000
At,`provement can be attributed to the maturation of operating practices. The
ement in nuclear plant operating and maintenance (O&M) practices is reflected by the
dting runs that continue to break records. In September 2005, Exelon Nuclear's
':st a world record for the longest continuous run by a BWR by operating for 707 days
ieln!p outage in 2003 (Pettier 2005).

Nuclear Energy on the W'orld Stage
Worldwide, 443 nuclear power reactors have an electrical generating capacity of 369 000 W"In
..
2005, these reactors produced over 2,628 billion Kwh of electricity. There aie 103' aears Q.ý_e.
20iigdoni;20:i>''w.'
United States, 59 in France, 56 in Japan, 31 in the Russian Federation, 23 in the Uii e,
(
lear'
.er,
in South Korea, 18 in Canada, 17 in Germany 17 and'15 each in India and the Ultrai`
,itseEnergy Institute 2006). The U.S. produced 782 billion Kwh of power in 2005, abo t%'j
fi"&"cal generation, from nuclear power. .Frahce has the second largest integrated systb
I
plants, producing 431 billion Kwh in 2005, accounting for 79% of its electricity ge(

Twenty seven reactors are under construction worldwide as of June 2006, includitni
rope and in the fast-growing Asia market (South Korea, China and Japan.) In Sout K~rea t
plants are under construction, and contracts for two more are being negotiated. nmisc,
25 to 30 new nuclear plants, some 36,000 MW of nuclear generation, by 2020 to poweritb
economy in a manfier that doesn't contribute to an already dire environmental situatin -F
2005). The installed electric generation capacity in 2004 in.China is 440,700 MW, 4niiigal
2,187 billion Kwh, second highest worldwide. However, less than one-half of a percenfri.f C
electrical generation comes from nuclear power plants. Electricity consumption contie
a significant rate in China with growth.of 15.3% in 2003 from the previous year. z

n

...

India, with an estimated electrical growth rate of 6.75% per year, also is plannmaing am ou-,
of nuclear power plants. It has an.installed electric generation capacity of 115,500M1v
h
only 2,700 MW of nuclear power. India has over 67,000 MW of coal fired generating
30,000 MW of hydro. About 4,500 MW of nuclear capacity is expected to be added in fu
Finland, which gets one-third of its electricity from nuclear power plants, recently ga)nted a icens'f&-.i
build the country's fifth nuclear plant, an advanced design 1,600-MW reactor at tlkit
c
The construction permit was the final hurdle in the approval process for the $3.9 mbnI
is the first to be built in the European Union since France completed its most recent plant in1 991-`--A.4
4.
(Power 2005). A "
,
Figure 7: Top 10 Nuciear Generation Countries thW d,
recent announcement of a short delay
plant
the
indicates
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 inquestion as Germany

..

7A

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'
LBritain, there is speculation the Labour government mayswitch to.a pro-.
-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.
.i outlooks toward.nuclear energy, it provides 16 percent of the World's electricas it did in 1986 despite two decades of continued el'ctrificatioi around the
clear power 6utput-has grown on average 9.2 percent a year (FRANCIS 2005).
Lergy production from the'nuclear units in those countries withlthe'largest.
neration.

"

Policy Issues
ue
Non-Proliferation Issues
The need to prevent the spread of nuclear weapons was evident from the first days ten uc.ear
By the mid sixties, there were five declared nuclear weapon states -- the United Statest"
Union, the United Kingdom, France and China. Many predicted that the nuclear club&"A
.20-30 countries within two decades. It rapidly became clear that if the many peacef •uukf
technology were to be developed,-states needed credible assurances that nuclear prorfan -roi.
be diverted to military applications. Along these lines the United States has redefined
nonproli
n
eration policy on nuclear energy through various aspects of its Global Nuclear EnergyPa
rh
i
* Upgrading and strengthening plant design and equipment requirements. This ineldsfidrif
piping systems, auxiliary cooling water systems, containment building isolation, compoxcnteriatand automatic plant'shutdo•vn systems;
.
* Recycling nuclear fuel using new proliferation-resistant technologies to recover mod
rcduce waste will dramatically reduce the amount of waste requiring permanent
and its international partners will work together to dcvclop commercial reyclin
do not produce scarated plutonium, thereby redueing proliferation concerns. U
"

.4

f" b
"

Q
oto

Utilize the latest technologies to reduce the risk of nuclear proliferation worldwid•e

" By developing new proliferation-resistant recycling technologies and increasing th
of nuclear energy worldwide by providing fuel senices to developing nations, GNPI
tion risks and keep nuclear technology and materials out of the hands of rogue stftes'nde
* A Fuel Sch'iecs program wvill enable *nationsto acquire nuclear energy eeonomieaJ •--iil6..
proliferation risks. Under GNEP, a consortium of nations with advanced nuclear f
"*'
Qulod
ensure that countries who agree to forgo their own investments in enrichment amd rxprocesn
tcchnologics will have reliable access to nuclear fuel. Once the advanced recycling t-fe
g
ar
demonstrated, the spent fuel would be returned to fuel supplier countries for rceyelind-posibly
ultimate disposition. This concept builds on the moratorium on the sale of enrichmen',
ing technologi6s that has been in place oýer the past two years among G-8 nations.7ýv,.ýy.ý:'..y
improve nuclear safeguards to enhance the proliferation-resistance and safety of
a
nucpl;eýr
power. Under GNEP.R an international safeguards program is an integral part of the glo•bal expasidf•"Z'":
nuclear energy and the development of future proliferation-resistant fuel cycle teotas~ij_*
'
goal of GNEP is to make it nearly impossible to divert nuclear materials or modif .xsVcmsmvithoui'ýZ
immediate detection. In order for the liAEA- to effectively an'd efficiently monitor and
materials, GNEP will design advanced safeguards approaches directly into the pla'nning ndý blding
the expanding base of nuclear energy systems and fuel cycle failitics. The U.S. wuýll,
toNork
closely with the IAEA and our international partners to ensure that civilian nuclearaci iticrie uscd;.
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 mentioe
Ž
nuclear energy regarding its security as a domestic fuel supply. In his 2006 State osft
on addr
he also decried America's addiction to oil and proposed increasing domestic energy si
%.,ce's,'mcluding...
ý
nuclear power, to reduce U.S. reliance on imported oil. In addition, as described earier ;:the !. mteit/.

ficant additional source's of electricity production in the'next two decades as
,Agrow and as significant amounts of aging power plants are retired.
ntitled Securing America's Energy Future from the U.S. House of Representaher issue is as central to the continued well-being of the United States as is energy
rnment Reforni Subcommittee on Energy and Resources summarized nine
energy-related issues in 2005 wNith 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'
ioting piroduction and promoting conservation. The U.S. must pursue both
Luttee recommended that to enhance competitiveness and protect American jobs,'
ot be used for baseload electricity generation or new generating capacity. Instead,
i reserved for industries that use it as a feedstock or for primary energy which
14for by fuel-switching. "Nuclear energy must become the primary generator of
h ereby relieving the pressure on natural gas prices and dramatically improving

ns" (2006).
ural gas inthe electricity seitor has resulted in supply and price volatility as well.
itants such as S02, NOx, mercury and C02 also-could limit coal use. While
ntly accounts for about 20% of the electricty generated in the United States and
ercentages will decline over time without additional nuclear reactors as electricity
xsting nuclear plants are decommissioned. The regional econoiny could be
scenario in which there is inadequate power supply to fuel the region's economic
mo where higher thdn necessary cost of niew generation's are incurred.

hmate Chang e/Environmental Footprint
report entitled Agenida for Climate Action, the Pew Cen'ter on Global Climate
ie "continued use of nuclear power generation, pending resolution of issues such
orage" as one of a number of key actions the
oUv.S. should take to address emis-

gases. Spectically,.it recommends actions to drive the energy system toward
vwer-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
P.industry to' start expanding nuclear generating capacity in the next 10-15 years,
olution of cost, safety and waste storage issues".
b suggest that:
ýould enact legislation to encourage new first-mover nuclear plants using
chnologies, contingent oh' the resolution of these issues. Finance inceni a producti6n tax credit, an investment tax credit, loan guarantees, and
mnisms including those in the Energy Policy Act of 2005 will increase
s for these new plants. Congriess should'restructure DOE's nuclear R&D
)cus on the once-through fuel cycle (Pew Center 2006, 9).
ctric utilities to develop and promote the use of resources that do not.create
ull be critical ln'the decades ahead as countries struggle to meet growing electricity
ing more environmentally sustainable energy solutions. Nuclear wastes continue
t there is considerable effort being expended to develop solutions to those issues.
.-Research Initiative (NERI), a programi sponsored by the Department of Energy,
oJutions to help reduce and ameliorate civilian reactor waste.

Figure 8 shows a relative picture'of the lifecycle emissions of C02 from various si
generating capacity. Nuclearf power's lifecycle emissions are significantly lower if
generating options. In fact, nuclear power emissions are even lower than the maji
sources of energy.
Figure 8: Carbon Dioxide Emissions from Various Generating So.
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energy's ~fie-tyele emissions of carbondioxide are among the .lowestof any elacrictly
SDLtrce.

Used Fuel Management
Scientific Consensus on Deep Geologic Disposal
It has been the scientific and technical consensus of the National Academy of Scienc
most nuclear fuel management specialists for several decades that geological disposa
of engineered and natural barriers, is the preferred means of disposal for high-level r
This strategy would securely isolate the byproducts from the biosphere for extremell'p
time, and ensure that residual radioactive substances reaching the biosphere afterm
years would be at concentrations insignificant compared to natural background le'vel
Such a final disposal solution would be permanent, but would be monitored for onig
research and confirmation that it is performing as modeled, and the used fuel contai
retrieved if needed.
Prior to the decision to dispose of nuclear waste in a geologic repository, other opt
ered. These options included dropping the waste into the Arctic shelf; blasting it i
to a remote Pacific island already contaminated by nuclear weapons tests; and bu
sediments (SSEB Spent Fuel Handbook 1995).
F
1)

of Yucca Mountain Site
689's that led to the selection of Yucca Mountain for characterization started in 1977
rnment decided to investigate the Nevada Test Site (NTS). Yucca Mountain is a
i•it ridge in the Nevada desert some 90 miles northwest of Las Vegas. The.NTS
;yVt.stigation because it was used for nuclear weapons testing; its.land was withdrawn
nd;'t was subject to long-term institutional control. Furthermore there were many

reasons:
ia,

groundwater'docs.not.discharge into rivers that flow to major bodies of surface

ks havcegeochemical characteristics that would retard the migration of radionuclides if
ifn the specially designed containers;.
idwater flow between potential sites for a repository and the points of ground-watcr
0'rduccs the rate at which groundwater is recharged and therefore the amount of
ktr is very low, espccially in the unsaturated rocks.
•.eventually limited to threelocations on the southwestern part of the NTS, of which
Svg eventually selected as the site (Yucca Mountain Site Overview 1988).
&the.,Secretaryof Energy made the formal decision to recommend to the President
ountain"site be developed as the nation's repository for commercial reactor fuel and
tive waste from the nation's defense programs. His 'decision started the final site
The law that created the Yucca Mountain program is very specific about the process
site approval. Once DOE has determined that the site is suitable, it notifies the.
an• state legislature, then 30 days later DOE notifies the President. The Secretary
t•edhis recommendation to the President on Feb. 14 2002, On July 23, 2002, PresiJ-louse Joint Resolution.87,. allowing the DOE to take the next step in establishing a
Which to store our nation's nuclear waste. Nevada vetoed the President's approval,
ýi Qity of Congress overrode the state's veto as allowed by the Nuclear Waste Policy
e6jý.
process of preparing an application to obtain the Nuclear Regulatory Commission
FI ith construction and operation of the repository.
a license from the NRC to build and operate a repository at Yucca Mountain, Neping nuclear waste from commercial and government-owned sites to the reposi-

rnment must transport used nuclear fuel according to strict federal regulations. The
56.i.fe'd in heavily shielded casks certified by the NRC along approved transportation
i.ythe department will provide technical assistance and funding to states arnd Native
diaining emergency resporise personnel. Over the last 40 years, the nuclear energy
ly4•fansported 3,000 shipments of spent nuclear fuel over 1.7 million miles of U.S.
liý'i s. Fuel containers were involved in just eight accidents, only four with fuel
=tider. No radiation was released in any of the accidents.
igt7mplementation of a multipurpose container to shield spent fuel during transport,
•
This container system will address transportation, at-reactor storage, and
e.rid disposal of commercial spent nuclear fuel, and will be consistenit with DOE's

Policy Statements• in Support of Yucca Mountain
a
An international committee.of the National Academy of Sciences' National Reseat•Gih
2001 report supporting centralized disposal of used nuclear fuel, preferably in an underground,.
tory. 'After four decades of study, the geological repository option remains the only•• iifiClI
credible, long-term solution for safely isolating
..
waste without
. having
. to rely on aceaý '•n...
NAS said. "Although there are still some significant technical challenges, the broaiVyjonsensus wh."
pef6Tardyv
vi
the scientific and technical communities is that enough is known for countries to mo
geological disposal." This approachis sound, the committee said, as long as nvolved
b
reversible decision-fiakina g process that takesadvantage of technological advancest
pation. "For example, -geological repositories, such as Yucca Mountain in Ne-',ad4Af iif•'dtb
hae
controlled and monitored for many decades throughout and some time beyond th0i ierxaho
during which retrieval of waste would be possible if required."."....

Nt
..
....

The leadership of the National Association of Regulatory Utility Commissioners
s
aesupport to Secretary of Energy Samuel Bodman for the civilian radioactive wastei
ucle'rr
program. The comniissioners also expressed their concern aboutthe need to refo'rMhe
Waste Fund and bring financial stability to the program, the need for comprehensivýea;ndrealist 4
program schedules, and the importance that a solution to the waste disposal problefi.'•iffm
" •iC
sustaining or expanding nuclear generation.

...

The Southern Governors Association, in its 2005 policy priorities for energy, urge!ii
facilities,ý..

made available for all past and present commitments to cleanup operations at nu eaiiergy

Nuclear Waste Fund (INWV)

Payme*nts/ Interim Storage rover

-lin'uth- c.Funding for the federal government's nuclear waste managem'ent program, includ
Mountain project, conies from collecting a one-tenth of a cent per Kwh fee from consuners
edte.
electricity generated at nuclear power plants. This fee is collected into a special trVst fiund
sot
dA-(e
Nuclear Waste Fund, which has collected approximately $27.9 billion since 1983. Spu
frhon¥m•Souýtti
have paid more than $500 million into the fund since 1983, including more than $i
characteriza
Carolina alone. Through 2005, DOE spent approximately $9.1 billion on repositom siteF
tion research. Even though the fee is collected specifically for this program, Congie§s still mfiiPsta
•
priate money each year for DOE's work.
a
The nuclear industry believes Congress has consistently failed to pro ide the program
funding which is one reason the program is behind schedule. In 2006, DOE propoisedld gis
will allow funding for the project directly from the Nuclear Waste Fund rather thacp&Vcip.
other programs to remain within congressional budget caps. Clearly, DOE must dex15 a i
ensure that it has appropriate funding'as the project moves to the construction phase............,......•

;
P2i•)

to.
-

The Southern Legislative Council, in 2005, urged federal poiicymakers to support i•l'-gator34 ie1,1uiid to fý orcina I
tive and fiscal policies that would "reform the'Nuclear Waste Fund by restoring thl
ft
budgetary status; thus ensuring that fees paid by electricity consumers are used s61el'
t
used fuel management program." The SLC also endorsed investment stimulus forinew nucle-ar
construction and mitigation of regulatory risks associated with new plants.
U~

Table 4 shows the contributions each state's consumers have made to the Nucleair Waste undAOISýJ;
through the first quarter of 2006.

.

• W.....-

U.
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4: Contributions by SSEB Member States to Nuclear Waste Fund
State Nuclear Fuel Contribution to Waste Fund
State
Alabama
Arkansas
.
Florida
Georgia
Kentucky
Louisiana
Maryland
Mississippi
Missouri
North Carolina
Oklahoma.
South Carolina
Tennessee
Texas
Virginia
West Virginia.

Nuclear Waste Fund Contributions
(S Millions)
647.7
253.9
679.5 589.8
0
274.7
313.3
172.5
168.4
716.9
0
1086.7
353.A
492.0
612.9
0

• "

TOTAL

6386.4

Fuel share Is percent tectrfcnty generated within tUmborders of .auh st.le
* Prl.mramry
Fual Sham Source: blobst Energy Decisions I Energy Infocmatlo., Adminhisralon
Nucleor WI..se Fund ContUlbotlos as of MoA-h 31. 2006 ,rom Deportment of Enalsy

2

stored at 83 locations throughout the United States, including reactor storage
)ent fuel storage facilities, national laboratories, university research and training
;weapons sites. The 103 commercial nuclear generating units licensed to operate
more than 2,000 metric tons of spent fuel annually, a relatively small amount
kilowatt-hours of electricity generated at the plants. The total inventory was
0 metric tons at the end of 2004 (Energy Information Administration 2004). Table
!arfuel assemblies are stored in the U.S.

Table 5: Fuel Storage Sites in the United States
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Reactors of the Future
Advanced Reactor Technology for the Next Na
Nuclear Plants
Westinghouse has earned NRC approval for; its 1,000-megawatt Advanced PressurIZE
surized water reactor that has one-third fewer pumps, half as many valves, and mrore
fewer pipes than current reactors. It can be built'using modular units manufacturte
transported to the nuclear plant site, cutting construction time to three years. The de
largely passive safety system in which cooling water is above the reactor core andie
-naturalcirculation for emergency cooling. In today's reactor designs, cooling watert
into the reactor core. Duke Power, Progress Energy and Southern Company hav6cl
in applying for COL applications. Duke Power plans to prepare applications to the p
bined COLs for two of these designs to be submitted.within the next 24 to 30 months
selected the Harris Nuclear Plant site in North Carolina and an unnamed site in Flo
for possible nuclear expansion. Meanwhile, Southern Nuclear announced plans to~f
for an early site permit in 2006, along with a combined COL in 2008 for Plant Vogtle
the AP1000.
In 2005, GE formally submitted a design certification application to the NRC for Rt.s
design - the economic simplified boiling water reactor (ESBWR) - which is a "Gene
design for a 1,500 megawatt reactor. According to GE, it has a simple design and pas
features, depending on fewer active mechanical systems, with associated pumps and
instead on more reliable passive systems that utilize natural forces such as naturaFlci
gravity. It also occupies a smaller footprint which will result in reduced construction
ule. The ESBWR evolved from GE's Advanced Boiling 'Water Reactor design that if
in 1997. That design has more than 18 reactor years of operating experience fromrr p
Japan. Plans are underway to prepare license applications for the ESBWR at Grant
sippi) and River Bend (Louisiana) (Petrochemical News 2005).
Three manufacturers are currently involved in the "Generation III Plus" reactor'in,
AREVA is developing information to submit a designcertification license to the NR(
version of its newest reactor, one of which is already being built in Finland. The1.5S
Economic Pressurized Reactor (EPR) is an evolutionary design based on the Frek'0
reactors designed by Framatome and Siemens. It is a simplified design using existiN
with'fewer parts. While maintaining an active rather than passive safety system, ""ie'
design improvements, including a double-wall concrete containment dome for greaf&
against terrorist attacks using an aircraft. The design also extends the dome over tht
and two 6f 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 ýr
reactors reflect a revolutionary step from the Generation III reactors and earlier li".i
but development of these designs is not expected before 2030. The goal of the Gener'
is to draw the international community together to develop long-term technological
needs. Generation IV systems are projected as prototypes in the next decade, wi&i
tion before 2030 (NEI). One unique characteristic of Generation IV reactors is that
to produce more heat and less spent fuel, with a different cooling mechanism than v3;
reactors. These reactors .could produce hydrogen as a replacement for fossil fuels'to

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

ltor 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).
Ithe administration envisions a hydrogen-based economy to reduce U.S. depenrces 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
fast reactor; molten salt reactor; sodium-cooled fast reactor; supercritical waterhe very high temperature reactor.

itial Benefits of Nuclear Energy
ransition to a Hydrogen Economy
reactors, DOE's hydrogen initiative will demonstrate that commercial quantities
1anufactured economically without greenhouse gas emissions. Hydrogen is
Eindustrial commodity, with an annual world consumption of some 45 million
in the production of chemicals, fertiliZer, and in oil refining. Demand for hydroCrease significantly as high quality oil stocks diminish and cleaner fuels are manfresearch into replacing carbon fuels with hydrogen in automobiles*. Howeve'r, this
)nomical methods for
directly from water
i fuels. Nuclear energy
lortant source of
• either through the.
essary high-tempera'electricity (NEA 2003,

linization
.for fresh water in
rld, particularly in
Middle East, are
uhlt to meet. These
griculture, industry,
ind growing populaf seawater is one
..shortage. -In this
Ss, considerable heat is
powered desalinization
3erating in Japan and
ilants currently provide
euses rather than largebhey are successfully
nuclear energy is a
fVossil fuels as the heat
s (NEA 2003, 83).

A,

Summary
The history of nuclear power in the South has been one of reliable, relatively inexp
electrical energy. As the South continues to grow, outpacing growth i* the remainc
the electrical energy needed to fuel a strong aid healthy economy in the South mu,
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.ý,
While there are challenges for the nucleair industry, particularly as new nuclear utn
constructed and licensed for the first time in over 30 years; there are major efforts"
issues such as waste disposal. Features of the Energy Policy Act of 2005 should b
in the South so that these utilities can take advantage of early nuclear commitmerni
guarantees, production tax credits, stand-by support insurance andthe re-authoriz
Anderson Act - all benefits provided to those who lead the way to a new era of nuc
"
United States.
With early site permitting, COL and new nuclear designs being reviewed and read,
of construction, states have a legitimate role in ensuring unnecessary. barriers to r
removed.
Through the Southern Governors' Association Policy Priorities in Energy issues, t
2005 issued a statement "recognizing the re-emerging interestin nuclear energy ar
ing of various activities such as those regarding environmental sampling and analy
complexes".
Some specific steps that can be taken by various participants in the new nuclear N1
" Utilities should study and consider capacity uprates as appropriate for existing nt
" Utilities should study and consider life extensions as appropriate;
" Utilities and state energy offices, as well as state public scrnice commissions, she
public outreach efforts to increase the public's awareness and understanding of c
role of nuclear power in those concerns;
" State officials should continue to coordinate waste transport efforts, emergency i
inter-state activities that are critical to the ongoing safety concerns of nuclear ell
* Utilities can take advantage of provisions of the Energy PolicyAct of 2005, which,
ties for the resurgence of nuclear energy;
-

" State energy plans should consider methods to facilitate and ease the process for"
tics to be built within their states;
" States should review their permitting, siting and other regulatory processes to er
a barrier to full process efficiency when studying nuclear applications;
" -The nuclear industry should continue to prioritize its endorsement of safety thro
Nuclear Energy Institute and other means of promotion of the safe and-efficient i
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Economic Future of Nuclear Power:

0 Prolects

In 2003, the Office of Nuclear Energy, Science and Technology (NE) acting through Argonne National
Laboratory requested a study of the -economic factors affecting the future of nuclear power in the
United States. The study was carried out in cooperation with the University of Chicago's Department
of Economics, the Graduate School of Business, and the Harris School of Public Policy. The report
titled, The Economic Futureof Nuclear Power,reviews developments in the U.S. economy that will
affect the nuclear power industry in coming years include the emergence of new nuclear
technologies, waste disposal issues, proliferation concerns, policies toward national energy security,
and environmental policy.
The links below split the Executive Summary and the Report. The Report is
broken into three parts. Part one reviews factors affecting the
competitiveness of nuclear power - capital costs, financing issues and lifecycle cost. Part two analyzes gas and coal-fired technologies and Part three
analyzes several federal financial policy alternatives designed to assist the
first few nuclear plants. The Appendix provides comprehensive discussion
on a variety of factors that affect the desirability and viability of nuclear
power. Topics include the emergence of new nuclear technologies, waste
disposal issues, proliferation concerns, the streamlining of nuclear regulation, possible transition to a
hydrogen economy, policies toward national energy security, and environmental policy.
" Executive Summary
" Report
Last Updated: 9/20/04
TOP_

httD://www.ne.doe.gov/nucpwr2Ol/NP2010rptEconFutofNucPwr.html

7/6/2006
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THE ECONOMIC FUTURE OF NUCLEAR POWER
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A Study Conducted at The University of Chicago

August 2004

10)

STUDY PARTICIPANTS

George S. Tolley, Professor Emeritus at The University of Chicago, and Donald W.
Jones, Vice President of RCF Economic and Financial Consulting, Inc., directed the study.
The study was carried out in cooperation with the Department of Economics, the
Graduate School of Business, and the Harris School of Public Policy of The University of
Chicago. Graduate students and advanced undergraduate students coauthored the study as
follows:
Affiliation

Topic

Name
Martin Castellano

Nonproliferation

Harris School of Public Policy

William Clune

Nuclear Waste Disposal
Nuclear Fuel Cycle
Nuclear Regulation
Future Electricity Capacity
Nuclear Technologies
Hydrogen, Gas, and Coal Technologies
Environmental Policies

Harris School of Public Policy

Amelia Foo

Hydrogen

Economics

Adrian Kats

Energy Security

Economics

Minghao Liao

Levelized Costs of Electricity

Harris School of Public Policy

Emil Iantchev

Energy Security

Economics

Nathan Ilten
Wei Li

International Comparisons
Financing Issues

Economics
Graduate School of Business

Mark Nielson

Financing Issues

Economics

Ashwin Rode Harris

Fuel Prices

School of Public Policy

James Taylor

Nuclear Technologies
Hydrogen

Harris School of Public Policy

Walter Theseira

Electricity Futures

Harris School of Public Policy

Stephanie Waldhoff

Environmental Policies

Harris School of Public Policy

Daniel Weitzenfeld

Learning by Doing

Economics

Jie Zheng

Financing Issues
Nuclear Scenarios: 2015

Graduate School of Business

Philo Davidson
Kant Desai
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Economics
Harris School of Public Policy
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PREFACE
In 2003, the U.S. Department of Energy (DOE), acting through Argonne National
Laboratory (ANL), requested a study of the economic factors affecting the future of nuclear
power in the United States. The study was carried out at The University of Chicago.
The present report gives the results of the study. Intended to be a white paper, it is a
systematic review of the economics of nuclear power that can serve as a reference for future
studies. It does not take a position on policy subjects. Rather, it reviews and evaluates
alternative sources of information bearing on the nuclear power industry, and presents scenarios
encompassing a reasonable range of future possibilities.
Part I considers factors affecting the competitiveness of nuclear power. Topics include
(1) levelized costs, (2) comparisons with international nuclear costs, (3) capital costs, (4) effects
of learning by doing, and (5) financing issues.
Part II analyzes gas-fired and coal-fired technologies as the major baseload competitors
to nuclear generation. Topics include technologies that could reduce the costs of gas- and coalfired electricity, future fuel price changes, and the potential economic impact of greenhouse gas
control policies and technology.
Part III analyzes several federal financial policy alternatives designed to make nuclear
power competitive in the next decade and beyond.
The Appendix provides comprehensive background information underpinning the body
of the study. Previous nuclear energy studies were less comprehensive. The demand for new
electricity generating capacity in the United States is estimated. A major concern is the viability
of new nuclear plants as a way to meet growing electrical demand during the next decade. The
study focuses on baseload electrical capacity. Appendices Al through A9 address the major
factors that affect the desirability and the viability of nuclear power. Conclusions include the
following:
" Waste disposal issues remain to be settled.
" U.S. policy regarding nonproliferation goals will affect future fuel cycle decisions.
" Regulatory simplification shows promise of reducing plant construction times.
• A transition from oil-based to hydrogen-based transportation could, in the longer run,
increase the demand for nuclear power as a non-polluting way to produce hydrogen.
" If gas imports increase, nuclear power could substitute for gas and contribute to energy
security.
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DOE NUCLEAR POWER 2010 PROGRAM

*

In FY 2003, the U.S. Department of Energy (DOE) initiated a University of Chicago
study on the economic viability of new nuclear power plants in the United States. This report
describes the results of that study. According to DOE's Fiscal Year 2005 Budget Report,
"the information obtained from this study is used to focus the program's activities on issues
of the greatest impact" (DOE 2004, p. 397).
The Nuclear Power 2010 program is ajoint government-industry cost-shared effort
involved with identifying sites for new nuclear power plants, developing advanced nuclear
plant technologies, evaluating the business case for building new nuclear power plants, and
demonstrating untested regulatoiy processes. These efforts are designed to pave the way for
an industry decision by the end of 2005 to order a new nuclear power plant. The regulatory
tasks include demonstration of the Early Site Permit (ESP) and combined Construction and
Operating License (COL) processes to reduce licensing uncertainties and minimize attendant
financial risks to the licensee.
The Nuclear Power 2010 program continues to evaluate the economic and business
case for building new nuclear power plants. This evaluation includes identification of the
economic conditions under which power generation companies would add new nuclear
capacity. In July 2002, DOE published a draft report, "Business Case for New Nuclear
Power Plants in the United States," which provided recommendations for federal government
assistance. DOE continues to develop and evaluate strategies to mitigate specific financial
risks associated with deployment of new nuclear power plants identified in that report.
Recently, DOE solicited proposals from teams led by power generation companies to
initiate new nuclear plant licensing demonstration projects. Under a cost-sharing
arrangement, power companies will conduct studies, analyses, and other activities necessary
to select an advanced reactor technology and prepare a site-specific, technology-specific
COL application. DOE has already received responses from several utility consortia.
DOE has also initiated a technology assessment of nuclear power plant construction,
which is being conducted in cooperation with the power generation companies. That study
has assessed schedules and construction methods for the nuclear power plant designs most
likely to be built in the near term.

•Source: U.S. Department of Energy (DOE). (2004). "FY 2005 DOE Budget Request,
Energy and Water Development Appropriations," Vol. 3, Nuclear Energy, pp. 395-398.
http://www.mbe.doe.gov/budget/05budget/content/es/nuclear.pdf.
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ABSTRACT
Developments in the U.S. economy that will affect the nuclear power industry in
coming years include the emergence of new nuclear technologies, waste disposal issues,
proliferation concerns, the streamlining of nuclear regulation; a possible transition to a
hydrogen economy, policies toward national energy security, and environmental policy.
These developments will affect both the competitiveness of nuclear power and appropriate
nuclear energy policies. A financial model developed in this study projects that, in the
absence of federal financial policies aimed at the nuclear industry, the first new nuclear plants
coming on line will have a levelized cost of electricity (LCOE, i.e., the price required to cover
operating and capital costs) that ranges from $47 to $71 per megawatt-hour (MWh). This
price range exceeds projections of $33 to $41 for coal-fired plants and $35 to $45 for gas-fired
plants. After engineering costs are paid and construction of the first few nuclear plants has
been completed, there is a good prospect that lower nuclear LCOEs can be achieved and that
these lower costs would allow nuclear energy to be competitive in the marketplace. Federal
financial policies that could help make early nuclear plants more competitive include loan
guarantees, accelerated depreciation, investment tax credits, and production tax credits. In the
long term, the competitiveness of nuclear power could be further enhanced by rising concerns
about greenhouse gas emissions from fossil-fuel power generation.
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EXECUTIVE SUMMARY

Context
Developments in the U.S. economy that will affect the nuclear industry in the future
include the emergence of new nuclear technologies, decisions about nuclear fuel disposition,
proliferation concerns, regulatory reform, a potential transition to a hydrogen economy,
national energy security policies, and environmental policies. A successful transition from
oil-based to hydrogen-based transportation could, in the long run, increase the demand for
nuclear energy as a nonpolluting way to produce hydrogen.
The U.S. Department of Energy (DOE) currently supports research on designs for
advanced nuclear power plants that can produce hydrogen as well as increase the
sustainability and proliferation-resistance of nuclear energy and help lower nuclear energy
costs. DOE also supports the certification of new nuclear reactor designs and the early site
permitting process thatwill help make the licensing of new nuclear plants more predictable.
Such predictability promises to lower financial risk by reducing the time required to
construct and license new plants.
This study analyzes the economic competitiveness of nuclear, gas-fired, and coalfired electricity.
Summary of Economic Findings
Economics of Deploying Plants during the Next Decade
*

Capital cost is the single most important factor determining the economic
competitiveness of nuclear energy.
* First-of-a-kind engineering (FOAKE) costs for new nuclear designs could
increase capital costs by 35 percent, adversely affecting nuclear energy's
competitiveness.
* The risk premium paid to bond and equity holders for financing new nuclear
plants is an influential factor in the economic competitiveness of nuclear
energy. A 3 percent risk premium on bonds and equity is estimated to be
appropriate for the first few new plants.
0 Without federal financial policy assistance, new nuclear plants coming on line
in the next decade are projected to have a levelized cost of electricity (LCOE)
of $47 to $71 per megawatt-hour (MWh). This study provides'a full range of
LCOEs for first nuclear plants for alternative construction periods, plant lives,
capacity factors, and overnight cost estimates. LCOEs for coal- and gas-fired
electricity are estimated to be $33 to $41 per MWh and $35 to $45 per MWh,
respectively.

xi

° With assistance in the form of loan guarantees, accelerated depreciation,
investment tax credits, and production tax credits, new nuclear plants could
become more competitive, with LCOEs reaching $32 to $50 per MWh.
Economics of Deploying the Next Series of Nuclear Plants
* With the benefit of the experience from the first few plants, LCOEs are
expected to fall to the range of $31 to $46 per MWh; no continued financial
assistance is required at this level.
Future Greenhouse Gas Policies
If stringent greenhouse policies are implemented and advances in carbon
capture and sequestration prove less effective than hoped, coal-fired
electricity's LCOE could rise as high as $91 per MWh and gas-fired
electricity's LCOE could rise as high as $68 per MWh. These LCOEs would
fully assure the competitiveness of nuclear energy.
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SUMMARY
Background
The focus of this study is baseload electricity as supplied by nuclear, coal-fired, and
gas-fired technologies. Baseload power is power that a utility generates continuously, year
round, in anticipation of the minimum customer demand that will occur, regardless of daily
and seasonal fluctuations. Nuclear energy, coal, and gas are the major baseload fuel
alternatives. Renewables are not considered since they are used minimally to meet baseload
demand. While hydroelectric facilities supply baseload generation in some parts of the
United States, the major opportunities for hydroelectric projects have already been taken.
Table 1 presents the shares of generation furnished by various technologies in the United
States. This study synthesizes the current understanding of the factors affecting the
economic viability of nuclear power and estimates its viability under a range of future
scenarios.
Table 1: Shares of Total U.S. Electricity Generation, by Type of Generation, 2003a
EInergy Source

Net Generation,
Percent

Coal
Nuclear
Natural Gas
Hydroelectric
Petroleum
Non-hydro Renewables
Other Sources
Total
'Identical to Table A1-1.

50.1
20.2
17.9
6.6
2.5
2.3
0.4
100

Part One: Economic Competitiveness of Nuclear Energy
This study first develops a pre-tax levelized cost of electricity (LCOE) model and
uses it to calculate LCOEs for nuclear, coal, and gas generation based on values from recent
plant models and data developed for use in those models. The LCOE is the price at the
busbar needed to cover operating costs plus annualized capital costs. Table 2 summarizes
these results.
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C
Table 2: Summary Worksheet for Busbar Cost Comparisons, $ per MWh, with Capital
Costs in $ per kW, 2003 Pricesa
Technology

Nuclear
(capital cost)
Legacy Nuclear
(capital cost)
EIA Reference
Case, New
Nuclear
(capital cost)

Sandia Model
GenSim
r=15%
r=10%

51
(1,853)

Debtr
=8%;
Disc r
8%

SAIC Model
Power Choice
Debt r
Debtr
=10%;
=10%; Disc
r=8%
Disc r=
10%

65
(2.000)

70
(2,000)

Scully Capital Report
r=8%

r=
10%

r=
10%

Debt r=8%;
Eq = 10%;
Disc r =10%

(1.853)
77
(2,000)
63 to 68

(1,752 to
1,928)
43 to 53

(1,080 to

1,555)

ABWR
(capital cost)
AP 1000
(capital cost)
Pebble Bed
Modular
Reactor
(PBMR)
(capital cost)
Gas Turbine
Modular
Helium Reactor
(GT-MHR)
(capital cost)
Advanced Fast
Reactor (AFR)

(capital cost)
Coal
(capital cost)
Gas Turbine
Combined
Cycle

37
(1,094)
35

48
(1,094)
40

(capital cost)

(472)
56

(472)
68

(571)

(571)

Solar-

Debt r
=10%;
Eq =15%;
Disc r =
10%

83

EIA Advanced
Technology
Case, New
Nuclear
(capital cost)

Gas
Combustion
Turbine
(capital cost)

EIA - AEO 2004

202

50
(1.600)
46
(1.365)
41

55
(1,600)
EI

(1365)
39

(1,365)
39

(1.365)
43

(1.126)
57

(1.126)
57

(1,126)
64

0(.126)
43
(1,350)
38

(1,126)
44
(1,350)
38

(1,126)
49
(1,350)
40

38
(1,169)
41

(590)

(590)

(590)

(466)

(1,365)

308

158

235

Wind

55

77

36
(1,247)

40

(1.247)

44
(1,455)

45

I

Photovoltaic
Solar-Thermal

_

53
(1,600)
49
(1,365)
40

aldentical to Table 1-1.
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To illuminate the reasons for the ranges of LCOEs estimated in prior studies, this study
calculates LCOEs using the cost and performance assumptions used in three plant models
identified in Appendix A2 (Table A2-1) and in the National Energy Modeling System (NEMS),
as reported in the Energy Information Administration's (EIA's) Annual Energy Outlook. The
Sandia model, GenSim, does not specify a particular nuclear technology; rather, it adopts EIA's
specifications from the 2003 Annual Energy Outlook (AEO 2003). 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's estimates for competitors to
nuclear are: $37 to $48 per MWh for coal, $35 to $40 per MWh for gas turbine combined cycle,
and $56 to $68 per MWh for gas combustion turbines. The SAIC model, Power Choice,
considers several nuclear technologies; cost estimates range from $39 per MWh for the Gas
Turbine Modular Helium Reactor (GT-MHR) to $77 per MWh for existing nuclear technology.
Coal-fired costs are on a par with the Pebble Bed Modular Reactor (PBMR) costs, at $43 to $49
per MWh. Gas turbine combined cycle costs are in the range of $35 to $48 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. The reference case in EIA's recent
Annual Energy Outlook (ABO 2004) considers future construction of historical designs. Its
assumptions regarding capital costs and interest rates result in a nuclear busbar cost of $63 to $68
per MWh, which is higher than most other studies. However, its cost for coal generation is $38
per MWh. Its advanced technology case lowers capital costs, partly to reflect learning effects in
construction, which produces LCOEs of $43 to $53 per MWh.
Worldwide Cost Estimates
This study compares U.S. nuclear busbar costs with those in other countries that use
electricity generated from nuclear energy, coal, and gas. U.S. nuclear busbar costs are estimated
to be'somewhat below the middle of the worldwide range for countries not reprocessing spent
fuel, i.e., $36 to $65 per MWh. LCOEs of new nuclear plants in the United States compare
favorably to prospective costs for new nuclear plants in France. Table 3 reports the nuclear
busbar costs for various countries; separate estimates are provided for fuel cycles that dispose of
spent fuel directly and those that reprocess spent fuel.
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Table 3: Organization for Economic Co-operation and Development (OECD) Busbar
Costs, 75 Percent Capacity Factor, 40-Year Plant Life, $ per MWh, 2003 Prices'
Discount Rate
(To Derive Net Present
Value)
Country

Plant Type
Nuclear, Spent Fuel Disposal

Nuclear with Reprocessing

Gas Turbine Combined Cycle
Advanced Gas Turbine
Combined Cycle
Pulverized Coal Combustion
Coal Circulating Fluidized Bed
Coal Integrated Gasification
Combined Cycle (IGCC)
'From Tables 2-5 and 2-6.

•__
Finland, new SWR 1000
Canada
China
United States
Russia
Romania
Korea
India
Turkey
Finland
Spain
China
France
Japan
OECD average

_

10 Percent
8 Percent
_$
per MWh
36
42
39 to 45
48 to 53
44
54
45
53
45
55
49
59
49
59
64
52.
53
64
68
58
65
78
39 to 50
47 to 61
50
60
83
97
30 to 66
38 to 65

United States
OECD average
Canada

26
36 to 74
56

27
43 to 84
63

OECD average

36 to 66

42 to 74
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Overnight Capital Cost Estimates
Capital costs, the single most important cost component for nuclear power, are analyzed
in detail. For the Advanced Boiling Water Reactor (ABWR), already built in Asia, and the
AP1000, a smaller scale version of which has been certified by the U.S. Nuclear Regulatory
Commission (NRC), overnight capital costs, or undiscounted capital outlays, account for over a
third of LCOE; interest costs on the overnight costs account for another quarter of the LCOE.
Overnight cost estimates from different sources have ranged from less than $1,000 per kilowatt
(kW) to as much as $2,300 per kw. This study examines the reasons for the differences in these
estimates, with the aim of estimating a narrower plausible range.

2)
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One reason that early plants are more expensive is the impact of first-of-a-kind
engineering (FOAKE) costs. Several hundred million dollars may be expended to complete the
engineering design specifications for Generation III or 111+ reactors. Such costs are incurred for
early nuclear plants built of any type. Although building a reactor of a particular design in one
country may enable transfer of part of the engineering that will be used in another country, some
partial FOAKE costs may still be incurred for the first construction in any given country.
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
considerably. A vendor may be concerned about its ability to sell multiple reactors and therefore
want to recover all FOAKE costs on its first plant. FOAKE costs could raise the overnight cost
of the first plant by 35 percent.
This study uses the Advanced Boiling Water Reactor (ABWR), the CANDU ACR-700,
the AP1000, and the Framatome SWR 1000 as reasonable candidates for deployment in the
United States by 2015.
* An overnight cost of $1,200 per kW is assumed for a generic class of mature designs.
* An overnight cost of $1,500 per kW is assumed for a generic class of designs that
require payment of FOAKE costs.
* An overnight cost of $1,800 per kW is assumed for a generic class of more advanced
designs that also require FOAKE costs.
Consideration of the four reactor types contributes to the choice of $1,200, $1,500, and $1,800
per kW for overnight costs, a range consistent with estimates identified in EIA's 2004 advanced
technology case. (See AEO 2004.)
Learning by Doing
The study finds that reductions in capital costs between a first new nuclear plant and
some nth plant of the same design can be critically important to eventual commercial viability. In
building the early units of a new reactor design, engineers and construction workers learn how to
build the plants more efficiently with each plant they build. A case can be made that the nuclear
industry will start with very little learning from previous experience when the first new nuclear
construction occurs in the United States. The paucity of new nuclear construction over 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 U.S. experience. On the other hand,
participation in overseas construction may have given some U.S. engineers experience that is
transferable to construction in the United States.
This study uses a range of 3 to 10 percent for future learning rates in the U.S. nuclear
construction industry, where learning rate is the percent reduction in cost resulting from doubling
the number of plants built. Table 4 summarizes the conditions associated with different learning
rates.
•
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Table 4: Conditions Associated with Alternative Learning Rates'
Learning
Rate (Percent for
Doubling

Pace of
Reactor
Orders

Plants Built)

Number of
Reactors Built
at a Single Site
_

_

_

_

_

_

_

.3

Spread apart I Capacity
year or more
saturated; no
multiple units

5

Somewhat
more
continuous
construction

Somewhat
greater demand
for new
capacity;
multiple units
still uncommon

10

Continuous
construction

High capacity
demand growth;
multiple units
common

Construction
Market,
_

_

_

_

_

Not highly
competitive;
can retain
savings from

_

Regulation
Impacts

Reactor Design
Standardization
_

_

_

_

_

_

Not highly
standardized

_

_

_

_

_

_

_

Some
construction
delays

____________learning

L_____________________

aldentical to Table 4-6.

More
Narrower array
competitive;
of designs
most cost
reductions
from learning
passed on to
buyers
Highly
Several designs;
competitive; all sufficient orders
cost reductions for each to
passed on
achieve
standardization
_______

Delays
uncommon

Construction
time reduced
and delays
largely
eliminated

0

learning effects

The Financial Model
This study employs a financial model for businesses that is based on the following
equation:
PRESENT VALUE OF EQUITY INVESTMENT DURING THiE 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
Because risk is a major consideration for investors, its treatment in the financial model is
an important factor in deriving the required net revenue. The perceived risk of investments in
new nuclear facilities contributes to the risk premium on new nuclear construction. Principal
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sources of risk are the possibilities that construction delays will escalate costs and that new
plants will exceed original cost estimates for other reasons. This study uses guidelines from the
corporate finance literature, previous nuclear studies, and opinions of investment analysts to
specify likely relationships between project risk and risk premiums for corporate bonds and
equity capital. Risks associated with building a new nuclear plant are estimated to raise the
required rate of return on equity to 15 percent, compared to 12 percent for other types of
facilities, and debt cost to rise to 10 percent from 7 percent.
Table 5 specifies the parameter values for LCOE calculations under the assumption that
no financial policies benefiting nuclear power are in effect. In using the financial model to study
sensitivities, overnight costs of $1,200, $1,500, and $1,800 per kW are used. Table 6
summarizes the "no-policy" LCOEs for the three nuclear capital costs, each under 5-year and
7-year anticipated construction times. These construction times are expected values perceived
by investors, based on both previous nuclear construction experience and new information. This
study assumes investors will conservatively expect a 7-year construction period for the first few
new plants. If actual construction times prove to be 5 years, investors will revise their
expectations downward accordingly for subsequent plants.
Table 5: Parameter Values for No-Policy Nuclear LCOE Calculationsa
Parameter Value
Item
$1,200 per kW $1,500 per kW $1,800 per kW
Overnight Capital Cost
40 years
Plant Life
7 years
Construction Time
1,000 MW
Plant Size
85 percent
Capacity Factor
8,760 hours
Hours per Year
10 percent
Cost of Debt
15 percent
Cost of Equity
15 years
Debt Term
15 years
Depreciation Term
MACRSb
Depreciation Schedule
50 percent
Debt Finance
50 percent
Equity Finance
38 percent
Tax Rate
$4.35 per MWh
Nuclear Fuel Cost
$60 per kW
Nuclear Fixed O&M Cost
$2.10 per MWh
Nuclear Variable O&M Cost
$210 per kW per year
Nuclear Incremental Capital Expense
$350 million
Nuclear Decommissioning Cost
$1 per MWh
Nuclear Waste Fee
aldentical to Table 5-1.
bNlodified Accelerated Cost Recovery System.
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Table 6: First-Plant LCOEs for Three Reactor Costs, 5- and 7-Year Construction Periods,
$ per MWh, 2003 Pricesa
Mature Design
FOAKE Costs Paid,
$1,200 per kW
Overnight Cost
5 years
47
7 years
53
aIdentical to Table 5-3.
Construction
Period

New Design
FOAKE Costs Not Yet
Paid, $1,500 per kW
Overnight Cost
54
62

Q)

Advanced New Design
FOAKE Costs Not Yet
Paid, $1,800 per kW
Overnight Cost
62
71

Table 7 presents a full range of LCOEs for first nuclear plants, for alternative
construction periods, plant lives, and capacity factors and for each of the three overnight costs
specified in Table 5. The table shows the relative importance of the various characteristics for
generation cost. Overnight capital cost is clearly most important, but the two-year difference in
construction period is nearly as important. If investors were convinced of the likelihood of a 5year construction period, they would estimate the generation cost of the $1,800 per kW plant to
equal that of the $1,500 per kW plant built in 7 years; similarly, the $1,500 per kW plant
anticipated to be built in 5 years would have a generation cost nearly that of the $1,200 per kW
plant anticipated to be built in 7 years. Capacity factor also exerts a significant influence on
generation cost. However, the effect of longer plant life is relatively minor because these
benefits occur in the distant future and are discounted.

C

Table 7: Effects of Capacity Factor, Construction Period, and Plant Life on First-Plant
Nuclear LCOE for Three Reactor Costs, $ per MWh, 2003 Pricesa
Capacity
Factor,
Percent

$1,200 per kW

85
90
95

Plant Life
40 years
60 years
47
47
44
43
42
41

Overnight Cost

Plant Life
40 years
60 years
85
53
53
90
50
49
95
47
47
aldentical to Table 5-6.

$1,500 per kW
$1,9800 per kW
5-year construction period
Plant Life
Plant Life
40 years
60 years
40 years'
60 years
54
53
62
61
51
50
58
58
49
48
56
55
7-year construction period
Plant Life
Plant Life
40 years
60 years
.40 years
.60 years
62
61
71
70
58
58
67
66
56
55
64
63
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Table 8 presents LCOEs for coal and gas alternatives. Given the capital cost range, the
LCOE of new nuclear plants in the absence of federal financial policies is from $53 to $71 per
MWh with a 7-year construction time. The range is from $47 to $62 per MWh with a 5-year
construction time. Costs remain above the range of competitiveness with coal and gas
generation, which have LCOEs ranging from $33 to $45 per MWh. For the $1,500 and $1,800
per kW plants, FOAKE costs of roughly $300 per kW are assumed to be paid off with the first
plant, which lowers the LCOE for the second plants by 13 to 15 percent.
Table 8: LCOEs for Pulverized Coal and Gas Turbine Combined Cycle Plants,
$ per MWh, 2003 Prices'
Coal
Gas
'From Tables 5-4 and 5-5.

33 to 41
35 to 45

Part Two: Outlook for Nuclear Energy's Competitors
Gas and Coal Technologies
This study examines the near-term prospects for improvements in gas- and coal-fired
electricity generation that would affect their costs relative to nuclear power. Table 9 summarizes
the cost estimates, construction times, and thermal efficiencies of fossil-fired electricity
generation. Some modest thermal efficiency improvements are foreseen in the near term for gas
technologies, but similar improvements for coal technologies appear to be farther in the future.
The most common combustion technology used in coal plants recently built in the United States
is pulverized coal combustion. Fluidized bed combustion is a cleaner alternative, and the
thermal efficiency of most fluidized beds used for power generation is similar to that of

pulverized coal. However, the cost competitiveness of fluidized bed combustion remains a
question. Integrated coal gasification combined cycle, while attractive from the perspective of
thermal efficiency and emissions, 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 fuel costs are generally two-thirds of the levelized cost of gas-generated power, a
5 percentage point increase in efficiency in gas turbine combined cycle plants could decrease the
cost of gas-generated electricity by approximately 8 percent.
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Table 9: Cost Characteristics of Fossil-Fired Electricity Generation'
Pulverized
Coal
Combustion
Capital Cost ($ per kW)
Fuel Cost ($ per MWh)
Total Operations and Maintenance
Cost (O&M) ($ per MWh)
Construction time (years)
Current Thermal Efficiency (percent)
R&D Thermal Efficiency Targets
(percent)
'Identical to Table 6-6.

Coal,
Circulating
Fluiin
Fluidized
Bed

Coal,
Gas
Integrated
Gas
Gasification Combined
Turbine
Combined
Cycle
Cycle

1,189
11.26

1,200
12.04

1,338
9.44

590
23.60

7.73
4
30 to 35

5.87
4
30 to 35

5.19
4
40 to 45

2.60
3
55 to 60

45

45

60

65

Fuel Prices
This study examines forecasts for three fuels: coal, natural gas, and uranium.
Coal and Gas
Coal supplies worldwide are expected to be sufficiently price elastic that even a doubling
of demand would not increase price appreciably. Previous forecasts generally agree that coal
production will increase 35 to 50 percent over the next 25 years. Forecasts for the U.S. coal
price to utilities uniformly predict a decline of about 10 percent.
Forecasts for natural gas prices are mixed (see Table 10). EIA's forecasts have changed
sharply as prices experienced during the base years of 2000 to 2003 have fluctuated
considerably. Expressed in 2003 prices, the Lower 48 wellhead price rose from $3.93 per 1000
cu. ft. in 2000 to $4.24 in 2001, then fell to $3.02 in 2002. The 2003 price of $5.01 was the
highest in recent years. EIA's 2003 forecast for 2020, in 2003 prices, was $3.75, but its 2004
forecast for the same date is $4.34. The 2002 price of $3.02 was below both 2020 forecasts, but
the 2003 price of $5.01 was well above both. As Table 10 shows, EIA's 2004 forecast for 2020
was for an 11 percent increase over 2000 prices, equivalent to a 40 percent increase over 2002
prices but a 13 percent decrease from 2003 prices.
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Table 10: Natural Gas Price Projectionsa
2005
Year
2 0 0 0b
NEMSC, Lower 48 U.S.
Wellhead Price, AEO
100d
75
2003
NEMSC, Lower 48 U.S.
Wellhead Price, AEO
92
2004
1100
'Abridged version of Table 7-2, Year 2000=100.
bYear 2000=100.
CNational Energy Modeling System (NEMS).
d$3.93 per 1,000 cu. ft.

2010

2015

2020

86

93

96

88

109

1Il

Sensitivity analyses for gas-fired LCOEs use three alternative time paths for natural gas
prices. One is an average of the 2001and 2002 gas price, which results in forecasts for 2010 to
2015 of $3.39 per MMBtu, assumed constant over the plant life. Another uses the 2003 gas price
forecast for 2010 to 2015 of $4.30, also assumed constant over the plant life. The third uses
EIA's 2004 forecast of gas prices from 2015 through the end of the plant life, which begins at
$4.25 in 2015, peaks at $4.51 in 2021, falls to $4.48 by 2025, and remains at that level for the
remainder of the plant life. All prices are in 2003 dollars.
Uranium
The supply elasticity of uranium is estimated by several sources to be between 2.3 and
3.3, which should be sufficiently large to keep uranium prices down in the range of $15 per
pound over the next several years. Since fuel cost accounts for only about 10 percent of total
nuclear generation cost, variation in uranium prices will have only a limited effect on the overall
cost of nuclear generation of electricity.
Environmental Policies
As opposed to technology advances and possible fuel price decreases that could reduce
coal- and gas-fired costs, environmental considerations could raise the cost of these sources
because they emit air pollutants. This study assesses potential cost increases from more stringent
environmental compliance for coal- and gas-generated electricity.
Despite global climate concerns, carbon remains an important but largely
uncontrolled emission that could be subject to future controls through carbon capture
and sequestration.
Although the technologies of carbon capture, transport, injection, and sequestration
are not yet commercialized, estimates of current and future costs are available.
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Assuming 100 km transportation by pipeline, this study reports the following costs
per MWh generated:
o $36 to $65 per MWh for pulverized coal, including an energy penalty of 16 to 34
percent
o $17 to $29 per MWh for gas turbine combined cycle, including an energy penalty
of 10 to 16 percent
o $20 to $44 per MWh for integrated gasification combined cycle, including an
energy penalty of 6 to 21 percent
An alternative measurement of the future costs of carbon control can be obtained by
examining permit markets. In particular, prices generated through permit market
trading can be interpreted as the approximate future cost of reducing present
emissions. This study uses a carbon price range of $50 to $250 per ton to construct
upper andlower bounds of the electricity cost impact. For coal-fired electricity, the
cost impact is likely to be between $15 and $75 per MWh; for gas-fired electricity,
the cost impact is likely to be between $10 and $50 per MWh. These estimates 'are
subject to significant uncertainty, particularly because of uncertainty about the overall
amount of carbon that will be controlled.

Part Three: Nuclear Energy in the Years Ahead
Nuclear Energy Scenarios: 2015
The year 2015 is chosen as a reasonable year for the first new nuclear plants to come on
line, allowing for time lags required for design certification, site selection and planning,
licensing, and construction. This study considers the effects of several possible federal policies
targeting the first plants.
IndividualFederalFinancialPolicies Consideredfor the FirstPlants
* According to this study's financial model, a loan guarantee of 50 percent of
construction loan costs would reduce the nuclear LCOE for the lowest-cost
reactor from $53 to $49 per MWh (see Table 11).
* Accelerated depreciation would reduce the LCOE for the lowest-cost reactor to
$47 per MWh (see Table 12).
* An investment tax credit of 20 percent, refundable so as to be applicable as an
offset to a utility's non-nuclear activities, would reduce the nuclear LCOE to $44
per MWh for the lowest-cost reactor (see Table 13).

S-12

* A production tax credit of $18 per MWh for the first 8 years (as proposed in 2004
legislation) would reduce the LCOE of the lowest-cost reactor to $38 per MWh,
which is within the required competitive range (see Table 14).
This study uses a 7-year construction schedule because the financial community is likely
to assume that duration for the first plants constructed, for financial planning purposes. If
shorter construction times are proven with early experience, the construction period used for
financial planning would be reduced accordingly for subsequent plants.
Table 11: Nuclear LCOEs with Loan Guarantees, $ per MWh, 2003 Pricesa
Loan Guarantee Policy
0 (no policy)
25 percent of loan
50 percent of loan
aFrom Table 9-3.

Mature Design
$1,200 per kW

New Design
$1,500 per kW

Advanced
DesignNew
erikW
$
$1,800 per kW

53
50
49

62
58
57

71
67
65

Table 12: Nuclear LCOEs with Accelerated Depreciation Allowances,
$ per MWh, 2003 Pricesa
Depreciation Policy
15 years (no policy)
7 years
Expensing (1 year)
aFrom Table 9-4.

Mature Design
$1,200 per kW

New Design
$1,500 per kW

Advanced New
Design
$1,800 per kW

53
50
47

62
58
54

71
67
62

Table 13: Nuclear LCOEs with Investment Tax Credits, $ per MWh, 2003 Pricesa
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Table 14: Nuclear LCOEs with Production Tax Credits, $18 per MWh, 8-Year Duration,
$ per MWh, 2003 Prices
Tax Credit Policy
Tax__redit__olicy
0 (no policy)
$18 per MWh, 8-year
duration
'From Table 9-6.

Mature Design
$1,200 per kW
53

New Design
$1,500 per kW
62

Advanced New Design
$1,800 per kW
71

38

47

56

Combination of FederalFinancialPoliciesand StreamlinedLicensing
While the most of the individual financial policies considered in this study appear to be
insufficient to enable nuclear power to enter the marketplace competitively, the financial model
indicates that a combination of policies at reasonable levels could do so. As shown in Table 15,
an $18 per MWh production tax credit for 8 years together with a 20 percent investment tax
credit could bring the LCOE of the lower-cost reactors ($1,200 and $1,500 per kW) within the
competitive range with a 7-year anticipated construction time. This policy package would bring
the LCOE of the $1,800 per kW reactor close to the anticipated competitive range with the 7year construction time and well within it with a 5-year construction period.
Table 15: 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
$1,200 per kW
Construction Time
5 years
7 years
47

53

26
31
aldentical to Table 9-7.

New Design
$1,500 per kW
Construction Time
5 years
7 years
No policies:
54
I
62
With combination of policies:
31
38

Advanced New Design
$1,800 per kW
Construction Time
5 years
7 years
62

71

37

46

Ah Plantsand Nuclear Competitiveness
Under aggressive assumptions regarding learning by doing, the LCOE for the fifth plant,
when most learning has been achieved, is $44 per MWh for the lowest-cost nuclear reactor,
assuming that for the first plant the business community anticipates a construction period of 7
years and uses a 3 percent risk premium on debt and equity interest rates (see Table 16).
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Table 16: LCOEs for the Fifth Nuclear Plant, with No Policy Assistance, 7-Year
Construction Time, 10 Percent Interest Rate on Debt, and 15 Percent Rate on Equity
$ per MWh, 2003 Prices'
Initial Overnight Cost, $ per kW
1,200 and 1,500
1,800
50
58
48
56
44
52

Learning Rate
(Percent for Doubling Plants Built)
3
5
10
aFrom Table 9-8.

This study goes on to report LCOEs for the fifth plant assuming that, with favorable
regulatory experience, the business community comes to expect a 5-year construction period and
more favorable risks, comparable to gas and coal. Under these conditions, the fifth-plant LCOEs
for nuclear reactors reach the required range of competitiveness. The two lower-cost nuclear
reactors have LCOEs of about $35 per MWh even under the most pessimistic learning rate (see
Table 17). If the reduced risk encourages a higher ratio of debt to equity in financing, LCOEs
would be further reduced: by nearly 3 percent with 60 percent debt instead of 50 percent or by
8.5 percent with 70 percent debt instead of 50 percent.
This study found that, even under pessimistic learning assumptions, nuclear power could•
become self-sufficient in the market after cessation of initial policy assistance if overnight costs
were $1,200 or $1,500 per kW and a 5-year construction schedule was maintained. Depending
on where fossil LCOEs emerge within the ranges calculated here, the $1,800 per kW nuclear
plant could become self-sufficient as well.
Table 17: LCOEs for the Fifth Nuclear Plant, with No Policy Assistance, 5-Year
Construction Time, 7 Percent Interest Rate on Debt, and 12 Percent Rate on Equity
$ per MWh, 2003 Pricesa
Learning Rate
(Percent for Doubling Plants Built)
3
5
aFrom Table 9-11.

Initial Overnight Cost, $ per kW
1,200 and 1,500
1,800
35
40
34
39

10

32
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Robustness of Conclusions
The results of this study are sensitive to assumptions about overnight costs and plant
construction times, but are not very sensitive to assumptions about plant life and capacity factors.
EnvironmentalPoliciesfor Fossil Generation
Stringent measures to control greenhouse gases would raise costs for both gas- and coal-fired.
plants, making nuclear energy easily competitive in the market place, as shown in Table 18.
Table 18: Fossil LCOEs with and without Greenhouse Policies,
$ per MWh, 2003 Pricesa
Under Current Environmental
Policies
33 to 41
Coal-Fired
35 to 45
Gas-Fired
aIdentical to Table 9-12.

Under Greenhouse
Policy
83 to 91
58 to 68

2025 and Beyond

3

The long gestation periods involved in nuclear energy research and the long lags entailed
in gearing up the nuclear industry to construct new power plants make it prudent to look several
decades ahead when making decisions about nuclear energy policy.
Nuclear Energy Technology. The importance of cost reductions from first-of-a-kindengineering (FOAKE) costs and learning by doing beyond FOAKE has been documented in this
study. If presently available Generation III technologies are deployed for several years
beginning in 2015, as contemplated in this study, significant cost reductions from their
replication could extend to 2025 and beyond. Research and development on Generation III and
IV designs is expected to allow commercialization of lower-cost reactors in later years.
Global Warming. The longer the time horizon, the more likely the United-States will
place an increased priority on global warming, leading to an urgent need to replace coal- and
gas-fired electricity generation. In view of the time it takes to gear up the nuclear industry, the
prospect of this need is one of the reasons for national concern with maintaining a nuclear energy
capability. If environmental policies greatly restrict carbon emissions in the period after 2025,
fossil-fired LCOEs could increase by 50 to 100 percent over current levels. Nuclear power
would then acquire an unquestioned cost advantage over its gas and coal competitors.
Hydrogen. The widespread introduction of hydrogen-powered vehicles to replace
gasoline-powered vehicles would greatly increase the demand for energy to produce hydrogen.
Some impacts could occur by 2015, but this study is conservative and does not consider those
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impacts when projecting demand for nuclear energy in the 2015 timeframe. If the expressed
national commitment to developing a commercially viable hydrogen vehicle proves successful,
nuclear power could become a major producer of this transportation fuel. A full analysis of the
implications of increased demand for hydrogen is beyond the scope of this study.
Despite the many uncertainties in the future beyond 2025, the findings in this study
suggest the likelihood of an increased demand for nuclear energy beyond 2025.
APPENDIX
Background
Purpose and Organization of Study
This study aims to synthesize what is known about the factors affecting the economic
viability of nuclear power and to estimate its viability under a range of future scenarios. The
focus is on generating baseload electricity-nuclear, coal-fired, and gas-fired technologies.
Renewables are not considered because they are rarely used to meet baseload demand. While
hydroelectric facilities supply baseload generation to some parts of the United States, the major
opportunities for hydroelectric projects have already been taken.
Electricity Futures
This study uses two principal types of models to investigate electricity futures:
* 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 megawatt-hour (MWh), that must be recouped in the price of
electricity. Costs are calculatedat the busbar level in order to focus on electricity
generation costs and abstract 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 to simulate market
behavior, often at the regional level.
Table A-1 summarizes the characteristics of the various plant and market models that are
reviewed in this study. The table distinguishes the plant types, forecast horizons, treatments of
environmental costs, and nuclear power data sources that have been used.
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Table A-i: Plant and Market Model Summarya

Model Identification

Treatment of
Environmental
Costs

Source of
Nuclear Power
Data

No
Has capability

Vendor, 2002
Energy
Information
Administration
(EIA) and Platt's
(McGraw-Hill)
Database, 2003

Carbon tax

EIA, 2003

20 years from
present

No

EIA, 2003

Up to 2050

Carbon tax

Vendors, 2002

Up to 2035

Yes

20 years from
present

Yes

Argonne
National
Laboratory,
Vendors, 2001
EIA

Forecast
Horizon
Plant Type
Plant Models
Up to
2010
Current year

Scully Capital-DOE
(Nuclear Energy)
Electricity Generation
Cost Simulation Model
(GenSim)/Sandia

Nuclear
(APIO00)
Wide
spectrum of
energy
sources

MIT Study

Nuclear, coal, Up to
2050
gas
Market Models

National Energy
Modeling System
(NEMS)-EIA
NEMS-Electric Power
Research Institute (EPRI)
All Modular Industry Growth
Assessment Modeling System
(AMIGA)/ Pew Charitable
Trust
Integrated Planning Model
(IPM)/Environmental
Protection Agency (EPA)

Wide
spectrum of
energy
sources
Nuclear, coal,
gas
Wide
spectrum of
energy
sources
Nuclear, coal,
gas

011

Hybrid Models
Science Applications
International Corporation
(SAIC) Power Choice Model
aldentical to Table A2-1.

Nuclear, coal,
gas

80 years from
present

Carbon tax

DOE and
Vendors, 2001

Within each model category, different underlying numerical assumptions cause the
principal differences in electricity cost projections. The most significant of these are differences
in capital costs and interest rates for nuclear capacity, capital costs for coal generation, and fuel
costs for gas generation. The market models are sufficiently complex that reasons for
differences in their projections frequently are difficult to pinpoint. Plant models are better suited
for studying the economic viability of nuclear energy. However, while the plant model
structures are straightforward, documentation of underlying data is not always sufficient to allow
detailed economic analysis. Four of the plant models, identified in bold font in Table A-i, are
used for comparison purposes later in this study: the Scully model, GenSim, NEMS, and SAIC's
Power Choice model.
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Need for New Generating Capacity in the United States
This study analyzes future electricity demand and compares it with existing capacity to
estimate a future time range when construction of added capacity must start. Projections by EIA
and the North American Electric Reliability Council (NERC) are compared with projections
based on historical relationships between electricity demand growth and gross domestic product
(GDP) growth. The historical relationships estimated for this study imply electricity demand
growth rates that are roughly one percentage point higher than EIA's forecasts and a half
percentage point above NERC's forecasts. From a national perspective, even with an annual
growth rate in electricity demand of 2.7 percent, which is above the EIA and NERC forecasts,
new capacity will not be needed before 2011. On a regional basis, new capacity may be required
as early as 2006. (See Appendix A3, "Need for New Generating Capacity in the United States.")
Major Issues Affecting the Nuclear Power Industry in the U.S. Economy
-Technologies for New Nuclear Facilities
The nuclear reactors currently in use in the United States, denoted as Generation U1, were
deployed in the 1970s and 1980s. They include boiling water reactors and pressurized water
reactors. Advanced modular reactor designs are denoted as Generation III. Some have passive
safety features, and all have been developed to be more cost competitive. Generation III designs
include the ABWR design and the pressurized water reactor, both of which use passive safety
systems; they also include the AP600/AP 1000 and the light-water-cooled heavy-watermoderated CANDU ACR-700. The nuclear industry has continued to develop yet more
innovative Generation III+ designs. Generation III+ designs may have lower generating costs
than Generation Ill designs, but the U.S. Nuclear Regulatory Commission (NRC) has not yet
certified them, and their cost estimates have greater uncertainty. DOE is developing Generation
IV nuclear energy systems that use even more advanced designs intended to further reduce life
cycle costs.
Table A-2 summarizes the characteristics and NRC certification status of the reactor
designs reviewed in this study.
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Table A-2: Summary of New Reactor Designsa
Design
ABWR

Supplier

Size and Type

General Electric

1,350 MW BWR
_________•_'_construction

U.S. Deployment
Prospects and Overseas
Deployment
Operating in Japan, under
in Taiwan.
Additional design work to
be done before plant ready
for construction.
Under consideration for
construction in Finland,
designed to meet European
requirements.

NRC Certification Status
Certified in 1996.
Design certification
expected September 2005.

AP1000

Westinghouse

1,090 MW PWR

SWR 1000

Framatome Advanced
Nuclear Power (ANP)

1,013 MW BWR

CANDU
ACR-700

Atomic Energy
Company, Limited
(AECL)Technologies
Inc., U.S. subsidiary of
AECL
Westinghouse

753 MW HWR

Simplified
Boiling Water
Reactor
(ESBWR)

General Electric

1,380 MW BWR

Additional design work to
be done before plant ready
for construction,
Commercialization plan not
likely to support
deployment by 2010.

PBMR

British Nuclear Fuels
(BNFL)

110MW Modular
pebble bed

No plan beyond completion
of South African project.

GT-MHR

General Atomics

288 MW
Prismatic graphite

Licensed for construction in
Russia.

International
Reactor
Innovative and
Secure (IRIS)
Project
European
Pressurized
Water Reactor
(EPR)
System 80+

Westinghouse

100 to 300 MW
PWR

Plans to deploy between
2012 and 2015.

Design is certified, but
actual construction will be
superseded by AP 1000.
Pre-application review
completion expected in early
2004. Application for design
certification to be submitted
mid-2005.
Pre-application review
closed September 2002 with
departure of Exelon.
Design certification
application would begin by
end of 2005.
Design certification review
to begin 2006.

Framatome-ANP

1,545 to 1,750 MW
PWR

No decision on U.S.
market.

Ordered for deployment in
Finland.

Westinghouse

1,300 MW PWR

Certified May 1997.

Advanced Fast
Reactor; Power
Reactor
Innovative
Small Module
(AFR; PRISM)

General Electric,
Argonne National
Laboratory

300 to 600 MW,
sodium-cooled

Plants built in Korea.
Design not planned to be
marketed in United States.
Began certification in the
1990s.

AP600

610 MW PWR

Submission of materials for
pre-application review to
begin in mid-2004. Preapplication review
completion expected 2005.
Deployed outside Canada in Pre-application review
Argentina, Romania, South scheduled to be completed
by NRC, June 2004.
Korea, China, and India.

0

No action taken.

aIdentical to Table A4-2.
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Nuclear Fuel Cycle and Nuclear Waste Disposal
This study analyzes the economic costs of nuclear power contributed by the nuclear fuel
cycle. It also considers two options for spent fuel disposition: (1) on-site storage followed by
centralized disposal and (2) on-site storage and reprocessing, followed by centralized disposal.
Recycle of mixed-oxide fuel was not considered. The front-end costs of nuclear fuel are relevant
regardless of which disposition alternative is used. As shown in Table A-3, these costs amount
to $3.50 to $5.50 per MWh or 5 to 12 percent of the cost of nuclear power generation. In the
United States, the direct method of spent fuel disposal has been used to date, without
reprocessing of spent fuel. The costs of disposal consist of on-site storage costs while awaiting
permanent storage, plus a charge levied to pay for eventual permanent storage or disposal at a
centralized site. The back-end costs are about $1.10 per MWh, as shown in Table A-4, which is
about 2 percent of the overall LCOE. Plausible differences in fuel cycle costs are not a major
factor in the economic competitiveness of nuclear power.
Table A-3: Components of Front-End Nuclear Fuel Costs, $ per kg U, 2003 Prices'
Process Step

Direct
Outlays
222 to 353
40 to 94
606 to 951
193 to 250

Ore Purchase
Conversion
Enrichment (per kg SWU)
Fabrication
Total
$ per MWh
'Abridged version of Table A5-1.

Interest
Cost
94 to 150
15 to 35
197 to 306
54 to 69

Total
Cost
Total__ost
316 to 503
55 to 129
804 to 1,259
246 to 319
1,420 to 2,209
3.56 to 5.53

Table A-4: Disposal Costs, $per MWh, 2003 Prices'
Fuel Cycle Component
Temporary on-site storage
Permanent disposal at Yucca Mountain
Total
aldentical to Table A5-2.

No Reprocessing
0.09
1.00
1.09

Nuclear Regulation
Federal Regulation 10 CFR Part 52 was adopted in the 1990s. It 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 to resolve many historically important
uncertainties before committing large amounts of money to a nuclear facility. This study
analyzes the economic advantages that such regulatory streamlining can provide, both directly by
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reducing construction delays, and indirectly by reducing the risk premium necessary to
compensate investors for possible delays or cancellations due to regulatory difficulties. For
example, as more new nuclear plants are built well beyond 2015, this study finds that mature
designs already in operation could generate energy that could be competitive with gas-fired
electricity, if the nuclear licensing period could be reduced to five years (see Table 17 above).
Nonproliferation Goals
This study reviews international arrangements aimed at preventing nuclear proliferation.
Some countries have chosen direct disposal of spent nuclear fuel, while others have chosen
recycling of spent fuel. In the United States, policy decisions regarding direct disposal versus
recycling must be reviewed when DOE considers a second repository. By statute, DOE must
report to Congress on or after January 1, 2007, but not later than January 1, 2010, on the need for
a second repository. (See Sec. 161(b), P.L. Law 97-425.) The uranium extraction (UREX)
process was developed as a variant of plutonium-uranium extraction (PUREX). DOE is
currently conducting R&D on further recycling technologies, including pyrometallurgical
processing. In the future, an innovative fuel cycle that strongly resists nuclear proliferation, such
as pyrometallurgical processing, will be pursued. The President recently announced a policy to
cap the deployment of new reprocessing technologies outside a select group of countries.
Nevertheless, the future economic viability of nuclear power does not depend on decisions about
direct disposal versus reprocessing. As Appendix A6 shows, differences in the cost of nuclear
waste handling between these two alternatives is too small to materially affect the economic
viability of nuclear power.
Hydrogen
This study reviews the prospects of hydrogen as a transportation fuel that would reduce
U. S. dependence on foreign oil and could have potentially large environmental benefits. Mass
production costs need to be reduced by roughly one-half to two-thirds to achieve widespread
adoption of hydrogen vehicles. The environmental benefits of hydrogen would be tempered to
the extent that fossil fuels, with their attendant carbon emissions, were used to produce the
hydrogen. Carbon emissions from oil would then simply be replaced by emissions from fossilfuel power generation or steam methane reforming. Nuclear energy, on the other hand, would
provide a pollution-free input to hydrogen production. A hydrogen economy, accompanied by
more stringent control of carbon emissions, could greatly expand the demand for nuclear power.
Energy Security
This study considers the energy security benefits of nuclear power as a potential source of
hydrogen to replace oil in the transportation sector and more generally as a substitute for gasgenerated electricity. Energy security has been analyzed primarily 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. However, nuclear energy could help ease oil security concerns
if hydrogen is cogenerated for transportation. Currently, the United States imports about 4
percent of its natural gas consumption in the form of liquefied natural gas (LNG), but that
percentage could grow if many new gas-fired electricity generating plants are built and if North
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American gas production expands only sluggishly. As international trade in LNG becomes more
extensive and the United States imports increase, this energy security linkage could become
more important, if nuclear electricity substitutes directly for gas-generated electricity.
This study considers potential supply and demand shocks from environmental, national
security, and other risks affecting choices among electricity generation technologies.
Maintaining some nuclear capacity now could avoid a costly and lengthy adjustment of gearing
up a nuclear industry that might otherwise be in a run-down condition. This study uses a
decision-making model to develop a numerical example of a portfolio of fossil and nuclear
electrical generating capacity. In this example, 25 percent of new capacity would be nuclear.
Further research is needed to refine this analysis.
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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 nth 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 financingterms, 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 Annual Energy Outlook (AEO 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-MHR) 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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While there are many variants in implementing LCOE calculations, the basic
framework remains largely the same. The greatest differences in the many applications lie in
their treatments of financing costs, inflation, and taxes, although additional cost
considerations can be implemented as well. Accounting for taxes in an LCOE model
introduces a number of complications which are dealt with in Chapter 5 on financing.
Inflation affects the nominal value of taxable income, as does the allocation of financing
between debt and equity, since debt repayments are expenses deductible against taxable
income. Furthermore, without consideration of taxes, depreciation is immaterial.
1.4. A Pre-Tax LCOE Model
The LCOE model developed for this chapter contains five LCOE cost components:
annuitized capital cost (A), insurance (I), fixed O&M costs (Mf), variable O&M costs (Mv),
and fuel costs (F). The LCOE is such that a charge per kWh of this amount over the life of
the plant will give present value of revenues just equal to the present value of the cost of
constructing the plant and operating it over its life.
The revenue in any year is LCOE • W ° 8760 • CFt, where W is the kW capacity of the
plant, 8,760 is the number of hours in a year, and CF1 is the fraction of capacity at which the
plant is operated during the year (capacity factor). The present value of the revenues is the
discounted series of yearly revenues over the plant life:
PV(revenue)= •

(LCOE • W ° 8760 • CFt)/(l + r),

where r is the debt-and-equity-weighted average discount rate. The present value of costs is
K=

(I + M + M,, + F)/(1 + r)',

where K is the present value of the capital stock. Equating the present value of revenues and
costs and solving for the LCOE that brings about equality gives
LCOE=A+I+Mf+M,. + F,
where

A

=

KI[8760WX CF,(1 +r)'].
C
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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(1 + r)"-

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.

1.4.3. Fixed O&M Cost, Mr
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 My.
1.4.5. Fuel Cost, F
Fuel cost is calculated using the formula F HR, where
F = Fuel cost in $ per MMBtu
HR = 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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Many LCOE estimates are calculated before taxes, so omitting taxes permits comparison.
The LCOE model of Chapter 5, used for the later analysis in this study, does deal with taxes.

K....

Given that the D&D cost is a small percentage of the capital cost and it is
only
payable at the end of the plant life, which is 40 to 60 years in the future for new nuclear
plants, the amount is negligible after it is discounted into present dollars, and is thus not
included in these LCOE calculations. D&D costs are included in the post-tax LCOE model
of Chapter 5.
1.5. Before-Tax Comparisons of Busbar Costs of Nuclear, Coal, and Gas
Generation in the United States
Table 1-1 reports a number of cost comparisons. Capital costs are identified below
busbar costs for the baseload technologies and models for which those costs are available.
The financing costs assumed in the original models are used in this set of calculations, and
for several technologies, the table reports busbar costs calculated with alternative financing
assumptions.
GenSim does not specify a particular nuclear technology, but rather takes EIA's
specifications and conducts sensitivity analyses on capital and fuel costs. At a base capital
cost of $1,853 per kW, increasing the discount rate from 10 to 15 percent raises the busbar
cost from $51 to $83 per MWh. GenSim uses the same interest rates on nuclear and
conventional technologies and, with lower capital costs for coal- and gas-fired generation,
obtains lower busbar costs for the latter: from $37 to $48 per MWh for coal, $35 to $40 per
MWh for gas turbine combined cycle, and $56 to $68 per MWh for gas combustion turbines.
While combined cycle plants were originally intended for peaking, they have been used as
baseload power sources as well. Solar photovoltaic and solar thermal are far more costly,
while wind's cost, in some locations, is comparable to gas combustion turbine.
The Scully model compares alternative financing plans for a technology that broadly
corresponds to the AP1000. At a borrowing rate of 8 percent and an overnight capital cost of
$1,247 per kW, it calculates a busbar cost of $36 per MWh; with a 10 percent rate and the
same capital cost, its busbar cost rises to $40 per MWh. At the higher overnight capital cost
of $1,454 per kW, and an interest rate of 10 percent, the busbar cost rises to $44 per MWh.
Allowing for the modest differences in Scully's higher capital cost and GenSim's capital
cost, and the similar interest rates used in the two models, the busbar cost calculations appear
comparable.
The SAIC model offers cost input parameters on several nuclear technologies, at a
considerable range of capital costs, but with a single set of interest rate and discount
parameters. This model also calculates busbar costs for coal and gas combined cycle
generation. Their cost parameters yield nuclear busbar costs as low as $39 per MWh for the
Gas Turbine Modular Helium Reactor (GT-MHR) with a capital cost of $1,365 per kW, to
$77 per MWh for existing nuclear technology at a $2,000 per kW capital cost and higher
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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. 5-5 8) 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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Table 1-1: Summary Worksheet for Busbar Cost Comparisons, $ per MWh, with
Capital Costs in $ per kW, 2003 Prices
Technology

SAIC Model
Power Choice

Sandia Model
GenSim
r=10%

r=15%

51

83

(1,853)

(1,853)

Debt r
= 8%;
Discr=8%

Debt
=10%; Disc
r=8%

Scully Capital Report
DebtrDebt
D.s r=10%O
Discr=10%

r
r=8%

=10%

r=
0

______________

Nuclear
(capital cost)

65

Legacy Nuclear

(2,000)

(capital cost)
EIA Reference
Case. New
Nuclear

70

77

(2,000)

(2.000)

EIA - AEO 2004
D tr
=10%;
Disc r =1001o

Debt r=8%;
Eq = 10%;
Disc r =10%
sr=0

63 to 68
(1,752 to
1,928)

(capital cost)
EIA Advanced
Technology
Case. New
Nuclear

43 to 53
(1,080 to
1,555)

(capital cost)
ABWR
(capital cost)

53

50

55

(1.600)

(1,600)

(1,600)

49

46

51

36

40

44

(capital cost)
Pebble Bed
Modular Reactor
(PBMR)

(1,365)

(1,365)

(1.365)

(1,247)

(1.247)

(1,455)

40

41

45

(capital cost)
Gas-Turbine
Modular Helium
Reactor (GTMHR)

(1.365)

(1,365)

(1.365)

39

39

43

(capital cost)
Advanced Fast
Reactor (AFR)

(1.126)

(1.126)

(1.126)

57

(capital cost)

(1.126)

57
(1.126)

64
(1.126)

AP 1000

..

37

48

43

44

49

38

(capital cost)
Gas Turbine
Combined Cycle

(1.094)

(1,094)

(1,350)

(1.350)

(1.350)

(1,169)

35

40

38

38

40

(capital cost)
Gas Combustion
Turbine

(472)

(472)

(590)

(590)

(590)

41
(466)

Coal

(capital cost)
SolarPhotovoltaic

56
(571)

68
(571)

202

308

Solar-Thermal

158

235

Wind

55

77
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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.

2-1

Outline
2.1. Introduction
2.1.1. Previous Studies
2.1.2. Data Sources
2.2. Distribution of the World's Electricity Generation Sources
2.3. Cost Comparisons of New Plants
2.3.1.
2.3.2.
2.3.3.
.2.3.4.

Deutsche Bank Busbar Costs
OECD Busbar Costs
Other Recent European Assessments
Finnish Busbar Costs

2.4. Nuclear Power Around the World
2.4.1. Existing Nuclear Plant Construction Times and Costs
2.4.2. Composition of Nuclear Busbar Cost
2.5. Conclusion
2.6. Appendix: LCOEMethodology
2.6.1. Levelized Cost Formula
2.6.2. Relationship to OECD Cost Formula
2.6.3. Notes Concerning Cost Data
References

2-2

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 Tomsic (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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2.1.2. Data Sources
Data used in this chapter are drawn from a number of sources. Information
concerning the distribution of generation sources comes exclusively from Electricity
Information (IEA 2000). Information specific to nuclear power plants is taken from Country
Nuclear Power Profiles (IAEA 2002).
Capital, operation, maintenance, and fuel costs come from three of the studies noted
above, OECD (1998), Smith and Hove (2003), and Tarjanne and Luostarinen (2002). The
OECD study obtained its data directly from the governments of the nations under study. The
exact source of the data in the other two studies is unclear; the Finnish data come from a
Finnish language paper by the same author, while the Deutsche Bank cost estimates cite the
proprietary "Deutsche Bank Securities, Inc. Estimates." The costs included in these sources
vary somewhat between the three studies and even within the OECD study itself. A
description of what the cost figures include can be found in Section 2.6.3.
Cost information from the Croatian study (Feretic 2003) is not used here because of
its probabilistic cost estimates, but one of its conclusions is noteworthy by virtue of its
contrast with the other studies. It projects natural gas to be significantly more expensive than
either coal or nuclear power, principally because of its assumption of rapidly escalating gas
prices, an assumption not made by any of the other studies.
2.2. Distribution of the World's Electricity Generation Sources
The International Energy Agency (IEA) collects data on the distribution of generation
sources for most countries in the world. Table 2-1 presents 1998 figures for the countries
covered in this study. With regard to predominant generation source, Belgium, Finland,
France, Hungary, and Japan receive the largest share of their electricity from nuclear power.
Hydroelectric power supplies the greatest share of electricity in Brazil, Canada, Portugal,
Romania, and Turkey. Italy is the single country for which oil plants generate the most
power. Natural gas is predominant in the Netherlands and Russia. Coal is most often the
most prevalent power source, being so in China, Denmark, Germany, India, Korea, Spain, the
U.K., and the United States.
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Table 2-1: Percent Distribution of 1998 Electricity Generation Capacity by Country
Nuclear
55.5

Coal
20.3

Natural
Gas
18.1

Oil
3.1

'Hydro
1.8

Brazil

1.0

2.2

0.0

3.9

90.6

Canada

12.7

19.1

4.6

3.3

59.1

China
Denmark

1.2
0.0

75.9

0.6

4.5

17.8

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

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

3.8

1.6

0.8

0.0

Hungary

37.5

26.1

20.0

16.0

0.4

0.0

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

30.9

5.2

27.4

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

0.7

0.0

0.0

Turkey

0.0
28.0

32.1
34.3

22.4
32.4

7.1
1.6

38.0
1.9

0.2
1.6

0.0
0.2

0.1
0.0

0.0
0.0

U.S
18.6
Source: IEA (2000)

52.3

14.6

3.8

8.4

1.7

0.1

0.4

0.0

Country
Belgium

U.K

Renew & Solar &
Waste
Wind Geothermal Peat
1.3
0.0
0.0
0.0
2.3
0.0
0.0
0.0
1.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

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 2-2: Number of Generation Sources Providing over 5 Percent
of Total Electricity in 1998
Country

Number of Sources
5
5
5
5
5
4
4
4
4
4
4
4
3
3
3
3
3
2
2
2
1

Finland
Japan
Romania
Russia
Spain
Denmark
Hungary
Italy
Korea
Portugal
Turkey
United States
Belgium
Canada
France
Germany
United Kingdom
China
India
Netherlands
Brazil
Source: IEA (2000)

Table 2-3 shows IEA projections of future distributions of capacity by type, in 2010,
for most of the countries of Table 2-1. Comparing Table 2-3 with Table 2-1, these countries
all show a projected increased reliance on natural gas. Some countries show projected
decreases in shares of nuclear power, but Japan shows a substantial increase.
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Table 2-3: Projected Percent Distribution of 2010 Electricity Generation by Country
Country
Nuclear
Belgium
55.5
Canada
11.2
Denmark
0.0
Finland
22.4
France
69.8
Germany
25.1
Hungary
35.8
Italy
0.0
Japan
40.7
Netherlands
0.0
Portugal
0.0
Spain
24.4
Turkey
4.7
U.K
13.7
U.S.
15.2
Source: ]EA (2000).

Coal
8.7
13.6
42.3
39.7
1.5
50.5
19.9
9.2
15.2
14.9
23.0
11.0
35.3
19.7
48.6

Natural
Gas
29.6
15.8
26.2
13.5
16.3
14.5
33.7
43.6
20.2
70.5
41.0
27.0
35.9
49.3
24.4

Oil
2.3
0.7
8.8
1.5
0.2
0.8
9.5.
22.0
11.2
8.1
11.1
8.0
0.3
15.2
1.3

Hydro
0.4
58.3
0.1
14.3
12.3
3.6
0.5
12.2
8.9
0.2
20.4
14.7
23.7
1.1
7.0

Renew & Solar &
Waste
Wind Geothermal
3.5
0.0
0.0
0.2
0.0
0.1
7.7
14.9
0.0
8.6
0.1
0.0
0.0
0.0
0.0
2.7
2.9
0.0
0.6
0.0
0.0
7.6
4.3
1.1
2.3
0.5
1.1
4.6
1.7
0.0
2.9
1.5
0.1
6.4
8.6
0.0
0.0
0.0
0.0
0.9
0.1
0.0
2.8
0.3
0.4

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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The model used to calculate the costs is comparable to the LCOE model of Chapter 1,
with some differences to accommodate the structure of the international data. Ilten (2003)
reports the equations of the model used in this chapter. All costs are expressed in 2003 U.S.
dollars per MWh. Foreign exchange rates used to convert euros to dollars are from Federal
Reserve (2001), and the dollar costs were adjusted to 2003 prices using the urban consumer
price index (CPI-U) (BLS 2003).
LCOEs are reported for uniform cost and performance assumptions, across countries
and plant types, for a 40-year plant life and 75 percent capacity factor, for discount rates of 8
and 10 percent. Sensitivity analyses were conducted and are reported in Ilten (2003, Tables
12-3, 12-5). In general, technologies with high capital costs, such as coal-fired plants and
nuclear plants, are less costly at lower discount rates, longer plant lives, and higher capacity
factors. At the same time, the low capital costs of natural gas make them less costly at higher
discount rates, lower capacity factors, and shorter plant lives.
2.3.1. Deutsche Bank Busbar Costs
Deutsche Bank reports cost information for new baseload gas turbine combined cycle
(GTCC), circulating fluidized bed (CFB), integrated gasification combined cycle (IGCC),
nuclear, and pulverized coal combustion plants in China, Japan, the United States, and
Western Europe. These costs have been used in the pre-tax LCOE model developed for this
study to calculate comparable busbar costs across countries, shown in Table 2-4.
. For the three countries identified individually in Table 2-4, nuclear power is not
competitive. For China, a pulverized coal plant is least expensive except at high discount
rates, where the lower capital costs of gas turbine combined cycle (GTCC) plants give them
an advantage. For the other three countries, the least-cost plant types are integrated
gasification combined cycle (IGCC) at lower discount rates and GTCC at higher discount
rates. Costs for the United States and Western Europe are similar, in that IGCC is only least
expensive at discount rates of 5 percent. IGCC is more attractive in Japan, being least-cost at
discount rates of up to 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
$ per MWh
33 to 45
34 to 48
37 to 38
42 to 43
33 to 36
38.to 41
31 to 33
34 to 37
49
60
36 to 47
38 to 49
38 to 40
42 to 45
33 to 38
38 to 44
39
44
105a
1188
29 to 32
31 to 34
37 to 42
4 to 47
32 to 38
37 to 44
38 to 40
43 to 45
56
69
30 to 36
32 to 39
37 to 40
41 to 45
32 to 37
37 to 43
38 to 39
43
51
63

Country
Plant Type
China
Gas Turbine Combined Cycle
China
Coal Circulating Fluidized Bed
China
Coal, IGCC
China
Pulverized Coal
China
Nuclear
Japan
Gas Turbine Combined Cycle
Japan
Coal Circulating Fluidized Bed
Japan
Coal, IGCC
Japan
Pulverized Coal
Japan
Nuclear
Western Europe Gas Turbine Combined Cycle
Western Europe Coal Circulating Fluidized Bed
Western Europe Coal, IGCC
Western Europe Pulverized Coal
Western Europe Nuclear
United States
Gas Turbine Combined Cycle
United States
Coal Circulating Fluidized Bed
-United States
Coal, IGCC
United States
Pulverized Coal
United States
Nuclear
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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Table 2-5: OECD Busbar Costs, 75 Percent Capacity Factor,
40-Year Plant Life, $ per MWh, 2003 Prices
Country
Belgium
Belgium
Canada
Canada
Canada
Canada
China
China
China
Finland
Finland
Finland
France
France
France
Hungary
Hungary
India
India
Italy
Italy
Japan
Japan
Japan
Korea
Korea
Korea
Netherlands
Netherlands
Netherlands
Portugal
Portugal
Romania
Russia
Russia
Russia
Spain
Spain
Spain
Turkey _
Turkey
Turkey
.
Turkey
United States
United States
United States
United States
United States

Plant Type
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Gas Turbine Combined Cycle
Coal Circulating Fluidized Bed
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Pulverized Coal Combustion
Nuclear with Reprocessing
Nuclear, Spent Fuel Disposal
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Nuclear with Reprocessing
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Gas Turbine Combined Cycle & Liquified Natural Gas
Pulverized Coal Combustion
Nuclear with Reprocessing
Gas Turbine Combined Cycle & Liquified Natural Gas
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Gas Turbine Combined Cycle
Coal IGCC
Pulverized Coal Combustion
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Gas Turbine Combined Cycle
Pulverized Coal -Combustion
Nuclear, Spent Fuel Disposal
Boiler & Fuel Oil
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal
Advanced Gas Turbine Combined Cycle
Gas Turbine Combined Cycle
Coal IGCC
Pulverized Coal Combustion
Nuclear, Spent Fuel Disposal

Source: OECD (1998).

Discount Rate
8 Percent
10 Percent
$ Pe MWh
47
51
56
63
35
38
56
63
38
43
39 to 45
48 to 53
43
48
39 to 50
47 to 61
44
54
46
49
43
47
58
68
59
63
66
74
50
60
45
48
49 to 52
55 to 57
49
55
52
64
58
61
56
62
94
101
78
88
83
97
53
56
48
54
49
59
49 to 54
52 to 57
66.
74
61 to 63
67 to 71
55 to 56
58 to 59
71 to 74
81 to 84
49
59
42
46
57
64
45
55
61
65
59
66
65
78
51
55
38
40
53 to 76
58 to 84
53
64
26
27
30
32
36
42
36
41
45
53

C
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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'dlectricit6 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 RHR1 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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The discount rates used in the LCOE calculations of these studies are low for risky
investments. French authors writing on private financing of new nuclear plants have
expressed concern about the high risk premiums that capital markets will assign to'
investments in these facilities (Lescoeur and Penz 1999).
2.3.4. Finnish Busbar Costs
The Finnish data include cost information for new GTCC, nuclear, and pulverized
coal plants, shown in Table 2-6. Nuclear power is the highest-cost option at 8 and 10 percent
discount rates, but it is the least-cost option at a 5 percent discount rate. GTCC is the leastcost option at both 8 and 10 percent discount. Pulverized coal combustion is always the
intermediate-cost technology.
Table 2-6: Finnish Busbar Costs, 75 Percent Capacity Factor,
40-Year Plant Life, $ per MWh, 2003 Prices
5 Percent
PLANT TYPE
Gas Turbine Combined Cycle
Pulverized Coal Combustion
Nuclear
Source: Tarjanne and Luostarinen (2002).

29
31
28

Discount Rate
8 Percent
10 Percent
$ per MWh
31
33
37
35
36
42

()

The reversal of nuclear power's relative cost, from highest to lowest, does not occur
for other countries even at the 5 percent discount rate. Although conditions in Finland may
differ from those in other countries, it is nonetheless helpful to have a concrete example of
what it takes for nuclear power to be cost-competitive.
2.4. Nuclear Power Around the World
Nuclear power in the United States has been characterized by lengthy construction
periods and high shares of capital costs. Comparison with those characteristics in other
countries shows some similarities as well as differences.
2.4.1. Existing Nuclear Plant Construction Times and Costs
The costs assessed above have been for new plants. This section reports information
on existing plants. Table 2-7 shows the construction times for nuclear power plants in the
United States, France, and plants in other countries begun later than 1993. France has had a
more predictable construction experience than the United States, but the newly-built reactors
show the shortest average construction times. The U.S. construction time has been both
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lengthier and more variable than the French experience. The U.S. average has been 9.3 years
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 the French
relative variability has been 30 percent.
Table 2-7: Years Elapsed from Construction Start to Commercial Operation
as of December 31, 2001
Minimum Maximum Standard Last Plant
Deviation
Begun
U.S nuclear plants
connected to grid
9.3
French nuclear plants
connected to grid
6.7
Plants under construction
beginning later than 1993'
5.3
Source: IAEA (2002).
aChina, India, Japan, and Korea.

3.4

23.4

3.8

1977

4.3

16.3

2.0

1985

4.5

7.2

0.75

2001

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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Table 2-8: Estimated Construction Costs for Recently Built Nuclear Power Plants,
$ per kW, 2003 Prices

Name of Plant
Country
ountry
_
NameofPlant
Japan
Onagawa 3
Japan
Genkai 3
Japan
Genkai 4
Japan
Kariwa 6
Japan
Kariwa 7
South Korea
Yongwang 5 & 6
Source: MIT (2003, pp. 141-142).

Start of
Commercial
Operation
January 2002
March 1994
July 1997
NA
NA
2004/2005

Overnight
Cost
2,417
2,827
2,296
2,027
1,796
2,308

While the construction times for the plants in Table 2-8 are not available, some of
these plants are included in the post-1993 plants of Table 2-7. The lowest construction cost
estimate in Table 2-8, that for Kashiwazaki-Kariwa 7, is $1,796 per kW. Each of the other
costs is as high as EIA estimates of near-term overnight costs of a new advanced nuclear
plant in the United States. While construction time appears to be falling in new Asian plants,
overnight costs associated with these more recent construction times are not particularly low
compared to the costs expected by vendors of advanced reactor designs for new construction
in North America and Europe, as reported in Chapter 3.
2.4.2. Composition of Nuclear Busbar Cost
The share of annuitized capital costs in the projected LCOE of new French nuclear
plants is roughly the same as that in U.S. projections. The projected capital cost shares in
Table 2-9 are around 70 percent, compared to the 61 to 64 percent estimated for the AP1000
and the advanced boiling water reactor (ABWR) in Chapter 3, but OECD's overnight cost
assumptions are higher than those used in Chapter 3, and the capacity factors are lower.
The U.S. nuclear fuel cost share is slightly lower than that in France, probably
because of the difference in fuel cycles, and the U.S. O&M cost share is correspondingly
higher. The small share of French generating capacity in gas and coal plants may somewhat
reduce the interest of the cost composition of those alternatives in France, but the differences
between French and U.S. cost structure is illuminating for the U.S. distribution of generation
types. The fuel cost share of new gas plants in France is somewhat higher than that projected
for new U.S. gas plants, reflecting higher gas prices in France. The capital and O&M shares
for the U.S. gas plants are correspondingly higher. The greatest differences in cost structure
exist in coal plants, in which the French fuel cost share is half as large as the U.S. share.
With nearly identical O&M cost shares, the capital cost share of U.S. coal plants is
correspondingly about one-third higher than that of the French coal plants. The cost
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composition of coal-fired generation reflects the U.S. advantage in coal costs, which has been
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
Country

Plant Type

Capacity Shares of Busbar Cost, Percent Busbar
Cost
Factor,
Percent

70
Nuclear Closed-Cycle
70
Nuclear Once-Through
Gas Turbine Combined
80
Cycle
France
Gas Turbine Combined
80
United States Cycle
Pulverized Coal
80
Combustion
France
Pulverized Coal
80
United States Combustion
Source: OECD (1998), Ilten (2003, Table 39).
Source: MIT (2003, pp. 141-142).
France
United States

Capital

O&M

Fuel

71
68

13
19

16
13

55
53

25

7

68

60

28

9

63

32

46

15

40

67

60

14

26

42

2.5. Conclusion
The United States is in many ways typical when itcomes 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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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 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. However, the overnight costs of a sample of these recently built plants
remain high.
2.6. Appendix: LCOE Methodology
This appendix reports the formulations used in the calculations of the international
LCOE comparison and discusses the cost and performance data used. The structure of this
model is essentially the same as the pre-tax LCOE model of Chapter 1. Some minor
specification differences, which are implemented in the model of this chapter to
accommodate the structure of OECD data, are noted below.
2.6.1. Levelized Cost Formula
The following levelized cost formula was used to calculate the total busbar cost for
each plant.
n

_

'

EGC=I/(E I (l+r)-t)+E+F
t=l

where:
EGC = Average lifetime levelized electricity generation cost per kWh
I
= Total capital expenditures discounted to year 1
M = Yearly operation and maintenance expenditures
F

= Fuel cost

E

= Yearly electricity generation

r
n

= Discount rate
= Plant life.

I, the total capital expenditures discounted to year 1, is calculated as follows:
I=C+ I,C StK( l+i)c-t+I
t=l
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where:
I
C
K
St
c

= Total capital expenditures discounted to year 1
= Contingency costs
= Overnight capital cost (excluding contingency costs)
=Percentage of overnight capital costs incurred in the t' year of construction
= 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 [(It÷'Mt+Ft)(l+r)'-t])/G
•.

.

.r

t

t]
G= [Et(1+r)
t-

where:
EGC= Average lifetime levelized electricity generation cost per kWh
It

= Capital expenditures in the year t

2-17

r-')
Mt
Ft
Et
r

= Operation and maintenance expenditures in the year t
= Fuel expenditures in the year t
= Electricity generation in the year t
= Discount rate.

The summation is carried out over the entire life of the plant, beginning with planning
and construction and lasting until decommissioning is over.
By assuming constant operation, maintenance, and fuel costs and a constant amount
of electricity generation, the formula becomes:
1?

M

EGC= •I It(l+r)-tIE (l+r)-')+M+F
t
t=1
where:
M = Yearly operation and maintenance expenditures
F = B3usbar fuel cost
E = Yearly electricity generation.
This is equivalent to the formula described in Section 2.6.1.
Because of the similarity between the OECD formula and the formula used in this
study, one would hope for similar results. This is in fact the case. Comparing cost results
with a uniform capacity factor of 75 percent, plant life of 40 years, and discount rate of 10
percent, the OECD busbar cost was on average only 1 mill per kWh less than the estimate
obtained using this study's formula, with a standard deviation of 1.9.
2.6.3. Notes Concerning Cost Data
The Deutsche Bank cost data come from Smith and Hove (2003, Figures 65-70).
Plant size, capital cost, fixed and variable O&M costs, and fuel costs are taken directly from
the given data. Although it is not explicitly stated what is meant by "capital cost," the
formulas in Figure 64 appear to imply that it does not include financing; thus "capital cost" is
equivalent to the overnight capital cost used in Section 2.6.1. No construction cost schedule
is provided, so overnight capital cost is allocated evenly over the number of years specified
by the lead time prior to the first year of operation. The given depreciation term is used as
the plant life; capacity factor is taken directly from the data. The source includes little
annotation of what the cost figures include, although it is implied that they do not include
taxes.
The Finnish cost data come from Tarjanne and Luostarinen (2002, Table 1 and p. 3).
Plant size, busbar fuel cost, plant life, variable O&M costs, and discount rate come directly
from the table. Capacity factor is calculated using the hours of full-load operation given at
2-18

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= I StK(l.05)ct+l
t=1
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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considerably. A vendor may be concerned about ability to sell multiple reactors and want to
recover all FOAKE costs on its first plant. That could raise the overnight cost of the first
plant by 35 percent.
FOAKE costs are to be distinguished from nth-of-a-kind capital costs, which are the
consequence of learning by doing beyond the first-of-a kind construction and are considered
in the next chapter.
Interest Costs
Meanwhile, interest costs accrued during construction greatly affect total capital
costs. By the time a new plant comes on line, total capital cost that electricity sales must
cover to repay investors can be 25 to 80 percent greater than the overnight costs, depending
on the interest rates and the length of the construction period.
How to deal with the sensitivity of nuclear capital costs to interest rates, as dependent
on risk premium and length of construction periods, is dealt with in Chapter 5.
Overnight Cost Sensitivity Scenarios for the Present Study
In addition, much is accomplished in narrowing the range of uncertainty in capital
costs by realistic specifications of reactors likely to be used and by attention to FOAKE cost
assumptions. The ABWR, the CANDU ACR-700, the AP1000,and Framatome's SWR
1000 appear to be reasonable candidates for deployment in the United States within the
coming decade.
The ABWR is a mature design, having been built recently in Japan by a U.S. firm
teaming with a Japanese firm, so its FOAKE costs may be considered already paid. An
overnight cost of $1,246 per kW is justifiable for it. The CANDU ACR-700 has had units of
a closely related model, the CANDU 6, built recently in China and Romania. Construction
times have been short, and vendor estimates of overnight costs are quite low, around $1,000
per kW, although EIA estimates $1,100 to $1,200 per kW for a third-of-a-kind twin unit. Its
cost characteristics would appear to overlap those of the ABWR, despite their size
differences (1,350 MW versus 753 MW), so the first reactor design chosen for analysis may
be considered as representing either the ABWR or the ACR-700.
The AP1000 is closely related in design to the already certified AP600, but neither
design has been built yet, so its FOAKE costs remain to be paid. Assuming its entire
FOAKE costs are paid on the first plant, $1,500 per kW is a justifiable overnight cost. The
SWR 1000 is based on design features proven in the European market. In meetings with the
U.S. Nuclear Regulatory Commission (NRC), Framatome has expressed its intent to apply
for certification to enter the U.S. market with the design. Framatome's European Pressurized
Water Reactor (EPR) has been selected for construction in Finland. Estimates for the EPR in
Finland suggest an overnight cost of $1,800 per kW for that reactor design, which would
roughly parallel those of the SWR 1000.
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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
nthof-a-kind and possibly combined with twin plant assumptions. The nth of-a-kind cost has
reduced the first-plant cost by some presumed learning efficiency
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in construction, often assumed to be 5 percent for each doubling of the number of plants built
of the specified type. With twin plants, greater cost reductions are expected. If two reactors
are built at the same site at the same time, some experience suggests that both can be built for
5 to 7 percent less than if theywere built separately, either at different sites at the same time
or at the same site at different times. The cost reduction derives from the ability to schedule
work crews and construction equipment more expeditiously, with less down-time, as well as
economies in procurement and related support costs. This phenomenon will be considered
more fully in the next chapter.
When a publication gives an overnight capital cost number for a nuclear power plant,
some of these qualifications may appear in footnotes, but most often, some will be omitted.
3.2.2. Categories of Overnight Capital Costs
Capital costs are customarily separated into three principal types of expenditure
which are allocated across ten or eleven accounts. Table 3-1 identifies the accounts and
reports a typical structure of capital cost accounts for a nuclear power plant for a boiling
water reactor of mature design. Table 3-2 disaggregates the expenditures by account for the
mature boiling water reactor into their three principal components,equipment, labor, and
materials, reporting the structure of costs in more detail. The cost structure of Table 3-2 is
similar to the cost structures reported for a variety of reactors in Nuclear Energy Agency
(NEA), 2000, Table 5, p. 29.
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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
Account

Description'

As Percent of Total
Costsb

21
22
23
24
25
26

Structures & improvements
Reactor plant equip.
Turbine plant equip.
Electric plant equip.
Misc. plant equip.
Main cond. heat rej. system
Total Direct Costs
Construction services
Engineering & home office services
Field supervision & field office services
Total Indirect Costs
Owner's cost
Contingency

13.9
20.4
14.7
4.4
3.1
3.4
59.8
13
6.4
5.6
24.9
5.1
10.2

91
92
93
94
96

100

Total

Already paid
FOAKE
95
aSource of description of accounting systemstructure, Delene and Hudson (1993,
Fsassim).
Source of numbers, DOE (1988, passim).
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Table 3-2: Percentage Distribution of Overnight Capital Costs by Account, for
Advanced Boiling Water Reactor (ABWR), Mature Design

Account

Description

21
22
23
24
25
26
91
92
93
94
96
95
Source:

(4)
Account Costs as
Percent of Total Costs

(1)
Factory

(2)
Site

(3)
Site

Cost

Labor
Cost

Material
Cost

Including Contingencies
and Owner's Costs
(Sum of Columns 1-3)

7.7
2.5
1.7
1.3
1.3

4.5
0.9
0.5
0.6
0.4

13.9
20.4
14.7
4.4
3.1

1.0
15.4
5.0

0.2
7.0
4.5

3.4
59.8
13.0

A tiEquipment

Structures &
improvements
1.6
Reactor plant equip.
17.0
Turbine plant equip.
12.5
Electric plant equip.
2.5
Misc. plant equip.
1.5
Main cond. heat rej.
system
2.2
Total Direct Costs
37.3
Construction services
3.5
Engineering & home
office services
6.4
Field supervision & field
office services
4.3
Total Indirect Costs
14.2
Owner's cost
Contingency
FOAKE
Total
DOE (2001, Tables 1-4, pp. 4-20-4-23).

6.4
0.6
5.6
-

0.6
5.2
-

C-

5.6
24.9
5.1
10.2
Already paid for this plant
100.0

C

3.2.2.1. The Accounts
3.2.2.1.1. Direct and Indirect Costs
The three principal expenditure categories are equipment, labor, and materials. The
accounts in Table 3-1 describe the types of components used-such as reactor equipment
(account 22), turbine equipment (account 23), and structures and improvements, which
would include control rooms (account 21)-and types of services employed in the
construction-such as construction services (account 91) and field supervision and field
office services (account 93). The equipment and structures accounts are classified as direct
costs, and the construction, engineering, and support services are classified as indirect costs.
Direct and indirect costs account for about 80 percent of total overnight capital costs.
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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 AP1000 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 Structure of 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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contingencies. Following the reactor equipment in cost share is the turbine equipment,
followed closely in turn by structures and improvements. The turbine equipment accounts
for 15 percent of the total. Structures and equipment account for 14 percent of the costs.
Electric plant equipment, miscellaneous plant equipment, and main conditioning heat
rejection systems each account for 3 to 4 percent of costs. Total direct costs amount to
60 percent of total costs.
Indirect costs are comprised of construction services, engineering and home office
services, and field supervision and field office services. Construction services, which are the
actual building and assembly of the components into a functioning plant, arie the largest
indirect cost component. Engineering and home office services include engineering design
costs required to adapt a fully known reactor design into a particular site, as well as
procurement and other administrative services required to support construction. It includes
no FOAKE costs, as this may be considered a mature design. Field supervision and field
office services involve the supervision of construction, including on-site engineering and
administrative support activities. Indirect costs account for 25 percent of the costs.
Owner's cost accounts for an additional 5 percent of the costs. Contingencies are 10
percent of total costs.
3.2.2.3. The Composition of the Capital Cost Accounts
Table 3-2 disaggregates the overnight cost accounts of the mature design ABWR into
equipment, labor, and materials cost components. Equipment costs dominate total costs
accounting for 52 percent of total costs. Labor accounts for 21 percent of costs, and
materials for the remaining 12 percent. In column 1, equipment costs for the reactor (account
22) and the turbine equipment (account 23) account for fully 30 percent of total costs. The
most significant labor costs are in structures and improvements (account 21), at nearly
8 percent of total costs.
3.2.2.4. Cost Uncertainties
Excluding contingencies, labor costs may be the greatest source of cost uncertainty.
Strikes or other sources of labor productivity variance can operate on a quarter of total direct
and indirect costs. A 25 percent overrun in labor costs would add 5 percent to total costs.
Once a particular reactor design has been built, and its equipment components
supplied, the factory equipment cost shares should be quite predictable, but the equipment
costs of reactor and turbine components for a new design may well vary 20 percent around
the base cost shares shown in Table 3-2 for this mature reactor design. If factory equipment
costs in these two accounts (22 and 23) both were 20 percent higher than the estimates for
which Table 3-2 presents cost shares, total costs would increase by 7 percent.
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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, in force 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 nth-of-a-kind costs, which exclude FOAKE costs and include
cost reductions due to learning over the construction of the first n-1 reactors or (2) quoting
•capital cost for a first plant in $ per kW terms and placing the FOAKE cost alongside as a
cover charge.
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3.2.4. Learning by Doing
The nm-of-a-kind costs were introduced above, in Section 3.2.2, as including the costreducing effects of learning from previous construction and manufacturing experience. This
cost reduction excludes the FOAKE cost that might be associated with the first reactor built.
The cost reductions derived from learning by doing and the elimination of sunk FOAKE
costs are quite different conceptually, as this section emphasizes. The magnitude of learning
effects is expressed as the percent reduction in cost associated with a doubling of the number
of plants built. For example, an x percent learning rate means that the second plant will cost
x percent less than the first plant, that the fourth plant will cost x percent less than the second
*plant, the eighth plant will cost x percent less than the fourth plant, and so on. The cost
reductions decrease with continued construction although the learning rate is constant. The
empirical evidence on the magnitudes of these effects is presented in Chapter 4.
Three principal sources of learning in nuclear construction may be distinguished. The
first source of learning by doing cost reductions is in the factory, with vendors and their
equipment. Engineers and skilled workers learn ways to produce components in less time
and possibly fewer wasted materials. The second source of learning by doing in nuclear
power plant construction is on-site replication-construction by the same contractor at the
same site over a short time span. Engineering staffs and construction crews can be kept
together so as to retain their learning and teamwork from previous experience. The third
source of learning by doing is between-sites replication, in which the cost reductions derive
from plant standardization even though engineering staffs and construction crews may
change.
Each of these sources of learning is largely independent of the other sources, but
similar factors can affect each. The short time span of multiple construction jobs required for
the cost-reduction benefits of on-site replication applies to a considerable extent to the
factory learning by vendors. If orders arrive more or less continuously, factory staffs are
maintained, but if lengthy delays occur between orders, staffs may be let go and have to be
reassembled and retrained subsequently, reducing the learning benefits of more continuous
production, Similarly with the between-sites replication, although more of the plant
standardization benefits may survive lengthy intervals between orders. Under favorable
circumstances, such as steady building activity concentrated at single sites, learning effects
will be greater than under less favorable circumstances.
3.2.5. Other Sources of Overnight'Capital Cost Reduction
Another principal source of cost reduction that can be affected by construction
patterns is the multi-unit station effect noted in Section 3.3. Scheduling economies, as well
-as some fixed indirect costs such as purchasing and other administrative activities, have
proved to result in reductions in overnight costs if two or more reactors can be built
simultaneously at the same power station. A review of international construction experience
suggests that savings from multiple-unit construction have averaged around 15 percent of the
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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 Millions of 2001 Dollars
Account
21
22
23
24
25
26
91
92
93
94
96

Description
Structures & improvements
Reactor plant equip

ABWR
198
290

Turbine plant equip
Electric plant equip
Misc. plant equip
Main cond. ht rej. system
Total Direct Costs
Construction services
Engineering & home office services
Field supervision & field office services
Total Indirect Costs
Owner's cost
Contingency

210
62
45
48
853
186
91
79
356
73
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 $13100 to $1,200 per kW (Poulson 2002, p. 22). This figure
is slightly below the $1,246 Per 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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30 percent to the first AP1000 would bring its cost up to an average of about $1,500 per kW.
The effective cost comparison is then $1,246 per kW (or approximately $1,250 per kW) for
the ABWR and $1,500 per kW for the AP1000. In contrast, the FOAKE costs for the mature
design ABWR in Table 3-3 have already been paid.
Another study that disaggregates some capital costs is the assessment of the business
prospects associated with an Advanced Light Water Reactor (ALWR) by Scully Capital for
the DOE. The Scully representation of the ALWR is modeled roughly after the AP1000
(Scully Capital 2003, pp. 1-6, 1-90). Table 3-4 shows the composition of Scully Capital's
overnight costs and compares it with the ABWR from Table 3-1.
Table 3-4: Components of Overnight and Total Capital Cost: Comparison of ALWR
from Scully Report and ABWR
Scully Capital Report,
1100 MW ALWRa
$ per kW
Direct and indirect costs
Startup cost/owner's cost
Contingency cost
Development cost
Total overnight cost per kW
Interest cost as percent of overnight cost
FOAKE cost as percent of overnight cost
aSource: Scully Capital (2003, pp. 1-8, 1-96).
bSource: Table 3-1.

1,190
85
20
55
1,350
17-24
24

Percent of
Overnight
Cost
88.1
1.5
6.3
4.1

ABWRb

os
Oernt
Overnight Cost
84.7
5.1
10.2
1,246
21-29
Paid

The costs for the Scully report in this table are for a first plant, but they exclude the
FOAKE costs, which that report spreads over the first three plants, as costs above and
beyond overnight costs. The Scully report uses a somewhat different accounting system than
the system used in Tables 3-1 to 3-3 above. The Scully report identifies startup, buyer's
contingency, and development'costs as sums above and beyond the EPC costs but
attributable to a specific plant. The startup costs may be more limited in scope than the full
range of infrastructure costs included in the DOE owner's cost accounf (account 94), since
they amount to only 1.5 percent of overnight costs as contrasted to the 10 percent in the
ABWR reported earlier. The buyer's contingency cost reported by Scully appears-to be
equivalent to the contingencies account (account 96) in the DOE accounting system. The
correspondence between Scully Capital's development cost and any of the standard accounts
is unclear, but it amounts to nearly as large a proportion of overnight costs as owner's cost
estimated for the ABWR.
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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
Nh-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 AP1000 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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overnight cost is higher-$1,600--while the gas plant's cost is only about 35 percent of that.
The length of the construction period also varies between the two nuclear plants and the
fossil plants-7 years assumed for both nuclear plants versus 4 for the coal plant and 3 for
the gas plant. Additionally, the interest rates used for the nuclear plants are higher as well,
13.5 percent versus 8 percent.
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The total capital cost can be broken down into the overnight cost and interest cost
shares. The coal plant's overnight cost share is actually higher than that of either nuclear
plant-50 percent versus 36 to 37 percent. The interest cost shares of the nuclear plants are
55 to 60 percent larger than the interest cost share of the coal plant and nearly four times the
interest cost share of the gas plant. The difference between the nuclear and gas cost shares
for interest are attributable to all three components-overnight cost per kW, construction
period, and interest rate.
Table 3-5: Cost Shares of LCOE: Overnight Capital, Interest, O&M, and Fuel for
Alternative Nuclear and Fossil Technologies
Pu'lverized
Plant Type
Overnight capital cost, $ per kW

ABWR
1,600a

Gas
Combined
Cycle

AP1000

Coal

1, 3 6 5 b

1,350c

590C

8
4

8
3

0.499
0.108
0.607
0.136
0.257

0.271
0.046
0.317
0.053
0.630

Weighted average cost of capital
(WACC), percent
13.5
13.5
Construction period, years
7
7
Overnight capital cost share of
LCOE
0.374
0.357
Interest share of LCOE
0.266
0.254
Total capital share of LCOE
0.640
0.611
O&M share of LCOE
0.282
0.304
Fuel share of LCOE
0.078
0.085
aSource of ABWR overnight capital cost: DOE (2001, Ch. 5).
bSource: Reis and Crozat (2002, p. 10).
CSource: EIA (2001, Table 38, p. 88).

Table 3-6 considers the influence of construction period and weighted average cost of
capital on the interest and overnight cost proportions of total capital cost of a single type of
plant, the ABWR. The upper panel varies the weighted average cost of capital (WACC) over
a 5-year construction period, and the lower panel does the same variation for a 7-year
construction period. With both variations-in interest rates, holding construction period
constant, and in construction periods, for given interest rates-the interest share of capital
costs increases less than proportionally. For instance, the increase in WACC from 8 to 13.5
percent is about 70 percent; the corresponding increase in the interest share of total capital*
costs is only about 55 percent. The 2-year increase in construction time is 40 percent of a
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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
Interest share
Overnight capital cost share]

0.080
0.211
0.789

0.115
0.287
0.713

0.135
0.327
0.673

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

0.135
0.416
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 nearterm 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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construction. Remaining engineering costs for a first U.S. plant can be assumed to be
included in engineering and home office services, account 92. Another candidate reactor is
the CANDU ACR-700, which is a light water reactor that uses heavy water for moderation,
manufactured by Atomic Energy Canada, Ltd (AECL). It is an advance on the CANDU 6,
which has had several units built recently in China and Romania. AECL requested preapplication review for the ACR-700 by the U.S. Nuclear Regulatory Commission (NRC) in
June 2002, and NRC expects to complete the process by mid-2004. The ACR-700's cost
characteristics appear to overlap that of the ABWR despite the size difference (1,350 MW
versus 700 MW). The low estimate of overnight costs to be used in the uncertainty analysis
would represent either of these reactors. Although a CANDU reactor has not been built in
the United States, the extensive recent experience of AECL with the closely related CANDU
6 could keep FOAKE costs for the ACR-700 in the United States relatively low. In the
absence of further information, those costs are assumed to be coverable within engineering
and home office services.
Still another candidate reactor is Westinghouse's AP1000. It is a larger version of the
AP600, whose design NRC has certified. Obtaining certification for the API000 should be
accelerated by the prior certification of its smaller version. Cost estimates for the AP1000
were considered in detail in this chapter. This reactor represents a mid-range cost.
A final candidate reactor is Framatome's Siede Wasser Reaktor (SWR) 1000, a
boiling water reactor (BWR) which was considered seriously for construction in Finland. Its
BWR features have been proven in the European market, and Framatome has expressed
intent to submit the SWR 1000 for design certification by the end of 2005 (Cushing 2002,
NRC 2002, Mallay 2002, Sebrosky 2002). Its cost per kW is expected to parallel that of
Framatome's EPR (Framatome'ANP 2003; UIC 2004, p. 4), which has been selected for the
project in Finland, although Framatome has announced ho plans for marketing that design in
the United States. The SWR 1000 represents a high-end cost (UIC 2003, p. 3).
These designs span a spectrum of characteristics while having realistic prospects for
near-term deployment in the United States.
The ABWR is a mature plant, the FOAKE costs on which have already been paid. Its
overnight cost is estimated at $1,246 per kW. The ACR-700's construction times have been
short, as little as 4.5 years from first pouring of concrete to criticality (NRC considers prior
activities as part of its lead time definition), and AECL's projection of overnight costs have
been as low as $985 to $1,000 per kW, although EIA (2004) suggests a cost of $1,100 to
$1,200 per kW for the third construction of twin units, giving a cost similar to that of the
ABWR.
The AP1000 has not yet been built. The FOAKE costs are yet to be paid. On the
assumption that the entire FOAKE cost is assigned to the first plant, this plant's cost is
specified at $1,500 per kW, representative of the midrange overnight cost estimate.
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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
Average of Mature Designs

Lower Range
1,080

Midpoint
1,200

Upper Range
1,320

1,350
1,620

1,500
1,800

1,650
1,980

New Designs, FOAKE Costs Not Paid
Advanced New Design, FOAKE Costs
Not Paid

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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A statistical estimate of a reliability range, for overnight costs, for example a 90
percent confidence range, could be estimated by performing a compound probability analysis
combining probability distributions of the three sources of uncertainty, namely uncertainty as
to which technology will be used, uncertainty about for any given technology, and
uncertainty due to the lack of proof of concept. To do so would require probability weights
on values in each of the distributions. Normal central tendencies in each of the distributions
reduce the likelihood of extremely high or low values in any of the three distributions. The
likelihood of extreme overnight cost values is further reduced when probabilities are
multiplied together to obtain an overall compound probability distribution of overnight costs.
Lacking knowledge of the actual probability distributions and recognizing the tendency for
probabilities of midrange values to be higher than outlying values, it is hoped that the $1,200,
$1,500, and $1,800 per kW estimate range used in this study represents a confidence interval
for overnight capital costs associated with a higher degree of reliability.
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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 government 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 defacto 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.

K)

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 policymakers, 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.

-,

j)
2

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 standaids, 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 2 1St 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-I990s.
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 refined 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
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transportation sector, mainly cars and trucks.' 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 governmnents 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 nationalgoal, in the spirit of Apollo, with the determinationof the Manhattan
Project,that by the end of this decade we will have developed the potential to meet ourown
energy needs without depending on any foreign energy sources.
3

-President Nixon, November 1973, announcing "ProjectIndependen'ce"

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.

2Energy 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.

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
2 dh Century was one in which the US economy was driven by abundant cheap domestic oil
and gas. The 2 1't Century will be driven by scarcer,more expensive, imported oil. The
currentprioritiesof US consumers and politiciansare lagging the realitiesof the future,
which are all too visible in the present energy crisis.
-- Mr. Paul Sankey, Sr. Energy Analyst, Deutsche Bank 6

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 of oil 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 governmentbacked 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 RecordProfits 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 J.W. Anderson, "Petroleum: Energy Independence is
Unrealistic," Resources Winter 2005, p. 15. Also, the US has substantial natural gas reserves that are offlimits 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
9
of energy needed to produce each dollar of US GDP has been reduced by 49 percent.
US Energy Intensity Per Capita and Per $ of GDP
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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 w~ere put off once prices, dropped in the past, cor 'rective 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.

GDP is calculated from WorldDevelopmeni Indicalors,World Bank, Country GDP 2003.
9

Energy Information. Administration, Annual Energy Revie~w 2004.
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1.3.1 HurricanesKatrina 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.10
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.'1
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. 12 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.
11MMS 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 Disruptionfriom HurricanesKatrinaandRita, October 21, 2005.

10

C

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
3 volatile natural gas prices will
become the norm for the North American market.1
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. 14 To illustrate, the prices paid for natural gas in different regions
vary widely depending on government subsidization, usage, and availability.
1'Written Testimony of Mr. Michael Zenker, Cambridge Energy Reiearch Associates, for the September
14, 2005 hearing, Meetihg America's Natural Gas Demand: Are We in a Crisis?
14Written

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.1 5 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.
15Energy Information Administration, CounitryAnalysis"Brief" China,August 2005.
16 China Daily, "Vehicle Market Growth Imposes Challenges," May 11, 2004.

1Written 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 OurNational Security Policy. April 6, 2005, p. 3.
18Energy Information Administration, InternationalEnergy 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. 19 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. Staterun 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 1,800mile 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.20
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
19The

first "great game" refers to the conflicts and maneuvering to control the resources of Central Asia

during the 19'h 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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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.
submitted a joint bid to obtain a 38 percent share
Chinese and Indian companies recently
22
of a Syrian petroleum company.

1.4.2 The Resurgence of State-owned Companies
National or state-owned oilcompanies 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.23 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-&-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 Ulkalne
:into paying exorbitant prices for natural gas. A compromise agreement to phase-in a less
damaginfg but'still high price was' reached, but only after Russia reduced the flow of
natural gas to the Ukraineaffecting greaterEurope. More than one-quarter of natural gas
40 percent in
by countries-and
European Union countries is imported from Russia-almost
consumed
all European
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 SituationRepqots, 11/29/05i 12/2704.,

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
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
to meet demand,
shipments. The Northeast is particularly dependent on imports
25
accounting for almost 90 percent of US gasoline imports.
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.
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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 systemapproximately 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 beenwrung 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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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. 28 Refining
companies are reluctant to upset the current balance between supply and demand now
that profits seem assured for the future.

28 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 colocated with petrochemical manufacturers to achieve cost-savings and economies of
scale.

1.6 TargetingForeign 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 the31
transportation sector will comprise 74 percent of US petroleum consumption.
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.

30

Energy Information Administration, Annual Energy Outlook 2006,p. 101.

31 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
32
deficit the US currently runs.
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
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.
33 The Department of Transportation announced new CAFE 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
the economy, disproportionately impact rural areas, and is not
demand would harm
34
politically feasible.
Policyrnakers 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
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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sport utility vehicles and minivans during times of cheap gasoline, US automakers are
poorly positioned because global oil markets dictate that consumers will not value these
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 mariufacturer 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
35 This

option has been popularized by the non-governmental, bipartisan National Commission on Energy

Policy.
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cents per gallon if a reserve were to be instituted. This increase can be viewed as an
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: NuclearMust be the Primary
Source of Generation
I believe the majority of environmentalactivists.., have now become so blindedby their extremist
policies that they fail to considerthe enormous and obvious benefits of harnessingnuclearpower
to meet and secure America's growing energy needs. These benefits faroutweigh the risks.
There is now a great deal of scientific evidence showing nuclearpower to be an environmentally
sound and safe choice,
Mr. PatrickMoore, Co-Founderof Greenpeace3

-

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

Witten testimony of Mr. Patrick Moore, prepared for the April 28, 2005 Subcommittee Hearing, The

Role ofNuclear Power Generationin a Comprehensive NationalEnergy Policy.
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countries, notably China, South Korea, Japan, and Russia. None are under construction
in the US. 37 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 anywhei'e
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
initiative, 39 the United States is no closer to energy'security because the scope of energy
37

World Nuclear Association,'Plansfor 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 percentmeaning 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.
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. Previouslyit 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
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 as-fired plants and nuclear plants will shoulder 17 percent and
15 percent, respectively. 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

41

Information Administration, AEO 2006 EarlyRelease.

Energy Information Administration, AEO 2006 Early Release.
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2.2.1 NaturalGas 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 'Useof natural gas for electricity grew 11 percentperyear. 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 bum 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
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."
42

43 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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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.4 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.
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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.4 5 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 generationand prices have reached a new and more expensive floor-industries that use natural gas
44 In 2002, the average wellhead price was $2.95 per tcf, and the price was $7.51 per tcf for 2005.
/~

45

American Gas Association, Snapshot of US Nlatzral Gas Consumption (2005).
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as a feedstock or for primary energy have experienced grave consequences. Many
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 profit, 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.
'7The Analysis Group, November 2005 telephone poll of 2062 Swedes.

29

Percent of.Electricity Generated by Nuclear Energy Selected Countries 2004
90"

80

78

70
50
40

302010
0

BE
29

27

2

2
7

3

2

Source: Compiled from World Nuclear Association tables, June 2005.

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.

(5)

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
FinancialTimes 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," FinancialTimes, 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 NuclearPower ProgramIssue Brief,February 2006.
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2.4 NuclearPower 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.5 2 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 kWhfar 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).3
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. 4 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 Sezvice, NuclearEnergy 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.
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
53

2005 was 5.8 cents/kWh.
54 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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sector rose from $68 billion in 2004 to $92 billion in 2005, according to a briefing by
Cambridge Energy Research Associates. Fuel costs are a much smaller portion of total
production costs for nuclear units and, therefore, nuclear power is much less sensitive to
the type of spikes recently seen in the price for natural gas.
Electricity generated by nuclear power plants stabilizes the nation's electricity markets.
Nuclear power is likely to remain one of the most reliable energy sources because
operational costs are known, steady, and predictable. Unlike fossil fuels, the availability
and cost of uranium are stable and not likely to fall prey to cartels, embargoes, or price
volatility. In the absence of an aggressive effort to expand the role of nuclear power,
forecasts call for a rapid development of natural gas generating capacity which will
require a dramatic increase in importation of natural gas from overseas sources-a
market that seems likelyto resemble that for petroleum in the not-too-distant future, with
prices being set in a tight world market and supplies being widely transported around the
globe. The market for the uranium that fuels power plants benefits from a relatively
abundant and secure supply in North America.
The nuclear industry in the US can also point to decades of safe operation. By many
measures, the industry has achieved a remarkable safety record. The safety and
operational performance of the US nuclear industry has been setting new records, with
most indicators exceeding the goals set in 2000, according to performance data analyzed
by the Institute of Nuclear Power Operations, a nonprofit, independent technical
organization formed by the US nuclear utility industry in late 1979. In particular, the
median number of unplanned automatic shutdowns has been zero for the industry the last
nine years-except for 2003 when the August 14 blackout caused nine plants to shut
down-reduced from a median of 7.3 perplantin 1980."

2.4.2 Nuclear Power'sEnvironmentalBenefits
Perhaps most importantly, nuclear generation contributes considerable air quality benefits
to the nation. Unlike electricity generated from coal and natural gas, nuclear energy does
not result in any emissions of conventional air pollutants, such as nitrogen oxide and
sulfur dioxide, carbon dioxide or ever-toxic methylmercury. According to the Clean Air
Council, ainnual power plant emissions are responsible for 36 percent of carbon dioxide
(CO 2), 64 percent of sulfur dioxide (SO 2 ), 26 percent of nitrogen oxides, (NOx) and 33
percent of mercury (Hg) emissions. While only 58 percent of power plant boilers in
operation in the US are fueled by coal, they contribute an astounding 93 percent of NOx,
96 percent of SO2 , 88 percent of CO 2 , and 99 percent of Hg emitted by the entire power

those for a gas combined-cycle plant; Uranium Information Centre, "The Economics of Nuclear Power,"
Briefing Paper 8, April 2006.
Nuclear Energy Institute, "The TMI 2 Accident: Its Impacts, Its Lessons (Factsheet), March 2004; NEI,
"Nuclear Energy Industry Maintains Near-Record Levels of Safety and Operating Performance," April 3,
2006.
55
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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
57 tons of sulfur dioxide,
alone.
2004
in
dioxide
carbon
of
tons
metric
million
696.6
and
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 fringe
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 FinancialChallenge
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.
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Congressional Research Service, NuclearEnergy Policy, Updated March 15, 2006, p. 2.
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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
of
repository is achievable, and that such disposal provides an effective long-term means
59
feasible.
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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.61 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 "oncethrough" 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 Forwardwith Nuclear Power: Issues and Key Factors

-Final Report of the Secretaryof Energy Advisory BoardNuclearEnergy Task Force, January 10, 2005.
60

Congressional Research Service, Civilian Nuclear Waste Disposal,Updated February 24, 2006, p. 2, 5.

Mary O'Driscoll, "Yucca Mountain: Court rules site selection legal but remands EPA safety standard,"
Greenwire,July 12, 2004; Suzanne Struglinski, "Yucca in for long delay; radiation standard too low," Las
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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
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
not 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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C
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 nomatter 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 othershave the potential for catastrophic consequences for the US economy and vital national
security interests.

C

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 from 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
36
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marketplace. Second, emissions-free nuclear power must become the primary source of
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. 109'h Congress
March 16, 2005 - Energy Demandin the 2 1St 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 EnergyNeeds as OurNationalSecurity Policy
Witnesses:

The Honorable Jeffrey Clay Sell, Deputy Secretary, Department of

Energy(5
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 ComprehensiveNational
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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May 9,2005 - Field Hearing, Long Beach, CA - What's CausingRecord Pricesat 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'sElectricity System
Witnesses:

The Honorable Pat Wood III, Chairman, Federal Energy
Regulatory Commission
Mr. Michehl R. Gent, President and CEO, North American Electric
Reliability Council
Mr. David Owens, Executive Vice President, Edison Electric
Institute
Dr. Mark Cooper, Director of Research, Consumer Federation of
America

June 29, 2005 - The Next Generationof NuclearPower
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? When?
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. Bums, Vice President of Research and Development,
General Motors Corporation
Mr. Mujid Kazimi, Director, Center for Advanced Nuclear Energy
Systems, Massachusetts Institute of Technology

0

Mr. Daniel Sperling, Director, Institute of Transportation Studies,
University of California at Davis
September 14, 2005 - Meeting America's Natural Gas Demand. 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://refonn.house.zov/ERI.
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(Westinghouse 2005) Westinghouse Savannah River Company, LLC, AP1000 Design
Control Document, Revision 15, Pittsburgh, PA, November 11.
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" Uranium is a relatively common metal, found in rocks and seawater.Economic
concentrationsof it are not uncommon.
" Its availabilityto supply world energy needs is great both geologicallyand because of
the technology for its use
" Quantities of mineral resourcesare greaterthan commonly perceived.

Uranium is ubiquitous on the earth. It is a metal approximately as common as tin or zinc, and it is a
constituent of most rocks and even of the sea. Some typical concentrations are: (ppm = parts per
million).
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An orebody is, by definition, an occurrence of mineralisation from which the metal is economically
recoverable. It is therefore relative to bothcosts of extraction and market prices. At present neither the
oceans nor any granites are orebodies, but conceivably either could become so if prices were to rise
sufficiently.
Measured resources of uranium, the amount known to be economically recoverable from orebodies,
are thus also relative to costs and prices. They are also dependent on the intensity of past exploration
effort, and are basically a statement about what is known rather than what is there in the Earth's crust.
Changes in costs or prices, or further exploration, may alter measured resource figures markedly. At
ten times the current price, seawater might become a potential source of vast amounts of uranium.
Thus, any predictions of the future availability of any mineral, including uranium, which are based on
current cost and price data and current geological knowledge are likely to be extremely conservative.
From time to time concerns are raised that the known resources might be insufficient when judged as a
multiple of present rate of use. But this is the Limits to Growth fallacy, a major intellectual blunder
recycled from the 1970s, which takes no account of the very limited nature of the knowledge we have
at any time of what is actually in the Earth's crust. Our knowledge of geology is such that we can be
confident that identified resources of metal minerals are a small fraction of what is there. Factors
affecting the supply of resources are discussed further and illustrated in the Appendix.
Uranium availability
With those major qualifications the following Table gives some idea of our present knowledge of
uranium resources. It can be seen that Australia has a substantial part (about 24 percent) of the world's
low-cost uranium, Kazakhstan 17 percent, and Canada 9 percent.
.Known Recoverable Resources of Uranium
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Current usage is about 68,000 tU/yr. Thus the world's present measured resources of uranium in the
costcategory slightly above present spot prices (4.7 Mt) and used only in conventional reactors, are
enough to last for some 70 years. This represents a higher level of assured resources than is normal
for most minerals. Further exploration and higher prices will certainly, on the basis of present geological
knowledge, yield further resources as present ones are used up. There was very little uranium
exploration between 1985 and 2005, so a significant increase in exploration effort could readily double
the known economic resources, and a doubling of price from present levels could be expected to create
about a tenfold increase in measured resources, over time.
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This is in fact suggested in the IAEA-NEA figures if those covering estimates of all conventional
resources are considered - 10 million tonnes (beyond the 4.7 Mt known economic resources), which
takes us to over 200 years' supply at today's rate of consumption. This still ignores the technological
factor mentioned below. It also omits unconventional resources such as phosphate deposits (22 Mt U
recoverable as by-product) and seawater (up to 4000 Mt), which would be uneconomic to extract in the
foreseeable future.
Widespread use of the fast breeder reactor could increase the utilisation of uranium sixty-fold or more.
This type of reactor can be started up on plutonium derived from conventional reactors and operated in
closed circuit with its reprocessing plant. Such a reactor, supplied with natural uranium for its "fertile
blanket", can be operated so that each tonne of ore yields 60 times more energy than in a conventional
reactor.
see also WNA position paper.
Reactor Fuel Requirements
The world's power reactors, with combined capacity of some 370 GWe, require about 68,000 tonnes of
uranium from mines (or the equivalent from stockpiles)"each year. While this capacity is being run more
productively, with higher capacity factors and reactor power levels, the uranium fuel requirement is
increasing but not necessarily at the same rate. The factors increasing fuel demand are offset by a
trend for higher bumup of fuel and other efficiencies, so demand is steady. (Over the 18 years to 1993
the electricity generated by nuclear power increased 5.5-fold while uranium used increased only just
over 3-fold.) It is likely that the annual uranium demand will grow only slightly to 2010.
Reducing the tails assay in enrichment reduces the amount of natural uranium required for a given
amount of fuel.
Reprocessing of speht fuel from conventional light water reactors also utilises present resources more
efficiently, by a factor of about 1.3 overall.
Nuclear Weapons as a source of fuel
An important source of nuclear fuel is the world's nuclear weapons stockpiles. Since 1987 the United
States and countries of the former USSR have signed a series of disarmament treaties to reduce the
nuclear arsenals of the signatory countries by approximately 80 percent.
The weapons contain a great deal of uranium enriched to over 90 percent U-235 (ie about 25 times the
proportion in reactor fuel). Some weapons have plutonium-239, which can be used in diluted form in
either conventional or fast breeder reactors. From 2000 the dilution of 30 tonnes of military highenriched uranium is displacing about 9000 tonnes of uranium oxide per year from mines, which
represents about 11% of the world's reactor requirements.
Details of the utilisation of military stockpiles are in the paper Militavwarheads as a source of nuclear
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Thorium as a nuclear fuel
Today uranium is the only fuel supplied for nuclear reactors. However, thorium can also be utilised as a
fuel for CANDU reactors or in reactors specially designed for this purpose. Neutron efficient reactors,
such as CANDU, are capable of operating on a thorium fuel cycle, once they are started using a fissile
material such as U-235 or Pu-239. Then the thorium (Th-232) atom captures a neutron in the reactor to
become fissile uranium (U-233), which continues the reaction. Some advanced reactor designs are
likely to be able to make use of thorium on a substantial scale.
The thorium fuel cycle has some attractive features, though it is not yet in commercial use. Thorium is
reported to be about three times as abundant in the earth's crust as uranium. The 2005 IAEA-NEA
"Red Book" gives a figure of 4.5 million tonnes of reserves and additional resources, but points out that
this excludes data from much of the world.

Appendix: ---- (Sept 2005)
Substantially derived from 2003 WNA Symposium paper by Colin MacDonald, Uranium:Sustainable
Resource orLimit to Growth?- supplemented by his 2005 WNA Symposium paper.
The Sustainability of Mineral Resources
with reference to uranium
It is commonly asserted that because "the resources of the earth are finite", therefore we must face
some day of reckoning, and will need to plan for "negative growth". All this, it is pointed out, is because
these resources are being consumed at an increasing rate to support our western lifestyle and to Cater
for the increasing demands of developing nations. The assertion that we are likely to run out of
resources is a re-run of the "Limits to Growth" argument* fashionable in the early 1970s, which was
substantially disowned by its originators, the Club of Rome, and shown up as nonsense with the
passing of time. It also echoes similar concerns raised by economists in the 1930s, and by Malthus at
the end of the 18th Century.
* Club

of Rome 1972 popularised by Meadows et al in Limits of Growth at that time. (A useful
counter to it is W Berckerman, In Defence of Economic Growth, also Singer, M, Passage to a
Human World, Hudson Inst. 1987). In the decade following its publication world bauxite reserves
increased 35%, copper 25%, nickel 25%, uranium and coal doubled, gas increased 70% and
even oil increased 6%.
In recent years there has been persistent misunderstanding and misrepresentation of the abundance of
mineral resources, with the assertion that the world is in danger of actually running out of many mineral
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resources. While congenial to common sense if the scale of the Earth's crust is ignored, it lacks
empirical support in the trend of practically all mineral commodity prices and published resource figures
over the long term. In recent years some have promoted the view that limited supplies of natural
uranium are the Achilles heel of nuclear power as the sector contemplates a larger contribution to
future clean energy, notwithstanding the small amount of it required to provide very large amounts of
energy.
Uranium supply news is usually framed within a short-term perspective. It concerns who is producing
with what resources, who might produce or sell, and how does this balance with demand? However,
long-term supply analysis enters the realm of resource economics. This discipline has as a central
concern the understanding of not just supply/demand/price dynamics for known resources, but also the
mechanisms for replacing resources with new ones presently unknown. Such a focus on sustainability
of supply is unique to the long view. Normally-functioning metals markets and technology change
provide the drivers to ensure that supply at costs affordable to consumers is continuously replenished,
both through the discovery of new resources and the re-definition (in economic terms) of known ones.
Of course the resources of the earth are indeed finite, but three observations need to be made: first, the
limits of the supply of resources are so far away that the truism has no practical meaning. Second,
many of the resources concerned are either renewable or recyclable (energy minerals and zinc are the
main exceptions, though the recycling potential of many materials is limited in practice by the energy
and other costs involved). Third, available reserves of 'non-renewable' resources are constantly being
renewed, mostly faster than they are used.
There are three principal areas where resource predictions have faltered:
* predictions have not accounted for gains in geological knowledge and understanding of mineral
deposits;
* they have not accounted for technologies utilised to discover, process and use them;
e economic principles have not been taken into account, which means that resources are thought
of only in present terms, not in terms of what will be economic through time, nor with concepts
of substitution in mind.
What then does sustainability in relation to mineral resources mean? The answer lies in the interaction
of these three things which enable usable resources *effectively to be created. They are brought
together in the diagram below.
• Some licence is taken in the use of this word in the following, strictly it is reserves of
minerals which are created.
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Numerous economists have studied resource trends to determine which measures should best reflect
resource scarcity *. Their consensus view is that costs and prices, properly adjusted for inflation,
provide a better early waring system for long-run resource scarcity than do physical measures such as
resource quantities.
* Tilton,

J. On Borrowed Time? Assessing the threat of mineral depletion, Resources for the

Future, Washington DC 2002.
Historic data show that the most commonly used metals have declined in both their costs and real
commodity prices over the past century. Such price trends are the most telling evidence of lack of
scarcity. Uranium has been a case in point, relative to its late 1970s price of US$ 40/lb U30 8 .
An anecdote underlines this basic truth: In 1980 two eminent professors, fierce critics of one another,
made a bet regarding the real marketprice of five metal commodities over the next decade. Paul
Ehrlich, a world-famous ecologist, bet that because the world was exceeding its carrying capacity, food
and commodities would start to run out in the 1980s and prices in real terms would therefore rise..
Julian Simon, an economist, said that resources were effectively so abundant, and becoming effectively
more so, that prices would fall in real terms. He invited Ehrlich to nominate which commodities would
be used to test the matter, and they settled on these (chrome, copper, nickel, tin and tungsten). In 1990
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Ehrlich paid up - all the prices had fallen.
However, quantities of known resources tell a similar and consistent story. To cite one example, world
copper reserves in the 1970s represented only 30 years of then-current production (6.4 Mt/yr). Many
analysts questioned whether this resource base could satisfy the large expected requirements of the
telecommunications industry by 2000. But by 1994, world production of copper had doubled (12 Mt/yr)
and the available reserves were still enough for another 30 years. The reserve multiple of current
production remained the same.

Metal

30

25 -r_
Nickel
20

1

0.15
187•1
0.

5

11

: ..

n i U-nh

1890''

....

1910

19

..

-

'1950'

..

ott

1970

e

1990

.-

. .

0
1870

A1890

-1910

`193O)"

1950

-1970
'1990,

prices
Another way to understand resource sustainability is in terms of economics and capital conservation.
Under this perspective, mineral, resources are not so much.rare or scarce as they are simply too.
expensive to discover if you cannot realise the profits from your discovery fairly soon. Simple economic
considerations therefore discourage companies from discovering much more than society needs ,
through messages of reduced commodity prices during times of oversupply. Economically rational
players will only invest in finding these new reserves when they are most confident of gaining a return
from them, which usually requires positive price messages caused by undersupply trends. If the
economic system is working correctly and maximizing capital efficiency, there should never bemore
than a few decades of any resource commodity in reserves at any point in time.
Resource levels

file:/(§_OCUME-~IZIMVMER- 1\LOCALS~I\Temp\VW Q68A1I%47j

(9006

Pag -Sof 16

C>

C(.

S
0
U

*h.

0

a)

Tirme

levels

The fact that many commodities have more resources available than efficient economic theory might
suggest may be partly explained by two characteristics of mineral exploration cycles. First, the
exploration sector tends to'over respond to the positive price signals through rapid increases in
worldwide expenditures (which increases the rate of discoveries), in particular through the important
role of more speculatively-funded junioi'exploration companies. Exploration also tends to make
discoveries in clusters that have more to do with new geological knowledge than with efficient capital
allocation theory. As an example, once diamonds were known to exist in northern Canada, the small
exploration boom that accompanied this resulted in several large discoveries - more than the market
may have demanded at this time. These patterns are part of the dynamics that lead to commodity price
cycles. New resource discoveries are very difficult to precisely match with far-off future demand, and
the historic evidence suggests that the exploration process over-compensates for every small hint of
scarcity that the markets provide.
Another important element in resource economics is the possibility of substitution of commodities.
Many commodity uses are not exclusive - should they become too expensive they can be substituted
with other materials. Even ifthey become cheaper they may be replaced, as technology gains have the
potential to change the style and cost of material usage. For example, copper, despite being less
expensive in real terms than 30 years ago, is still being replaced by fibre optics in many communication
applications. These changes to materials usage and commodity demand provide yet another dimension
to the simple notion of depleting resources and higher prices.
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In summary, historic metals price trends, when examined in the light of social and economic change
through time, demonstrate that resource scarcity is a double-edged sword. The same societal trends
that have increased metals consumption, tending to increase prices, have also increased the available
wealth to invest in price-reducing knowledge and technology. These insights provide the basis for the
economic sustainability of metals, including uranium.
Geological Knowledge
Whatever minerals are in the earth, they cannot be considered usable resources unless they are
known. There must be a constant input of time, money and effort to find out what is there. This mineral
exploration endeavour is not merely fossicking or doing aerial magnetic surveys, but must eventually
extend to comprehensive investigation of orebodies so that they can reliably be defined in terms of
location, quantity and grade. Finally, they must be technically and economically quantified as mineral
reserves. That is the first aspect of creating a resource.
For reasons outlined above, measured resources of many minerals are increasing much faster than
they are being used, due to exploration expenditure by mining companies and their investment in
research. Simply on geological grounds, there is no reason to suppose that this trend will not continue.
Today, proven mineral resources worldwide are more than we inherited in the 1970s, and this is
especially so for uranium.
Simply put, metals which are more abundant in the Earth's crust are more likely to occur as the
economic concentrations we call mineral deposits. They also need to be reasonably extractable from
their host minerals. By these measures, uranium compares very well with base and precious metals. Its
average crustal abundance of 2.7 ppm is comparable with that of many other metals such as tin,
tungsten, and molybdenum. Many common rocks such as granite and shales contain even higher
uranium concentrations of 5 to 25 ppm. Also, uranium is predominantly bound in minerals which are not
difficult to break down in processing.
As with crustal abundance, metals which occur in many different kinds of deposits are easier to
replenish economically, since exploration discoveries are not constrained to only a few geological
settings. Currently, at least 14 different types of uranium deposits are known, occurring in rocks of wide
range of geological age and geographic distribution. There are several fundamental geological reasons
why uranium deposits are not rare, but the principal reason is that uranium is relatively easy both to
place into solution over geological time, and to precipitate out of solution in chemically reducing
conditions. This chemical characteristic alone allows many geological settings to provide the required
hosting conditions for uranium resources. Related to this diversity of settings is another supply
advantage Pthe wide range in the geological ages of host rocks ensures that many geopolitical regions
are likely to host uranium resources of some quality.
Unlike the metals which have been in demand for centuries, society has barely begun to utilise
uranium. As serious non-military demand did not materialise until significant nuclear generation was
built by the late 1970s, there has been only one cycle of exploration-discovery-production, driven in
large part by late 1970s price peaks *. This initial cycle has provided more than enough uranium for the
last three decades and several more to come. Clearly, it is premature to speak about long-term
uranium scarcity when the entire nuclear industry is so young that only one cycle of resource
replenishment has been required. It is instead a reassurance that this first cycle of exploration was
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capable of meeting the needs of more than half a century of nuclear energy demand.
* MacDonald,

C, Rocks to reactors:Uranium explorationand the market. Proceedings of WNA
Symposium 2001.
Related to th6 youthfulness of nuclear energy demand is the early stage that global exploration had
reached before declining uranium prices stifled exploration in the mid 1980s. The significant investment
in uranium exploration during the 1970-82 exploration cycle would have been fairly efficient in
discovering exposed uranium deposits, due to the ease of detecting radioactivity. Still, very few
prospective regions in the world have seen the kind of intensive knowledge and technology-driven
exploration that the Athabasca Basin of Canada has seen since 1975. This fact has huge positive
implications for future uranium discoveries, because the Athabasca Basin history suggests that the
largest proportion of future resources will be as deposits discovered in the more advanced phases of
exploration. Specifically, only 25% of the 635,000 tonnes of U30 8 discovered so far in the Athabasca
Basin could be discovered during the first phase of surface-based exploration. A sustained second
phase, based on advances in deep penetrating geophysics and geological models, was required to
discover the remaining 75%.
Another dimension to the immaturity of uranium exploration is that it is by no means certain that all
possible deposit types have even been identified. Any estimate of world uranium potential made only
30 years ago would have missed the entire deposit class of unconformity deposits that have driven
production since then, simply because geologists did not know this class existed.
Technology
Itis meaningless to speak of a resource until someone has thought of a way to use any particular
material. Inthis sense, human ingenuity quite literally creates new resources, historically, currently and
prospectively. That is the most fundamental level at which technology creates resources, by making
particular minerals usable in new ways. Often these then substitute to some degree for others which
are becoming scarcer, as indicated by rising prices. Uranium was not a resource in any meaningful
sense before 1940.
More particularly, ifa known mineral deposit cannot be mined, processed and marketed economically,
itdoes not constitute a resource in any practical sense. Many factors determine whether a particular
mineral deposit can be considered a usable resource - the scale of mining and processing, the
technological expertise involved, its location in relation to markets, and so on. The application of human
ingenuity, through technology, alters the significance of all these factors and is thus a second means of
9creating" resources. In effect, portions of the earth's crust are reclassified as resources. A further
aspect of this is at the manufacturing and consumer level, where technology can make a given amount
of resources go further through more efficient use.*
* aluminium

can mass was reduced by 21% 1972-88, and motor cars each use about 30% less
steel than 30 years ago.
An excellent example of this application of technology to create resources is in the Pilbara region of
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Western Australia. Until the 1960s the vast iron ore deposits there were simply geological curiosities,
despite their Very high grade. Australia had been perceived as short of iron ore. With modem largescale mining technology and the advent of heavy duty railways and bulk shipping which could
economically get the iron ore from the mine (well inland) through the ports of Dampier and Port
Hedland to Japan, these became one of the nation's main mineral resources. For the last 35 years
Hamersley Iron (Rio Tinto), Mount Newman (BHP-Billiton) and others have been at the forefront of
Australia's mineral exporters, drawing upon these 'new' orebodies.
Just over a hundred years ago aluminium was a precious metal, not because it was scarce, but
because it was almost impossible to reduce the oxide to the metal, which was therefore fantastically
expensive. With the discovery of the Hall-Heroult process in 1886, the cost of producing aluminium
plummeted to about one twentieth of what it had been and that metal has steadily become more
commonplace. It now competes with iron in many applications, and copper in others, as well as having
its own widespread uses in every aspect of our lives. Not only was a virtually new material provided for
people's use by this technological breakthrough, but enormous quantities of bauxite world-wide
progressively became a valuable resource. Without the technological breakthrough, they would have
remained a geological curiosity.
Incremental improvements in processing technology at all plants are less obvious but nevertheless very
significant also. Over many years they are probably as important as the historic technological
breakthroughs.
To achieve sustainability, the combined effects of mineral exploration and the development of
technology need to be creating resources at least as fast as they are being used. There is no question
that in respect to the minerals industry this is generally so, and with uranium it is also demonstrable.
Recycling also helps, though generally its effect is not great.
Economics
Whether a particular mineral deposit is sensibly available as a resource will depend on the market price
of the mineral concerned. If it costs more to get it out of the ground than its value warrants, it can hardly
be classified as a resource (unless there is some major market distortion due to government subsidies
of some kind). Therefore, the resources available will depend on the market price, which in turn
depends on world demand for the particular mineral and the costs of supplying that demahd. The
dynamic equilibrium between supply and demand also gives rise to substitution of other materials when
scarcity looms (or the price is artificially elevated). This then is the third aspect of creating resources.
The best known example of the interaction of markets with resource availability is in the oil industry.
When in 1972 OPEC suddenly increased the price of oil fourfold, several things happened at both
producer and consumer levels.
The producers dramatically increased their exploration effort, and applied ways to boost oil recovery
from previously 'exhausted' or uneconomic wells. At the consumer end, increased prices meant
massive substitution of other fuels and greatly increased capital expenditure in more efficient plant. As
a result of the former activities, oil resources increased dramatically. As a result of the latter, oil use fell
slightly to 1975 and in the longer perspective did not increase globally from 1973 to 1986. Forecasts in
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1972, which had generally predicted a doubling of oil consumption in ten years, proved quite wrong.
Oil will certainly become scarce one day, probably before most other mineral resources, which will
continue to drive its price up. As in the 1970s, this will in turn cause increased substitution for oil and
bring about greater efficiencies in its use as equilibrium between supply and demand is maintained by
the market mechanism. Certainly oil will never run out in any absolute sense - it will'simply become too
expensive to Use as liberally as we now do.
Another example is provided by aluminium. During World War II,Germany and Japan recovered
aluminium from kaolinite, a common clay, at slightly greater cost than itcould be obtained from bauxite.
Due to the operation of these three factors the world's economically demonstrated resources of most
minerals have risen faster than the increased rate of usage over the last 50 years, so that more are
available now, notwithstanding liberal usage. This is largely due to the effects of mineral exploration
and the fact that new discoveries have exceeded consumption.
Replacement of uranium
Acharacteristic of metals resource replacement is that the mineral discovery process itself adds a
small cost relative to the value of the discovered metals. As an example, the huge uranium reserves of
Canada's Athabasca Basin were discovered for about US$1.00/kgU (2003 dollars, including
unsuccessful exploration). Similar estimates for world uranium resources, based on published IAEA
exploration expenditure data and assuming that these expenditures yielded only the past uranium
produced plus the present known economic. resources categories at up to US$80/kg* yields slightly
higher costs of about US$1.50/kgU. This may reflect the higher component of State-driven exploration
globally, some of which had national self-sufficiency objectives that may not have aligned with industry
economic standards.
* Uranium 2003: Resources, Production and demand.Nuclear

Energy Agency and IAEA, OECD

Publications 2004.
From an economic perspective, these exploration costs are essentially equivalent to capital investment
costs, albeit spread over a longer time period. Itis, however, this time lag between the exploration
expense and the start of production that confounds attempts to analyse exploration economics using
strict discounted cash flow methods. The positive cash flows from production occur at least 10-15 years
into the future, so that their present values are obviously greatly reduced,.especially ifone treats the
present as the start of exploration. This creates a paradox, since large resource companies must place
a real value on simply surviving and being profitable for many decades into the future; and, without
exploration discoveries, all mining companies must expire with their reserves. Recent advances in the
use of real opti6hs andsimilar methods are providingnew ways to understand this apparent paradox. A
key insight is that time, rather than destroying value through discounting, actually adds to the option
value, as does the potential of price volatility. Under this perspective, resource companies create value
by obtaining future resources which can be exploited optimally under a range of possible economic
conditions. Techniques such as these'are beginning to add analytical support to what have always
been intuitive understandings by resource company leaders - that successful exploration creates
profitable mines and adds value to company shares.
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Since uranium is part of the energy sector, another way to look at exploration costs is on the basis of
energy value. This allows comparisons with the energy investment cost for other energy fuels,
especially fossil fuels which will have analogous'costs related to the discovery of the resources. From
numerous published sources, the finding costs of crude oil have averaged around US$ 6/bbl over at
least the past three decades. When finding costs of the two fuels are expressed in terms of their
contained energy value, oil, at US$ 1050/MJ of energy, is about 300 times more expensive to find than
uranium, at US$ 3.4/MJ. Similarly, the proportion of current market prices that finding costs comprise
are lower for uranium. Its finding costs make up only 2% of the recent spot price of US$ 30/lb
($78/kgU), while the oil finding costs are 12% of a recent spot price of US$ 50/bbl.
By these measures, uranium is a very inexpensive energy source to replenish, as society has accepted
far higher energy replacement costs to sustain oil resources. This low basic energy resource cost is
one argument in favour of a nuclear-hydrogen solution to long.term replacement of oil as a
transportation fuel.
Forecasting replenishment
Supply forecasters are often reluctant to consider the additive impacts of exploration on new supply,
arguing that assuming discoveries is as risky and speculative as the exploration business itself. Trying
to predict any single discovery certainly is speculative. However, as long as the goal is merely to
account for the estimated total discovery rate at a global level, a proxy such as estimated exploration
expenditures can be used. Since expenditures correlate with discovery rate, the historic (or adjusted)
resources discovered per unit of expenditure will provide a reasonable estimate of resource gains to be
expected. As long as the time lag between discovery and production is accounted for, this kind of
dynamic forecasting is more likely to provide a basis for both price increases and decreases, which
metals markets have historically demonstrated.
Without these estimates of uranium resource replenishment through exploration cycles, long-term
supply-demand analyses will tend to have a built-in pessimistic bias (i.e. towards scarcity and higher
prices), that will not reflect reality. Not only will these forecasts tend to overestimate the price required
to meet long-term demand, but the opponents of nuclear power use them to bolster arguments that
nuclear power is unsustainable even in the short term. In a similar fashion, these finite-resources
analyses also lead observers of the industry to conclude that fast breeder reactor technology will soon
be required. This may indeed make a gradual appearance, but if uranium follows the price trends we
see in other metals, its development will be due to strategic policy decisions more than uranium
becoming too expensive.
The resource economics perspective tells us that new exploration cycles should be expected to add
uranium resources to the world inventory, and to the extent that some of these may be of higher quality
and involve lower operating cost than resources previously identified, this will tend to mitigate price
increases. This is precisely what has happened in uranium, as the low-cost discoveries in Canada's
Athabasca Basin have displaced higher-cost production from many other regions, lowering the cost
curve and contributing to lower prices. Secondary uranium supplies, to the extent that they can be
considered as a very low-cost mine, have simply extended this price trend.
The first exploration and mining cycle for uranium occurred about 1970 to 1985. It provided enough
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uranium to meet world demand for some 80 years, if we view present known resources as arising from
it.With the rise in uranium prices to September 2005 and the concomitant increase (boom?) in mineral
exploration activity, it is clear that we have the start of a second such cycle, mid 2003 to ??. The price
increase was brought about by diminution of secondary supplies coupled with a realization that primary
supplies needed to increase substantially.
Several significant decisions on mine development and increased exploration by major producers will
enable this expansion of supply, coupled with smaller producers coming on line. The plethora of junior
exploration companies at the other end of the spectrum which are finding no difficulty whatever in
raising capital are also a positive sign that a vigorous new exploration and mining cycle is cranking up.
From lows of around US$ 55 million per year in 2000, world uranium exploration expenditure rose to
about US$ 110 million in 2004 and is expected to be US$ 185 million in 2005, half of this being from the
junior exploration sector. The new cycle is also showing considerable regional diversification. Measured
from 1990, cycle 2 totals US$ 1.5 billion to 2005, compared with a total of about three times this figure
(uncorrected) for the whole of the first cycle.
Depletion and sustainability
Conversely, the exhaustion of mineral resources during mining is real. Resource economists do not
deny the fact of depletion, nor its long-term impact - that in the absence of other factors, depletion will
tend to drive commodity prices up. But as we have seen, mineral commodities can become more
available or less scarce over time if the cost-reducing effects of new technology and exploration are
greater than the cost-increasing effects of depletion.
One development that would appear to argue against economic sustainability is the growing awareness
of the global depletion of oil, and in some regions such as North America, natural gas. But oil is a
fundamentally different material. This starts with geology, where key differences include the fact that oil
and gas were formed by only one process: the breakdown of plant life on Earth. Compared with the
immense volumes of rock-forming minerals in the Earth& crust, living organisms on top of it have
always been a very tiny proportion. But a more important fact is that the world has consumed oil, and
recently natural gas as well, in a trajectory of rapid growth virtually unmatched by any other commodity.
Consumption growth rates of up to 10% annually over the past 50 years are much higher than we see
for other commodities, and support the contention that oil is a special depletion case for several
reasons: its geological occurrence is limited, it has been inexpensive to extract, its energy utility has
been impossible to duplicate for the price, and its resulting depletion rates have been incredibly high.
This focus on rates of depletion suggests that one of the dimensions of economic sustainability of
metals has to do with their relative rates of depletion. Specifically, it suggests that economic
sustainability will hold indefinitely as long as the rate of depletion of. mineral resources is slower than
the rate at which it is offset. This offsetting force will be the sum of individual factors that work against
depletion, and include cost-reducing technology and knowledge, lower cost resources through
exploration advances, and demand shifting through substitution of materials.
An economic sustainability balance of this type also contemplates that, at some future point, the
offsetting factors may not be sufficient to prevent irreversible depletion-induced price increases, and it
is at this point that substituting materials and technologies must come into play to take away demand.
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In the case of rapid oil depletion, that substitute appears to be hydrogen as a transport fuel. Which
raises the question of how the hydrogen is produced, and nuclear energy seems the most likely means
of that, using high-temperature reactors.
From a detached viewpoint all this may look like mere technological optimism. But to anyone closely
involved it is obvious and demonstrable. Furthermore, it is illustrated by the longer history of human use
of the Earth's mineral resources. Abundance, scarcity, substitution, increasing efficiency of use,
technological breakthroughs in discovery, recovery and use, sustained incremental improvements in
mineral recovery and energy efficiency - all these comprise the history of minerals and humankind.
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Preface
The SavannahRiver Site EnvironmentalReportfor
2004 (WSRC-TR-2005-00005) is prepared for the U.S.
Department of Energy (DOE) according to requirements
of DOE Order 231. IA, "Environment, Safety and
Health Reporting" and DOE Order 5400.5, "Radiation
Protection of the Public and Environment' The report's
purpose is to
*

present summary environmental data that
characterize site environmental management
performance

"

confirm compliance with environmental standards
and requirements

*

highlight significant programs and efforts

"

assess the impact of SRS operations on the public
and the environment

SRS has had an extensive environmental monitoring
program in place since 1951 (before site startup). In
the 1950s, data generated by the onsite environmental
monitoring program were reported in site documents.
Beginning in 1959, data from offsite environmental
surveillance activities were presented in reports issued
for public dissemination. SRS reported onsite and
offsite environmental monitoring activities separately
until 1985, when data from both programs were
merged into one public document. The Savannah
River Site Environmental Report for 2004 is an
overview of effluent monitoring and environmental
surveillance activities conducted on and in the vicinity
of SRS from January 1 through December 31, 2004.
It is prepared by the Environmental Services Section
(ESS) of Westinghouse Savannah River Company
(WSRC). The "SRS Environmental Monitoring Plan"
(WSRC-3Q1-2-1000) and the "SRS Environmental
Monitoring Program" (WSRC-3Q1-2-1 100) provide
complete program descriptions and document the
rationale and design criteria for the monitoring program,
the frequency of monitoring and analysis, the specific
analytical and sampling procedures, and the quality
assurance requirements.

monitoring program, as well as occasional difficulties
in sample collection or analysis. Examples of such
difficulties include adverse environmental conditions
(such as flooding or drought), sampling or analytical
equipment malfunctions, and compromise of the
samples in the preparation laboratories or counting
room.
The following information should aid the reader in
interpreting data in this report:
" Analytical results and their corresponding
uncertainty terms generally are reported with up
to three significant figures. This is a function of
the computer software used and may imply greater
accuracy in the reported results than the analyses
would allow.
"

Units of measure and their abbreviations are defined
in the glossary (beginning on page 83) and in charts
at the back of the report.

*

The reported uncertainty of a single measurement
reflects only the counting error-not other
components of random and systematic error in the
measurement process-so some results may imply
a greater confidence than the determination would
suggest.

"

An uncertainty quoted with a-mean value represents
the standard deviation of the mean value. This
number is calculated from the uncertainties of
the individual results. For an unweighted mean
value, the uncertainty is the sum of the variances
for the individual values divided by the number of
individual results squared. For a weighted mean
value, the uncertainty is the sum of the weighted
variances for the individual values divided by the
square of the sum of the weights.

Complete data tables are included on the CD inside
the back cover of this report. The CD also features an
electronic version of the report; an appendix of site,
environmental sampling location, dose, and groundwater
maps; and complete 2004 reports from a number of
other SRS organizations. Variations in environmental
report data reflect year-to-year changes in the routine
EnvironmentalReport for2004 (WSRC-TR-2005-00005)
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All values represent the weighted average of all
acceptable analyses of a sample for a particular
analyte. Samples may have undergone multiple
analyses for quality assurance purposes or to
determine if radionuclides are present. For certain
radionuclides, quantifiable concentrations may
be below the minimum detectable activity of the
analysis, in which case the actual concentration

value is presented to satisfy DOE reporting
guidelines.
The generic term "dose' as used in the report,
refers to the committed effective dose equivalent
(50-year committed dose) from internal deposition
of radionuclides and to the effective dose equivalent
attributable to beta/gamma radiation from sources
external to the body.
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Sampling Location Information
Note:

This section containssampling location abbreviationsused in the text and/oron the sampling location maps.
It also contains a list of sampling locations known by more than one name (see next page).

Location
Abbreviation

Location Name/Other Applicable Information

4M

Four Mile

4MC

Four Mile Creek

BDC

Beaver Dam Creek

BG

Burial Ground

EAV

E-Area Vaults

FM

Four Mile

FMC

Four Mile Creek (Fourmile Branch)

GAP

Georgia Power Company

HP

HP (sampling location designation only; not an actual abbreviation)

HWY

Highway

KP

Kennedy Pond

L3R

Lower Three Runs

NRC

Nuclear Regulatory Commission

NSB L&D

New Savannah Bluff Lock & Dam

PAR

"P and R" Pond

PB

Pen Branch

RM

River Mile

SC

Steel Creek

SWDF

Solid Waste Disposal Facility

TB

Tims Branch

TC

Tinker Creek

TNX

Multipurpose Pilot Plant Campus

U3R

Upper Three Runs

EnvironmentalReport for 2004 (WSRC-TR-2005-00005)

xiii

Sampling Location Information
Sampling Locations Known by More Than One Name
Augusta Lock and Dam; New Savannah Bluff Lock and Dam
Beaver Dam Creek; 400-D
Four Mile Creek-2B; Four Mile Creek at Road C
Lower Three Runs-2; Lower Three Runs at Patterson Mill Road
Pen Branch-3; Pen Branch at Road A-13-2
R-Area downstream of R-1; 100-R
River Mile 118.8; U.S. Highway 301 Bridge Area; Highway 301; US 301
River Mile 129.1; Lower Three Runs Mouth
River Mile 141.5; Steel Creek Boat Ramp
River Mile 150.4; Vogtle Discharge
River Mile 152.1; Beaver Dam Creek Mouth
River Mile 157.2; Upper Three Runs Mouth
River Mile 160.0; Dernier Landing
Steel Creek at Road A; Steel Creek-4; Steel Creek-4 at Road A; Steel Creek at Highway 125
nims
Branch at Road C;Tims Branch-5
Tinker Creek at Kennedy Pond; Tinker Creek-1
UpperThree Runs-4; UpperThree Runs-4 at Road A; Upper Three Runs at Road A; UpperThree Runs at
Road 125
Upper Three Runs-i A; Upper Three Runs-lA at Road 8
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Chapter 1

Introduction
Pete'Fledderman and Al Mamatey
EnvironmentalServices Section

THE

facilities in the U.S. Department of Energy
Savannah
River
(SRS),.one
of the.
(DOE)
complex,
wasSite
constructed
during
the
early 1950s to produce materials (such as plutonium-239
and tritium) used in nuclear weapons. The site covers
approximately 310 square miles in South Carolina and
borders the Savannah River.

Mission
SRS's mission is to fulfill its responsibilities safely.
and securely in the stewardship of the nation's
nuclear weapons stockpile, nuclear materials, and the
environment. These stewardship areas reflect current and
future missions to
"

meet the needs of the enduring U.S. nuclear
weapons stockpile

*

store, treat, and dispose of excess nuclear materials
safely and securely .

*

treat and disljose of legacy wastes from the Cold
War and clean up environmental contamination

SRS will continue to improve environmental quality,
clean up its legacy waste sites, and manage any waste
produced from current and future operations. Managing
this waste will include working with DOE and the State
of South Carolina to ensure that there is a safe and
acceptable way to permanently dispose of high-level
waste and nuclear materials off site and to find mutually
acceptable solutions for'disposition of waste.

Site Location, Demographics,
and Environment
SRS covers 198,344 acres in Aiken, Allendale, and
Barnwell counties of South Carolina. The site is
approximately 12 miles south of Aiken, South Carolina,
and 15 miles southeast of Augusta, Georgia.
The average population density in the counties
surrounding SRS is about 91 people per square
mile, with the largest concentration in the Augusta
metropolitan area. Based on 2000 U.S. Census Bureau
data, the population within a 50-mile radius of the center
of SRS is approximately 712,780.

Various industrial, manufacturing, medical, and farming
operations are conducted near the site, Several major
industrial and manufacturing facilities are located in the
area, and a variety of crops is produced on.local farms.

Water Resources
SRS is bounded on its southwestern border by the
Savannah River for about 35 river miles and is
approximately 160 river miles from the Atlantic Ocean.
The Savannah Rive'r is used as a drinking water supply
source for some residents downriver of SRS. The river
also is used for commercial and sport fishing, boating,
and other recreational activities. There is no known
use of the river for irrigation by fanning operations
downriver of the site.

Geology
SRS is located on the southeastern Atlantic Coastal
Plain, which is part of the larger Atlantic Plain that
extends south from New Jersey to Florida. The center
of SRS is approximately 25 miles southeast of the
geological Fall Line that separates the Coastal Plain
from the Piedmont.

Land and Forest Resources
About 90 percent of SRS land area consists of managed
pine plantations or natural forests. The site contains
portions of three forest types: Oak-Hickory-Pine Forest,
Southern Mixed Forest, and Southern Floodplain Forest.
More than 370 Carolina bays exist on SRS. These
unique wetlands provide important habitat and refuge
for many plants and animals.

Animal and Plant Life
The majority of SRS is undeveloped; only about 10.
percent of the total land area is developed or used for
industrial facilities. The remainder has been maintained
in healthy, diverse ecosystems. About 260 species of
birds, 60 species of reptiles, 40 species of amphibians,
80 species of freshwater fish, and 50 species of
mammals exist on site.

EnvironmentalReport for 2004 (WSRC-TR-2005-00005)
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Primary Site Activities
Separations
Originally, site facilities generated materials for
nuclear weapons. Since the end of the Cold War in
1991, however, use of the facilities has shifted to the
stabilization of nuclear materials from onsite and offsite
sources to ensure safe long-term storage or disposal.

Spent Nuclear Fuel
The site's spent nuclear fuel facilities house used fuel
elements from reactors. These elements were generated
during site reactor operations and also come from offsite
sources.

Tritium Processing

CH2M Hill-assumed and significantly expanded these
responsibilities in 2003, and continued extensive D&D
operations in 2004. More information about site D&D
activities is included on the CD accompanying this
report.

Soil and Groundwater Closure Projects
Soil and Groundwater Closure Projects (SGCP) is
responsible for cleaning up 515 waste and groundwater
units (identified by SRS) to reduce risk and protect
human health and the environment. Remediation of
the waste sites and groundwater is regulated under the
Resource Conservation and Recovery Act (RCRA)
and the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).The SRS
Federal Facility Agreement

SRS tritium facilities recycle the tritium from nuclear
weapons reservoirs that have been returned from service.
This allows the United States to use its tritium supplies
effectively and efficiently.

*

ensures that SRS cleanup satisfies RCRA and
CERCLA requirements

•

includes cleanup schedules for the lifecycle of
SGCP

Waste Management

During 2004, SGCP completed three major strategic
planning initiatives that support the organization's
cleanup strategies: (1) the Environmental Management
Program Performance Management Plan, (2) the
Comprehensive Cleanup Plan, and (3) the draft RiskBased End State Vision. In addition to the planning
initiatives, SGCP personnel achieved significant
fieldwork accomplishments while maintaining an
excellent record of 6 million safe hours.

SRS manages
*

the large volumes of radiological and
nonradiological waste created by previous
operations of the nuclear reactors and their support
facilities

•

newly generated waste created by ongoing site
operations

Although the primary focus is on safely managing the
high-level liquid waste, the site also must handle, store,
treat, dispose of, and minimize solid waste resulting
from past, ongoing, and future operations. Solid waste
includes hazardous, low-level, mixed, sanitary, and
transuranic wastes. More information about high-level
and solid wastes is included on the CD housed inside the
back cover of this report.

Site Decommissioning
and Demolition
With the declining need for a large nuclear weapons
stockpile, many SRS facilities no longer produce
or process nuclear materials. The facilities have
become surplus and must be dispositioned safely and
economically. Many of them are large and complex
and contain materials that, if improperly handled
or stored, could be harmful. In 2002, SRS began
extensive decommissioning activities in D-Area,
M-Area, and TNX. Site D&D (decommissioning and
demolition)-also known as CH2SRC, a subsidiary of

2

SGCP exceeded the goal of closures in 2004 by
completing 18 waste units on or ahead of schedule. This
brought 311 of the 515 units to completion; another 50
units are in the remediation phase. Key achievements
also were made in T-Area closure activities, at the Old
Radioactive Waste Burial Ground (the highest-risk site
in the program), in M-Area Dynamic Underground
Stripping, and in the F and H-Area Groundwater
Remediation Project. All inactive SRS waste sites
that pose a risk to surface waterir groundwater are
being remediated and controlled, and contaminated
groundwater is being remediated, in remediation, or
closely monitored. These activities are expected to be
completed by 2025. More information about SGCP
operations is included on the CD accompanying this
report.

Environmental Monitoring
SRS has always been concerned about the safety of the
public. The site is committed to protecting human liealth
and reducing the risks associated with past, current, and

Savannah River Site
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future operations. Sampling locations, sample media,
sampling frequency, and types of analysis are selected
based on environmental regulations, exposure pathways,
public concerns, and measurement capabilities.

soil, sediment, food, vegetation, and animal samples
each year. The samples are analyzed for potential
contaminants released from site operations, and the
potential radiation exposure to the public is assessed.
Samples are taken at the points where materials are
released from the facilities (effluent monitoring) and out
in the environment (environmental surveillance).

Releases
Releases to the environment of radioactive and
nonradioactive materials come from legacy
contamination as well as from ongoing site operations.
Research and Development
.For instance, shallow contaminated groundwater--a .
The Savannah River National Laboratory (SRNL),
legacy-flows slowly toward onsite streams and swamps formerly the Savannah River Technology Center
and into the Savannah River. In ongoing site operations, *(SRTC)-the site's applied research and development
releases occur during the processing of nuclear
laboratory-creates, tests, and implements solutions to
materials.
SRS's technological challenges. Other environmental
research is conducted at SRS by the following
Meeting certain regulations, such as the Safe Drinking
organizations:
Water Act and the Clean Air Act, requires that releases
of radioactive materials from site facilities be limited
" SavannahRiver Ecology Laboratory(SREL) - More
to very small fractions of the amount handled. The site
information can be obtained by contacting SREL
follows a philosophy that emissions (discharges) be kept
at 803-725-2473 or by viewing the laboratory's
far below the regulatory standards.
website at http://www.uga.edu/srel. Also, SREL's
Pathways
The routes that contaminants can follow to get to the
environment and then to people are known as exposure
pathways. A person potentially can be exposed when he
or she breathes the air, eats locally produced foods and
milk, drinks water from the Savannah River, eats fish
caught from the Savannah River, or uses the Savannah
River for recreational activities such as boating,
swimming, etc.
One way to learn if contaminants from the site have
reached the environment is through environmental
monitoring. The site gathers thousands of air, water,

technical progress report for 2004 is included on the
CD accompanying this document.

* U.S. DepartmentofAgriculture ForestServiceSavannahRiver (USFS-SR) - More information
can be obtained by contacting USFS-SR at
803-725-0006 or 803-725-0237 or by viewing the
USFS-SR website at http://www.srs.gov/generall
enviro/srfs.htm. Also, USFS-SR's 2004 report is
included on the CD accompanying this document.
*
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Environmental Compliance
Linda Karapatakis
EnvironmentalServices Section

T is the policy of the U.S. Department of Energy
(DOE) that all activities at the Savannah River Site
(SRS) be carried out in full compliance with
applicable federal, state, and local environmental
laws and regulations, and with DOE orders, notices,
directives, policies, and guidance. Compliance with
environmental regulations and with DOE orders related
to environmental protection is a critical part of the
operations at SRS. The purpose of this chapter is to
report on the status of SRS compliance with these
various statutes and programmatic documents. Some
key regulations with which SRS must comply, and the
compliance status of each,.are listed in table 2-1.
This chapter also will provide information on Notices
of Violation (NOV) issued by the U.S. Environmental
Protection Agency (EPA) or the South Carolina
Department of Health and Environmental Compliance
(SCDHEC). NOVs are the regulatory tool used to inform
organizations when their activities do not meet expected
requirements. These can include NOVs against the
organization's permitted activities or against the general
contents of environmental regulations, such as failing to
obtain construction permits prior to construction of new
air release sources.

Compliance Activities
Resource Conservation
and Recovery Act
The Resource Conservation and Recovery Act (RCRA)
was passed in 1976 to address solid and hazardous
waste management. The law requires that EPA regulate
the management of solid and hazardous wastes, such
as spent solvents, batteries, and many other discarded
substances potentially harmful to human health and
the environment. Amendments to RCRA regulate
nonhazardous solid waste and some underground storage
tanks.

.

Hazardous waste generators, including SRS, must
follow specific requirements for handling these wastes.
SRS received one RCRA-related NOV during 2004.
The Savannah River National Laboratory (SRNL,
formerly the Savannah River Technology Center) mixed

waste tanks were found to have inadequate secondary
containment. As of December 31, negotiations between
SRS and SCDHEC were in progress to remove this
facility from the SRS RCRA permit.
Land Disposal Restrictions
The 1984 RCRA amendments established Land
Disposal Restrictions (LDRs) to minimize the threat
of hazardous constituents migrating to groundwater
sources. The same restrictions apply to mixed
(hazardous and radioactive) waste.
Treatability variances are an option available to waste
generation facilities if alternate treatment methods
are appropriate for specific waste streams. SRS has
identified three mixed waste streams that are potential
candidates for a treatability variance. Because of special
problems associated with radioactive components, these
variances have been completed and sent to EPA, where
they continue to await approval.
Federal Facility Compliance Act
The Federal Facility Compliance Act (FFCAct) was
signed into law in October 1992 as an amendment
to the Solid Waste Disposal Act to add provisions
concerning the application of certain requirements and
sanctions to federal facilities. A Site Treatment Plan
(STP) consent order (95-22-HW, as amended) was
obtained and implemented in 1995, as required by the
FFCAct. A Statement of Mutual Understanding (SMU)
for Cleanup Credits was executed in October 2003. The
SMU allows SRS to earn credits for certain accelerated
cleanup actions. Credits then can be applied to the
STP commitments. SRS submitted to SCDHEC an
annual update to the approved STP November 9, 2004,
that identified changes in mixed waste treatment and
inventory. Changes in the 2004 update include deletion
of the SRNL sample material waste stream (SR-W007)
because this stream was eliminated. Three waste
streams were consolidated with existing waste streams.
The changes identified and approved by SCDHEC for
the 2003 STP update also have been included in the
2004 update. STP updates will continue to be produced
annually unless provisions of the consent order are
modified.
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Table 2-1

Some Key Regulations With Which SRS Must Comply
.

Legislation

What It Requires

RCRA
Resource Conservation and Recovery Act

The management of hazardous and nonhazardous wastes
and of underground storage tanks containing hazardous
substances and petroleum products

FFCAct
Federal Facility Compliance Act

The development byDOE of schedules for mixed waste
treatment to meet LDR requirements

CERCLA; SARA
Comprehensive Environmental Response,
Compensation, and Liability Act (1980);
Superfund Amendments and
Reauthorization Act (1986)

The establishment of liability,
compensation, cleanup, and emergency
response for hazardous substances released
to the environment

CERCLAITitle III (EPCRA)
Emergency Planning and Community
Right-to-Know Act (1986)

The reporting of hazardous substances used
on site (and their releases) to EPA, state,
and local planning units

NEPA
National Environmental Policy Act (1969)

The evaluation of the potential environmental
impact of federal activities and alternatives

SDWA
Safe Drinking Water Act (1974)

The protection of public drinking water systems

CWA: NPDES
Clean Water Act (1977); National Pollutant
Discharge Elimination System

The regulation of liquid discharges at outfalls
(e.g., drains or pipes) that carry effluents to streams

CAA; NESHAP
Clean Air Act (1970); National Emission
Standards for Hazardous Air Pollutants

The establishment of air quality standards
for criteria pollutants, such as sulfur dioxide
and particulate matter, and hazardous air
emissions, such as radionuclides
and benzene

TSCA
Toxic Substances Control Act (1976)

The regulation of use and disposal of PCBs

Underground Storage Tanks

High-Level Radioactive Waste Tank Closure

The 19 underground storage tanks at SRS that house
petroleum products and lhazardous substances, as
defined by the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), are
regulated under Subtitle I of RCRA. These tanks require
a compliance certificate annually from SCDHEC to
continue operations. SCDHEC conducts an annual
compliance inspection and records audit prior to issuing
the compliance certificate. SCDHEC's 2004 inspection
and audit found all 19 tanks to be in compliance,

The primary regulatory goal of SRS's waste tank
closure process at the F-Area and H-Area high-level
waste (HLW) tank farms is to close the tank systems in
a way that protects public health and the environment
in accordance with South Carolina Regulation 61-82,
"Proper Closeout of Wastewater Treatment Facilities."

6

Tanks 17F and 20F were closed in 1997. Waste heel
removal was completed in 2003 for tanks 18F and
19F and the 242-F evaporator system, and the residual
material has been sampled and characterized. These
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three systems have been isolated and require only
administrative safety basis controls. The next action for
these tanks is grouting and operational closure.
In 2003, the Federal Court for the District of Idaho
* ruled that DOE's process for determining that small
*quantities of residual waste could remain in HLW tanks
was inconsistent with the Nuclear Waste Policy Act. On
October 28, 2004, President George W. Bush signed the
Ronald W. Reagan National Defense Authorization Act
for Fiscal Year 2005. Section 3116 of the Act authorizes
the Secretary of Energy, in consultation with the Nuclear
Regulatory Commission, to determine that certain
waste from reprocessing is not HLW and that it may
instead the disposed of as low-level waste if it meets
the criteria set forth in that section, as follows: (1) it
does not require permanent isolation in a deep geologic
repository for spent fuel or high-level radioactive waste,
(2) it has had highly radioactive radionumclides removed
to the maximum extent practical, and (3) it does not
exceed concentration limits for Class C low-level waste
and complies with performance objectives set out in
subpart C of NRC regulations (10 CFR 61). DOE had
begun preparation of the documentation by the end of
2004.
Activities are under way to revise the General Closure
Plan and Tank Closure Modules for tanks 18F, 19F,
and the 242-F e&.aporator system, consistent with the
new legislation to support closure and to meet revised
FFA dates. FFA dates for the operational closure of
HLW tanks 19F and 18F were revised in 2004 with the
approval of SCDHEC and EPA Region 4. The revised
closure-complete dates for HLW tanks 19F and 18F are
October 31, 2006, and February 28, 2007, respectively.
Waste Minimization/Pollution Prevention
(WMin/P2) Program
Each operation at SRS has the goal of increasing
Pollution Prevention (P2) awareness and identifying
and implementing measures that minimize waste and
prevent pollution. Pollution prevention is integral to the
SRS Environmental Management Policy, Environmental
Management System (EMS), and Integrated Safety
Management System (ISMS). SRS embraces P2 as a
primary strategy to operate in.a compliant, cost-effective
manner that protects the environment and the safety and
health of employees and the'public. SRS's P2 Program
establishes the environmental management preference of
source reduction and recycling over treatment, storage,.
and disposal and the preferred use of eniergy-efficient
and resource-conservative practices and operations..
P2 programs are'desigined to meet the requirements of
RCRA; DOE orders, and applicable executive orders.

The Waste Minimization/Pollution Prevention Program
scope includes both in-field generator programs and
sitewide programs that affect all SRS operations. The
generator program is responsible for the implementation
of facility-specific improvement initiatives and is funded
through each generator's operating budget.
Sitewide program coordination, which is managed by
the Solid Waste Infrastructure organization, is funded
separately and provides the following:
"

management support of the Waste Minimization/
Pollution Prevention Program

*

technical assistance for facility walkdowns, lifecycle
waste cost analyses, and pollution prevention
opportunity assessments

"

support for the SRS ALARA Center to promote
radiological control and waste reduction
technologies'

*

forums for waste minimization and P2
information and technology exchanges to.support
implementation of facility/activity-specific
improvement initiatives

*

increased employee P2 awareness and training
programs

*

contaminated metal and large equipment recycling
and dispositiqn

"

mechanisms to increase waste generator.
accountability through the Solid Waste Management
Council

*

completion of required annual plans and regulatory
reports

"

implementation of sitewide initiatives such as
sanitary waste recycling, Green-Is-Clean (GIC)
programs, and other cost-cutting initiatives

*

establishment of P2 components in SRS's
Communication Plan to increase public awareness
and support of P2

P2 Program Results
The SRS Pollution Prevention Program is well
integrated within site operations and cleanup activities.
Accomplishments during 2004 include the following:
*
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SRS completed 51 P2 projects, resulting in an
annualized avoidance of 7,093 cubic meters of
waste, with an accompanying cost avoidance of
$41.5 million.
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*

SRS's comprehensive industrial and office waste
recycling programs recycled more than 4,200 metric
tons of office and industrial waste, achieving a
34-percent recycling rate for these combined waste
streams.
SRS continued its high level of achievement by
winning seven DOE National P2 Awards in FY2004.
The DOE National P2 Awards Program is h eld
each year to recognize top achievers in the area of
pollution prevention throughout the DOE Complex.
All programs winning DOE awards were submitted
to the White House Closing the Circle Awards
Program.

.0

The SRS Pollution Prevention Program was
noted.. by EPA as being a well-integrated program
throughout the site.during the 2004 multimedia
environmental program evaluation by EPA Region 4
and SCDHEC.

Comprehensive Environmental
Response, Compensation, and
Liability Act
SRS was placed on the National Priority List in
December 1989, under the legislative authority of
CERCLA (Public Law 96-510), as amended by the
Superfund Amendments and Reauthorization Act of
1986 (SARA, Public Law 99-499). In accordance with
Section 120 of CERCLA, DOE, EPA Region 4, and
SCDHEC entered into the Federal Facility Agreement
(FFA), which became effective August 16, 1993.
SRS has 515 waste units in the Soil and Groundwater
Closure Projects program. At the end of 2004,
remediation was in progress, or had been completed,
in 362 units and areas (311 complete and 51 in the
remediation phase). Closure activities during 2004
included the following:
i

Three RCRA Facility Investigation/Remedial
Investigations (RFI/RIs) were initiated.

*

Twelve remedial actions were initiated.

"

Five remedial actions were completed with
post-construction reports/final remediation reports
submitted.

"

Three removal actions were initiated.

"

Nine RODs were submitted.

"

Four RODs were approved.

"

Nine RODS with certification signatures were
issued.

88

"

One ROD amendment was approved.

*

Four Explanations of Significant Difference (ESD)
were submitted.

No interim-action post-construction reports were
submitted in 2004.
A listing of all waste units at SRS can be found ir"
appendix C ("RCRA/CERCLA Units List") and
appendix G ("Site Evaluation List") of the FFA.

Emergency Planning and Community
Right-to-Know Act
The Emergency Planning and Community
Right-to-Know Act (EPCRA) of 1986 requires facilities
to notify state and local emergency planning entities
about their hazardous chemical inventories and to
report releases of hazardous chemicals. The Pollution
Prevention Act of 1990 expanded the Toxic Chemical
Release Inventory report to include source reduction and
recycling activities.

Tier IIInventory Report
Under Section 312 of EPCRA, SRS completes an annual
Tier II Inventory Report for all hazardous chemicals
present at the site in excess of specified quantities
during the calendar year. Hazardous chemical storage
information is submitted to state and local authorities by
March 1 for the previous calendar year.

Toxic Chemical Release Inventory Report
Under Section 313 of EPCRA, SRS must file an annual
Toxic Chemical Release Inventory report by July 1 for
the previous year. SRS calculates chemical releases
to the environment for each regulated chemical that
exceeds its established threshold, and reports the release
.values to EPA on Form R of the report.
For 2004, SRS identified 11 chemicals, with releases
totaling 261,356 pounds. Lead, nitrate, and zinc were
the largest contributors to theltotal reportable releases in
2004.

Executive Order 12856
Executive Order 12856, "Federal Compliance with
Right-to-Know Laws and Pollution Prevention
Requirements," requires that all federal facilities comply
with right-to-know laws and pollution prevention
requirements. SRS complies with the applicable
reporting requirements for EPCRA, as indicated in
table 2-2, and the site incorporates the toxic chemicals
on the Toxic Release Inventory report into its pollution
prevention efforts.
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Table 2-2

SRS Reporting Compliance with Executive Order 12856

EPCRA
Citation

Activity*
Regulated

Reported per
Applicable
Requirement

302-303

Planning Notification

Not Requireda

304

Extremely Hazardous Substances
Release Notification
Material Safety Data Sheet/

Not Requireda

311-312

Yes

Chemical Inventory
313

Toxic Release Inventory Reporting

Yes-

aNot required to report under provisions of "Executive Order 12856' and SARA Title III Reporting Requirements

National Environmental Policy Act

Safe Drinking Water Act

The National Environmental Policy Act (NEPA)
establishes policies and goals for the protection,
maintenance, and enhancement of the human
environment in the United States. NEPA provides a
means to evaluate the potential environmental impact of
major federal activities that could significantly affect the
quality of the environment and to examine alternatives to
those actions.

The federal Safe Drinking Water Act (SDWA) was
enacted in 1974 to protect public drinking water
supplies. SRS domestic water is supplied by 17
separate systems, all of which utilize groundwater
sources. TheA-Area, D-Area, and K-Area systems
are actively regulated by SCDHEC, while the
remaining 14 site water systems receive less
frequent regulatory inspections.

In 2004, 263 reviews of newly proposed actions were
conducted at SRS and formally documented. The types
and numbers of NEPA activities conducted on site in
2004 are presented in table 2-3.Among the specific
activities were the following:

Samples are collected and analyzed periodically
by SRS and SCDHEC to ensure that all site
domestic water systems meet SCDHEC and EPA
bacteriological and chemical drinking water quality
standards. All samples collected in 2004 met
these standards, including A-Area lead and copper
samples.

"

*

A FONSI was issued for the construction, operation,
and eventual closure of the Burma Road 11 Borrow
Pit and its alternatives. The proposed action
involved construction of a borrow pit to provide
SRS with a new source of structural fill material
for site projects and included 80 acres to meet site
needs past the year 2020.
The final West Valley Demonstration Project
*(WVDP) Waste Management EIS (DOE/EIS-0337)
was issued in January 2004. The pioposed action is**
to ship radioactive waste that either is in storage on
the.WVDP site, or that will be generated to continue
managing WVDP's onsite waste storage tanks. The
final EIS also analyses an alternative under which
certain wastes would be shipped to interim offsite
storage locations, including SRS, prior todisposal.
The preferred alternative does not include SRS. No
publication date had been determined for a ROD by:
the end of 2004.

Table 2-3

Types/Quantity of NEPA Activities

at SRS During 2004
Type of NEPA Documentation

Nuimber

234
Categorical Exclusion
Tiered to Previous NEPA Documentation
18
Environmental Assessment
2
Supplement Analysis
2
Engineering Evaluation/Cost Analysis
4
Environmental Impact Statement
1
Supplemental Environmental Impact Statement
1
"1"
Programmatic Environmental Impact Statement
Total
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The B-Area Bottled Water Facility no longer is listed by
SCDHEC as a public water system as its source water
is provided by the A-Area water system. SCDHEC's
Division of Food Protection will continue to conduct
periodic inspections of this facility. Results from
quarterly bacteriological analyses and annual complete
chemical analyses performed in 2004 met SCDHEC and
FDA water quality standards. The bottled water facility
is not subject to the lead and copper requirements..
EPA conducted an inspection of the B-Area Bottled
Water Facility and A-Area, D-Area, and K-Area
domestic water systems in June 2004. This inspection
was conducted as part of a multimedia inspection by
EPA. No findings were identified as a result of the
inspection.
SRS received no NOVs in 2004 under the SDWA.

Clean Water Act
National Pollutant Discharge
Elimination System
The Clean Water Act (CWA) of 1972 created the
National Pollutant Discharge Elimination System
(NPDES) program, which is administered by SCDHEC
under EPA authority. The program is designed to protect
surface waters by limiting releases of nonradiological
effluents into streams, reservoirs, and wetlands.
SRS had three NPDES permits in 2004, as follows:
*

One permit for industrial wastewater discharge
(SC0000175)

*

Two general permits for stormwater discharge
(SCROOOOOO for industrial and SCR100000 for
construction)

More information about the NPDES permits can be
found in chapter 3, "Effluent Monitoring."
The results of monitoring for compliance with the
industrial wastewater discharge permit were reported to
SCDHEC in the monthly discharge monitoring reports,
as required by the permit.
During October, SCDHEC conducted its annual 2-week
audit of the SRS NPDES permitted outfalls. As of
December 3 1, SRS had not received the final audit
report, so the final rating for the site was not known.
The outfalls covered by the industrial stormwater permit
(SCR000000) were reevaluated in 2003. This resulted
in the development of a new sampling plan, which was
implemented in 2004. Results of preliminary studies of
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NPDES outfalls conducted in 2004 (in anticipation of a
new permit) appear in an effluent monitoring data table
on the CD accompanying this report.
Under the Code of Federal Regulations (CFR) Oil
Pollution Prevention regulation (40 CFR 112), SRS must
report petroleum product discharges of 1,000 gallons
or more into or upon the navigable waters of the United
States, or petroleum product discharges in harmful
quantities that result in oil sheens. No such incidents
occurred at the site during 2004.
SRS has an agreement with SCDHEC to report
petroleum product discharges of 25 gallons or more to
the environment. No such incident occurred at the site
during 2004.
Notices of Violation (NPDES)
SRS's 2004 compliance rate for the NPDES program
under the CWA was 99.8 percent. One NOV was issued
to the site during 2004 in association with the NPDES
program.
SRS received the NOV from SCDHEC September 13
for permit exceedances for total suspended solids (TSS)
at the F-01 NPDES outfall. A definitive cause for the
exceedances was not established. Several probable
causes were identified during the event critique. The
primary contributor was determined to be runoff from
decommissioning and demolition (D&D) activities in
the outfall drainage area. Secondary contributors were
runoff from a graveled area by the Old Fire Station Slab
and the change from grab to composite sampling in
the new NPDES permit. Subsequent samples obtained
at the outfall were below permit limits. Additional
controls were established for site D&D activities to
prevent recurrence of the problem. No further action was
required by SCDHEC.
Seven exceedances at NPDES outfalls occurred at SRS
in 2004. A list of these-including outfall locations,
probable causes, and corrective actions-can be found in
chapter 3 (table 3-4).
*Dredge and Fill; Rivers and Harbors
The CWA, Section 404, "Dredge and Fill Permitting:' as
amended, and the Rivers and Harbors Act, Section 9 and
10," Construction Over and Obstruction of Navigable
Waters of the United States," protect U.S. waters from
dredging and filling and construction activities by the
permitting of such projects. Dredge-and-fill operations
in U.S. waters are defined, permitted, and controlled
through implementation of federal regulations in 33
CFR and 40 CFR.
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In 2004, SRS conducted activities under three
Nationwide Permits (NWPs) as part of the NWVP.
program (general permits under Section 404), but under
no individual Section 404 permits. The activities were as
follows:
"

Dam construction on an unnamed tributary to
Fourmile Branch for the Mixed Waste Management
Facility Groundwater Interim Measures project
was conducted under NWP-38, "Hazardous Waste
Cleanup:' Mitigation for the impact to wetlands
must be addressed beforeihe permit can be
considered closed.

*

The Pond B Dam Repair Project was permitted by
letter from the U.S. Army Corps of Engineers inSeptember 2003 under NWP-3, "Maintenance" The
Pond B dam repair was completed and the permit
was closed in September 2004.

*

The Mixed Waste Management Facility dam intake
structure modification was applied for under NWP38, "Hazardous Waste Cleanup' The modification
will improve the efficiency of the treatment system
for tritium. The approved permit was received in
March 2004.

Construction in Navigable Waters
SCDHEC Regulation 19-450, "Permit for Construction
in Navigable Waters:' protects the state's navigable
waters. The only state navigable waters at SRS are
Upper Three Runs Creek (through the entire site) and
Lower Three Runs Creek (upstream to the base of the
PAR Pond Dam).
No Construction in Navigable Waters permit activities
occurred in 2004.

Clean Air Act
Regulation and Delegation
The Clean Air Act (CAA) and the Clean Air Act
Amendments (CAAA) of 1990 provide the basis for
protecting and maintaining air quality. Though EPA
still maintains overall authority for the control of
air pollution, regulatory authority for most types of
emission sources has been delegated to SCDHEC.
Therefore, SCDHEC must ensure that its air pollution
regulations are at least as stringent as the federal
requirements. This is accomplished through SCDHEC
Regulation 61-62, "Air Pollution Control Regulations
and Standards' The various CAAA Titles covered by
these SCDHEC regulations are discussed below.
Title V Operating Permit Program
Under the CAA, and as defined in federal regulations,
SRS is classified as a "major source" and, as such, falls
under the CAAA Title V Operating Permit Program.
On February 19, 2003, SCDHEC's Bureau of Air
Quality issued SRS its Part 70 Air Quality Permit,
TV-0080-0041, which had an effective date of April
1, 2003, and an expiration date of March 31, 2008.
As issued, the Part 70 Air Quality Permit regulates
both radioactive and nonradioactive toxic and criteria
pollutant emissions from approximately 98 nonexempt
emission units, with each emission unit having specific
emission limits, operating conditions, and monitoring
and reporting requirements. The permit also contains
a listing, known as the Insignificant-Activities List,
identifying 1,329 SRS sources that are exempt based on
insignificant emission levels, or equipment size or type.
During 2004, SRS also held two construction permits:
one for a new facility that is under construction and the
other that permitted five existing and five new soil vapor
extraction units under one emission unit permit.

The Federal Insecticide, Fungicide, and Rodenticide Act
controls the application of restricted-use pesticides at
SRS through a state-administered certification program.
The site complies with these requirements through
Procedure 8.1, "Federal Insecticide, Fungicide, and
Rodenticide Act Compliance for Use of Pesticides," of
the Environmental Compliance Manual (3Q).

During 2004, SCDHEC issued four revisions to the SRS
Part 70 Air Quality Permit, in which 35 of the permitted
nonexempt emission units were voided on the permit.
Of those 35 emission units, eight had been removed
from service and the other 27 had been reclassified
as exempt sources and placed on the InsignificantActivities List. Of the permitted nonexempt emission
units, four units were maintained in a "cold standby"
status and the remaining units were operated in some
capacity in 2004.

The SRS pesticide procedure provides guidelines for
pesticide use and requires that applicators of restricteduse pesticides be state certified. The procedure continues
to undergo major revisions that were begun in 2004 with
the aim of streamlining and improving it.

Compliance with the SRS Part 70 Air Quality Permit
conditions was evaluated by both EPA and SCDHEC
during 2004 as part of the EPA multimedia assessment,
and subsequently by SCDHEC during the Annual Air
Compliance Inspection. It was determined that SRS.

Federal Insecticide, Fungicide,
and Rodenticide Act

EnvironmentalReport for 2004 (WSRC- TR-2005-00005)

I1I

Chapter2

air emission sources were operating in compliance with
their respective permit conditions and limitations.
Notices of Violation (CAA)
No Notices of Violation were issued to SRS under the
CAA in 2004.
National Emission Standards for
Hazardous Air Pollutants
The National Emission Standards for Hazardous
Air Pollutants (NESHAP) is a CAA-implementing
regulation that sets air quality standards for air
emissions containing hazardous air pollutants, such as
radionuclides, benzene, and asbestos. The current list of
189 air pollutants includes all radionuclides as a single
item. Regulation of these pollutants has been delegated
to SCDHEC; however, EPA Region 4 continues to
regulate some aspects of NESHAP radionuclides.
NESHAP Radionuclide Program Subpart H of 40 CFR
61 was issued December 15, 1989, after which an
evaluation of all air emission sources was performed
to determine compliance status. The Savannah River
Operations Office (DOE-SR) and EPA Region 4 signed
a Federal Facility Compliance Agreement (FFCA)
October 31, 1991, providing a schedule to bring SRS's
emissions monitoring into compliance with regulatory
requirements. The FFCA was officially closed-and
the site declared compliant-by EPA Region 4 May
10, 1995. Subpart H was revised by EPA September 9,
2002, with an effective date of January 1, 2003. This
revision added inspection requirements for existing
SRS sources and allowed the use of ANSI N13.1-1999
for establishing monitoring requirements. SRS is
performing all required inspections, has monitoring
systems compliant with the regulation, and remains in
compliance with Subpart H of 40 CFR 61.
During 2004, the maximally exposed individual effective
dose equivalent, calculated using the NESHAP-required
CAP88 computer code, was estimated to be 0.06 mrem
(0.0006 mSv), which is 0.6 percent of the 10 mrem
per year (0.10 mSv per year).EPA standard (chapter 5,
"Potential Radiation Doses").
NESHAP Nonradionuclide Program
SRS uses many chemicals identified as toxic or
hazardous air pollutants, but most of them are not
regulated under the CAA or under federal NESHAP
regulations. Except for asbestos, SRS facilities and
operations do not fall into any of the "categories" listed
in the original subparts. Under Title Ill of the federal
Clean Air Act Amendments (CAAA) of 1990, EPA
in December 1993 issued a final list of hazardous air
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pollutant-emitting source categories potentially subject
to maximum achievable control technology (MACT)
standards.
As a result of (1) EPA failing to meet the original rule
development schedule and (2) a subsequent lawsuit
by an environmental watch group (The Sierra Club), a
settlement agreement was reached in November 2002
that resulted in EPA proposing a new schedule for
promulgating the final rules for the remaining MACT
source categories. This extended the rule development.
date to August 2005. As of December 31, 2004, EPA had
been able to meet the new schedule and has promulgated
several new MACT rules.
During 2004, EPA published three MACT rules with
potential impact to SRS facilities. Two of the rules,
"Miscellaneous Metal Parts and Products (MMPP),
Surface Coatings" and "Reciprocating Internal
Combustion Engines (RICE)," were applicable to
some existing SRS facilities but included exemptions
that excluded the SRS sources from being subject to
the rules. As written, the MMPP MACT impacts the
SRS construction paint facility in N-Area such that
the site will have to document future paint usage to
demonstrate compliance with the 250-gallon-per-year
usage exemption. Under the RICE MACT, existing
diesel-powered equipment is exempt, but future
nonemergency RICE equipment will have to meet the
control requirements of the rule. The third MACT rule
impacting SRS is for "Industrial, Commercial, and
Institutional Boilers and Process Heaters." SRS currently
operates two coal-fired boilers that are subject to the
rule and will have to comply with the rule by September
2007. The precise impacts of this rule still were being
evaluated at the end of 2004.
In an attempt to regulate hazardous or toxic air
pollutants in South Carolina, SCDHEC established Air
Pollution Control Regulation 61-62.5, Standard No. 8,
"Toxic Air Pollutants:' in June 1991. To date, SRS has
continued to demonstrate compliance with this standard
for all existing and new sources of toxic air pollutants.
During 2004, SRS submitted one permit application,
which included the results of an air dispersion modeling
analysis, for 10 soil vapor extraction units that emit toxic
air pollutants at a rate that was in compliance with this
regulation.
Accidental Release Prevention Program
Under Title III of the CAAA, EPA established a
program for the prevention of accidental releases of
large quantities of hazardous chemicals. As outlined
in Section 112(r), any facility that maintains specific
hazardous or extremely hazardous chemicals in
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quantities above specified thresholds must develop a
risk management program (RMP). The RMP establishes
methods that will be used for the containment and
mitigation of large chemical spills.

Several sections of Title VI of the CAAA of 1990, along
with recently established EPA regulations found in 40
CFR 82, apply to the site. The ODSs are regulated in
three general categories, as follows:

SRS's RMP maintains hazardous'and extremely
hazardous chemical inventories below the threshold
quantity. This cost-effective approach minimizes the
regulatory burden of 112(r) but does hot eliminate any
liability associated with the general duty clause, as •
stated in 112(r)(1).-To date, no hazardous or extremely
hazardous chemical releases have been reported by
SRS.

•

Class I substances- chlorofluorocarbons (CFCs),
Halons, carbon tetrachloride, methyl chloroform,
*methyl bromide, and hydrobromofluorocarbons
(HBFCs)

.

Class II substances- hydrochlorofluorocarbons
(HCFCs).

*

Substitute substances

EPA issued a revision to its RMP. final rule April 9,
2004, changing reporting requirements of its chemical
accident prevention regulations. Chemical facilities:
subject to these regulations now are required to
submit significant-chemical-accident information
and emergency contact informati6n. These changes
seek to improve and assist federal, state, and local
risk management programs in implementing the new
homeland security measures.

The "Savannah River Site Refrigerant Management
-Plan,' completed and issued in September 1994,
provides guidance to assist SRS and DOE in the
phaseout of CFC refrigerants and equipment.

NESHAP Asbestos Abatement Program
SRS began its asbestos abatement program in 1988
and continues to manage asbestos-containing material
by "best management practices:' Site compliance in .
asbestos abatement, as well as demolitions, falls under
South Carolina and federal regulations, including
SCDHEC Regulation R.61-86.1 ("Standards of
Performance for Asbestos Projects") and 40 CFR
61,'Subpart M("National Emission Standards for
Hazardous Air Pollutants - Asbestos").

The SRS CAAA of 1990 Title V operating air permit
application includes ODS emission sources. All large
(greater than or equal to 50-pound charge) heating,
ventilation, and air conditioning/chiller systems for
which there are recordkeeping requirements are included
as fugitive emission sources.

During 2004, SRS personnel removed and disposed of
an estimated 295 square feet and 2,185 linear feet of
regulated asbestos-containing material. SRS personnel
also removed 108,557 square feet, 2,857 linear feet,
and 2 cubic feet of nonregulated asbestos-containing.
material.

A Halon 1301 phaseout plan and schedule have been
developed by Fire Protection Engineering to help meet
DOE's goal. The plan includes an SRS Halon 1301 fire
suppression system inventory that identifies systems in
operation, systems abandoned in place, and systems that
have been dismantled and taken to the DOE complex's
Halon repository, located at SRS.

Radiological asbestos waste was disposed of at the*.
SRS E-Area low-level vaults, engineered trench,
and slit trench, which are permitted by SCDHEC as*
asbestos waste disposal sites. Nonradiological asbestos
waste was disposed of at the Three Rivers Solid Waste
Authority Landfill and the C&D Landfill (Building 632G), which also are SCDHEC-approved asbestos waste
landfills.

SRS has reduced CFC refrigerant usage in large ODS
emission sources more than 99 percent compared to
1993 baseline data. The site used 50 pounds of CFC
refrigerants in large ODS sources in 2003 and 45 pounds
in 2004.

SRS is phasing out its use of Halaon as part of a goal to
eliminate use of Class I ODSs by 2010 "'tothe extent
economically practicable."

Ozone-Depleting Substances

Halon 1301 total inventory on site decreased from
102,285 pounds in 2002 to 75,577 pounds in 2003 and
74,664 pounds in 2004. The site had an inventory of
52,645 pounds of stored Halon 1301 .at the end of 2004,
after having received approximately 2,206 pounds from
Pantex. In addition, 22,019 pounds are contained in the
94 operating systems (down from 111 in 2002). During
2004, the two remaining systems abandoned in place
that still contained Halon charges were dispositioned.

Title VI of the CAAA of 1990 addresses stratospheric
ozone protection. This law requires that EPA establish
a number of regulations to phase out the production and
consumption of ozone-depleting substances (ODSs).

Air Emissions Inventory
SCDHEC Regulation 61-62. 1, Section III ("Emissions
Inventory"), requires compilation of an air emissions
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inventory for the purpose of locating all sources of air
pollution and defining and characterizing the various
types and amounts of pollutants. To demonstrate
compliance, SRS personnel conducted the initial
comprehensive air emissions inventory in 1993. The
inventory identified approximately 5,300 radiological
and nonradiological air emission sources. Source
operating data and calculated emissions from 1990 were
used to establish the SRS baseline emissions and to
provide data for air dispersion modeling. This modeling
was required to demonstrate sitewide compliance with
Regulation 61-62.5, Standard No. 2 ('Ambient Air
Quality Standards"), and Standard No. 8.
Regulation 61-62.1, Section II, requires that inventory
data.be updated and recorded annually but reported only
every even calendar year. The emissions inventory is
updated each year in accordance with SRS procedures
and guidelines. Calendar year 2003 operating data
for permitted and other significant sources were
collected and reported to SCDHEC in 2004. Because
data collection for all SRS sources begins in January
and requires up to six months to complete, this report
provides emissions data for calendar year 2003.
Compilation of 2004 data will be completed in 2005 but
will not have to be submitted to SCDHEC. Emissions
data for 2004 will be reported in the'SRS Environmental
Reportfor 2005.

the wastes must remain in long-term storage. Such
wastes are held in TSCA-compliant storage facilities in
accordance with 40 CFR 761.

Endangered Species Act
The Endangered Species Act of 1973, as amended,
provides for the designation and protection of wildlife,
fish, and plants in danger of becoming extinct. Theact
also protects and conserves the critical habitats on which
such species depend.
Several threatened and endangered species exist at SRS,
including the wood stork, the red-cockaded woodpecker,
the bald eagle, the shortnose sturgeon, the pondberry,
and the smooth purple coneflower. Programs designed
to enhance the habitat and survival of such species are in
place.
Five biological assessments and/or biological
evaluations were prepared for SRS in 2004, of which
two were for NEPA documents for new projects at SRS.
The projects covered the Burma Road II Borrow Pit
and NPDES Outfall Permit compliance. In addition, to
ensure protection of threatened and endangered species,
three biological assessments and biological evaluations
were conducted to evaluate potential impacts of forestry
related activities. None of these activities was found to
have had any significant potential impact on threatened
and endangered species.

Toxic Substances Control Act
The Toxic Substances Control Act (TSCA) gives
EPA comprehensive authority to identify and control
chemical substances manufactured, imported, processed,
used, or distributed in commerce in the United States.
Reporting and record keeping are mandated for new
chemicals and for any chemical that may present
a substantial risk of injury to human health or the
environment.
Polychlorinated biphenyls (PCBs) have been used in
various SRS processes. The use, storage, and disposal of
these organic chemicals are specifically regulated under
40 CFR 761, which is administered by EPA. SRS has
a well-structured PCB program that complies with this
TSCA regulation, with DOE orders, and with WSRC
policies.
The site's 2003 PCB document log was completed
in full compliance with 40 CFR 761, and the 2003
annual report of onsite PCB disposal activities was
submitted to EPA Region 4 in July 2004. The disposal
of nonradioactive PCBs routinely generated at SRS
is conducted at EPA-approved facilities within the
regulatory period. For some forms of radioactive PCB
wastes, disposal capacity is not yet available, and
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National Historic Preservation Act
The National Historic Preservation Act (NHPA) of 1966,
Section 106, governs the protection and preservation of
archaeological and historical resources. SRS ensures
that it is in compliance with the NHPA through several
processes. The Cold War Programmatic Agreement
was signed in July 2004; the SRS Cold War Built
Environment Cultural Resource Management Plan is in
its final stages of drafting; and the implementation of
these documents is under way. The Artifact Selection
team, which includes DOE, WSRC, and the University
of South Carolina Savannah River Archaeological
Research Program (SRARP), meets monthly and is
responsible for overseeing the selection, collection, and
curation of Cold War-era artifacts from buildings prior to
D&D activities.
In addition, the site helps ensure that it remains in
compliance with NHPA through its Site Use Program.
All sites being considered for activities such as
construction are evaluated by SRARP personnel to
ensure that archaeological or historic sites are not
impacted. Reviews of timber compartment prescriptions
include surveying for archaeological resources and
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documenting areas of importance with regard to historic
and prehistoric significance.

Executive Order 11990
Executive Order 11990 ("Protection of Wetlands") was'

SRARP personnel reviewed 48 site-use packages during " established to mitigate adverse impacts to wetlands
caused by the destruction and modification of wetlands
.2004, of which six proposed land modifications resulted
and to avoid new construction in wetlands wherever
in the need to survey 365 acres. Tihe'remainder of the
possible. Avoidance of impact to SRS wetlands
site-use packages were found.to have no activities
is ensured through the site-use process, various"
SRARP
of significant impact in terms of the NHPA.
departmental procedures and checklists, and project
support
in
in
2004
acres
1,316
personnel also surveyed
reviews by the SRS Wetlands Task Group. Many groups
activities.
forestry
of onsite
• .
and individual-including scientists from SRNL,
The surveys of the 1,681 total acres resulted in 80 site
SREL, and the Environmental Services Section-review
investigations of 71 new archaeological sites and in
site-use applications to ensure that proposed projects do
revisits to nine previously recorded sites for cultural
not impact wetlands.
resources management.
To comply with NHPA, Site 38AK155 was excavated as

mitigation in anticipation of construction at the Surplus
Plutonium Disposition Facilities site. The excavation
was completed in November 2004.

Floodplains and Wetlands
Under 10 CFR, Part 1022 ("Compliance with
Floodplains and Wetlands Environmental Review
Requirements") DOE establishes policies arid
procedures.for implementing its responsib.ilities in
terms of compliance with Executive Orders 11988
("Floodplain Management") and 11990 ("Protection of
Wetlands"). Part 1022 includes DOE policies regarding
the consideration of floodplains/wetlands factors in
planning and decision making. It also includes DOE
procedures for identifying proposed actions involving
floodplainS/wetlands, providing early public reviews of
such proposed actions, preparing floodplains/wetlands
assessments, and issuing statements of findings for
actions in floodplains.
I..requires
A floodplains/wetlands assessment was conducted in
2004 for the F&H-Area Underground Barrier Wall/Base
Injection System. Also, a wetland assessment was
conducted in the inner swamp at TNX to document a
wetland that is to be remediated under CERCLA.
Executive Order 11988
Executive Order 11988 ("Floodplain Management")
was established to avoid long- and short-term impacts
associated with the occupancy and modification
of floodplains. The evaluation of impacts to SRS
floodplains is ensured through the NEPA Evaluation
Checklist and the site-use system. Site'use applications
are reviewed for potential impacts by WSRC, DOE-SR,
the USDA Forest Service-Savannah River and the *
Savannah River Ecology Laboratory (SREL), as well as
by professionals from other organizations.

Environmental Release
Response and Reporting
Response to Unplanned Releases
Environmental Monitoring and Analysis (EMA)
personnel respond to unplanned environmental releases,
both radiological and nonradiological, upon request by
area operations personnel. No unplanned environmental
releases occurred at SRS in 2004 that required the
sampling and analysis services of EMA.

Occurrences Reported to
Regulatory Agencies
Federally permitted releases comply with legally
.
p
r y
g
I
enforceable licenses, permits, regulations, or orders. If a
nonpermitted release to the environment of a reportable
quantity or more of a hazardous substance (including
radionuclides) occurs, CERCLA requires notification
of the National Response Center. Also, the CWA
that the National Response Center be notified
if an oil spill causes a "sheen" on navigable waters,
such as rivers, lakes, or streams. Oil spill reporting was
reinforced with liability provisions in the CERCLA
National Contingency Plan.
SRS had no CERCLA-reportable releases in 2004.
This performance compares with zero releases reported
during 2000, 2001, 2002, and 2003; one release in 1999;
and one in 1998.
Four notifications, not required by CERCLA, were made
by the site to regulatory agencies during 2004. Three
were the result of an agreement to notify SCDHEC
about sewage reaching waters of the state. During a
thunderstorm, three portable toilets were dislodged, and
sanitary waste reached wet-weather ditches. The fourth
was the result of discharging well-development water
onto the ground prior to characterization.
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EPCRA (40 CFR 355.40) requires that reportable
releases of extremely hazardous substances or
CERCLA hazardous substances be reported to any
local emergency planning committees and state
emergency response commissions likely to be affected
by the release. No EPCRA-reportable releases occurred
in 2004.

Site Item Reportability and
Issues Management Program
The Site Item Reportability and Issues Management
(SIRIM) program, mandated by DOE Order 232.1A
("Occurrence Reporting and Processing of Operations
Information") is designed to ".... establish a system

for re'porting of operations information related to
DOE-owned or operated facilities' and processing of
that information to provide for appropriate corrective
action... ' It is the intent of the order that DOE be ".
•. kept fully and currently informed of all events which

could (1) affect the health and safety of the public;
(2) seriously impact the intended purpose of DOE
facilities; (3) have a noticeable adverse effect on the
environment; or (4) endanger the health and safety of
workers:"
Of the 242 SIRIM-reportable events in 2004, the
following were categorized as environmental"
"

"

*

Portable toilets were discovered tipped over by
high winds during a thunderstorm. Sewage reached
storm sewers and water of the state (two events).
Approximately 5,360 gallons of well-development
water was discharged directly to the ground.
It was determined that this water contained
trichloroethylene (TCE) in a concentration that
exceeded toxicity characteristic leaching procedure
(TCLP) levels and was classified as a hazardous
waste.
A SeaLand container leaked radioactive liquid
onto a truck bed and the ground. A total of
21,000 disintegrations per minute per 100 square
centimeters (cm 2) of tritium were detected.

" A leak in a chromate cooling-water system
released sodium chromate into the environment
below a reportable quantity.
*
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A lab sample containing 911 mg/L of mercury was
poured down a laboratory drain erroneously. The
lab sample exceeded the 260-mg/L Land Disposal
Restriction limit threshold.

Assessments/Inspections
The SRS environmental program is overseen by a
number of organizations, both outside and within the
DOE complex. In 2004, the WSRC environmental
appraisal program consisted of self and independent
assessments. The program ensures the recognition of
noteworthy practices,, the identification of performance
deficiencies, and the initiation and tracking of
associated corrective actions until they are satisfactorily
completed. The primary objectives of the WSRC
assessment program are to ensure compliance with
regulatory requirements and to foster continuous
improvement. The program is an integral part of the
site's Safety Management System and supports the SRS
Environmental Management System, which continues
to meet the standards of International Organization for
Standardization (ISO) 14001.. (ISO 14000 is a family
of voluntary environmental management standards and
guidelines.)
WSRC conducted several environmental program-level
assessments in 2004. The topics included
" NEPA Implementation
*

Toxic and Chemical Materials: Asbestos

"

Environmental Monitoring: Sample Management

*

Environmental Radiation Protection: Dose
Calculation

"

Air Quality Protection: Ozone-Depleting Substances

"

Surface Water Quality: NPDES Implementation

"

Biological Monitoring Programs

During 2004, personnel from DOE-SR's Environmental
Quality and Management Division continued to
perform direct oversight and evaluation of WSRC's
self-assessment program. Completed DOE assessments
have met with positive results; routine assessments have
promoted improvement and helped ensure the adequacy
of environmental programs and operations at SRS.
SCDHEC and EPA personnel also performed external
inspections of the SRS environmental program
for regulatory compliance. Agency representatives
performed several comprehensive compliance
inspections in 2004, as follows:
*

RCRA Compliance EvaluationInspection-The
annual compliance evaluation inspection was
conducted by EPA and SCDHEC. As of December
31, 2004, no results or deficiencies had been
reported.
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AnnualAir ComplianceInspection - SCDHEC
conducted the annual air compliance inspection
of operating SRS permitted sources. In general,
the site was found to be in compliance with
each source's respective permit condition and
requirement.

Environmental Training
The site's environmental training program identifies
training activities to6 teach job-specific skills that
protect the employee and the environment, in addition
to satisfying regulatory training requirements.
Regularly scheduled classes in this program at SRS
include such topics as Environmental Laws and
Regulations, Hazardous Waste Worker, Hazardous
and Radiological Waste Characterization, and the
Environmental Compliance Authority course. A
self-taught Environmental Laws and Regulations
course is available on SHRINE for technical
staff and is updated by ESS annually. More
than 60 environmental program-related training
courses are listed in the site training database, and
individual organizations schedule and perform other
facility-specific, environment-related training to
ensure that operations and maintenance personnel,
as well as environmental professionals, have the
knowledge and skills to perform work safely and in a
manner that protects the environment.

" Annual UndergroundStorage Tank Inspection
- SCDHEC inspected the site's 19 underground
storage tanks. All were found to be in compliance
with applicable regulations.
*

Annual NPDES3560 ComplianceAudit SCDHEC conducted the annual.3560
environmental audit of the site's
NPDES-permitted outfalls. As of December 3 1,
SRS had not received the final audit report, so the
final rating for the site was not known.

*

QuarterlyInspections of SRS Bottled Water
Facility- SCDHEC conducted quarterly
inspections of the SRS Bottled Water Facility.
The facility was found to be in compliance.
Burma Road C&D Landfill, Burma Road
StructuralFill,632-G C&D Landfill,
288-F IndustrialWaste Landfill, and
Saltstone Inspection - SCDHEC conducted
quarterly inspections, and all the sites were
found to be satisfactory, with no observed
deficiencies.

Environmental Permits

Interim Sanitary Landfill - SCDHEC personnel
conducted an annual post-closure inspection,
and the site was found to be satisfactory, with no
observed deficiencies.
GroundwaterComprehensive Monitoring
Evaluation- SCDHEC conducted an
unannounced RCRA inspection of SRS's
groundwater program. No deficiencies or permit
violations were cited.

*

SRS had 403 construction and operating permits
in 2004 that specified operating levels for each
permitted source. Table 2-4 summarizes the
permits held by the site during the past five years.
These numbers reflect only permits obtained by
WSRC for itself and for other SRS.contractors that
*requested assistance in obtaining permits. It also
should be noted that these numbers include some
permits that were voided or closed some time during
the calendar year (2004). The continued reduction*
in the number of environmental permits reflects site
efforts to (1) close permits as facilities are deactivated
or decommissioned and (2) consolidate and
streamline facility permits to help improve operating
and administrative efficiency.
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SRS Construction and Operating Permits, 2000-2004
Number of Permits

Type of Permit

2003
2a

2004

2000

2001

2002

199

-172

150

0

0
5

0
5

0

0

5

203
77

203
70

203

202

3
203

1

1

1

0

NPDES No Discharge
NPDES Stormwater

1
2

1
2

RCRA

1

Air
U.S. Army Corps of Engineers 404
Army Corps of Engineers Nationwide Permit
Domestic Water
Industrial Wastewater
NPDES Discharge
NPDES General Utility

Sanitary Wastewater
SCDHEC 401
SCDHEC Navigable Waters
Solid Waste
Underground Injection Control
Underground Storage Tanks

1

0
1
2
1

133

1

0

1
1

5

4

7

621

1

56
1

0
1

0
1

2

2
1

133
-0

109

104

0

0

1

0

0

2

3

4

18
7

19
7

18
7

590

412

403

20
7 .

23

60

.1

1

133

655

Totals

66
11

3

includes all SRS air emission sources and one
aThis number was revised to reflect the Title V Operating Permit, which
construction permit.
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Effluent Monitoring
Carl Cook, Pete Fledderman, Donald Padgett, and Monte Steedley
Environmental Services Section .
Timothy Jannik
Savannah River National Laboratory.
were included in the plutonium-239 and strontium-89,90
•releases. For dose calculations, the unspecified alpha
Site (SRS) is conductedtio demonstrate,
FFLUENT
at Savannah
River
releases were assigned the plutonium-239dose'factor,
compliance monitoring
with applicable
standards
and
..and the unspecified beta releases were assigned the
regulations. Site effluent monitoring activities are.
sirontium-90 dose factor (chapter 5, "Potential Radiation
divided into radiological and nonradiological programs.
Doses").'
A complete description of sampling and analytical
procedures used for.effluent monitoring by the
Environmental Monitoring and Analysis group of the..
Airborne Emissions
site's Environmental Services Section can befound
Process area stacks that release or have the potential to
in sections 1101-1111 (SRS EM Program) of the
release radioactive materials are monitored continuously
Savannah River Site EnvironmentalMonitoring Section
by applicable online monitoring and/or sampling.
Plansand Procedures,WSRC-3Q1-2, Volume 1. A
systems [SRS EM Program, 2001].
summary of data results is presented in this chapter,
more complete.data can be found in tables on the CD
Depending on the processes involved, discharge stacks
included with this report.
also may be monitored with "real-time" instrumentation
to determine instantaneous and cumulative atmospheric
releases to the environment. Tritium is one of the
Radiological Monitoring
radionuclides monitored with continuous real-time
*Radiological effluent monitoring resulti are a major
instrumentation.
component in determining compliance with applicable
The following effluent sampling and monitoring changes
dose standards. SRS management philosophy ensures
that potential exposures to members of the public and to were made during 2004:
onsite workers are kept as far below regulatory standards
• At 292-H, the sampling of charcoal canisters was
as is reasonably achievable. This philosophy is known
changed from weekly to every two weeks in July.
as the "as low as reasonably achievable" (ALARA)
concept.
* At 244-H, vessel vent sampling was taken out of
service in April, with radioactive material inventory
SRS airborne and liquid effluents that potentially
removed and sampling discontinued in May.
contain radionuclides are monitored at their points of
discharge by a combination of direct measurement
* At 291-S, Zone 1 sampling was changed from
and/or sample extraction and analysis. Each operating
weekly to quarterly in October.
facility maintains' owneiship of and is responsible for its
radiological effluents.
Diffuse and Fugitive Sources,
Unspecified alpha and beta emissions (the measured
Estimates of radionuclide releases from unmonitored
gross activity minus the identified individual
diffuse and fugitive sources also are included in the SRS
radionuclides) in airborne and liquid releases are large
radioactive release totals. A diffuse source is defined
contributors-on a percentage basis-to offsite doses,
as an area source. A fugitive source is defined as an
especially for the airborne pathway from diffuse and
undesignated localized source.
fugitive releases (see definitions below). The unspecified
alpha and beta emissions are listed separately in the
Diffuse and fugitive releases are calculated using
effluent release tables. Prior to 2000, these emissions
the U.S. Environmental Protection Agency's (EPA's)
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Figure 3-1 Ten-Year History of SRS Annual AtmosphericTritium Releases
recommended methods [EPA, 1999a]. Because these
methods are conservative, they generally lead to
overestimates of actual emissions.
Monitoring Results Summary
The total amount of radioactive material released to the.
environment is quantified by using data obtained from
continuously monitored airborne effluent release points
and estimates of diffuse and fugitive sources.
Because of greatly reduced operations in H-Canyon,
there were no fission product tritium, carbon-14, or
krypton-85 releases from the'separations areas in 2004.
In the past, estimated -releases of these unmonitored
radionuclides were calculated based on production
levels.
Tritium Tritium in elemental and oxide forms
accounted for more than 99 percent of the total
radioactivity released to the atmosphere from SRS
operations. During 2004, about 61,300 Ci of tritium
were released from SRS, compared to about 50,000 Ci
in 2003.
Because of improvements in facilities, processes,
and operations, and because of changes in the site's
missions, the amount of tritium (and other atmospheric
radionuclides) released generally has declined during
the past 15. years at SRS. Since 1995, the total amount
of tritium released has fluctuated but has remained less
than 100,000 Ci per year because of changes in the site's
20

missions and the existence of the Replacement Tritium
Facility (figure3-1).
Comparison of Average Concentrations in
Airborne Emissions to DOE Derived Concentration
Guides..Average concentrations of radionuclides
in airborne emissions are calculated by dividing
the yearly release total of each radionuclide from
each stack by the yearly stack flow quantities. These
average concentrations then can be compared to the
DOE derived concentration guides.(DCGs) in DOE
Order 5400.5, "Radiation Protection of the Public and
the Envirohment," as a screening method to determine
if existing effluent treatment systems are proper and
effective. The 2004 atmospheric effluent annual-average
concentrations, their comparisons against the DOE
DCGs, and the quantities of radionuclides released are
provided, by discharge point, on the CD accompanying
this report.
DCGs are used as reference concentrations for
conducting environmental protection programs at all
DOE sites. DCGs are applicable at the point of discharge
(prior to dilution or dispersion) under conditions of
continuous exposure.
Most of the SRS radiological stacks/facilities release
small quantities of radionuclides at concentrations below
the DOE DCGs. However, certain radionuclidestritium (in the oxide form) from the reactor (K-Area,
C-Area, and L-Area main stacks) and tritium facilities; - plutonium-239 from the 291-F and 221-S stacks; and
Savannah River Site
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seepage basin and Solid Waste Disposal Facility
migration release estimates to quantify the total
radioactive material released to the Savannah River
from SRS operations. SRS liquid radioactive releases
for 2004 are shown by source on the CD accompanying
this report. These data are a major component in the
determination of offsite dose consequences from SRS
operations.

americium-241 from the 244-H vessel vent-were
emitted at concentration levels above the DCGs. The
offsite dose from all atmospheric releases during 2004,
however, remained well below the DOE and EPA.
annual atmospheric pathway dose standard of 10 mrem
(0.1 mSv) (chapter 5).

Liquid Discharges
Each process area liquid effluent discharge point that
releases or has potential to release radioactive materials
is sampled routinely and analyzed for radioactivity [SRS
EM Program, 2001].

Direct Discharges of Liquid Effluents Direct
discharges of liquid effluents are quantified at the point
*of release to the receiving stream, prior to dilution by
the stream. The release totals are based orn measured
concentrations and flow rates.

Depending on the processes involved, liquid effluents
also may be monitored with real-time instrumentation to
ensure that instantaneous releases stay within establishe(
limits. Because the instruments have limited detection
sensitivity, online monitoring systems are not used to
quantify SRS liquid radioactive releases at their current
low.levels.

Tritium accounts for nearly all the radioactivity
discharged in SRS liquid effluents. The total amount
of tritium released directly from process areas-i.e.',
reactor, separations, Effluent Treatment Facility
(ETF)-to site streams during 2004 was 756 Ci, which
was 51 percent less than the 2003 total of 1,553 Ci.
This decrease was due to the fact that ETF has been
processing wastewater with less tritium in it than in
previous years.

Monitoring Results Summary
Data from continuously monitored liquid effluent
discharge points are used in conjunction with site
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Figure 3-2 Ten-Year History of Direct Releases of Tritium to SRS Streams
Operations at D-Area and TNX were discontinued in 2000 and 2001, respectively. Releases from A-Area represent
only a small percentage of the total direct releases of tritium to site streams. The reactor area releases include the
.
overflows from PAR Pond and L Lake.
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Direct releases of tritium to-site streams for the years
1995-2004 are shown in figure 3-2. The migration
and transport of radionuclides from site seepage basins
and the Solid Waste Disposal Facility are discussed in
chapter 4 ("Environmental Surveillance").
Comparison of Average Concentrations in Liquid
Releases to DOE Derived Concentration Guides
In addition to dose standards, DOE Order 5400.5
imposes other control considerations on liquid releases.
These considerations are applicable'to direct discharges
but not to seepage basin and Solid Waste Disposal
Facility migration discharges. The DOE order lists DCG
values for most radionuclides.
DCGs are applicable at the point of discharge from the
effluent conduit to the environment (prior to dilution
or dispersion). According to DOE Order 5400.5,
exceedance of the DCGs at any discharge point may
require an investigation of "best available technology"
waste treatment for the liquid effluents. Tritium in
liquid effluents is specifically excluded from "best
available technology" requirements; however, it is
not excluded from other ALARA considerations.
DOE DCG compliance is demonstrated when the sum
of the fractional DCG values for all radionuclides
detectable in the effluent is less than 1.00, based on
consecutive 12-month-average concentrations. The 2004
liquid effluent annual-average concentrations, their
comparisons against the DOE DCGs, and the quantities
of radionuclides released are provided, by discharge
point, on the CD accompanying this report..
The data show that the U3R-2A ETF outfall at the
Road C discharge point exceeded the DCG guide for,
12-month-average tritium concentrations during 2004.
However, as noted previously, DOE Order 5400.5
specifically exempts tritium from "best available
technology" waste treatment investigation requirements.
This is because there is no practical technology available
for removing tritium from dilute liquid waste streams.
No other discharge points exceeded the DOE DCGs
during 2004.

Nonradiological Monitoring
Airborne Emissions
The South Carolina Department of Health and
Environmental Control (SCDHEC) regulates both
radioactive and nonradioactive criteria and toxic air
pollutant emissions-from SRS sources. Each source of
air emissions is permitted or exempted by SCDHEC on
the new SRS Part 70 Air Quality Permit, with specific
limitations and monitoring requirements identified. This
section will cover only nonradioactive emissions.

U

The-bases for the limitations and monitoring
requirements specified in the Part 70 Air Quality Permit
are'outlined in various South Carolina and federal air.
•pollution control regulations and standards. Many of
the applicable standards are source dependent, i.e.,
applicable to certain types of industry, processes,
or equipment. However, some standards govern all
sources for criteria pollutants, toxic air pollutants, and
ambient'air quality. Air pollution control regulations and
standards applicable to SRS sources are discussed briefly
iri appendix A, "Applicable Guidelines, Standards, and
Regulations:' The SCDHEC air standards for toxic air
pollutants can be found at http://www.scdhec.net/baq on
the Internet.
At the beginning of 2004, the SRS Part.70 Air Quality
Permit identified 84 nonexempt radiological and
nonradiological air emission units. During the year,
SCDHEC issued three revisions to the permit in which
35 of the permitted emission units were voided and a
new emission unit was added. Of the 35 voided units,
eight had been removed from service and 27 were
reclassified as exempt sources in the Insignificant
Activities List (attachment B of the permit). Of the
remaining 50 units, 45 were in operation in some
capacity during 2004 and the remaining five sources
either were being maintained in a "cold standby" status
or were under construction.

-"

Description of Monitoring Program
Major nonradiological emissions of concern from
stacks at SRS facilities include sulfur dioxide, carbon
imonoxide, oxides of nitrogen, particulate matter smaller
than 10 microns, volatile organic compounds (VOCs),
and toxic air pollutants. With the issuance of the new
part 70 Air Quality Permit, SRS has several new
continuous and periodic monitoring requirements; only
the most significant are discussed below.
The primary method of source monitoring at SRS is
the annual air emissions inventory. Emissions from
SRS sources are determined during this inventory from
standard calculations using source operating parameters,
such as hours of operation, process throughput, and
emission factors provided in the EPA "Compilation of
Air Pollution Emission Factors," AP-42. Many of the
processes at SRS, however, areunique sources requiring
nonstandard, complex calculations. The hourly and total
annual emissions for each source then can be compared
against their respective permit limitations.
At the SRS powerh ouses, airborne emission specialists
under contract to SRS perform' stack compliance tests
every two years for each boiler. The tests include
sampling of the boiler exhaust gases to determine
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particulate matter, sulfur dioxide, and visible opacity
emissions. The permit also requires a weekly sample
and laboratory analysis of coal for sulfur content and, a
visible emissions inspection daily to verify compliance
with opacity standards.
For the package steam generating boilers in K-Area, fuel
oil-fired water heaters in B:Area, and diesel-powered
equipment, compliance with sulfur dioxide standards.is
determined by analysis of the fuel oil purchased from
the offsite vendor. Sulfur content of the fuel oil must
be below 0.5 percent and must be reported to SCDHEC.
annually as part of the SRS annual compliance
certification report due in April of each year.

Table 3-1
2003 Criteria Pollutant Air Emissions
Pollutant Name

Actual Emissions
(Tons/Year)

Sulfur dioxide.

5.36E+02

Total suspended particulates

3.02E+02

PM1o(particulate matter 10 microns)

11 8E+02

Carbon monoxide

2.29E+03

Ozone (volatile organic compounds)

9.33E+01

Gaseous fluorides (as hydrogen fluoride)

1.14E-:01

Monitoring of SRS diesel-powered equipment consists
of tracking fuel oil consumption monthly and calculating
a 12-month rolling total for determining permit
compliance with a site consumption limit..

Nitrogen

2.66E+02

Lead

5.58E-01

SRS has several soil vapor extraction units and two
air strippers that are sources of toxic air pollutants and
VOCs. These units must be sampled monthly for VOC
concentrations, and the total VOC emissions must be
calculated for comparison against a 12-month rolling
limit. The VOC emissions then are reported to SCDHEC
on a quarterly basis.

calendar year 2003 determined that SRS sources had
operated in compliance with permitted emission rates.
Actual 2004emissions will be compiled and reported
in depth in the SRS EnvironmentalReportfor 2005.
Some toxic air pollutants (e.g., benzene) regulated
by SCDHEC also are, by nature, VOCs. As such, the
total for VOCs in table 3-1 includes toxic air pollutant
emissions. This table also includes the emissions for
some hazardous air pollutants that are regulated under
the Clean Air Act but not by SCDHEC Standard No.
8. These pollutants are included because they are
c6mpounds of some Standard No."8 pollutants.

Several SRS sources have pollutant control devicessuch as multiclone dust collectors, baghouse dust
collectors, or condensers-whose parameters must
be monitored continuously or whenever the system is
operated. The operating parameters must be recorded
and compared against specific operating ranges.
Compliance by-all SRS permitted sources is evaluated
during annual compliance inspections by the local.
SCDHEC district air manager. The inspections consist of
a review of each permit condition, i.e., daily monitoring
readings, equipment calibrations, control device
inspections, etc.
Monitoring Results Summary
In 2004, operating'data were compiled and emissions
calculated for 2003 operations for all site air emission
sources. Because this process, which begins in January,
requires up to 6 months to complete; this report will
provide a Comprehensive examination of total 2003
emissions, with'only limited discussion of available
2004 monitoring results for specific sources.
The 2003 total criteria and toxic air pollutant emissions
results for all SRS sources, as determined by the air
emissi6ns inventory conducted in 2004, are provided in
table 3-I and on the CD accompanying this report. A
review of the calculated emissions for each source for

Two power plants with five overfeed stoker-fed coalfired boilers are operated by Westinghouse Savannah
River Company (WSRC) at SRS. The location, number
of boilers, and capacity of each boiler for these plants
are listed in table 3-2. Because of an alternating test
schedule, only A-Area boiler No. 2 wis stack tested in
2004 (February). At that time, the boiler's particulate
matter, sulfur dioxide, and visible emissions were found
to be in compliance with its permitted limit. Results'
from the test are shown in table 3-3.
SRS also has two package steam generating boilers in
K-Area fired by No. 2 fuel oil. The percent of sulfur in
the fuel oil burned during the first quarter of 2004 was
certified by the vendor to meet the requirements of the
permit.

-

At SRS, 115 permitted and exempted sources, both
portable and stationary, are powered by internalcombustion. diesel engines. These sources include
portable air compressors, generators, emergency cooling
water pumps, and fire water pumps. The total diesel fuel
consumption was found to be well below the SRS limit
for the entire reporting period.
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Table 3-2
SRS Power Plant Boiler Capacities
Location
Number of
Boilers

Capacity
(Btulhr)

A-Area
H-Area

71.7E+06
-71.1E+06

2
3

As reported to SCDHEC during 2004, the calculated
annual VOC emissions were well below.the permit limit
for each unit.
In 2004, the annual air compliance inspection was
conducted in two phases-the first phase by both
SCDHEC and EPA as part of a multimedia inspection
and the second by the SCDHEC District Air manager.
During these inspections, all SRS permitted sources
were found to be in compliance with their respective
permit conditions and limits, and all required reports
were determined to have been submitted to SCDHEC
within specified timte limits.'
Ambient Air Quality
Under existing regulations, SRS is not required to
conduct onsite monitoring for ambient air quality;
however, t he site is required to show compliance with
various air quality standards. To accomplish this, air
dispersion modeling was conducted during 2004 for
new emission sources or modified sources as part of the
sources' construction permitting process. The modeling
analysis showed that SRS air emission sources were
in compliance with applicable regulations. Additional
information about ambient-air-quality regulations at the
site can be found in appendix A of this report.

Liquid Discharges
Description of Monitoring Program
SRS monitors nonradioactive liquid discharges to
surface waters through the National Pollutant Discharge
Table 3-3
Boiler StackTest Results (A-Area)
Boiler

Pollutant

A #2

Particulatesa
Sulfur dioxidea
Opacityc

Emission Rates
Ib/10 6 Btu lb/hr
0.204
17.43
NCb
1.52
Avg. 10.6%

aThe compliance level is 0.6 lb/million Btu for particulates
and 3.5 lb/million Btu for sulfur dioxide
bNot calculated
COpacity limit 40%
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Elimination System (NPDES), as mandated by the Clean
Water Act. As required by EPA and -SCDHEC, SRS has
NPDES permits in place for discharges to the waters
of the United States and South Carolina. These permits
-establish the specific sites to be monitored, parameters
to be tested, and monitoring frequency-as well as
analytical, reporting, and collection methods. Detailed
requirements for each permitted discharge point can be
found in the individual permits, which are available to
the public through SCDHEC's Freedom of Information
office at 803-734-5376.
In 2004, SRS discharged water into site streams and
*the Savannah River under two NPDES permits: one
for industrial wastewater (SC0000175) and one for
stormwater runoff-SCR000000 (industrial discharge).
A third permit, SCR100000, does not require sanmpling
unless requested by SCDHEC to address specific
discharge issues at a given construction site; SCDHEC
did not request such sampling in 2004. The public
comment period for draft Permit SCRIOOOOO expired in
February 2004, and the submitted comments are under
resolution. Upon completion of this process, the new
permit will be formally implemented; this is expected
in early 2005. Permit ND0072125 is a "no discharge"
water pollution control land application permit that
regulates sludge application and related sampling at
onsite sanitary wastewater treatment facilities.
NPDES samples are collected in the field according to
40 CFR 136, the federal document that lists specific
sample collection, preservation, and analytical
methods acceptable for the type of pollutant to be.
analyzed. Chain-of-custody procedures are followed
after collection and during transport to the analytical
laboratory. The samples then are accepted by the
laboratory and analyzed according to procedures listed
in 40 CFR 136 for the parameters required by the
permit.
Monitoring Results Summary
SRS reports industrial wastewater analytical results
to SCDHEC through a monthly discharge monitoring
report (EPA Form 3320-1). Results from only seven
of the 3,673 sample analyses performed during 2004
exceeded permit limits-a 99.8-percent compliance rate,
which is higher than the DOE-mandated 98-percent rate.
A list of the 2004 INTPDES exceedances appears in
table 3-4.
In anticipation of a new stormwater permit in early
2005, 16 additional outfalls were added to the 2004
routine stormwater sampling program on a one-time
basis in October to determine the condition of normally
unsampled stormwater outfalls. Because of various
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factors-including rain-event timing, severe weather
conditions, increased sampling load, and SRS's large
area-only six of the 12 routine outfalls and 12 of the
16 additional outfalls could be sampled in 2004. The
remaining samples from the additional outfalls will be
collected in early 2005. Complete 2004 analysis results
from all the stormwater outfallscan be found in the
NPDES stormwater monitoring data table on the CD
accompanying this report. In 2004, as in previous years,

no permit limits were mandated for SRS stormwater
outfalls.
During-the fourth quarter of 2004, dewatered sludge
was sampled and analyzed for pollutants of concern,
and approximately 51 cubic yards of sludge were
applied to the land. No sludge was applied during the
first, second, or third quarters. The analytieal results
indicated that pollutant 'oncentrations were within
regulatorylimits.
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Table 3-4
2004 Exceedances of SCDHEC-Issued NPDES Permit Liquid Discharge Limits at SRS'
Facility/Division/
Unit

Outfall

Date

Analysis

Possible Cause(s)

Corrective Action(s)

Effluent Treatment
Facility

H-1-1

January 2

TSS

LOSS of electrical power at

Power restored and
analysis performed
(results received too late
to perform additional
sampling)

Effluent Treatment
Facility

H-1 6

Febhaary 3

BOD

Contract laboratory QA/QC Automated equipment
errors due to demo of new removed from service
automated equipment;
sample declared invalid

Effluent Treatment
Facility

H-1 6

February 9

BOD

Contract laboratory QA/QC Automated equipment
errors due to demo of new removed from service
automated equipment;
sample declared invalid

Site Utilities
Division

G-1 0

April 16

pH

Samples required twice a
month, but obtained twice
on same day and taken too
closely for accurate
representation of monthly
discharge; sample
declared invalid

SUD committed to
ensuring that samples are
taken in separate weeks;
SUD also sends data
review sheet to ESS early
in each month for review

Site Utilities
Division

G-1 0

April 16

DO

Samples required twice a
month, but obtained twice
on same day and taken too
closely for accurate
representation of monthly
discharge; sample
declared invalid

SUD committed to
ensuring that samples are
taken in separate weeks;
SUD also sends data
review sheet to ESS early
in each month for review

Closure Business
Unit

F-01

Closure Business
Unit

F-01

-July14'

July 14

contract laboratory due to
ice storm caused a missed.
hold time; sample declared
invalid

.

TSS
Runoff from D&D activities;
(44 mg/L- the changing footprint of
exceeded
the area
daily
average
of 20 mg/L)

Best management
practices for D&D
activities strengthened
and maintained for
longer duration

TSS
Runoff from D&D activities;
(44 mg/L - the changing footprint of
the area
exceeded
daily
maximum
of 40 mg/L)

Best management
practices for D&D
activities strengthened
and maintained for
longer duration

Key: TSS -Total Suspended Solids; BOD - Biological Oxygen Demand; DO - Dissolved Oxygen
aThe DOE-mandated NPDES compliance rate is 98 percent; SRS's compliance rate for 2004 was 99.8 percent.
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Environmental Surveillance
Pete Fledderman, Donald Padgett, and Monte Steedley
Environmental Services Section
Timothy Jannik
Savannah River National Laboratory
Robert Turner
Site Utilities Department.

NVIRONMENTAL surveillance at the Savannah

River Site (SRS) is designed to survey and

quantify any effects that routine and nonroutine
operations could have on the site and on the surrounding
area and population. Site surveillance activities are
divided into radiological and nonradiological programs.
As part of the radiological surveillance program,
routine surveillance of all radiation exposure pathways
is performed on all environmental media that could
lead to a measurable.annual dose at and beyond the site
boundary.
Nonradioactive environmental surveillance at SRS
involves the sampling and analysis of surface water,
drinking water, sediment, groundwater, and fish.
Results from the analyses of surface water, drinking
water, sediment, and fish are discussed in this
chapter. A description of the groundwater monitoring
program analysis results can be found in chapter 6,
"Groundwater."
The Environmental Services Section's Environmental
Monitoring and Analysis (EMA) group and the
Savannah River National Laboratory (SRNL) perform
surveillance activities. The Savannah River also
is monitored by other groups, including the South
Carolina Department of Health and Environmental
Control (SCDHEC), the Georgia Department of Natural
Resources, and the Academy of Natural Sciences (ANS).
A complete description of the EMAKurveillance
program, including sample *collectionand analytical
procedures, can be found in section 1105 of the
SavannahRiver Site EnvironmentalMonitoringSection
Plansand Procedures,WSRC-3Q1-2, Volume I (SRS
EM Program). Brief summaries of analytical results
are presented in this chapter; complete data sets can be
found in tables on the CD accompanying this report.

Radiological Surveillance
Air
Description of Surveillance Program
EMA maintains a network of sampling stations in and
around SRS to monitor the concentration of tritium and
radioactive particulate materials in the air.
Surveillance Results Summary
Except for tritium, specific radionuclides were not
routinely detectable at the site perimeter. Both onsite
and offsite activity concentrations were similar to levels
observed in previous years.
Average gross alpha and beta results were slightly higher
in 2004 than in 2003. However, they are consistent
with historical results, which demonstrate long-term
variability..
No detectable manmade gamma-emitting radionuclides
were observed in 2004. These results are consistent with
historical res;ults, which indicate only a small number of
samples with detectable activity.
Detectable levels of uranium-234 and uranium238, were observed in all samples in 2004. Also,
the SRS Environmental and Bioassay Laboratory
(EBL) implemented changes in the method used to
determine detectable activity in samples analyzed by
' alpha spectrometry. This resulted in a greater number
of samples indicating detected activity; however, the
*concentrations of the uranium isotopes were similar
to those observed in 2003. Aside from uranium,
alpha-emitting radionuclide activity was observed in
three samples. Americium-241 was detected at one
location on the site perimeter, and curium-244 was
detected at two onsite locations. Generally, these
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*concentrations were consistent with historical results.
All isotopes at the remaining locations were below
detection levels. As observed in previous years, none
of the samples showed strontium-89,90 above their
minimum detectable concentration (MDC).
Tritium-in-air results for 2004 were similar to those
observed in 2003. Tritium was detected at every
sampling location, although not every sample from a
particular location had detectable tritium. As in previous
years, the Burial Ground North location showed average
and maximum concentrations significantly higher than
those observed at other locations. This was expected
because of its proximity to SRS's tritium facilities,
which are near the center of the site. Consistent with
the SRS source term, tritium concentrations generally
decrease with increasing distance from the tritium
facilities.

Rainwater
Description of Surveillance Program
SRS maintains a network of rainwater sampling sites as
part of the air surveillance program. These stations are
used to measure deposition of radioactive materials.
Surveillance Results Summary
Gamma-Emitting Radionuclides No detectable
manmade gamma-emitting radionuclides were observed
in rainwater samples in 2004.
Gross alpha and gross beta results from 2004 were
consistent with those of 2003. The 2004 gross alpha
results generally were slightly higher than those of 2003,
while the 2004 gross beta results generally were slightly
lower. However, no long-term increasing or decreasing
trend was evident, which implies that the observed
values are natural background and does not indicate any
contribution directly attributable to SRS.
Detectable levels of uranium-234 and uranium-238
were present in most samples. Generally, the uranium
concentrations were slightly higher than those observed
in 2003. As previously documented, this is the result of
changes to the processing of alpha spectrometry results
by EBL. Except for plutonium-238 at one location, all
other actinides were below detection levels in 2004.
As in 2003, no detectable levels of strontium-89,90 were
observed in rainwater samples during 2004.
As in previous years, tritium-in-rain values were highest
near the center of the site. This is consistent with the
H-Area effluent release points that routinely release
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tritium.Tritium was detected at every sampling location,
although not every sample from a particular location had'
detectable tritium. As with tritium in air, concentrations
generally decreased as distance from the effluent release
point increased.

Gamma Radiation
Description of Surveillance Program
Ambient gamma exposure rates in and around SRS
are monitored by a network of thermoluminescent
dosimeters (TLDs).
Surveillance Results Summary
Exposures at all TLD monitoring locations show some
variation based on normal site-to-site and year-to-year
differences in the. components of natural ambient gamma
exposure levels. Exposure rates varied between 54 and
112 mrem per year.
In general, the 2004 ambient gamma radiation
monitoring results indicated gamma exposure rates
slightly lower than those observed at the same locations
in 2003. However, these results generally are consistent
with prev'iously published historical results, and indicate
that no significant difference in average exposure rates
is observed between monitoring networks-except in
the case of population centers, where exposure rates
are slightly elevated compared to the other monitoring
networks.

E-Area Stormwater Basins
Description of Surveillance Program
Stormwater accumulating in the E-Area stormwater
basins is monitored because of potential contamination.
Surveillance Results Summary
There are no active discharges to the E-Area stormwater
basins. The primary contributor to basin water is
rainwater runoff. Rain events did not supply enough
water to the E-03 and E-06 basins for sampling
purposes in 2004, when the highest E-Area basin
mean tritium concentration was 7.06E+04 pCi/L.
This activity was detected in basin E-05 and is
attributed to operations at the nearby Four Mile
Creek phytoremediation project. The concentration
is 45-percent lower than 2003's high mean tritium
concentration, which occurred at the same location.
Mean cobalt-60, cesium-137, gross alpha, gross beta,
and actinides concentrations all were below their
respective MDCs.
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Site Streams

EMA monitored and quantified the migration of
radioactivityfrom site seepage basins and the Solid
Description of Surveillance Program
Waste Disposal Facility (SWDE) in 2004 is part of its
stream surveillance program. During 2004, tritium,
Continuous surveillance is used on several SRS streams
strontium-89,90, technetium-99, and ce'sium-137 were
to monitor downstream of process areas and to detect
detected in migration releases. Measured iodine-129
and quantify levels of radioactivity in liquid effluents
* results, however,'all were below their MDC. Therefore,
transported to the Savannah River.
the amount of i~dine-129 last measured in 1996, using
ultra low-level detection methods, was used for dose
Surveillance Results Summary
calculations.
Based on the past 5 years of data, the tritium
concentrations for the five major SRS streams continue * Figure 4-1 is a graphical represen'tation of releases
to remain constant (Steel Creel and Lower ThreeRuns)
of tritium via migration to site streams for the years
or in a downward trend (Upper Three Runs, Four Mile
1995-2004. During 2004, the total quantity of tritium
Creek, and Pen Branch).
* migrating from site seepage basins and SWDF was
:1,927 Ci, compared to 2i783 Ci in 2003. This decrease
No significant concentrations of cobalt-60 and cesiumis attributed primarily to the decrease in rainfall in 2004,
137 were recorded at the farthest downstream locations
*compared to 2003.
.
on each Of the five major SRS streams.
Ali ihe stream teclinetium-99 results we.re below their
MDC. Iodine-129 was detected at one Four Mile Creek
location; but the result was barely above its MDC.
Uranium-234 was detected at the farthest downstream
sampling points on Steel Creek and Upper Three Runs,
but the results were lower than in 2003. Uranium-238
was detected at the final sampling points of Four Mile
and Upper Three Runs, and likewise the results were
lower than 2003's. The uranium-238 detected at Pen
Branch was slightly elevated over the previous five
years' results, but was similar to historical values.
The strontium-89,90 results recorded at the farthest
downstream sampling point of Four Mile Creek continue
a downward trend. No actinides were detected at the
farthest downstream sampling point of Lower Three
Runs.
At the U3R-1A control point location, the gross alpha
and beta concentrations were elevated over those of
2003. A 2002 investigation proved inconclusive for
rising gross alpha and beta concentrations at the control
point, and no offsite activities were identified that would
have affected the gross alpha and beta results. Cobalt-60
and cesium-137 concentrations were below their MDCs
at U3R-1A in 2004, and all tritium concentrations were
below detection.
Gross alpha and beta concentrations also were eleýated
in four of the five major streams. Upper Three Runs was.
the stream showing the lowest concentrations.
Seepage Basin and Solid Waste Disposal
Facility Radionuclide Migration
To incorporate the migration of radioactivity to site
streams into total radioactive release quantities,

• Radioactivity previously deposited in the F-Area and
H-Area seepage basins and SWDF continues to migrate
via the groundwater and to outcrop into Four Mile Creek
and into Upper Three Runs.
Measured migration of tritium into Four Mile Creek in
2004 occurred as follows:
*

from F-Area seepage basins, 526 Ci-a 5-percent
decrease from the 2003 totalof 555 Ci

*

from H-Area seepage basin 4 and SWDF, 253 Ci-a
35-percent decrease from the 2003 total of 390 Ci

*

from H-Area seepage basins 1, 2, and 3, 211 Ci-a
5-percent increase from the 2003 total of 206 Ci

The measured migration from the north side of SWDF
and the General Separations Area (GSA) into Upper
Three Runs in 2004 was 215 Ci, a 53-percent decrease
from the 2003 total of 462 Ci. (The GSA is in the central
part of SRS and contains all waste disposal facilities,
chemical separations" facilities, associated high-level
waste storage facilities, and numerous other sources of
radioactive material.)
The total amount of strontium-89,90 entering Four Mile
Creek from the GSA seepage basins and SWDF during
2004 Was estimated to be 91.5 mCi-similar to the.2003
level of 94.1 mCi. Migration releases of strontium89,90 vary from year to year but have remained
below 100 mCi the past 5 years (see data table on CD
accompanying this report).
In addition, a total of 29.2 mCi of cesium-i37 was
estimated to have migrated from the GSA seepage
basins and SWDF in 2004. This was a decrease of 58
percent from the 2003 total of 69.8 mCi.
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Figure 4-1

Tritium from SRS Seepage Basins and SWDF to Site Streams, 1995-2004

In 2004, 4.86 mCi of technetium-99 was estimated
to have migrated into Four Mile Creek. As discussed
previously, iodine-129 was not detected in Four Mile
Creek during 2004.
K-Area Drain Field and Seepage Basin Liquid purges
from the K-Area disassembly basin were released to the
K-Area seepage basin in 1959 and 1960. From 1960
until 1992, purges from the K-Area disassembly basin
were discharged to a percolation field below the K-Area
retention basin. Tritium migration from the seepage
basin and the percolation field is measured in Pen
Branch. The 2004 migration total of 722 Ci represents a
38-percent decrease from the 1,170 Ci recorded in 2003.
C-Area, L-Area, and P-Area Seepage Basins Liquid
purges from the C-Area, L-Area, and P-Area
disassembly basins were released periodically to their
respective seepage basins from the 1950s until 1970.
Migration releases from these basins no longer are
quantified; however, they are accounted for in the stream
transport totals.

Transport of Actinides in Streams
Uranium, plutonium, americium, and curium are
analyzed annually from each stream location. Values for
2004 were consistent with historical data.

Savannah River
Description of Surveillance Program
Continuous surveillance is performed along the
Savannah River at points above and below SRS and
includes the point at which liquid discharges from
Georgia Power Company's Vogtle Electric Generating
Plant enter the river.
Surveillance Results Summary
Tritium is the predominant radionuclide detected above
background levels in the Savannah River. The annual
mean tritium concentration at RM-1 18.8 in 2004 was
about 3 percent of the drinking water standard.
The average gross alpha concerntrations at all river
locations were below the representative MDC in 2004.

0
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The average gross beta concentrations were slightly
above the representative MDC, but were similar at all
locations, indicating that there was no significant release
of beta-emitting nuclides attributable to SRS discharges.

SRS tritium transport data for 1960-2004 are depicted in
figure 4-2, which shows summaries of the past 45 years
of direct releases, stream transport, and river transport,
as determined by EMA.

Except for tritium, as indicated above, no manmade
radionuclides were detected in Savannah River water.

General agreement between the three calculational
methods of annual tritium transport-measurements at
the source, stream transport, and river transport-serves
to validate SRS-sampling schemes and counting results.
Differences between the various methods can be
attributed to uncertainties arising in the collection and
analytical processes, including the determination of
water flow rates and of varying transport times.

Tritium Transport in Streams
Tritium is introduced into SRS streams and the
Savannah River from former production areas on site.
Because of the mobility of tritium in water and the
quantity of the radionuclide released during the years of
SRS operations, a tritium balance has been performed
annually since 1960. The balance is evaluated among the
following alternative methods of calculation:
" tritium releases from effluent release points and
calculated seepage basin and SWDF migration
(direct releases)
*

tritium transport in SRS streams and the last
sampling point before entry into the Savannah River
(stream transport)

*

Domestic and :Drinking Water
Description of Surveillance Program
EMA collected domestic and drinking water samples
*in 2004 from locations at SRS and at water treatment
facilities that use Savannah River water. Potable water
was analyzed at offsite treatment facilities to ensure
that SRS operations did not adversely affect the water
supply and to provide voluntary assurance that drinking
water did not exceed EPA drinking water standards for
radionuclides.

tritium transport in the Savannah River downriver of
SRS after subtraction of any measured contribution • Onsite domestic water sampling consisted of quarterly
grab samples at large treatment plantsin A-Area, Dabove the site (river transport)
Area, and K-Area and annual grab samples at wells
The combined tritium releases in 2004 (direct discharges and small systems. Collected monthly off site were
and migration from seepage basins and SWDF) totaled
composite samples from
2,683 Ci, compared to 4,319 Ci in 2003, a decrease of
" two water treatment plants downriver of SRS that
about 60 percent.
supply treated Savannah River water to Beaufort
During 2004, the total tritium transport in SRS streams
.and Jasper counties in South Carolina and to Port
decreased by approximately 33 percent (from 4,139 Ci
Wentworth, Georgia
in 2003 to 2,785 Ci in 2004).
EMA has been conducting a study of tritium flux in
Lower Three Runs, including sampling on Lower Three
Runs tributaries as well as discussions with ChemNuclear Systems, LLC (CNS). The result of this study,
supported by.both EMA and CNS data, indicated a small
but measurable amount of tritium entering the Lower
Three Runs system from previous CNS operations.
This is expected to decline slowly. EMA and CNS will
continue to monitor the Lower Three Runs system.
The 2004 measured tritium transport in the Savannah
River (3,630 Ci) was more than the stream transport
total. Most of this difference is attributed to Plant
Vogtle's 2004 tritium releases, which totaled
approximately 1,200 Ci.

the North Augusta (South Carolina) Water
Treatment Plant'
Surveillance Results Summary'
All domestic and drinking water samples collected by
EMA were screened for gross alpha and gross beta
concentrations to determine if activity levels warrant
further analysis. No domestic water used for drinking
purposes •exceeded EPA's 1.50E+01-pCi/L alpha activity
limit or 5.OOE+01-pCiIL beta activity limit. Also, no
onsite or offsite domestic or drinking water samples
exceeded the 2.OOE+04-pCi/L EPA tritium limit, and
no domestic or drinking water samples exceeded the
strontium 89,90 MDC.
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Figure 4-2 SRS Tritium Transport Summary, 1960-2004
SRS has maintained a tritium balance of direct releases plus migration, stream transport, and river transport since
1960 In an effort to account for and trend tritium releases in liquid effluents from the site. The general trend over
time is attributable to (1) variations in tritium production at the site (production stopped in the late 1980s); (2) the
implementation of effluent controls, such as seepage basins, beginning in the early 1960s; and (3) the continuing
depletion and decay of the site's tritium inventory.

No cobalt-60, cesium-137, or plutonium-239 was
detected in any domestic or drinking water samples. In
general, uranium isotopes, plutonium-238, curium-244,
and americium-241 were not detected, although samples
from a few locations showed detectable levels of these
nuclides.

Samples of food-including meat (beef), fruit (melons
or peaches), and a green vegetable (collards)-are
collected from one location within each of four
quadrants and from a control location within an
extended (to 25 miles beyond the perimeter) southeast
quadrant. All food samples are collected annually except
milk.

Terrestrial Food Products

Food samples are analyzed for the presence of gammaemitting radionuclides, tritium, strontium-89,90,
plutonium-238, and plutonium-239.

Description of Surveillance Program
The terrestrial food products surveillance program
consists of radiological analyses of food product
samples typically found in the Central Savannah River
Area (CSRA). These food products include meat (beef),
fruit, and green vegetables (collards). Data from the
food product surveillance program are not used to show
direct compliance with any dose standard; however, the
data can be used as required to verify dose models and
determine environmental trends.
32

Surveillance Results Summary
The only manmade gamma-emitting radionuclide
detected in food products in 2004 was cesium-137,
which was found in collards from five sampling
locations, milk at one location, and fruit at one
location. Strontium-89,90 was detected in collards at
two locations, while tritium was detected in collards
and milk at one location. Plutonium-238 was found
Savannah River Site
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slightly above its MDC in beef at one location. No other
manmade radionuclides were detected in food products..
Tritium in milk and other samples is attributed primarily
to releases from SRS. Tritium concentrations in collards
and milk were similar to those of previous years. No
tritium was detected in any other food sample.
These results are similar to.thos& of previous years.

Aquatic Food Products
Description of Surveillance Program
The aquatic food product surveillance program -includes
fish (freshwater and saltwater) and: shellfish. To"
determine'the potential dose and risk to the public from
consumption, both types are sampled.
Nine surveillance points for the collection of freshwater
fish are located on the Savannah River-from above
SRS at Augusta, Georgia, to the coast at Savannah,.
Georgia.
Surveillance Results Summary
Cesium-137 was the only manmade gamma-emitting
radionuclide found in Savannah River edible composites.
Strontium-89,90 and tritium were detected at most of
the river locations. No manmade radionuclides were
detected in saltwater fish or shellfish. These results Were
similar to those of previous years.

Deer and Hogs
Description of Surveillance Program
Annual hunts, open to members of the general public,
are conducted at SRS to control the site's deer and feral
hog populations and to reduce animal-vehicle accidents.
Before any animal is released to a hunter, EMA uses
portable sodium iodide detectors to perform field
analysis for cesium-137. Media samples (muscle and/or
bone) are.collected periodically for laboratory analysis
based on a set frequency, on cesium-137 levels, and/or
on exposure limit considerations.
Surveillance Results Summary
A total of 817 deer and 213 feral hogs were taken during
the 2004 site hunts. As observed during previous hunts,
cesium-137 was the only manmade gamma-emitting
radionuclide detected during laboratory analysis.Generally, the cesium-137 concentrations measured
by the field and lab methods were comparable. Field
measurements from all animals ranged from 1 pCi/g
to 48.3 pCi/g, while lab measurements ranged from
I pCi/g to 32.4 pCi/g. The average field cesium-137

concentration was 1.16 pCi/g in deer (with a maximum
of 48.3 pCi/g) and 1.21 pCi/g in hogs (with a maximum
of 25.1 pCi/g).
Strontium levels *aredetermined in some of the animals
*analyzed for cesium- 137. T'ypically, muscle and bone
samples are collected for analysis from the same animals
checked for cesium-137, and the samples are analyzed
for strontium-89,90. As in previous years, strontium89,90 was not quantified in muscle samples. Lab
measurements of strontium-89,90 in bone ranged from a
high of 4.75 pCi/g to'a low of 3.62 pCi/g.

Turkeys/Beavers
Description of Surveillance Programs
Wild turkeys have been'trapped 6n site by the South
Carolina Department of Natural Resources and used
to repopulate game areas in South Carolina and other
states. The U.S. Department of Agriculture Forest
Service-Savannah River harvests beavers in selected
areas within the SRS perimeter to reduce the beaver
population and thereby minimize dam-building activities
that can result in flood damage to timber stands, to
primary and secondary roads, and to railroad beds.
However, both programs continued to remain inactive in
2004 because of reduced needs.

Soil
Description of Surveillance Program
The SRS soil monitoring program provides
•

data for long-term trending of radioactivity
deposited from the atr~iosphere (both wet and dry
deposition)

•

information on the concentiations of radioactive
materials in the environment

The concentrations of radionuclides in soil vary greatly
among locations because of differences in rainfall
patterns and in the mechanics of retention and transport
in different types of soils. Because of this program's,
design, a direct.comparison.of data from year to year is
not appropriate. However, these results may be evaluated
over a period of years to determine long-term trends.
Soil samples are collected from four onsite locations,
four site perimeter locations and two offsite locations.
Surveillance Results Summary
Radionuclides in soil samples from 2004 were detected
as follows:
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cesium-137 at 10 locations (on site/perimeter/
offsite)
uranium-234, 235, and 238at all locations

Sediment

These results are similar to those of previous years.

Description of Surveillance Program
.ediment sample analysis measures the movement,
deposition, and accumulation of long-iived radionuclides
in stream beds and in the Savannah River bed.
Significantyear-to-year differences may be evident
because of the continuous deposition and remobilization
occurring in'the stream and river beds---or because.
of slight variation in sampling l ocations-but the
data obtained can be used to observe long-term
environmental trends.

Settleable Solids

Sediment samples were collected at eight Savannah
River locations and 13 site stream locations in 2004.

*
*

plutonium-238 at 11 onsite, perimeter, and offsite
locations
*plutonium-239 at nine locations (onsite/perimeter/
off site)
americium-241 at four onsite and perimeter
locations
--

Description of Surveillance Program
Settleable-solids monitoring in effluent water is required
to ensure-in conjunction with routine sediment
monitoring-that a long-term buildup of radioactive
materials does not occur in stream systems.
DOE limits on radioactivity levels in settleable solids
are 5 pCi/g above background for alpha-emitting
radionuclides and 50 pCi/g above background for beta/
gamma-emitting radionuclides.
Low total suspended solids (TSS) levels result in a small
amount of settleable solids, so an accurate measurement
of radioactivity levels in settleable solids is impossible.
Based on this, an interpretation of the radioactivitylevels-in-settleable-solids requirement was provided
to Westinghouse Savannah River Company (WSRC)
by DOE in 1995. The interpretation indicated that TSS
levels below 40 parts per maillion (ppm) were considered
to be in de-facto compliance with the DOE limits.
To determine compliance with these limits, EMA
uses TSS results-gathered as part of the routine
National Pollutant Discharge Elimination System
monitoring program-from outfalls co-located at or near
radiological effluent points. If an outfall shows that TSS
levels regularly are greater than 40 ppm, a radioactivitylevels-in-settleable-solids program andan increase in
sediment monitoring will be implemented.
Surveillance Results Summary
In 2004, one TSS sample exceeded 40 ppm. This result
(44 ppm) occurred at Outfall F-01 because of nearby
demolition work. The 2004 TSS results indicate that
SRS remains in compliance with the DOE radioactivitylevels-in-settleable-solids requirement.

Surveillance Results Summary
Cesium-137 and cobalt-60 were the only manmade
gamma-emitting radionuclides observed in river and
stream sediments. The highest cesium-137 concentration.
in streams, 3.70E+01 pCi/g, was detected in sediment
from R-Canal. The highest level found on the river,
4.35E-01pCi/g, was at River Mile 129; the lowest levels.
Were below detection at several locations. Generally,
cesium-137 concentrations were higher in stream
sediments than in river sediments. This is to be expected
because the streams receive radionuclide-containing
liquid effluents from the site. Most radionuclides settle
out and deposit on the stream beds or at the streams'
entrances to the swamp areas along the river.
Cobalf-60 was detected in sediment from the Four Mile
Creek Swamp Discharge and R-Canal locations. The
highest cobalt-60 concentration in streams, 7.22E-02
pCi/g, was measured at R-Canal.
Strontium-89,90 was detected in sediment at two
stream and no river locations. The maximum value was
1.25E+00 pCi/g, at FM-A7.
Plutonium-238 was detected in sediment at eight
stream locations and one river location during 2004,
The maximum value was 3.49E+OOpCi/g at FM-A7. to
below detection at several locations. Plutonium-239 was
detected in sediment at most stream and river locations.
The maximum value was 1.82E-01 pCi/g-alsoat
FM-A7. Uranium-234; 235, and 238 were detected at all
locations.
Concentrations of radionuclides in river sediment during
2004 were similar to those of previous years.
Concentrations of all isotopes generally were higher
in streams than in the river. As indicated in the earlier
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discussion of cesium-137, this is to be expected;
Differences observed when these data are compared to
those of previous years'probab ly are attributable to the
effects of resuspension and del position, .which occu~r
constantly in sediment media.

Grassy Vegetation

specifically, the area between Steel Creek Landing
and Little.Hell.Landing-- was contaminated by SRS
operations. During high river levels, water-from Steel
Creek flowed along the lowlands comprising the swamp,
resulting in the deposition of radioactivematerial.SRS
studies estimated that a total of approximately 25 Ci of
cesium-137 and 1 Ci of cobalt-60 were deposited in the
swamp.

Description of Surveillance Program
•
Comprehensive and cursory surveys of the swamp have
The radiologicil program for grassy vegetatioh is
been conducted periodically since. 1974..-These. surveys -•
designed to collect and analyze samples from bnsit
radioactivity levels to determine changes in.
and offsite locations to determine radidnuclide
. the amount and/or distribution of radioactivity in the
concentratiorns. Vegetation"samples are obtained to
• swamp. A series of 10 sampling.trails-.---ranging from.
complement the soil and sediment samples in 6rder
240 to 3;200 feet in length-was established through the
to determine the environmental accumulation of
d
"•
swamp. Fifty-two monitoring locations were designated.•
radionuclides and help confirm the dose models use
on the trails to allow for continued monitoring at a
by SRS. Bermuda grass is preferred because of its
consistent
set of locations.
importance as a pasture grass for dairy herds.
The 2004'survey was identified as a cursory survey,
Vegetation samples are obtained from
requiring limited media sampling and analysis-as well
* locations containing soil radionuclide concentr ations as exposure rate measurement. A cursory survey had
that are expected to be higher than normal
been scheduled for late 2003 but was canceled because
background levels
of high water in the swamp.
*

.measure

*

*

locations receiving water that may have been
contaminated

SSurveillance Results Summary
Radionuclides in the grassy vegetation samples collected
in 2004 were detected as follows:"
*

tritium at one perimeter location and one onsite *
location

*

cesium-137 (the only manmade gamma-emittin
radionuclide detected) at seven perimeter and one
offsite location

*

strontium-89/90 at 11 locations

*

uranium-234 at all locations except Darkhorse,
Green Pond,; and Patterson Mill Road

a

uranium-238 at all locations except Barnwell,
Darkhorse, and Patterson Mill Road'

These results are similar to those of previous years.

Savannah River Swamp Surveys
Introduction
The Creek Plantation, a privately owned land area
located along the Savannah River, borders part of thLe
southern boundary of SRS. In the 1960s, an area of
the Savannah River Swamp on Creek Plantation-

Analytical Results Summary
The sampling portion of the 2004 survey was conducted
from February through June. Because of high water
levels, samples could not be obtained from the.
prescribed locations on three trails (6, 7, and 8), but
were obtained from alternate established locations on
these trails. Similarly, exposure rate determination via
TLDs could not be completed because of high water
levels during the measurement period.
As anticipated, based on source term information and
historical survey results, cesium-137 was the only
manmade gamma-emitting radionuclide detected.
Cesium-137 was detected in 39 of the 40 soil samples
and eight of the 10'vegetation samples. Cesium-137
concentrations in soil varied from nondetectable.
to approximately 50 pCi/g, while cesium-137
concentrations in vegetation varied from nondetectable
to approximately 11 pCi/g. The observed concentration
range is consistent with historical results. In general,
higher levels of cesium-137 in soil were observed in
the shallow samples. As observed in previous surveys,
this vertical distribution profile in soil is notas
pronounced as it is in undisturbed areas. This indicates
some movement (mobilization, movement, and/or
redeposition) of contamination in the swamp. cesium137 was observed in samples as far as approximately
five miles from the site boundary (on trail 10).
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- obalt-60 was not detected in any sample. This is
C
consistent with historical survey results, in which cobalt*60 is detected in low concentrations at a relatively small
number of sample sites.
Strontium-90 was detected in two of the 50 soil samples
and fourvegetation samples. The maximum observed
concentration in soil was approxiniately 0.43 pCi/g,
while the maximum concentration in vegetation was
approximately 0.75 pCilg. No correlation was observed
between soil and vegetation strontium-90 concentrations
or between cesium-]37 and strontium-90.

Nonradiological Surveillance
Air
SRS does not conduct ons'ite surveillance for
nonradiological ambient air quality. However, to ensure
compliance with SCDHEC air quality regulations an d
standards, SRNL conducted air dispersion modeling
for all site sources of criteria pollutants and toxic
air pollutants in 1993. This modeling indicated that
all SRS sources were in compliance with air quality
regulations and standaids. Since that time, additional
*modeling conducted for new sources of criteria
pollutants and toxic air pollutants has demonstrated
continued compliance by the site with current applicable
regulations and standards. The states of South Carolina
and Georgia continue to monitor ambient air quality near
the site as part of a network associated with the federal
Clean Air Act.

Surface Water
SRS streams and the Savannah River are classified by
SCDHEC as "Freshwaters:' which are defined as surface
water suitable for
"

primary and secondary contact recreation and as a
drinking water source after conventional treatment
in accordance with SCDHEC requirements

*

fishing and survival and propagation of a balanced
indigenous aquatic community of fauna and flora

*

industrial and agricultural uses

Appendix A, "Applicable Guidelines, Standards, and
Regulations," provides some of the specific guidelines
used in water quality surveillance, but because some
of these guidelines are not quantifiable, they are not
tracked.
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Surveillance Results Summary
At every site,most Water quality parameters and metals
were detected in at least'one sample. Thallium and
nitrite were not detected in any samples. Only two
samples had detectable pesticides/herbicides: one SC-4
sample showed beta-BHC, while one PB-3 sample
showed delta-BHC. These.results continue to indicate
that SRS discharges are not significantly affecting the
water quality of the onsite streams or the river.

Drinking Water
Most of the drinking water at SRS is supplied by three
systems that have treatment plants in A-Area, D-Area,
and K-.Area. The site also has 14 small drinking water
facilities, each of which serves populations of fewer than.
25 persons.
Surveillance Results Summary
All samples collected from SRS drinking water systems
during 2004 were in compliance with SCDHEC and
EPA water quality standards. Additional information
is provided in the Safe Drinking Water Act section of
chapter 2, "Environmental Compliance."

Sediment
The nonradiological sediment surveillance program
provides a method to determine the deposition,
movement, and accumulation of nonradiological
contaminants in stream systems.
Surveillance Results Summary
In 2004, as in the previous five years, no pesticides or
herbicides were found to be above the quantitation limits
in sediment samples. Metals analyses results for 2004
also were comparable to those of the previous five years.

Fish
EMA personnel analyze the flesh of fish caught from the
Savannah River to determine concentrations of mercury
in the fish. The fish analyzed represent the most common
edible species of fish in the Central Savannah River Area
(freshwater) an*d at the mouth of the-Savannah River
(saltwater).
Surveillance Results Summary
In 2004, 152 fish were caught from the Savannah River
and analyzed for mercury. Concentrations of mercury
generally were slightly higher than those observed
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in 2003, but were similar to those of previous years.
g eneral health of the river and its tributaries. This is
The highest concentrations were found in bass at U.S.
acccomplished by looking for.
Highway 17 (2.31 jtg/g), bream at Stokes Bluff (2.49g/g
patterns of biological disturbance that are
g), and catfish at U.S.Highway 301 (1.7lig/g).
geographically associated with the site
patterns of change over seasons or years that
indicate improving or deteriorating conditions

The Academy of Natural Sciences
-River Water Quality Surveys.
Description of Surveys
Academy of Natural Sciences fANS) persoi nel
conducted biological and water qualify surveys of
the Savannah River from 1951 through 2003, when
the EMA personnel assumed this responsibility. The
surveys were designed to assess potential effects of
SRS contaminants and warm-water discharges on the

amples collected for the 2003 survey were analyzed by
AS
iNS during 2004 and compared .to previous years' data.
Nro adverse conditions were identified. EMA conducted,
thie macroinvertbrate and diatom sampling during the
s pring-and fall of 2004. The diatom slides were sent to
.NS for archiving. EMA personnel archiYed the spring
aacroinverterbrate samples on site and are processing
tl ie fall samples.
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Potential Radiation Doses
Timothy Jannik,. Patricia Lee, Doug Martin, and Ali Simpkins
Savannah River NationalLaboratory

r"HI-S chapter presents the potential doses to offsite
| individuals and the surrounding population from
.1. the 2004 Savannah River Site (SRS) atmospheric
and liquid radioactive releases. Also documented are
potential doses from special-case exposure scenariossuch as the consumption of deer meat, fish, and goat
milk.
Unless otherwise noted, the generic term "dose" used
in this report includes both the committed effective
dose equivalent (50-year committed dose) from internal
deposition of radionuclides and the effective dose
equivalent attributable to sources external to the body.
Use of the effective dose equivalent allows doses from
different types of radiation and to different parts of the
body to be expressed on the same basis.
Descriptions of the effluent monitoring and
environmental surveillance programs discussed in
this chapter can be found in chapter 3, "Effluent
Monitoring:' and chapter 4, "Environmental
Surveillance' A complete description of how potential
doses are calculated can be found in section 1108 of
the SavannahRiver Site EnvironmentalMonitoring
Section Plansand Procedures,WSRC-3QI-2,
Volume I [SRS EM Program, 2001]. All potential dose
calculation results are presented in data tables on the CD
accompanying this report.
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Applicable dose regulations can be found in appendix A,
"Applicable Guidelines, Standards, and Regulations:' of
this document.

Calculating Dose
Potential offsite doses from SRS effluent releases of.
radioactive materials (atmospheric and liquid) are
calculated for the following scenarios:
hypothetical maximally exposed individual living at
the SRS boundary (see definition below):
*

population living within an 80-km (50-mile) radius
of SRS
Because
the U.S. Department of Energy (DOE) has
adopted dose
factors only for adults, SRS calculates.
maximally exposed individual and collective doses as if
the entire 80-km population consisted of adults [DOE,
1988].'For the radioisotopes that contribute the most
to SRS's estimated maximum individual doses (i.e.,
tritium and cesium-137), the dose to infants would be
approximately two to three times more than to adults.
The dose to older children becomes progressively closer
to the adult dose.
SRS also uses adult consumption rates for food and
drinking water and adult usage parameters to estimate
intakes of radionuclides. These intake values and
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parameters were developed specifically for SRS based
on a regional survey [Hamby, 1991].
For dose calculations, unspecified alpha releases
were conservatively assigned the plutonium-239 dose
factor, and unspecified beta releases were assigned the
strontium-90 factor.

Dose Calculation Methods
To calculate annual 'offsitedosesSRS uses transport
and dose models developed for the commercial nuclear
"industry [NRC, 1977]. The models are described iii SRS
EM Program, 2001.
Meteorological Datab'ase
To show compliance with DOE environmental orders,
potential offsite doses from releases of radioactivity to
the atmosphere were calculated with quality-assured
-meteorological data for A-Area, K-Area (used for
releases from C-Area, K-Area, and L-Area) and
H-Area (used for releases from all other areas).-The
meteorological databases used were for the years 1997.2001, reflecting the most recent 5-year compilation
period.
To show compliance with U.S. Environmental Protection
Agency (EPA) regulations, only the H-Area database
was used in the calculations because the EPA-required
dosimetry code is limited to a single release location.
The H-Area meteorological database is provided on the
CD accompanying this report.
Population Database and Distribution
Collective (population) doses from atmospheric releases
are calculated for the population within an 80-km radius
of SRS. Within this radius, the total population was
713,500, based on-2000 census data.
Some of the collective doses resulting from SRS liquid•
releases are calculated for the popu!ations served by
the City of Savannah Industrial and Domestic Water
Supply Plant, near Port Wentworth, Georgia, and by
the Beaufort-Jasper Water and Sewer Authority's
..(BJWSA) Chelsea and Purrysburg Water Treatment
Plants, near Beaufort, South Carolina. According to
ihe treatment plant operators, the population served by
the Port Wentworth facility during 2004 was 26,344
persons, while the population served by the BJWSA
Chelsea facility was 74,821 persons and by the BJWSA
Purrysburg facility, 42,827 persons.
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River Flow Rate Data
Although flow rates are recorded at a gauging station
near River Mile 118.8 (U.S. Highway 301 bridge), these
data are not used directly in dose calculations. This is.
because weekly river'flow rates fluctuate widely (i.e.,
short-term. dilution. varies from week to week). Used..
instead 're "effective" flow rates, which are based on the
annual average tritium concentrations measured at River
Mile 118.8 and at the three downriver water treatnieit
..
'
plants ...
:
The use of effective river flow :rates in the dose
calculations is more conservativethan the use of
measured flow rates because it accounts .for less dilution
of other radionuclides.
For 2004, the River Mile 118.8 calculated (effective)
flow rate of 6,150 cubic feet per second (cfs) was used.
For comparison, the 2004 measured annual average flow
rate was 8i778 cfs. The 2004 effective flow rate was
about 45 percent less than the 2003 flow rate of 11,138
cubic feet per second because of substantially less.
rainfall during 2004 than 2003.
The effective flow rate was 8,245 cfs for the Port
Wentworth facility, 8,033 cfs for the BJWSA Chelsea
facility, and 6,664 cfs for the BJWSA Purrysburg
facility. (The flow rate at the new Purrysburg plant,
which began operations in February 2004, is prorated.)
The significant difference between the flow rates is
because the Purrysburg facility is located directly on
the Savannah River, and is not affected by dilution. The
Port Wentworth plant, meanwhile, is subject to tidal
effects because of its location near the Atlantic Ocean,
and thus experiences dilution. Similarly, the Chelsea
plant is located a't the end of a long inlet canal, which
experiences groundwater infiltration/dilution.

Dose Calculation Results
Liquid Pathway
Liquid Release Source Terms
The 2004 radioactive liquid release quantities used as
source terms in SRS dose calculations are discussed in
chapter 3 and shown by radionuclide in table 5-1.
The total curies of tritium released is based on the
measured tritium concentration at River Mile 118.8. This
total (3,630 curies) includes contributions from. Georgia
Power Company's Vogtle Electric Generating Plant
(1,200 curies).

Savannah River Site
Savannah River Site

-
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Table 5-1
2004 Radioactive Liquid Release SourceTerm and 12-Month Average Downriver Radionuclide
Concentrations Compared to EPA's Drinking Water Maximum Contaminant Levels (MCL)
12-Month Average Concentration (pCi/mL)
Nuclide

Curies
Released

Below
SRS8

B'JWSA
Chelsea b

*BJWSA •
Purrysburgb

Port
Wehtworthc

EPA
MCL

H-3
Sr-90
Tc-99
1-129
Cs-137
U-234
U-235
U-238
Pu-238
Pu-239
Am-241
Cm-244
Alpha
Beta

3.63E+03
9.23E-02
4.86E-03
7.82E-02
6.77E-02
2.71 E-04
8.74E-06
3.27E-04
2.13E-04
6.29E-05
4.33E-05
1.52E-05
1.47E-02
5.57M-02

6.61 E-01
1.68E-05
8.85E-07
1.42E-05
1.23E-05
4.93E-08
.1.59E-09
5.95E-08
3.88E-08
1.15E-08
7.88E-09
2.77E-09
2.68E-06
1.01E-05

5.06E-01
1.29E-05
6.77E-07
1.09E-05
9.44E-06
3.78E-08
1..22E-09.
4.56E-08
2.97E-08
8.77E-09
6.04E-09
2.12E-09
2.05E-06
7.76E-06

6.10E-01
1.55E-05.
8.17E-07
1.31 E-05
1..14E-05
4.55E-08
1.47E-09
5.49E-08
3.58E-08
1.06E-08
7.28E-09
2.55E-09
2.47E-06
9.36E-06

4.93E-01
1.25E-051
6.60E-07
1.06E-05
9.19E-06
3.68E-08
1.19E-09
4.44E-08
2.89E-08
8.54E-09
5.88E-09
2.06E-09
2.00E-06
7.56E-06

2.00E+01
8.00E-03
9.OOE-01
1.OOE-03
2.OOE-01
1.87E+02
6.48E-02
1.01 E-02.
1.50E-02
1.50E-02
1.50E-02
'1.50E-02
1.50E-02
8.00E-03

.

.

a Near Savannah River Mile 118.8, downriver of SRS at the U.S. Highway 301 bridge
bBeaufort-Jasper, South Carolina,
CPort

drinking water
Wentworth, Georgia, drinking water

Radionuclide Concentrations in Savannah River concentration was estimated to be 0.610 pCi/mL, which
Water, Drinking Water, and Fish "
is below the tritium MCL.
For use in dose determinations and model comparisons,
The MCL for each radionuclide released from SRS
the concentrations
of tritium in
Savannah
water
during 2004 is provided in table 5-1.1Te table indicates
andingesium-is7"inoSavednah
River
fish areRiver
measureddicate
and cesium-137 in Savannah River fish are measured
that all individual radionuclide concentrations at the
at several locations along the river. The amounts of all.
three downriver
thre
dwnrvercommunity drinking water systems, as
other radionuclides released from SRS are so small that
well-as at River Mile 118.8, were below the MCLs.
they usually cannot be detected in the Savannah River
using conventional analytical techniques.
Because more than one radionuclide is released
from SRS, the sum of the fractions of the observed
Radionuclide Concentrations in River Water and
concentration-of each radionuclide to its corresponding
Treated Drinking Water The measured concentrations
MCL must not exceed 1.0.
of tritium in the Savannah River near River Mile 118.8
The sum.of the fractions.was 0.0390 at the BJSWA
and at the Port Wentworth and BJWSA water treatment
Chelsea facility, 0.0469 at the BJSWA Purrysburg
facilities are shown in table 5-I, as are the calculated
facility, ind 0.0379 at the Port Wentworth facility. These
concentrations for the other released radionuclides.
The 12-month average tritium concentration measured
in Savannah River water near River Mile 118.8 (0.661
pCi/mL) was 12 percent less than the 2003 concentration
of 0.749 pCi/mL. The concentrations at the BJSWA
Chelsea (0.506 pCi/mL) and Port Wentworth (0.493
pCi/mL) water treatment plants remained below the
EPA maximum contaminant level (MCL) of 20 pCi/mL.
The new BJSWA Purrysburg facility begah operation
in February 2004, and the prorated 12-month average

are below the 1.0sum~of-the-fractions requirement.
For 2004, the sum 6f the fractions at the River Mile
118.8 location was 0.0509. This is piovided only
for comparison because River Mile 118.8 is not a
community water system location.
Radionuclide Concentrations in River Fish At SRS,
an' important dose pathway for the maximally exposed
individual is from the consumption of fish.
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Fish exhibit a high degree of bioaccumulation for certain
elements. For the element cesium (includ*ing radioactive
isotopes of cesium), the bioaccumulation factor for
Savannah River fish is approximately 3,000. Thai is,
the concentration of cesium found in fish flesh is about
3,000 times the concentration of cesium found in the
water in which the fish live [Carlton et al, 1994].
Because of this high bioaccumulation factor, cesium-137
is more easily detected in fish flesh than in river water.
Therefore, the fish pathway dose from cesium-137
normally is based directly, on the radioanalysis of the
fish collected near Savannah River Mile 118.8, which
is the assumed location of the hypothetical maximally
exposed individual. However, in 2004, the calculated
concentration of cesium-137 in fish, which is based on
measured effluent releases, was determined to be more
than the actual measured concentrations in fish.
To be conservative, the higher calculated cesium-137
concentrations were used in the 2004 dose
determinations.
Dose to the Maximally Exposed Individual
As shown in table 5-2, the highest potential dose
to the maximally exposed individual from liquid
releases in 2004 was estimated at 0.09 mrem (0.0009
mSv). This dose is 0.09 percent of the DOE Order
5400.5 ("Radiation Protection of the Public and the
Environment") 100-mrem all-pathway dose standard

for annual exposure and is 25 percent less than the 2003
dose of 0.12 mrem.
Approximately 42 percent of the dose to the maximally
exposed individual resulted from the ingestion of
cesium-137, mainly from the consumption of fish,
and about 36 percent resulted from the ingestion (via
drinking water) of tritium'.
Drinking Water Pathway Persons downriver of SRS
may receive a radiation dose by consuming drinking
water that contains radioactivity as a result of liquid.
releases from the site. In 2004, tritium in downriver.
drinking water represented the majority of the dose
(about 68 percent) received by persons at the three
downriver water treatment plants.
The maximum potential drinking water dose during
2004 was determined to be about 0.04 mrem (0.0004
mSv) for the new BJWSA Purrysburg facility-the same
as the maximum 2003 dose.
As shown in table 5-2, the maximum dose of 0.04
mrem (0.0004 mSv) is 1.0 percent of the DOE standard
of 4 mrem per year for publicwater supplies. For
comparison, in table 5-1, the BJWSA Purrysburg
facility sum of the fractions equated to 4.7 percent of the
EPA MCLs. The difference between the DOE and EPA
drinking water standards is explained in the "Potential
Dose" section of appendix A.

Table 5-2
Potential Dose to the Maximally Exposed Individual from SRS Liquid Releases in 2004

Percent
of Standard

Committed
Dose (mr em)

Applicable
Standard (mrem)

0.09

100a

0.09

(public water supply only)

0.03

4.b

0.75

At BJSWA Purrysburg
(public water supply only)

0.04

1.00

At Port Wentworth
(public water supply only)

0.03

0.75

Maximally Exposed Individual
Near Site Boundary
(all liquid pathways)

At BJSWA Chelsea

"All-pathway dose standard: 100 mrem per year (DOE Order 5400.5)

bDrinking water pathway standard: 4 mrem per year (DOE Order 5400.5)
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Collective (Population) Dose.
The collective drinking water consumption dose is
calculated forthe discrete population groups seried by
the BJWSA and Port Wentworth water treatment plants.
The collective d6se from other pathways is calculated.,
for a diffuse population that makes use of the Savannah
River. However, this population cannot be describedas
being in a specific geographical location.
In 2004, the collective dose from SRS liquid releases
was estimated at 3.1 person-rem (0.031 person-Sv). This
was 7 percent more'than the 2003 collective dose of 2.9
person-rem (0.029 person-Sv). This increase was due to
the increased population served by the BJWSA and Port
Wentworth water treatment facilities.
Potential Dose from Agricultural Irrigation
Based on surveys of county agricultural extension
agencies, there are no known large-scale'uses of river
water downstream of SRS for agriculturalirrigation
purposes. However, the potential for irrigation does
exist, so potential doses from this pathway are calculated
for information purposes only but are not included in
calculations of the official maximally exposed individuial
or collective doses.
For 2004, a potential offsite dose of 0.08 mrem (0.0008
mSv) to the maximally exposed individual and a
collective dose of 5.6 person-rem (0.056 person-Sv)
were estimated for this exposure pathway..
As in previous years, collective doses from agricultural
irrigation were calculated for 1,000 acres of land
devoted to each of four major food types-vegetation,
leafy vegetation, milk, and meat. It is assumed that all
the food produced on the 1,000-acre parcels is consumed
by the 80-km population of 713,500.

Air Pathway

locations. However, the concentrations of tritium oxide
at the site perimeter locations usually can be measured
and are compared with calculated concentrations as a
verification of the dose models, as shown in data tables
on the CD accompanying this report.
Dose to the Maximally Exposed Individual
In 2004, the estimated dose from atmospheric releases
to the maximally exposed individual was 0.06 mrem
(0.0006 mSv), which is 0.6 percent of the DOE Order
5400.5 air pathway standard of 10 mrem per year.This
dose was slightly less than the 2003 dose of 0.07 mrem
(0.0007 mSv). This decrease is attributed to a reduction
in releases from H-Area, caused by reduced operations
in H-Canyon during 2004. Table 5-3 compares the
maximally exposed individual's dose with the DOE
standard.
Tritium oxide releaises accounted for about 74 percent
of the dose to the maximally exposed individual.
Iodine-129 emissions accounted for 10 percent of the
maximally exposed individual dose, and unspecified
alpha emissions accounted for 4 percent. Nearly all the
unspecified alpha releases were estimated to be from
diffuse and fugitive sources (chapter 3).
The potential dose to the maximally exposed individual
residing at the site boundary for each of the 16
-major compass point directions around SRS can be
found in the "Maps" appendix (figure 12) on the CD
. accompanying this report. For 2004, the due-north sector
of the site was the location of the highest dose to the
maximally exposed individual.
The major pathways contributing to the dose to the
maximally exposed individual from atmospheric releases
were inhalation (43 percent) and the consumption of

vegetation (39 percent), cow milk (I1 percent), and meat
(4 percent).

Atmospheric Source Terms
The 2004 radioactive atmospheric release quantities
used as the source term in SRS dose calculations are
discussed in chapter 3."

Additional calculations of the dose to the maximally
exposed individual were performed substituting goat
milk for the customary cow milk pathway. The potential
dose using the goat milk pathway was estimated at 0.06
mrem (0.O006.mSv).

Estimates of unmonitored diffuseand fugitive sources
were included in the atmospheric source term, as
required, for demonstrating compliance with NESHAP.
regulations.

Collective (Population) Dose

Atmospheric Concentrations
Calculated radionuclide concentrations are used for
dose determinations instead of measured concentrations.
This is because most radionuclides released from SRS
cannot be measured, using standard methods, in the
air samples collected at the site perimeter and offsite

*In 2004, the collective dose was estimated at 2.9
person-rem. (0.029 person-Sv)-less than 0.01 percent.
of the collective dose received from natural sources of
radiation (about 214,000 person-rein).
Tritium oxide releases accounted for about 77 percent
of the collective dose:The 2004 collective dose was
22 percent less than the 2003 collective dose of 3.6
person-rem (0.036 person-Sv).
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NESHAP Compliance
To demonstrate compliance with NESHAP regulations,
maximally exposed individual and collective doses were
calculated, and a percentage of dose contribution from
each radionuclide was determined using the CAP88
computer.code [EPA, 1999a].
The CAP88 code estimates a higher dose for tritium
oxide than do the MAXDOSE-SR and POPDOSE-SR
codes, which are used for showing compliance with
DOE environmental orders [SRS EM Program, 20011.
Most of the differences occur in the tritium dose
estimated from food consumption. The major cause of
this difference is the CAP88 code's use of 100-percent
equilibrium between tritium in air moisture and tritium
in food moisture, whereas the MAXDOSE-SR and
POPDOSE-SR codes use 50-percent equilibrium
values, as recommended by the Nuclear Regulatory
Commission [NRC, 1977]. A site-specific study
indicated that the 50-percent value is correct for the
atmospheric conditions at SRS [Hamby and Bauer,
1994].
Because tritium oxide dominates the doses determined
using the CAP88 code, and because the CAP88 code
is limited to a single, center-of-site release location,
other radionuclides (such as plutonium-239) are'
less important-on a percentage-of-dose basis-for
the CAP88 doses than for the MAXDOSE-SR and
POPDOSE-SR doses.
The maximally exposed individual dose was estimated
at 0.06 mrem (0.0006 mSv), which is 0.6 percent of the
10-mrem-per-year EPA standard, as shown in table 5-3.
Tritiuin oxide releases accounted for about 93 percent of
this dose.

All-Pathway Dose
To demonstrate compliance with the DOE Order 5400.5
all-pathway dose standard of 100 mrem per year (1.0
mSv per year), SRS conservatively combines the
maximally exposed individual airborne pathway and
liquid pathway dose estimates, even though the two
doses are calculated for hypothetical.individuals residing
at different geographic locations.
For 2004, the potential maximally exposed individual
all-pathway dose was 0.15 mrem (0.0015 mSv)-0.06
mrem from airborne pathways plus 0.09 fihrem
from liquid pathways-and was 0.15 percent of the
100-mrem-per-year DOE dose standard. This dose'was
21 percent less than the 2003 all-pathway dose of 0.19
mrem (0.0019 mSv).
Figure 5-1'shows a 10-year history of SRS's all-pathway
doses (airborne pathway plus liquid pathway doses to
the maximally exposed individual).

Sportsman Dose
DOE Order 5400.5 specifies radiation dose standardsfor individual members of the public. The dose
standard of 100 mrem per year includes doses a person
receives from routine DOE operations through all
exposure pathways. Nontypical exposure pathways,
not included in the standard calculations of the doses
to the maximally exposed individual, are considered
and quantified separately. This is because they apply to
low-probability scenarios, such as consumption of fish
caught exclusively from the mouths of SRS streams, or
to unique scenarios, such as volunteer deer hunters.

.In addition to deer, hog, and fish consumption, the
following exposure pathways were considered for an
offsite hunter and an offsite fisherman-both on Creek
.Plantation, a privately owned portion of the Savannah
The CAP88-determined collective dose was estimated
River Swamp, which was contaminated by SRS
at 6.8 person-rem (0.068 person-Sv). Tritium oxide
releases also accounted for about 94 percent of this dose. ..operations in the 1960s (chapter 4):
Table 5-3
Potential Dose to the Maximally Exposed Individual from SRS Atmospheric Releases in 2004
MAXDOSE-SR
Calculated dose (mrem)

CAP88 (NESHAP)

0.06
loa

0.06

Applicable standard (mrem)
Percent of standard

0.6

0.6

1 0

b

aDOE: DOE Order 5400.5, February 8, 1990
bEPA: (NESHAP) 40 CFR 61 Subpart H, December 15,1989
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External exposure to contaminated soil

* Incidental ingestion of contaminated soil
Incidental inhalation of resuspended contaminated
soil
Onsite Hunter Dose
Deer and Hog Consumption Pathway The estimated
dose from consumption of the harvested deer or hog
meat is determined for every onsite hunter.
During 2004, the maximum potential dose that could
have been received by an actual onsite hunter was
estimated at 70.8 mrem (0.708 mSv), or 70.8 percent
of DOE's 100-mrem all-pathway dose standard (table
5-4). This dose was determined for a prolific hunter.
who in fact harvested five deer during the 2004 hunts.
The hunter-dose calculation is based on the conservative
assumption that this hunter individually consumed
the entire edibleportion-approximately 111 kg (244
pounds)-of the deer he harvested from SRS.
Off site Hunter Dose
Deer and Hog Consumption Pathway Ihe deer
and hog consumption pathway considered was for
hypotfetical offsite individuals whose entire intake of
meat during the year was either deer or hog meat. It was
assumed that these individuals harvested deer or hogs
that had resided on SRS, but then moved off site.
Based on these low-probability assumptions and on the
measured average concentration of cesium-137 in all
deer (5.26 pCi/g) and hogs (3.14 pCi/g) harvested from
SRS during 2004, the potential maximum doses from

this pathway were estimated at 17.3 mrem (0.173 mSv)
for the, deer hunter and at 8.67 mrdm (0.0867 mSv) for
the hog hunter.
A background cesium-137 concentration of I pCi/g is
subtracted from the onsite average concentrations before
calculating the doses. The background concentration
is based on previous analyses of deer harvested 80 km
from SRS (table 33, SRS EnvironmentalDatafor 1994,
WSRC-TR-95-077).
Savannah River Swamp Hunter Soil Exposure
Pathway The potential dose to a recreational hunter
exposed to SRS legacy contamination in Savannah River
Swamp soil on the privately owned Creek Plantation
in 2004 was estimated using the RESRAD dosiimetry
code (DOE Order 5400.5). It was assumed that this
recreational sportsman hunted for 120 hours during the
year (8 hours per day for 15 days) at the location of
maximum radionuclide-contamination.
Using the worst-case radionuclide concentrations from
the most recent comprehensive survey-conducted in
2000-the potential dose to a hunter from a combination
of (1) external exposure to the contaminated soil, (2)
incidental ingestion of the soil, and (3) incidental
inhalation of resuspended soil was estimated to be 4.4
mrem (0.044 mSv).
As shown in table 5-4, the offsite deer consumption
pathway and the Savannah River Swamp hunter soil
exposure pathway were conservatively added together to
obtain a total offsite hunter dose of 21.7 mrem
(0.217 mSv). This potential dose is 21.7 percent of the
DOE 100-mrem all-pathway dose standard.
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Offsite Fisherman Dose
Creek Mouth Fish Consumption Pathway For
2004, radioanalyses were conducted of fish' taken from
the mouths of five SRS streams, and the subsequent
estimated doses were calculated. As shown in table
5-4, the maximum potential dose from this pathway
was estirmated at 0.9:7.mrem(0.0097 mSv) from the
consumption of bass collected at the mouth of Four
Mile Creek. This hypothetical dose is based on the
low-probability scenario that, during 2004, a fisherman
consumed 19 kg of bass caught exclusively from the
mouth of Four Mile Creek. About 98 percent of this
potential dose was from.cesium-137.
Savannah River Swamp Fisherman Soil Exposure
Pathway The potential dose to a recreational
fisherman exposed to SRS legacy contamination in
Savannah River Swamp soil on the privately owned
Creek Plantation in 2004 was estimated using the
RESRAD dosimetry code. It was assumed that this

recreational sportsman fished on the South Carolina
bankof the Savannah River near the mouth of Steel
Creek for 250 hours during the year.
.During the comprehensive survey of the Savannah
River Swamp conducted in 2000, the location on Creek
Plantation,.that was cl6sest to the South Carolina bank of"
the Savannah River and the mouth of Steel Creek was on
trail 1, at a distance of 0 feet from the Savannah River.
Using the radionuclide concentrations measured
at this location, the potential dose to a fisherman
from a combination of (1) external exposure to the
contaminated soil, (2) incidental ingestion of the soil,
and (3) incidental inhalation of resuspended soil was
estimated to be 0.54 mrem (0.0054 mSv).
As shown in table 5-4, the maximum Steel Creek
mouth fish consumption dose (0.17 mrem) and the'
Savannah River Swamp fisherman soil exposure
pathway were conservatively added together to obtain a

Table 5-4
2004 Maximum Potential All-Pathway and Sportsman Doses Compared to the•
DOE All-Pathway Dose Standard
Committed
Dose (mrem)

Applicable
Standard (mrem)"

Percent
of Standard

Maximally Exposed Individual Dose
All-Pathway
(Liquid Plus Airborne Pathway)

0.15

100

0.15

Sportsman Doses
Onsite Hunter
Creek Mouth Fishermanb

70.8
0.97

100
100

70.8
0.97

Savannah River Swamp Hunter
Offsite Deer Consumption

17.3

Offsite Hog Consumption

8.67

Soil ExposureC

4.4

Total Offsite Deer Hunter Dose

21.7.

100

21.7

Savannah River Swamp Fisherman
Steel Creek Fish Consumption

0.17

Soil Exposured

0.54

Total Offsite Fisherman Dose

0.71

100

0.71

a All-pathway dose standard: 100 mrem per year (DOE Order 5400.5)
bIn 2004, the maximum fisherman dose was caused by the consumption of bass from the mouth of Four Mile Creek
c Includes the dose from a combination of external exposure to-and.incidental ingestion and inhalation of-the worst-case
Savannah River Swamp soil.
dIncludes the dose from a combination of external exposure to-and incidental ingestion and inhalation of-Savannah River
Swamp soil near the mouth of Steel Creek
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total offsite creek mouth fisherman dose of 0.71 mrem
(0.0071 mSv). This'potential dose is 0.71 percent of the
DOE 100-mrem all-pathway dose standard.

The potential risks were estimated using the cancer
morbidity risk coefficients from Federal Guidance.
Report'No. 13 [EPA, 1999b].
For 2004, the maximum recreational fisherman dose
was caused by the consumption of bass collected at the
mouth of Four Mile Creek.

Potential Risk from Consumption
of SRS Creek Mouth Fish
During 1991 and 1992, in response to a U.S. House
Figure 5-2 shows a 10-year history of the annual
of Representatives Appropriations Committee request
potential radiation doses from consumption of Savannah
for a plan to evaluate risk to the public from fish
River fish. No apparent trends can be discerned from
collected from the Savannah River, SRS developed-in
these data. This is because there is large variability in
conjunction with EPA, the Georgia Department of
the annual strontium-90 and cesium-137 concentrations
Natural Resources, and the South Carolina Department
measured in fish from the same location due to
of Health and Environmental Control-the Westinghouse
differences in
Savannah River Company/Environmental Monitoring
Section Fish MonitoringPlan,which is summarized
* the size of the fish collected each year
in SRS EM Program, 2001. Among the reporting
* their mobility and location within the stream mouth
requirements of this plan are (1) assessing radiological
and
risk from the consumption of Savannah River fish
from which they are collected
(2) presenting a summary of the results in the annual
• the time of year they are collected
SRS EnvironmentalReport.
" the amount of strontium-90 and cesium-137
Risk Comparisons For 2004, the maximum potential
available in the water and sediments at the site
radiation doses and lifetime risks from the consumption
stream mouths-caused by annual changes in
of SRS creek mouth fish for 1-year, 30-year, and 50-year
stream flow rates (turbulence) and water chemistry
exposure durations are shown in table 5-5 and are
compared to the radiation risks associated with the DOE As indicated in table 5-5, the 50-year maximum
Order 5400.5 all-pathway dose standard of 100 mrem
potential lifetime risk from consumption of SRS creek
(1.0 rnSv) per year.
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mouth fish was 3.6E-05, which is below the 50-year
DOE Biota Concentration Guides
risk (3.7E-03) associated with the 100-mrem-per-year
For 2004, a screening of biota doses at SRS was
dose standard. According to EPA practice, if a potential
performed using the RESRAD-Biota model, which is
lifetime risk is calculated to be less than 1.OE-06 (i.e.,
based on the DOE standard entitled A GradedApproach
one additional case of cancer over what would be
for EvaluatingRadiation Doses to Aquatic and
expected in a group of 1,000,000 people), then the risk is TerrestrialBiota [DOE, 2002].
considered minimal and the corresponding contaminant
The aquatic systems evaluation includes exposures to
concentrations are considered negligible'lf a calculated
primary (herbivores) and secondary (predators) aquatic
risk is more than 1.OE-04 (one additional case of cancer
animals, and the biota concentiation guides (BCGs) are
in a population of 10,000), then some form of corrective
based on the 1.0-rad-per-day dose limit. Aquatic plants
action or remediation usually is required. However, if
are not considered.
a calculated risk falls between 1.OE-04 and 1.OE-06,
which is the case with the maximum potential lifetime
The terrestrial systems evaluation includes exposures
risks from the consumption of Savannah River fish, then
to terrestrial plants and animals and is based
the risks are considered acceptable if they are kept as
on a 10-rad-per-day dose limit for plants and a
low as reasonably achievable (ALARA).
*0.1-rad-per-day dose limit for animals. For the aquatic
.systems evaluation portion of the BCGs, an initial
At SRS, the environmental ALARA program [SRS EM
screening was performed using maximum radionuclide
Program, 2001] is in place to ensure that the potential
risk from site radioactive liquid effluents (and, therefore, concentration data for the 10 Environmental Monitoring
and Analysis (EMA) stream'sampling locations from
from consumption of Savannah River fish) is kept
which co-located water and sediment samples are
ALARA.
collected. An exception to this was made for sample
location FM-2B (located on Four Mile Creek between
Radiation Dose to Aquatic
F-Area and H-Area) because of its historically high
and Terrestrial Biota
cesium and tritium concentration levels. This location
DOE Order 5400.5 establishes an interim dose standard
was included in the initial screening even though no
for protection of native aquatic animals. The absorbed
co-located sediment sample is collected there.
dose limit to these organisms is 1.0 rad per day (0.01 Gy
The combined.water-plus-sediment BCG sum of the
per day) from exposure to radioactive material in liquid
ratios was used for the aquatic systems evaluation. A
effluents released to natural waterways.

Table 5-5
Potential Lifetime Risks from the Consumption of Savannah River Fish Compared to Dose Standards
Committed
Dose (mrem)
2004 Savannah River Fish
1-Year Exposure
30-Year Exposure
50-Year Exposure
Dose Standard
100-Mrem/Year All Pathway
1-Year Exposure
30-Year Exposure
50-Year Exposure

0.96
28.8
48.0

100
3,000
5,000

Potential Rislk
(unitless)

7.2E-07
2.2E-05
3.6E-05

7.3E-05
2.2E-03
3.7E-03

a It should be noted that all radiological risk factors are based on observed and documented health effects to actual people who
have received high doses (more than 10,000 mrem) of radiation, such as the Japanese atomic bomb survivors. Radiological risks
at low doses (less than 10,000 mrem) are theoretical and are estimated by extrapolating the observed health effects at high doses
to the low-dose region by using a linear, no-threshold model. However, cancer and other health effects have not been observed
consistently at low radiation doses because the health risks either do not exist or are so low that they are undetectable by current
scientific methods.
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sum of the ratios less than one indicates the sampling
site has passed the initial pathway screen.
For the terrestrial systems evaluation portion of
the BCGs, an initial screening was performed
using concentration data from the five EMA onsite
radiological soil sampling locations. Only one soil
sample per year is collected from each location.
For 2004, stream sampling locations R-I (located
adjacent to R-Reactor near the center of SRS), FM-2,
and FM-2B failed the initial aquatic systems screen.

These locations failed because of relatively high
maximum concentrations of cesium-137 in the water and
sediment samples. All other locations, including the five
soil sampling l6cations, passed.
*Forthe three locations that failed, an additional
assessment was peiformed using ahnual average
.-radionuclide concentrations measured in the water
and sediment samples. All locations passed this
secondary Screen (the sum of the ratios of each was less
than 1.0).
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Groundwater
Dan Wells
EnvironmentalServices Section
Bob Hiergesell
Waste Disposaland EnvironmentalDevelopment

River Site (SRS) has evolved into a program
ROUNDWATER
at the Savannah
with the followingprotection
primary components:
*

Protect groundwater by good practices in managing
chemicals and work.

*

Monitor groundwater to identify areas of
contamination.

*

Remediate contamination as needed.

*

Use groundwater wisely to conserve...

SRS operations have contaminated groundwater aroiund
certain waste disposal facilities. Extensive monitoring.
and remediation programs are tracking and cleaning up
the contamination. Remediation includes (I) the closing
of waste sites to reduce the migration of contaminants
into groundwater and (2) the active treatment of
contaminated water.
No offsite.wells have been contaminated by the
migration of SRS groundwater.
This chapter describes SRS's groundwater environment
and the programs in place for investigating, monitoring,
remediating, and using the groundwater.

Groundwater at SRS
SRS is underlain by sýliment of the Atlantic Coastal
Plain. The Atlantic Coastal Plain consists of a
southeast-dipping wedge of unconsolidated sediment
that extends from its contact with the Piedmont Province
at the Fall Line to the edge of the continental shelf. The
sediment ranges from Late Cretaceous to Miocene in age
and comprises layers of sand, muddy sand, and clay with
subordinate calcareous sediments. It rests on crystalline
and sedimentary basement rock.
Water flows easily through the sand layers but is
retarded by less permeable clay beds, creating a
complex system of aquifers. Operations during the life
of SRS have resulted in contamination migrating into
groundwater at various site locations, predominantly
in the central areas of the site. The ongoing movement•
of water into the ground, through the aquifer system,

and then into streams and lakes-or even into deeper
aquifers---continiies to carry contamination along with
it, resulting in spreading plumes.
The hydrostratigraphy of SRS has been subject
to several classifications. The hydrostratigraphic
classification established in Aadland et al., 1995, and
in Smits et al., 1996, is widely used at SRS and is
regarded as the current SRS standard. This system is
consistent with the one used by the U.S. Geological
Survey (USGS) in regional studies that include the
area surrounding SRS [Clarke and West, 1997]. Figure
.6-1 is a chart that indicates the relative position of
hydrostratigraphic units and relates hydrostratigraphic
units to corresponding lithologic units at SRS and to
the geologic time scale. This'chart ivas modified from
Aadland et al., 1995, and Fallaw and Price, 1995
The hydrostratigraphic units of primary interest
beneath SRS are part of the Southeastern Coastal
.Plain Hydrogeologic Province. Within this sequence
of aquifers and confining units are two principal
subcategories, the overlying Floridan Aquifer System
and the underlying Dublin-Midville Aquifer System.
These systems are separ ated from one another by the
Meyers Branch Confining System. In turn" each of
the systems'is subdivided into two'aquifers, which are
separated by.a confining unit.,
In the central to southern portion of SRS, the Floridan
Aquifer System is divided into the overlying Upper
Three Runs Aquifer and the underlying Gordon
Aquifer, which are separated by the Gordon Confining
Unit. North of Upper Three Runs Creek, these units
are collectively referred to as the Steed Pond Aquifer,
in which the Upper Three Runs Aquifer is called the
M-Area Aquifer zone, the Gordon Aquifer is referred
to as the Lost Lake Aquifer zone, and the aquitard that
separates them is referred to as the Green Clay confining
zone unit within which the water table usually occurs
at SRS; hence, it is referred to informally as the "water
table" aquifer. The water table surface can be as deep as
160 feet below ground surface (bgs), but intersects the
ground surface in seeps along site streams. The top of
the Gordon Aquifer typically is encountered at depths of
150-250 feet bgs. The Dublin-Midville Aquifer System
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is divided into the overlying Crouch Branch Aquifer
and the underlying McQueen Branch Aquifer, which are
separated by the McQueen.Branch Confining Unit. The
Crouch Branch Aquifer and McQueen Branch Aquifer
are names that originated at SRS [Aadland et al., 1995].
These units are equivalent to the Dublin Aquifer and the
Midville Aquifer, which are names originating with the
USGS [Clarke and West, 1997]. The top of the Crouch
Branch Aquifer typically is encountered at depths of
350-500 feet bgs. The top of the McQueen's Branch
Aquifer typically is encountered at depths of 650-750
feet bgs.

during 2000 and 2001. Findings of these assessments
have resulted in an ongoing evaluation of the goals and
priorities of the site groundwater program. It has been
determined that a groundwater protection program
designed to meet federal and state laws and regulations,
DOE orders, and site policies and procedures should
contain the following elements:

,

protecting site groundwater

Figure 6-2 is a three-dimensiorial block diagram of
the hydrogeologic units at SRS. and the generalized..
groundwater flow patterns within those units. These
units are from shallowest to deepest: the Upper Three
Runs/Steed Pond Aquifer (or water table aquifer), the
Gordon/Lost Lake Aquifer, the Crouch Branch Aquifer,.
and the McQueen Branch Aquifer..

*

remediating contaminated site groundwater

*

monitoring site groundwater

Groundwater recharge is a result of the infiltration of
precipitation at the land surface; the precipitation moves
vertically downward through, the unsaturated zone to
the water table. Upon entering the saturated zone at the
water table, water moves predominantly in a horizontal
direction toward local discharge zones along the
headwaters and midsections of streams, while some of
the water moves into successively deeper aquifers. The
water lost to successively deeper aquifers also migrates
laterally within those units toward the more distant
regional discharge zones. These typically are located
along the major streams and rivers in the area, such as
the Savannah River. Groundwater movement within
these units is extremely slow when compared to surface
water flow rates. Groundwater velocities also are quite
different between aquitards and aquifers, ranging at SRS
from several inches to several feet per year in aquitards
and from tens to hundreds of feet peryear in aquifers.
Monitoring wells are used extensively at SRS to assess
the effect of site activities on groundwater quality. ,
Most of the wells monitor the upper groundwater zone,
although wells in lower zones are present at the sites
with the larger groundwater contamination plumes.'
Groundwater in some areas contains one or more
constituents at or above the levels of the drinking water
standards of the U.S. Environmental Protection Agency
(EPA). These areas can be seen in figure 16 of the "SRS
Maps" appendix on the CD accompanying this report.

Groundwater Protection
Program at SRS
The SRS groundwater program was audited by both
the U.S. Department of Energy (DOE) and WSRC

*

investigating site grouhdwater
using site groundwater

SRS identified specific program goals in each of these
areas to maintain its commitment to a groundwater
program that protects human health and the environment.
.Groundwater monitoring is a key tool used in each of the
first four elements, and monitoring results form the basis
for evaluations that are reported to site stakeholders.

Investigating SRS Groundwater
An extensive.progaram is in place at SRSto acquire
new data and information on the groundwater system.
This program is multifaceted and is conducted across
departmental boundaries at the site because of the
different charters and mandates of these organizations.
Investigations include both the collection and analysis of
data to understand groundwater conditions on regional
and local scales at SRS. Research efforts'at the site
generally are conducted to obtain a better understanding
of subsurface processes and mechanisms or to define
new approaches to subsurface remediation.
Investigative efforts focus on the collection and analysis
of data to characterize the groundwater flow system.
Characterization efforts at SRS include the following
activities:
*

collection 6f geologic core material and performance
of seismic profiles to better delineate subsurface
structural features

*

installation of wells to allow periodic collection
of both water levels and groundwater samples at
strategic locations

*

development of water table and potentiometric maps
to delineate the direction of groundwater movement
in the subsurface

•

pIerformance of various types of.tests to obtain in
situ estimates of hydraulic parameters needed to
estimate groundwater velocities

EnvironmentalReport for 2004 (WSRC-TR-2005-00005)

53

-

Chapter6

South Carolina

Georgia
Savannah

Regional
Groundwater
Divide

-

:

.

*

..

.

mnp
Upper Three
Runs Aquifer

*.
*

*.'*

-

-

~

~

-

N

:cu i.

-

L.. -f

-

-~---

Gordon
Aquifer
S---------------------I

**1
-

....

Crouch
Branch
Aquifer

~..-

e

A.e

-Ný

Ia

*--------------

*

1111=

-

-'.,=;Z-

*

-

S-

I~

.% ji"

aIN-I0u
,

.. **

-

-T-

-11
Ml

LI

.... ...

...

*

.. **

--

ii

*

.. **

M

~IIII
III

Analysis of data on the regional scale is needed
to provide a broad understanding of groundwater
movement patterns at SRS that can be used as a
framework to better understand.the migration of
contaminants at the local scale near individual waste
units. Surface water flow characteristics also are defined
at the site on the regional scale and are significant to risk
analyses because perennial streams are the receptors
of groundwater discharge-some of which contains
contaminants from SRS waste units. Because the site
boundary does not represent a groundwater boundary,
regional studies are helpful in understanding the
movement of groundwater both onto the site from the
surrounding area and vice versa.

*

.. **.*

UIII]
Lu

n

liii
,,

LIIIii

*****
---

**...**

LIII
iiik
1-011 H11H
l1I LIiIi=LIII

.... ...

mi'
Pre-Cretaceous
LumnjI Basement Rock

Eia confining Unit
L

Modified from Clarke and West, 1997

54

.. **

----

.... .... .... .... g"

Figure 6-2 Groundwater at SRS
The groundwater.flow system at SRS consists of four
major aquifers separated by confining units. Flow in
recharge areas generally migrates downward as well
as laterally-eventually either discharging into the "
Savannah River and its tributaries or migrating into the
deeper regional flow system.

The collection and analysis of data describing
subsurface hydrogeologic conditions at or near
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individual waste units are needed to design effective
remediation systems. Characterization embraces both
traditional and innovative technologies to accomplish
this goal. The installation of monitoring wells and
piezometers is a traditional investigative method to
allow the collection of (1) water levels, which are used
to define flow directions, and (2) groundwater samples,
which are analyzed to monitor contaminant plume
migration within the groundwater flow system. Electric
logs acquired during well installation are used to
delineate the subsurface hydrostratigraphy. Examples of
newer technologies include the use of
0

direct-push technology, such as the,cone
penetrometer, to collect one-time groundwater
samples at investigation sites and to help establish
hydrostratigraphic contacts

Savannah River Site

Groundwater
*

the "rotosonic" method for bore holes to collect
cores and install wells

Models have been used extensively as analytical tools at
SRS for both regional and local investigations. Models
have been utilized for a variety of reasons, but primaril3
*
to (1) define the regional groundwater movement
patterns at SRS and the surrounding areas, (2) enhance
the understanding of contaminant migration in the
subsurface, and (3) support the design of remediation
systems. At SRS, major groundwater modeling efforts
have focused on A/M-Area, F-Area, H-Area, the Burial
Ground Complex, and several of the reactor areas when
the most extensive subsurface contaminati6n is known
to exist.
Research on groundwater issues is conducted at
SRS to obtain a better understanding of subsurface
mechanisms, such as (1) the interaction of contaminant,
with the porous media matrix, and (2) the factors that
impact the rate of migration of contaminants within the
groundwater flow system. Research to address relevant
issues often is conducted through cooperative studies
with investigators at various public universities and
private companies, while other efforts are conducted
exclusively by SRS employees.

The South Carolina Department of Health and
Environmental Control (SCDHEC) periodically samples
the large- and small-system wells for Safe Drinking
Water Act contaminants. An unscheduled biannual
SCDHEC sanitary survey also is performed.
In 1983, SRS began reporting its water usage annually
to the South Carolina Water Resources Commission
(and later to SCDHEC). Since that time, the amount
of groundwater pumped on site has dropped by more
than 50 percent-from 10.8 million gallons per day
during 1983-1986 to 4.8 million gallons per day in
2004. The majority of this. decrease is attributable to the
consolidation of site domestic water systems, which was
completed in 1997. Thirteen separate systems, each with
its own hiIgh-capacity supply wells, were consolidated
into three systems located in A-Area, D-Area, and
K-Area. This greatly reduced the amount of excess water
being pumped to waste..Site facility shutdowns and
reductions in population also were contributing factors.
The new systems draw water from the Crouch Branch
and McQueen's Branch Aquifers. The amount of
groundwater pumped at SRS has had only localized
effects on water levels in these aquifers, and it is
unlikely that water usage at the site ever will cause
drawdown problems that could impact surrounding
communities..

Using SRS Groundwater

The process water systems in A-Area, F-Area, H-Area,
K-Area, L-Area, S-Area, and TNX-Area meet site
SRS derives its own drinking and production water
demands for boiler feedwater, equipment cooling water,
supply from groundwater. The site ranks as South
facility washdown water, and makeup water for cooling
Carolina's largest self-supplied industrial consumer of
s
towers, fire storage tanks, chilled-water-piping loops,
groundwater, utilizing approximately 5.3 million gallon
and site test facilities.'These systems are supplied from
per day. SRS doinestic and process water systems are.
dedicated process water wells ranging in capacity from
supplied from a network of approximately 40 wells
100 to 1,500 gallons per minute. In K-Area, the process
in widely scattered locations across the site, of which
water
system is supplied from the domestic 'water wells.
eight supply the primary'drinking water system for the
•
At
some
locations, the process Water wells pump to
site. Treated well water is supplied to the larger site
ground-level storage tanks, where the water is treated for
facilities by the A-Area, D-Area, and K-Area domestic.
corrosion control. At other locations, the wells directly
water systems. Each system has wells, a treatment plant
pressurize the processwater distribution piping system
elevated storage tanks, and distribution piping. The wel]Is. without supplemental treatment.
range in capacity from 200 to 1j500 gallons per minute.
The sitegroundwater protection program integrates
These three systems supply an average of.l.1 million
information learned about the properties of SRS aquifers
gallons per day of domestic water to customers in these
with sitedemand for drinking and process water.SRS
areas. The domestic~water systems supply site drinking
ensures a high level of drinking water supply protection
fountains, lunchrooms, restrooms, and showering
by (1) monitoring above and beyond SCDHEC
facilities with water meeting state and federal drinking. * requirements and (2) periodically evaluating production
water quality standards. Process water.is used for
wells. Additional protection will be realized under a site
Sequipmnentcooling and facility washdown water, afnd
wellhead protection program that meets the requirements
as makeup water for site cooling towers and production
of the South Carolina Source Water Assessment Program
processes.
described below.
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Protecting SRS Groundwater
SRS is committed to protecting the groundwater
resource beneath the site. A variety of activities
contribute to this goal, including

abandoned 54 monitoring wells, six deep rock borings
(approximately 2,000 ft deep), and four production
wells. A larger abandonment program is planned for
2005.

One goal of the GSMP is to protect potential
offsite receptors from contamination by detecting
contamination in time to apply appropriate corrective
actions. SRS is a large site, and most groundwater
monitoring programs (both groundwater and surface *contamination is located in its central areas. However,
water) to detect contamination
the potential for offsite migration exists, and the
consequences of such an outcome are serious enough to
* a strong groundwater cleanup program through the
warrant a comprehensive prevention program.
Soil and Groundwater Closure Projects (SGCP)
Department
SRS has evaluated flowiJn each aquifer and determined
where there is potential for flow across the site
Monitoring around known waster disposal sites and
boundary. This gives a conservative indication of where
operating facilities provides the best means to detect
offsite contamination might be possible and allows for
and track groundwater contamination. To detect
a focused monitoring effort in those few areas. Another
*contamination from as-yet undiscovered sites, SRS
pathway for existing groundwater contamination to
depends on a sitewide groundwater monitoring and
flow offsite is by discharge into surface streams and
protection effort-the site Groundwater Surveillance
subsequent transport into the Savannah River. SRS
Monitoring Program (GSMP). This program is an
monitors site streams for contamination, and new wells
upgraded replacement of the site screening program.
have been installed in recent years 'along several site
streams to detect contamination before it enters the
Monitoring wells and production wells that no longer
stream and to assess its concentration in groundwater.
are needed should be properly abandoned. In 2004, SRS
construction, waste management, and monitoring
efforts to prevent or control sources of groundwater
contamination
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Groundwater

The groundwater monitoring program at SRS gathers
information to determine the effect of site operations on
groundwater quality. The program is designed to
*

assist SRS in complying with environmental
regulations and DOE directives

*

provide data to identify'and monitor constituents in
the groundwater

o permit characterization of new facility locations
to ensure that they are suitable for the intended.
facilities
o support basic and applied research projects
The groundwater monitoring program at SRS
includes two primary components: (1) waste site/
remediation groundwater monitoring, overseen by
the Geochemical Monitoring group of SGCP, and (2)
groundwater surveillance monitoring, conducted by*r
the Environmental Services Section. To assist other
departments in meeting their responsibilities, personnel
of both organizations provide the services for installing
monitoring wells, collecting and analyzing samples, and
reporting results.
The WSRC EnvironmentalCompliance Manual(WSRC
3Q) provides details about the following aspects of the
groundwater monitoring program:
o well siting, construction, maintenance, and
'abandonment
* sample planning
* sample collection and field measurements
* analysis
*

data management

*

related publications, files, and databases

Monitoring data are evaluated each year to identify
unexpected results in any site wells that might indicate"
new or changing groundwater contamination.

Remediating Contaminated SRS
Groundwater
SRS has maintained an environmental restoration
effort for many years. SGCP personnel manage
cleanup of contaminated groundwater associated with
Resource Conservation and Recovery Act (RCRA)
hazardous waste management facilities or Federal
Facility Act units. Their mission is to aggressively
manage the inactive waste site and groundwater
cleanup -program so that

*

schedules for environmental agreements are
consistently met

*

the utilization of financial and technology resources
are continually improved

*

the overall risk posed by existing contaminated sites
is continually reduced

The SGCP strategy revolves around developing an
appropriate regulatory framework for each waste site,
assessing the degree and extent of contamination, and
remediating the contaminated groundwater to its original
beneficial use. Remedial technologies being used include
pump and treat, in situ pH adjustment, steam injection,
phytoremediation, and barrier wall construction. In cases
where remediation to background quality is impractical,
the intent is to prevent plume migration and exposure
and to evaluate alternate methods of risk reduction.

Groundwater Monitoring Results
The first priority of the groundwater monitoring
program at SRS is to ensure that contamination is not
being transported from the site by groundwater flow.
Contaminated groundwater at SRS discharges into site
streams or the Savannah River. Nowhere have offsite
wells been contaminated by groundwater from SRS, and
only a few site locations have groundwater with even a
remote chance of contaminating such wells.
One of these locations is near A-Area/M-Area, the
site of a large chlorinated solvent plume. This area's
groundwater monitoring program uses more than 200
wells, and some of the contaminated wells lie within a
half-mile of the site boundary. While it is believed that
the major component of groundwater flow is not directly
toward the site boundary, flow in the area is complex and
difficult to predict. For this reason, particular attention
is paid to data from wells along the site boundary and
from those between A-Area/M-Area and the nearest
population center, Jackson, South Carolina (figure 21
in the "SRS Maps" appendix on the CD accompanying
this report). During 2004, no chlorinated organics were
detected in any of these wells.
Another part of the SRS perimeter that has received
special monitoring attention is across the Savannah
River in Georgii's Burke and Screven counties.
*Since 1988, there has been speculation that tritiated
groundwater from SRS could flow under the river and
-find its way into Georgia wells. Considerable effort has
been directed at assessing the likelihood of transriver
flow, and 44 wells have been drilled by the USGS and
the Georgia Department of Natural Resources (figure 22
in the "SRS Maps" appendix on the CD accompanying
this report). To this point, those efforts have failed to
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identify any plausible mechanism by which transriver
flow could have contaminated Georgia wells. In
fact, mathematical modeling indicates that transriver
contamination of Georgia wells is virtually impossible.
However, SRS continues to maintain and sample
the Georgia monitoring wells annually. In 2004, the
maximum concentration of tritium detected was 795
pCi/L-well below EPA's maximum contaminant level
of 20,000 pCi/L, and consistent with rainfall data.
Although contaminated groundwater in most SR$ areas
does not threaten the site boundary, it does have the
potential to impact site streams. For this reason-and
because of the need to meet the requirements of various
environmental regulations-extensive monitoring
is conducted around SRS waste sites and operating
facilities, regardless of their proximity to the boundary.
Table 6-1 presents a general summary of the most
contaminated groundwater conditions at SRS,
based on 2003 and 2004 monitoring data. The table
shows the 2004 maximum concentrations for major
constituents in the SRS areas that have contaminated
groundwater-and how these concentrations

compare to the drinking water standards and the 2003
maximums. As shown in the table, the two major
contaminants of concern in groundwater are (1) common
degreasers (trichloroethylene and perchloroethylene)
and (2) radionuclides (tritium and gross alpha and
nonvolatile beta emitters). In most cases, the maximum
concentrations did not change significantly between
2003 and 2004.
Table 6-1 also shows where the contaminated water
.most likely will outcrop. It should be noted that by the
time the groundwater reaches a stream, it generally is
much less contaminated because of natural attenuation
processes like dilution and biodegradation. As stated
above, results in the table are maximum values generally
associated with wells very close to contaminant source
areas, where little attenuation has taken place.
For details about this monitoring and the conditions
at individual sites, one should refer to site-specific
documents, such as RCRA corrective action reports
or RCRA/Comprehensive Environmental Response,
Compensation, and Liability Act RCRA facility
investigation/remedial investigation reports.
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Groundwater

Table 6-1
Summary of Maximum Groundwater Monitoring Results for Major Areas Within SRS, 2003-2004
Major
Contaminants

Units

2004
Maximum

MCL

A-Area/M-Area

TCE
PCE

ppb
ppb

37,300
142,000

5
5

C-Area

TCE
Tritium

ppb
pCi/L

1,611
6,230,000

D-Area

TCE
Tritium

ppb
pCi/L

E-Area

Tritium
TCE

F-Area

Location

2003
Maximum

Likely Outcrop Point

38,300
125,000

Tims Branch/Upper
Three Runs Creek in
East; Crackerneck
Swamp in West

5
20,000

8.330
6,020,000

Tributaries of Fourmile
Branch

395
1,030,000

5
20,000"

425
1,340,000

Savannah River Swamp

pCi/L
ppb

82,300,000
606

20,000
5

105,000,000 UpperThree
372
.
Runs/Crouch Branch in
North; Fourmile Branch
in South

TCE
Tritium
Gross alpha
Beta

ppb
pCi/L
pCi/L
pCi/L

25.3
1,190,000
89.4
283

5
20,000
15
__
4 mrem/yr

32.4
1,570,000
109
1380

Upper Three
Runs/Crouch Branch in
North; Fourmile Branch
in South

F-Area
Seepage
Basins

Tritium
Gross alpha
Beta

pCifL
pCi/L
pCi/L

8,599,078
784
3,280

20,000
15
4 mrem/yr

10,500,000
1100
2,640

Fourmile Branch

H-Area

Tritium
TCE
Gross alpha
Beta

pCV/L
ppb
pCi/L
pCO/L

93.048
undeteted
24.1
146

20,000
5
.15
4 mrem/yr

128,000
13.
16.3
694

Upper Three
Runs/Crouch Branch in
North; Fourmile Branch
in South

H-Area
Seepage
Basins

Tritium
Gross alpha
Beta

pCi/L
pCVL
pCi/L

9,250,000
239
1,540

20,000
15
4 mrem/yr

8,590,000
204
1,870 .

Fourmile Branch

R-Area

Tritium

pCi/L

164,000

20,000

121,000.

Mill Creek in Northwest;
tributaries of PAR
Pond elsewhere

K-Area

Tritium
TCEa

pCi/L
ppb

1,560,971
12.7

20,000
5

59,922,000
42.7

Indian Graves Branch

L-Area

Tritium
TCE

• pCOVL
ppb

1,250,000.
13

20,000
5

1,052,910
41.6

L Lake-

P-Area

Tritiuma
TCE

pCVL
ppb

523,000
8,460

20,000
5

2,840,000
14,800

Steel Creek in North;.
Meyer's Branch in South

Sanitary
Landfill

TCE
Vinyl chloride

ppb
ppb

14.1
28.4

5
2

10.4.
80.1 .

Upper Three Runs Creek

TNX

TCE

ppb

680

5

1,660.

Savannah River Swamp

CMP Pits

TCE

ppb

713

5

1,090

Pen Branch

.

.

aSome data from K-Area and P-Area in2003 and 2004 are not directly comparable because of differences
insampling methods/locations.
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Quality Assurance
Moheb Khalil
EnvironmentalBioassayLaboratory
Donald Padgett and Monte Steedley
EnvironmentalServices Section,
Rick Page and Mike Boerste
GeochemicalMonitoring Group
*[Editors note: During2004, responsibilityfor
the environmentalQuality Assurance (QA):
program was divided among three groups-the.
EnvironmentalMonitoringLaboratory(EML), the
EnvironmentalMonitoring andAnalysis group
(EMA), and the Geochemical Monitoringgroup
(GM)].
RS's environmental QA program is conducted to
verify the integrity of data generated by onsite and
subconiracted environmental laboratories.
The program's objectives are to ensure that samples are
representative of the surrounding environment and that
analytical results are accurate.
This chapter summarizes the 2004 QA program.
Guidelines and applicable standards for the program
are referenced in appendix A, "Applicable Guidelines,
Standards, and Regulations."
Tables containing the 2004 QA data and the
nonradiological detection limits can be found on the CD
accompanying this report.

EMA.personnel also measure total residual chlorine,.
dissolved oxygen, and temperature in water samples;. but
because of the difficulties in providing field standards,
these measurements are not suitable for a blind sample
program.
During 2004, blind pH field measurements were taken
for 24 samples. All field pH measurements except one
outlier we're within the U.S. Environniental Protection
Agency's (EPA's) suggested acceptable control limit of
± 0.4 pH units of the true (known) value. The pH meter
for the outlier has been recalibrated and tested to ensure.
that it will produce accurate pH data..
Chemistry and Counting Laboratories
Blind Tritium Samples Blind tritium samples
provide a continuous assessment of laboratory sample
.preparation and coiunting. During 2004, 10 blind
samples'were analyzed for.'tritium; all the results were
within the control limits.

Laboratory Certification EML is certified by the
South Carolina Department of Health and Environmental
Control (SCDHEC) Office of Laboratory.Certification
A more complete description of the QA program can be
found in SavannahRiver Site EnvironmentalMonitoring. for the following analytes:
: Program(WSRC-3Q1-2, Section 1100) and in the
0
under the Clean Water Act (CWA) - chemical.
Savannah River Site EnvironmentalMonitoring Section
oxygen demand, total suspended solids, field pH,
QualityAssurance Plan (WSRC-3QI-2, Section 8000).
total residual chlorine, temperature, and 26 metals
The 2004 QA data and program reviews demonstrate
that the data in this annual report are reliable and meet.
under the Resource Conservation and Recovery Act
applicable standards,.
(RCRA) - 50 volatile organic compounds (VOCs)
and 27 metals

QA for EMA Laboratories

Internal Quality Assurance Program

External Quality Assurance Program

Field Sampling Group
EMA and EML personnel routinely conduct a blind
sample program for field measurem'ents of pH to assess
the quality and reliability of field data measurements.

In 2004, EML participated in the U.S. Department
of Energy (DOE) Quality Assurance Program
(QAP), an interlaboratory comparison program that
tracks performance accuiracy and tests the qualityof
environmental data reported to DOE by its contractors.
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For a radiological laboratory intercomparison in 2004,
the analysis of 42 isotopes was completed in March on
the 60th set of QAP samples. A performance rating of
100-percent acceptable was achieved on the 60th set.
This rating was calculated by dividing the "acceptables"
and the "acceptable with warnings" by the total number
of results. Environmental QA personnel consider 80
percent to be the minimum acceptance rating in this
program.
Detailed QAP intercomparison study results can be
found in the data tables section of the CD accompanying
this report.

QA for Subcontracted
Laboratories/EMA Laboratories
Subcontracted environmental laboratories providing
analytical services must have a documented QA program
and meet the quality requirements defined in the WSRC
Quality Assurance Manual (WSRC 1Q).
An annual Department of Energy Consolidated Audit
Program evaluation of each subcontracted laboratory is
performed to ensure that all the laboratories maintain
technical competence and follow the required QA
programs. Each evaluation includes an examination
of laboratory performance with regard to sample
receipt, instrument calibration, analytical procedures,
data verification, data reports, records management,
nonconformance and corrective actions, and
preventive maintenance. Reports of the findings and
recommendations are provided to each laboratory, and
follow-up evaluations are conducted as necessary.

Nonradiological Liquid Effluents
Effluent samples are analyzed by three onsite
laboratories and one subcontracted laboratory.
Laboratories must be certified by SCDHEC for all
National Pollutant Discharge Elimination System
(NPDES) analyses.
Interlaboratory Program
During 2004, EMA- and GM-subcontracted laboratories
participated in the Environmental Resource Associates
(ERA) WatRTM Pollution Proficiency Testing (PM)
Studies, which include various InterlaB WatRTM
Supply Water Pollution (WP) Performance Evaluation
Programs.
EPA uses PT results to certify laboratories forspecific
analyses. As part of the recertification process, EPA
requires that subcontracted laboratories investigate
the outside-acceptance-limit results and implement
corrective actions as appropriate.
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General Engineering Laboratory (GEL), participated
in the WP 114 study and reported acceptable results
for 218 of 222 parameters; Lionville Laboratory,
participated in the WP 108 study and reported
acceptable results for 219 of 223 parameters; Severn
Trent Laboratory (STL), St Louis, participated in the
WP 114 study and reported acceptable results for 158 of:
179 parameters.
Laboratories (commercial and government) that analyze
NPDES samples participate in the Discharge Monitoring
Report-Quality Assurance (DMR-QA) study or the
WVP study. Under this program, the laboratories obtain
test samples from ERA. This provider, as required by
EPA, is accredited by the National Institute of Standards
and Technology. For the 2004 DMR-QA study, Shealy
Environmental Services, Inc. (SES) participated in the
SWP 113 and 115 studies, and EMA, Environmental
Bioassay Laboratory (EBL), and the WSRC Site
Utilities Division (SUD) participated in the WP 113
study.
SES reported acceptable results for 12 of 13 NPDES
parameters; EMA reported acceptable results for one of
one parameter; EBL reported acceptable results for 11 of
1I parameters; and SUD reported acceptable results for
three of three parameters.
The initial zinc concentration reported by SES was
found to be "not acceptable" by the limits published
by ERA for WP 113. The most probable cause for this
failure was a high bias by the instrument. As a corrective
action, SES analyzed zinc from WP 115. This result
passed.
Intralaboratory Program
The environmental monitoring intralaboratory program
also reviews laboratory performance by analyzing
duplicate and blind samples throughout the year.
SES, EBL, and EMA combined analyzed a total of
94 duplicate samples during 2004. Zero-difference
results were reported for 49 of these samples. Percentdifference calculations showed that three of the 94
duplicate samples analyzed were outside ± 20 percent of
the relative difference.
SES, EML, and EMA combined analyzed a total of 99
blind samples during 2004. Zero-difference results were
reported for 53 of these samples. Percent-difference
calculations showed that 12 of the 99 blind samples
analyzed were outside ± 20 percent of the relative
difference.
Results for the duplicate and blind sampling programs
met expectations, with no indications of consistent

Savannah River Site

QualityAssurance
Table 7-1

Subcontract-Laboratory Performance on Mixed-Analyte Performance Evaluation Program
(MAPEP)

Laboratory

MAPEP-04-GrW12
(Water Std)

MAPEP-04-MaW12
(Water Std)

MAPEP-04-MaS12
(Soil Std)

General Engineering

100%

97%a

88%/b. C

Severn Trent

100%

100%

Lionville

100%

100%

94%d
94%e.

Eberline

100%

Results for uraniuim-233/234 were not acceptable.
for technetium-99 and uranium-238 were acceptable with warning.
for antimony, uranium-233/234, and uranium-238 were not acceptable.
dResults for antimony, plutonium-239/240, strontium-90, and uranium-233/234 were not acceptable.
e Results for iron 55 were not acceptable.
S

b Results
CResults

Results for technetium-99 were not acceptable, and results for uranium-238 were acceptable with warning.
9 Results for antimony and dieldrin were not acceptable.

problems in the laboratories. In some cases, the
exceptions might be related to analytical variances,
sample contamination, or sampling techniques.

Stream and River Water Quality
SRS's water quality program requires checks of 10
percent of the samples to verify analytical results.
Duplicate grab samples from SRS streams and the
Savannah River were analyzed by SES and EMA in
2004. Most results were within the ± acceptance limits.
Detailed stream and Savannah River water quality
duplicate sample results can .be found in the data tables
section of the CD accompanying this report.
Groundwater
Groundwater analyses at SRS are performed by
subcontracted laboratories. During 2004, Severn
Trent Laboratories, Inc., Eberline Services Oak Ridge
Lab, and Lionville Laboratory, Inc., were the primary
subcontractors. MicroSeeps, Inc., was subcontracted
to perform special analyses. In addition to the
subcontracted laboratories, the SRS Environmental.
Bioassay Laboratory performed analytical analyses on
site.
Internal QA

During 2004, approximately five percent of the
samples collected (radiological and nonradiological)
for the RCRA and the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA)
programs were submitted to the primary laboratory for
analysis asblind duplicates and to a different laboratory

as a QA check. The laboratories' results were evaluated
on the basis of the percentage within an acceptable
concentration range.
Generally, results for all QA evaluations were found
to be within control limits in 2004. Full results for all
QA evaluations can be obtained by contacting the EMA
manager at 803-952-6931.
External QA
During 2004, Soil and Groundwater Closure Projects
(SGCP) discontinued the use of its internal performance
evaluation program and began participation in the
Mixed-Analyte Performance Evaluation Program
(MAPEP). The Radiological and Environmental
Sciences Laboratory (RESL), under the direction of
DOE--HQ Environmental Safety and Health (ES&H),
administers the MAPEP
MAPEP samples include water, soil, air filter, and
vegetation matrices with environmentally important
stable inorganic, organic, and radioactive constituents.
Results from the laboratories for the MAPEP-04MaS 12 Soil Standard and the MAPEP-04-GrW12 and
MAPEP-04-MaWI2 Water Standards are summarized
in table 7-1. The results show that all the laboratories
exceeded the expected 80-percent-acceptable-results
level for both the soils and groundwater standards.

Soil/Sediment
Environmental investigations of soils and sediments,
primarily for RCRAICERCLA units, are performed
by subcontracted laboratories. Data from 2004 were
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validated by SGCP according to EPA standards for
analytical data quality, unless specified otherwise
by site customers.
The environmental validation program is based on
two EPA guidance documents, Guidancefor the Data
Quality Objectives Processfor Superfund (EPA-540-R-93-071).and Data Quality Objectives Processfor
HazardousWaste Sites (G-4HW) (EPA-600/R-00-007).
These documents identify QA issues to be addressed, but
they do not formulate a procedure for how to evaluate
these inputs, nor do they propose pass/fail criteria to
apply to data and documents. Hence, the validation
program necessarily contains elements from-and is
influenced by-several other sources, including
*

Guidanceon EnvironmentalData Verification and
Data Validation (QAIG-8), EPA-240/R-02/004

*

USEPA ContractLaboratoryProgramNational
FunctionalGuidelinesfor OrganicData Review,
EPA-540/R-99/008

In 2004, the major QA issues discovered and addressed
in connection with these programs for soil/
sediment and groundwater analyses included the
following:
•

Observed calibration instability in soils volatile
analyses due to the standard preservative
requirement and revised preservation protocol
for a single Appendix IX compound required by
SCDHEC

*

Inconsistent reporting of results (primarily MDLs)
from labs

*

Uncertified analytes reported without flagging

*

Samples exceeding both technical holding and
regulatory reporting times due to mismatches with
acceptance criteria

"

Problems with validation packages submitted by
labs

"

Various data reporting issues for all laboratories
as new contract requirements and electronic EDD
formats were introduced

USEPA ContractLaboratoryProgramNational
FunctionalGuidelinesfor ChlorinatedDioxint/
Furan DataReview, EPA-540/R-02/003
USEPA ContractLaboratoryProgramNational
FunctionalGuidelinesfor InorganicData Review,
EPA-540/R-01/008

Previously identified items that are still being addressed
include the following:
"

Data recording problems (cooler number and
temperature, field measurements, collection date/
times, legible corrections) on chains-of-custody by
field samplers

DOE Quality Systemsfor Analytical Services,
Revision 1, April 2004

"

Relative-percent difference for the soil/sediment
program is calculated for field duplicates and laboratory
duplicates. Generally, results for all QA evaluations
were found to be within control limits in 2004. A
summary of this information is presented in each project
report prepared by SGCP personnel.

Inability to demonstrate the absence of
spectral interference for liquid-scintillation
counter radioisotopes at one subcontracted
laboratory

•

Inconsistent application of the laboratory portion of
the qualification policy from all laboratories due to a
newly implemented qualification policy

" Test Methodsfor EvaluatingSolid Waste, EPA,
November 1986, SW-846, Third Edition
*

Data Review
The QA program's detailed data review for
groundwater and soil/sediment analyses is described in
WSRC-3Q1-2, Section 1100.
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These findings illustrate that, although laboratory
procedures are well defined, analytical data quality does
benefit from technical scrutiny. A corrective action plan
has been put into place to address these issues, which are
expected to be resolved during 2005.
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•Applicable .Guidelines, Standards,
and Regulations
Jack Mayer
EnvironmentalServices Section

THE

monitoring program is designed to meet state and
Savannah
Riverrequirements
Site (SRS) environmental
federal
regulatory
for radiological
and nonradiological programs. These requirements
are stated in U.S. Department of Energy (DOE) Order'
5400.5, "Radiation Protection of the Public and the
Environment"; in the*Clean Air Act [Standards of
Performance for New Stationary Sources, also referred
to as New Source Performance Standards (NSPS),
and the National Emission Standards for Hazardous
Air Pollutants (NESHAP)]; in the Comprehensive
• Environmental Response, Compensation, and Liability
Act (CERCLA-also known as Superfund); in the
Resource Conservation and Recovery Act (RCRA); in
the Clean Water Act (i.e., National Pollutant Discharge
Elimination System-NPDES); and in the National
Environmental Policy Act (NEPA). Compliance with
environmental requirements is assessed by DOESavannah River Operations Office (DOE-SR), the South
Carolina Department of Health and Environmental
Control (SCDHEC), and the U.S. Environmental
Protection Agency (EPA).
The SRS environmental monitoring program's objectives
incorporate recommendations of
* the International Commission on Radiological
Protection (ICRP) in Principlesof Monitoringfor
the RadiationProtectionof the Population,ICRP
Publication 43
*

DOE Order 5400.5

" DOE/EH--0173T, "Environmental Regulatory
Guide for Radiological Effluent Monitoring and
Environmental Surveillance"
Detailed information about the site's environmental
monitoring program is documented in Section
1100 (SRS EM Program) of the SRS Environmental
Monitoring Section Plans and Procedures,WSRC3QI-2, Volume 1. This document is reviewed annually
and updated every 3 years.
SRS has implemented and adheres to the SRS
Environmental Management System Policy.

Implementation of a formal Environmental Management
System (EMS), such as that described in the
International Organization for Standardization (ISO)
14001 standard, is an Executive Order 13148 ("Greening
the Government Through Leadership in Environmental
Management") and DOE Order 450.1 ("Environmental
Protection Program") requirement. SRS maintains an
EMS that fully meets the requirements of ISO 14001.
The full text of the SRS EMS Policy is included at the
end of this appendix.
Drinking water standards (DWS) can be found at http:
/Iwww.epa.gov/safewater/standards.html on the Internet,
and maximum allowable concentrations of toxic air
pollutants can be found at http://www.scdhec.netlbaq/.
More information about certain media is presented in
this appendix.

Air Effluent Discharges
DOE Order 5400.5 establishes Derived Concentration
Guides (DCGs) for radionuclides in air. DCGs,
calculated by DOE using methodologies consistent
with recommendations found in ICRP publications 26
(Recommendations of the InternationalCommission
on RadiologicalProtection)and 30 (Limitsfor Intakes
of Radionuclidesby Workers), are used as reference
concentrations for conducting environmental protection
programs at DOE sites. DCGs are not considered release
limits. DCGs for radionuclides in air are discussed in
more detail on page 71.
Radiological airborne releases also are subject to EPA
regulations cited in 40 CFR 61, "National Emission.
Standards for Hazardous Air Pollutants:' Subpart
H ("National Emission Standards for Emissions of
Radionuclides Other Than Radon from Department of
Energy Facilities").
Regulation of radioactive and nonradioactive air
emissions-both criteria pollutants and toxic air
pollutants-has been delegated to SCDHEC. Therefore,
SCDHEC must ensure that its air pollution regulations
are at least as stringent as federal regulations required
by the Clean Air Act. This is accomplished by SCDHEC
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Regulation 61-62, "Air Pollution Control Regulations
and Standards:' As with many regulations found in
the Code of Federal Regulations (CFR), many of
SCDHEC's regulations and standards are source
specific. Each source of air pollution at.SRS is permitted
or exempted by SCDHEC, with specific emission rate
limitations or special conditions identified. The bases for
the limitations and conditions are the applicable South
Carolina air pollution control regulations and standards.
In some cases, specific applicable CFRs also are cited
in the permits issued by SCDHEC. The applicable
SCDHEC regulations are too numerous to discuss here,
so only the most significant are listed.
Two SCDHEC standards, which govern criteria
and toxic air pollutants and ambient air quality, are
applicble to all SRS sources. Regulation 61-:-62.5,
Standard No. 2, 'Ambient Air Quality Standards,"
identifies eight criteria air pollutants commonly
used as indices of air quality (e.g., sulfur dioxide,
nitrogen dioxide, and lead) and provides allowable site
boundary concentrations for each pollutant, as well as
the measuring intervals. Compliance with the various
pollutant standards is determined by conducting air
dispersion modeling for all sources of each pollutant,
using EPA-approved dispersion models and then
comparing the results to the standard. The pollutants,
measuring intervals, and allowable concentrations are
provided in Table A-1. The standards are in' micrograms
per cubic meter, unless noted otherwise.

emission limits depend on the weight of the material
being processed and are determined from a table in
the regulation. For process and diesel engine stacks in
existence on or before December 31, 1985, emissiois
shall not exhibit an opacity greater than 40 percent. For
new sources, where construction began after December
31, 1985, the opacity limit is 20 percent.
As previously mentioned, some SRS sources have both
SCDHEC and CFRs applicable and identified in their
permits. For the package steam generating boilers in KArea and two portable package boilers, both SCDHEC
and federal regulations are applicable. The standard
for sulfur dioxide emissions is specified in 40 CFR
60, Subpart Dc, "Standards of Performance for Small
Industrial-Commercial-Institutional Steam Generating
Units," while the standard for particulate matter is found

Table A-1

Criteria Air Pollutants

Pollutant

Interval

.pglma3b

Sulfur Dioxide

3 hours
24 hours
annual

1300c
365c
80

Total Suspended
Particulates

annual geometric
mean

75

A total of 258 toxic air pollutants and their respective
allowable site boundary concentrations are identified
in Regulation 61-62.5, Standard No. 8, "Toxic Air
Pollutants:' As with Standard No. 2, "Ambient Air
Quality Standards;' compliance'is determined by air
dispersion modeling. Toxic air pollutants can be found at
http://www.scdhec.netlbaq/.

PMI0

24 hours
annual
1 hour
8 hours

SCDHEC airborne emission standards for each SRS
permitted source may differ, based on size and type of
facility, type and amount of expected emissions, and the
year the facility was placed into operation. For example,
SRS powerhouse coal-fired boilers are regulated by
Regulation 61-62.5, Standard No. 1, "Emissions from
Fuel Burning Operations ?'This standard specifies
that for powerhouse stacks built before February 11,
1971, the opacity limit is 40 percent. For new sources
constructed after this date, the opacity limit typically
is 20 percent. The standards for particulate and sulfur
dioxide emissions are shown in table A-2.

Gaseous Fluorides 12-hour average
(as HF)
24-hour average
1-week average
1-month average

3.7
2.9
1.6
0.8

Nitrogen Dioxide

annual

100

Lead

calendar quarterly
mean.

1.5

Regulation 61-62.5, Standard No. 4, "Emissions from
Process Industries" is applicable to all SRS sources
except those regulated by a different source-specific
standard. For some SRS sources, particulate matter
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Carbon Monoxide
Ozone

15 0 d
40 mg/m3'
3

10 mg/m

0.12 ppmd
0.08 ppmd

1 hour
8 hours

aArithmetic average except in case of total suspended
matter

bparticulate
At 25*C and 760 mm Hg
c Not to be exceeded more than onc'e a year

dAttainment determinations will be made based on the
criteria contained in 40 CFR 50, appendices H, I, K, and N.
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Table A-2 Airborne Emission Limits for SRS
Coal-Fired Boilers
Sulfur Dioxide

3.5 lb/1 06 Btua

Total Suspended Particulates

0.6 b/i 06 Btu

Opacity

40%

aBritish thermal unit

in Regulation 61-62.5, Standard No. 1. Because these
units were constructed after applicability dates found
in both regulations, the opacity limit for the i'nits is the
same in both regulations. The emissions standards for
these boilers are presented in table A-3.
Another federal regulation, 40 CFR 60, Subpart Kb,
"Standards of Performance for Volatile Organic Liquid
Storage Vessels (Including Petroleum Liquid Storage
Vessels) for which Construction, Reconstruction, or
Modification Cornmenced after July 23, 1984," specifies
types of emission controls that must be incorporated
into the construction of a source. In this regulation,
the type of control device required depends on the
size of the tank and the vapor pressures of the material

being stored. The regulation is applicable to several
sources at SRS, such as the two 30,000-gallon No. 2
fuel oil storage tanks in K-Area and the four mixed
solvent storage tanks in H-Area. However, because of
the size of these tanks and the vapor pressures of the
materials being stored, the tanks are not required to
have control devices. The only requirements applicable
to SRS storage tTnks are those for record keeping. In
October 2003, EPA revised this regulation to eliminate
the record-keeping requirements for those tanks with
vapor pressures below certain limits. In September
2004, SCDHEC also incorporated this revision into the
SCDHEC air pollution control regulations, and the SRS
Title V Permit was modified to remove these tanks and
the requirements accordingly.

Table A-3 - Airborne Emission Limits for SRS
Fuel Oil-Fired Package Boilers
Sulfur Dioxide

0.5 lb/1 06 Btua

Total Suspended Particulates

0.6 b/106 Btu

Opacity

20%

'British thermal unit

.(Process) Liquid Effluent Discharges
DOE Order 5400.5 establishes DCGs for radio-nuclides
in process effluents. (DCGs for radionuclides in
liquid are discussed in more detail on page 71.) DCGs
were calculated by DOE using methodologies
consistent with recommendations found in
ICRP, 1987 and ICRP, 1979 and are used
" as reference concentrations for conducting
environmental protection programs at DOE
sites
" as screening values for considering best
available technology for treatment of liquid
effluents
DOE Order 5400.5 exempts aqueous tritium
releases from best available technology requirements
but not from ALARA (as low as reasonably achievable)
considerations.

*Three NPDES permits are in place that allow SRS to
discharge water into site streams and the Savannah
*River: one industrial wastewiter permit (SCO000175)
and two stormwater runoff permits (SCROOOOO for
industrial discharges and SCRIOOOOO for construction
discharges).
A fourth permit (ND0072125) is a no-discharge water
pollution control land application permit that regulates
sludge generated at onsite sanitary waste treatment
plants.
Detailed requirements for each permitted discharge
point-including parameters sampled for, permit
limits for each parameter, sampling frequency, and
method for collecting each sample-can be found in the
individual permits, which are available to the
public through SCDHEC's Freedom of Information
Office at 803-898-3882.
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Site Streams
SRS streams are classified as 'Freshwaters" by South
Carolina Regulation 61-69, "Classified'Waters.'
Freshwaters are defined in Regulation 61-68, "Water'
Classifications and Standards," as surface water suitable
for
primary-and secondary-contact recreation and as
a drinking water source after conventional
treatment in accordance with SCDHEC
requirements

"

fishing and the survival and propagation of a
balanced indigenous aquatic community of fauna
and flora

"

industrial and agricultural uses

Table A-4 provides some of the specific guides used in
water quality surveillance, but because some of these
guides are not quantifiable, they are not tracked in
response form (i.e., amount of garbage found).

Savannah River
Because the Savannah River is defined under South
Carolina Regulation 61-69 as a freshwater system, the

river is regulated in the same manner as are site streams
(table A-4).

Table A-4
South Carolina Water Quality Standards for Freshwatersa
Parameters

Standards

Fecal coliform

Not to exceed a geometric mean of 200/100 mL, based on five
consecutive samples during any 30-day period; nor shall more than
10 percent of the total samples during any 30-day period exceed
400/100 mL.

pH

Range between 6.5 and 8.5

Temperature

Generally, shall not be increased more than 5°F (2.8'C) above natural
temperature conditions or be permitted to exceed a maximum of 90OF
(32.20C) as a result of the discharge of heated liquids. For more
details, see E.10, Regulation 61-68, "Water Classifications and
Standards" (November 28, 2001).

Dissolved oxygen

Daily average not less than 5.0 mg/L, with a low 6f 4.0 mg/L.

Garbage, cinders, ashes, sludge,
or other refuse

None allowed.

Treated wastes, toxic wastes,
deleterious substances, colored
or other wastes, except
those in (e) above

None alone or in combination with other substances of wastes in
sufficient amounts to make the waters unsafe or unsuitable for
primary-contact recreation or to impair the waters for any other best
usage as determined for the specific waters assigned to this class.

Ammonia, chlorine, and toxic
pollutants listed in South
Carolina Regulation 61-68,
"Water Classifications and Standards"

See Appendix: Water Quality Numeric Criteria for the Protection of
Aquatic Life and Human Health, Regulation 61-68, "Water
Classifications and Standards" (November 28, 2001)

aThis is a partial list of water quality standards for freshwaters.
SOURCE: SCDHEC, 2001

68

Savannah River Site

U

Applicable Guidelines, Standards, and Regulations

Drinking Water
The federal Safe Drinking Water Act-enacted in 1974
to protect public drinking water supplies-was amended
in 1980, 1986, and 1996.
SRS drinking water systems are tested routinely by SRS
and SCDHEC to ensure compliance with SCL)HEC
State Primary Drinking Water Regulations (R61-58) and
EPA National Primary Drinking Water Regulations (40
CFR 141).

respective action levels. The A-Area system will.be
resampled for lead and copper in 2007. Both D-Area
and K-Area weie sampled in 2003 for lead and copper,
and neither system exceeded the lead and copper action
levels. These systems are not required to be sampled
again until 2006.

SRS drinking water is supplied by 17 separate systems,
all of which utilize groundwater sources. The A-Area,
D-Area, and K-Area systems are actively regulated by
SCDHEC, while the remaining 14 site water systems
receive less frequent regulatory inspections.

The B-Area Bottled Water Facility no longer is listed by
SCDHEC as a public water system, as its source water
is provided by the A-Area water system. SCDHEC's
Division of Food Protection will continue to conduct
periodic inspections of this facility. Results from
quarterly bacteriological and annual complete chemical
analyses performed in 2004 met SCDHEC and FDA
water quality standards.

Under the SCDHEC-approved, ultrareduced monitoring
plan, the A-Area consolidated system was sampled
for lead and copper in 2004 and did not exceed the

DWS for specific radionuclides and contaminants can
be found on the.Internet at http:/lhttp://www.epa.govl
safewater/standards.html.

Groundwater
Groundwater is a valuable resource and is the subject
of both protection and cleanup programs at SRS.
More than 1,000 wells are monitored each year at the
site for a wide range of constituents. Monitoring in
the groundwater protection program is performed to
detect new or unknown contamination across the site,
and monitoring in the groundwater cleanup program
is performed to meet the requirements of state and
federal laws and regulations. Most of the monitoring
in the cleanup program is governed by SCDHEC's
administration of RCRA regulations.

commonly dismissed. Both are common laboratory
contaminants and are reported in groundwater samples
with little or no reproducibility. Both are reported, with
appropriate flags and qualifiers, in detailed groundwater
monitoring results that can be obtained by contacting the.
manager of the Westinghouse Savannah River Company
(WSRC) Environmental Monitoring and Analysis group
at 803-952-6931. Also, the SCDHEC standard used
for lead is 50 pg/L. The federal standard of 15 I.tg/L is a
treatment standard for drinking water at the consumer's
tap.

The analytical results of samples taken from SRS
monitoring wells are compared to various standards.
The most common are final federal primary DWS-or
other standards if DWS do not exist. The DWS are
considered first because groundwater aquifers are
defined as potential drinking water sources by the South
Carolina Pollution Control Act. DWS can be found at
http://www.epa.gov/safewater/mcl.html on the Internet.
Other standards sometimes are applied by regulatory.
agencies to the SRS waste units under their jurisdiction.
For example, standards under RCRA can include DWS,
groundwater protection standards, background levels, or
alternate concentration limits.

The regulatory standards for radionuclide discharges
from industrial and governmental facilities are set
under the Clean Water Act and Nuclear Regulatory
Commission and DOE regulations. In addition,
radionuclide cleanup levels are included in the site
RCRA permit under the authority of the South Carolina
Pollution Control Act. The proposed drinking water
maximum contaminant levels discussed in this report are
only an adjunct to these release restrictions and are not
used to regulate SRS groundwater.

SRS responses to groundwater analytical results
require careful evaluation of the data and relevant
standards. Results from two constituents having DWSdichloromethane and bis (2-ethylhexyl) phthalate-are
evaluated more closely than other constituents and are

Many potential radionuclide contaminants are beta
emitters. The standard used for gross beta is a screening
standard; when public drinking water exceeds this
standard, the supplier is expected to analyze for
individual beta and gamma emitters. A gross beta result
above the standard is an indication that one or more
radioisotopes are present in quantities that would exceed
the EPA annual dose equivalent for persons consuming
2 liters daily. Thus, for the individual beta and gamma
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radioisotopes (other than strontium-90 and tritium), the
standard considered is the activity per liter that would,
if only that isotope were present, exceed the dose
equivalent. Similarly, the standards for alpha emitters are
calculated to present the same risk at the same rate of
ingestion.
The element radium has several isotopes of concern in
groundwater monitoring. Although radium has a DWS
of 5 pCi/L for the sum of radium-226 and radium-228,
the isotopes have to be measured separately, and the
combined numbers may not be representative of the
total. Radium-226, an alpha emitter, and radium -228,
a beta emitter, cannot be analyzed by a single method..
Analyses for total alpha-emitting radium, which consists
of radium-223, radium-224, and radium-226, are
compared to the standard for radium-226.
Four other constituents without DWS are comnionly
used as indicators of potential contamination in wells.
These constituents are

*

specific conductance at values equal to or greater
than 100 tS/cm

" -alkalinity (as CaCO 3 ) at values equal to or greater
than 100 mg/L
*

total dissolved solids (TDS) at values equal to or
greater than 200 mg/L
-

0

pH at values equal to or less than 6.5 or equal to or
greater than 8.5.

The selection of these values as standards for
comparison is somewhat arbitrary; however, the values
exceed levels usually found in background wells at
SRS. The occurrence of elevated alkalinity.(as CaCO3),
specific conductance, pH, and TDS within a single well
also may indicate leaching of the grouting material
used in well construction, rather than degradation of the
groundwater.

Potential Dose
The radiation protection standards followed by SRS
are outlined in DOE Order 5400.5 and include EPA
regulations on the potential doses from airborne releases
and treated drinking water.
The following radiation dose standards for protection
of the public in the SRS vicinity are specified in DOE
Order 5400.5:
Drinking Water Pathway ...................... 4 mrem per year
Airborne Pathway .............................. 10 mrem per year
All Pathways ....................................

100 mrem per year

The EPA annual dose standard of 10 mrem (0.1 mSv) for
the atmospheric pathway, which is contained in 40 CFR
61, Subpart H, is adopted in'DOE Order 5400.5.
These dose standards are based on recommendations
of the ICRP and the National Council on Radiation
Protection and Measurements.
The DOE dose standard enforced at SRS for drinking
water is consistent with the criteria contained in
"National Interim Primary Drinking Water Regulations,
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40 CFR Part 141" Under these regulations, persons
consuming drinking water shall not receive an annual
whole body dose-DOE Order 5400.5 interprets this
dose as committed effective dose equivalent--of more
than 4 mrem (0.04 mSv).
In 2000, EPA promulgated 40 CFR, Parts 9, 141, and
142, "National Primary Drinking Water Regulations;
Radionuclides; Final Rule." This rule, which is
applicable only to community drinking watei"systems,
finalized maximum contaminant levels (MCLs)
for radionuclides, including uranium. In essence, it
reestablishes the MCLs from EPA's original 1976 rule.
Most of these MCLs are derived from dose conversion
factors that are based on early ICRP-2 methods.
However, when calculating dose, SRS must use the
more current ICRP-30-based dose conversion factors
provided by DOE. Because they are based on different
methods, most EPA and DOE radionuclide dose
conversion factors differ. Therefore, a direct comparison
of the drinking water doses calculated for showing
compliance with DOE Order 5400.5 to the EPA drinking
water MCLs cannot be made.

*Savannah River Site
.Savannah River Site

Applicable Guidelines, Standards,and Regulations

Comparison of Average .Concentrations in Airborne Emissions
to DOE Derived Concentration Guides
Average concentrations of radionuclides in airborne
emissions are calculated by dividing the yearly release
total of each radionuclide from each stack by the yearly
stack flow quantities. These average concentrations then
can be compared to the DOE DCGs, which are •found in
DOE Order 5400.5 for each radionuclide.
DCGs are used as reference concentrations for
conducting environmental protection programs at all
DOE sites. DCGs, which are based on a 100-mrem
exposure, are applicable at the point of discharge (prior
to dilution or dispersion) under conditions of continuous
exposure (assumed to be an average inhalatio n rate of.

8,400 cubic meters per year). This means that the DOE
DCGs are based on the highly conservative assumption
that a member of the public has direct access to and
continuously breathes (or is immersed in) the actual
air effluent 24 hours a day, 365 days a year. However,
because of the large distance between most SRS
operating facilities and the site boundary, this scenario is
improbable.
Average annual radionuclide concentrations in SRS air
effluent can be referenced to DOE DCGs as a screening
method to determine if existing effluent treatment
systems are proper and effective.

Comparison of Average Concentrations in Liquid Releases
to DOE Derived Concentration Guides
In addition to dose standards, DOE Order 5400.5imposes other control considerations on liquid releases.
These considerations are applicable to direct discharges
but not to seepage basin and Solid Waste Disposal
Facility migration discharges. The DOE order lists
DCG values f6r most radionuclides. DCGs are used as
reference concentrations for conducting environmental
protection programs at all DOE sites. These DCG values
are not release limits but screening values for best
available technology investigations and for'determining
whether existing effluent treatment systems are proper
and effective.
Per DOE Order 5400.5, exceedance of the DCGs at
any discharge point may require an investigation of
best available technology waste treatment for the liquid
effluents. Tritium in liquid effluents is specifically
excluded from best available technology requirements;
however, it is not excluded from other ALARA
considerations. DOE DCG compliance is demonstrated

when the sum of the fractional DCG values for all
radionuclides detectable in the effluent is less than 1.00,
based on consecutive 12-month average concentrations.
DCGs, based on a I00-mrem exposure, are applicable
at the point of discharge from the effluent conduit to
the environment (prior to dilution or dispersion). They
are based on the highly conservative assumption that a
member of the public has continuous direct access to
the actual liquid effluents and consumes 2 liters of the
effluents every day, 365 days a year. Because of security
controls and the considerable distances between most
SRS operating facilities and the site boundary, this
scenario is highly improbable, if not imliossible.
For each SRS facility that releases radioactivity, the
site's Environmental Monitoring and Analysis7 group
compares the monthly liquid effluent concentrations and
12-month average concentrations against the
DOE DCGs.

Environmental Management
SRS began its cleanup program in 1981. Two major
federal statutes provide guidance for the site's
environmental restoration and waste management
activities-RCRA and CERCLA. RCRA addresses
the management of hazardous waste and requires that
permits be obtained for facilities that treat, store, or
dispose of hazardous or mixed waste. It also requires
that DOE facilities perform appropriate corrective action
to address contaminants in the environment. CERCLA
(also known as Superfund) addresses the uncontrolled

release of hazardous substances and the cleanup of
inactive waste sites. This act establishes a National
Priority List of sites targeted for assessment and, if
necessary, corrective/remedial action. SRS was placed
on this list December 21, 1989 [Fact Sheet, 2000]. In
August 1993, SRS entered into the Federal Facility
Agreement (FFA) with EPA Region IV and SCDHEC.
This agreement governs the corrective/remedial action
process from site investigation through site remediation.
It also describes procedures for setting annual work
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priorities, including schedules and deadlines, for that
process [FFA under section 120 of CERCLA and
sections 3008(h) and 6001 of RCRAJ."
Additionally, DOE is complying with Federal Facility
Compliance Act requirements for mixed waste
management-including high-level waste, most
transuranic waste, and low-level waste with hazardous
constituents. This act requires that DOE develop and
submit site treatment plans to the EPA or state regulators
for approval.

The disposition of facilities after they are declared
excess to the government's mission is managed by Site
Decommissioning and Demolition (D&D)-formeriy
Facilities Disposition Projects. The facility disposition
process is conducted in accordance with DOE Order
430.1A, "Life Cycle Asset Management'" and its
associated guidance documents. The major emphases
are (1).to reduce the risks to workers, the public, and
the environment, and (2) to reduce the costs required
to maintain the facilities in a safe condition through a
comprehensive surveillance and maintenance program.

Quality Assurance/Quality Control
DOE Order 414.1B, "Quality Assurance:' sets
requirements and guidelines for departmental
quality assurance (QA) practices. To ensure compliance
with regulations and to provide overall quality
requirements for site programs, WSRC developed its
QualityAssurance ManagementPlan,Rev. 13
(WSRC-RP-92-225). The plan's requirements are
implemented by the WSRC Quality Assurance Manual
(WSRC IQ).
The SRS EnvironmentalMonitoringSection Quality
Assurance Plan(WSRC-3Q1-2, Volume 3, Section
8000), was written to apply the QA requirements
of WSRC 1Q to the environmental monitoring and
surveillance program. The EMA WSRC-3Q1 procedure
series includes procedures on sampling, radiochemistry,
and water quality that emphasize the quality control
requirements for EMA.
QA requirements for monitoring radiological air
emissions are specified in 40 CFR 61, "National
Emission Standards for Hazardous Air Pollutants." For
radiological air emissions at SRS, the responsibilities
and lines of communication are detailed in National
Emission Standdrdsfor HazardousAir Pollutants
QualityAssurance ProjectPlanfor Radionuclides(U)
(WSRC-IM-91-60).

To ensure valid and defensible monitoring data, the
records and data generated by the monitoring program
are maintained according to the requirements of DOE
Guide 1324.5B, "Implementation Guide for Use
with 36 CFR Chapter XII - Subchapter B Records
Management:" and of WSRC IQ. QA records include
sampling and analytical procedure manuals, logbooks,
chain-of-custody forms, calibration and training records,
analytical notebooks, control charts, validated laboratory
data, and environmental reports. These records are
maintained and stored per the requirements of WSRC
Retention Schedule Matrix (WSRC-EM-96-00023).
EMA assessments are implemented according to the
following documents:
*

DOE Order 414.IB
- DOE/EH-0173T

*

DOE Environmental Management Consolidated
Audit Program (EMCAP)

•

WSRC 1Q

*

WSRC 12Q, Assessment Manual

Figure A-i-illustrates the hierarchy of relevant guidance
documents that support the EMA QAIQC program.

Reporting
DOE Orders 231.IA, "Environment, Safety and Health
Reporting," and 5400.5, "Radiation Protection of the
Public and Environment," require that SRS submit an
annual environmental report.

This report, the SRS EnvironmentalReportfor 2004, is
an overview of effluent monitoring and environmental
surveillance activities conducted on and in the vicinity
of SRS from January 1 through December 31, 2004.
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Figure A-1 SRS EM Program QA/QC Document Hierarchy
This diagram depicts the hierarchy of relevant guidance and supporting documents for the QA/QC program.
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ISO 14001 Environmental Management System
ISO 14001 is the EMS standard within the ISO 14000
series of standards, a family of voluntary environmental
management standards and guidelines. SRS first
achieved ISO 14001 independent certification of its
EMS against this standard in. 1997 by demonstrating
adherence to and prog'rammatic implementation
of the SRS Environmental Management System

Policy. Beginning in May 2002, the site discontinued
independent certification of its EMS program, but it
continues to self-evaluate itself against the ISO 14001
standard. A requirement of the standard is maintenance
of an environmental policy. The full text of the policy
follows..

Savannah River Site
Environmental Management System Policy
June 14, 2004
Objective
The management of the Savannah River Site (SRS) recognizes its responsibility to conduct its operations in
compliance with applicable laws and regulations providing for the protection of the environment, to reduce the
use of procedures and processes that produce hazardous wastes, and to seek ways to continually improve the
performance of activities protective of the environment.
Directive
Recognizing that many aspects of operations carried out at SRS may impact the environment, the SRS policy is that
all employees, contractors, subcontractors, and other entities performing work at SRS shall abide by the directives
in this document. This document serves as the primary documentation for the environmental goals and objectives
of SRS and shall be available to the public. It shall be centrally maintained and updated as necessary to reflect
the changing needs, mission, vision, and goals of SRS. The Department of Energy-Savannah River Operations
Office (DOE-SR), Westinghouse Savannah River Company (WSRC), Wackenhut Services Inc.-Savannah River
Site (WSI-SRS), Savannah River Ecology Laboratory (SREL), General Serivices Administration-Savannah River
Site (GSA-SRS), National Nuclear Security Administration-Savannah River Site Office (NNSA-SRSO), National
Nuclear Security Administration-Fissile Materials Disposition Office (NNSA-FMDO), and the United States Forest
Service-Savannah River (USFS-SR) endorse the principles stated in this policy.
" The Environmental Management System pursues and measures continual improvement in performance by
establishing and maintaining documented environmental objectives and targets that correspond'to SRS's
mission, vision, and core values. The environmental objectives and targets shall be established for each relevant
function within DOE-SR, NNSA-SRSO, NNSA-FMDO, and all contractors, subcontractors, and other entities
performing work at SRS for all activities having actual or potentially significant environmental impacts.
*

DOE--SR NNSA-SRSO, NNSA-FMDO, and all contractors, subcontractors, and other entities performing
work at SRS shall
1. manage the SRS environment, natural resources, products, waste, and contaminated materials so as
to eliminate or mitigate any threat to human health or the environment at the earliest opportunity and
implement process improvements, as appropriate, to ensure continual improvement of performance in
environmental management
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2.

implement a pollution prevention program to reduce waste generation, releases of pollutants, and future
waste management and pollution control costs, and to promote energy efficiency

3.

conduct operations in compliance with all applicable federal, state, and local laws, regulations, statutes,
executive orders, directives, and standards

Savannah River Site

Applicable Guidelines,Standards,and Regulations

4.

work cooperatively and openly with appropriate local, state, and federal agencies, public stakeholders, and
site employees to prevent pollution, achieve environmental compliance, conduct cleanup and restoration
activities, enhance environmental quality, and ensure the protection of workers and the public

5.

design, develop, operate, maintain, decommission, and deactivate facilities and perform operations in a
manner that shall be resource-efficient and will protect and improve the quality of the environment for
future generations, and continue to maintain SRS as a unique national environmental asset

*6. recognize that the responsibility for qtiality communications rests with each individual employee and that it
shall be the responsibility of all employees to identify and communicate ideas for improving environmental
protection activities and programs atthe site
Adherence to and programmatic implementation of this policy shall be the responsibility of the DOE-SR, NNSASRSO, and NNSA-FMDO managers in coordination with the contractors, subcontractors, and other entities
performing work at SRS.
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RadionUclide-and Chemical
Nomenclature
Nomenclature and Half-Life for Radionuclides
Radionuclide

Symbol

Half-lifeab

Radionuclide

Symbol

Half-life8'b

Actinium-228
Ame'ricium-241

Ac-228
Am-241

6.15 h
432.7 y

Mercury-203
Neptunium-237

Hg-203

46.61 d

Np-237

2.14E6 y

Americium-243
Antimony-124

Am-243
Sb-124

7370 y

*Neptunium-239

Np-239

2.355 d

Ni-59

7.6E4 y

Sb-125

60.2 d
2.758 y

Nickel-59

Antimony-125

Nickel-63
Niobium-94

Ni-63

* Argon-39

Ar-39

269 y

100y

Nb-94
Nb-95

2.OE4 y

Niobium-95
Plutonium-238

Pu-238

Plutonium-239

Pu-239

87.7 y
2.41 E4 y

Plutonium-240

Pu-240

6560 y

5714 y

Plutonium-241

Pu-241

14.4 y

32.5 d
284.6 d
2.065 y

Plutonium-242

Pu-242

3.75E5 y

Potassium-40
Praseodymium-1 44

K-40
Pr-144

1.27E9 y
17.28 m

Praseodymium-144r n
Promethium-147

Pr-144m.
Pm-147.

271.8 d

Protactinium-231

Pa-231

7.2 m
2.6234 y
3.28E4 y

Co-58

70.88 d

Protactinium-233

Pa-233

27.0 d

Co-60

5.271 y

Protactinium-234

Curium-242
Curium-244

Cm-242
Cm-244

162.8 d
18.1 y

Radium-226
Radium-228

Curium-245

Cm-245

8.OE3 y

Ruthenium-103

Pa-234
Ra-226
Ra-228
Ru-103

6.69 h
1599 y
5.76 y
39.27 d

Curium-246
Europium-1 52

Cm-246
Eu-152

4.76E3 y

Ruthenium-106

Ru-106

1.020 y

13.54 y

Selenium-75

Se-75

119.78 d

Europium-154
Europium-155

Eu-154

6.5E5 y

1-129

Selenium-79
Sodium-22
Strontium-89

Se-79
Na-22

Iodine-129

8.593 y
4.75 y
1.57E7 y

Iodine-131

1-131

Iodine-1 33

8.0207 d
20.3 h
10.76 y

Strontium-90
Technetium-99
Thallium-208

Sr-90
Tc-99
TI-208

Lead-212

1-133
Kr-85
Pb-212

10.64 h

Thorium-228

Th-228

1.913 y

Lead-214

Pb-214

27 m

Thorium-230

Th-230

7.54E4 y

Manganese-54

Mn-54

312.1 d

Thorium-232

Th-232

1.40EM0 y

Barium-133

Ba-133

Beryllium-7

Be-7

10.7 y
53.28 d

Bismuth-212

Bi-212

2.14 m

Bismuth-214

Bi-214

19.9 m

Carbon-14
Cerium-141

C-1 4

Cerium-1 44
Cesium-1 34

Ce-144
Cs-134

Cesium-137

Cs-137

Chromium-51

Cr-51

30.07 y
27.702 d

Cobalt-57

Co-57

Cobalt-58
Cobalt-60

Krypton-85

Ce-141

Eu-155

Sr-89

34.97 d

2.604 y
50.52 d
28.78.y
2.13E5 y
3.053 m

am = minute; h = hour; d = day-, y = year
bReference: Chart of the Nuclides, 15th edition, revised 1996, General Electric Company
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Nomenclature and Half-Life for Radionuclides, Continued
Radionuclide

Symbol

Half-lifeab

Radionuclide

Symbol

Half-lifeab

Thorium-234

Th-234

24.10 d

Uranium-235

Tin-113
Tin-1 26

Sn-113

115.1 d

U-235
U-236

2.342E7 y

Sn-126

2.5E5 y

Uranium-236
Uranium-238

U-238

4.47E9 y

Tritium (Hydrogen-3)

H-3

12.32ýy

Xenon-1-35
Zinc-65

Xe-1 35

U

7.04E8 y

9.10 h

Uranium-232

U-232

69.8 y

Zn-65

243.8 d

Uranium-233

U-233

1.592E5 y

Zirconium-85

Zr-85

Uranium-234

U-234

2.46E5 y

Zirconium-95

Zr-95

7.7 m
64.02 d

am = minute; h = hour; d - day;, y = year
bReference: Chart of the Nuclides, 15th edition, revised 1996, General Electric Company
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Constituent

Nomenclature for Elementsand Chemical Constituent Analyses
Symbol
Constituent

Symbol

Note: Some of the symbols listedin this table camefrom various databasesused to format the data tables in this report and
are includedhere to assistthe readerin understandingthe tables.
Aluminum

Al (or AL)

Ammonia

NH.

Ammonia as Nitrogen

NH3-N (or AN)

pH

pH (or PH)

Antimony

Sb (or SB)

Phenol

PHE

Arsenic

As (or AS)

Phosphorus

P

Barium

Ba (or BA)

Phosphate

PO4 (or PO4 -P or

Biological Oxygen Demand

BOD

Beryllium

Be

Polychlorinated Biphenyl

PCB

Boron

B

Potassium

K

Bromide

B-

Selenium

Se (or SE)

Cadmium.

Cd (or CD)

Silver

Ag (or AG)

Chemical Oxygen Demand

COD

Sulfate

SO, (or SO4 )

Chlorine

Cl (or CHL)

Tetrachloroethene

PERCL

Chromium

Cr (or CR)

Tetrachloroethylene

Cobalt

Co

(Perchloroethylene)

PERCL

Copper

Cu (or CU)

Trichloroethene

TRICL

Cyanide

CN

Trichloroethylene

TRICL

Dissolved Oxygen

DO

Tin

SN

Iron

Fe (or FE)

Total Dissolved Solids

TDS

Lead

Pb (or PB)

Total Kjeldahl Nitrogen

TKN

Magnesium

Mg (or MG)

Total Organic Carbon

TOC

Manganese

Mn (or MN)

Total Suspended Particulatb

Mercury

Hg (or HG)

Matter

TSP

Molybdenum

Mo

Total Suspended Solids

TSS

Nickel

Ni (or NI)

Total Volatile Solids

TVS

Nitrate

Nitrite, Nitrate

NO2 ,NO3 (or NO2,
NO3, or NOJN0 3)

P04 -P)

NO,

Uranium

U

Nitrate as Nitrogen

NO-N

Vinyl Chloride

VC

Nitrite as Nitrogen

NO2.N

Zinc
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Appendix C

Errata
From 2003 Report
The following information was reported incorrectly in the Savannah River Site EnvironmentalReportfor 2003
(WSRC-TR-2004-O00015):
- Page 10, right column, third full paragraph: SRS's
2003 compliance rate for the NPDES program under

the CWA should have been listed as 99.7 percent.

From 2003 Data'
The following information was reported incorrectly in the Savannah River Site EnvironmentalDatafor 2003
(WSRC-TR-2004--00015):
* Liquid Dose Tables (%IEI.Dose - Liquid"): The
percent-of-total-dose values for alpha and nonvolatile
beta were reversed. The alphapercent of totaldose

should have been 10 percent and the nonvolatile beta
percent of total dose should have been 2 percent. The
individual dose values are correctas shown in the table.

* Sampling Tables ("Nonradiological Environmental
Surveillance Detection/Report Limits"), page 4:
The volatile organic compounds (aqueous) listed as

Tetrachloroethene and Trichloroethene should have been
listed as Tetrachloroethylene and Trichloroethylene,
respectively.
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A
accuracy - Closeness of the result of a measurement to
the true value of the quantity.
actinide - Group of elements of atomic number 89
through 103. Laboratory analysis of actinides by alpha
spectrometry generally refers to the elements plutonium,
americium, uranium, and curium but may also include
neptunium and thorium.
activity - See radioactivity.
air flow - Rate of flow, measured by mass or volume per
unit of time.
air stripping - Process used to decontaminate
groundwater by pumping the water to the surface,
"stripping" or evaporating the chemicals in a specially
designed tower, and pumping the cleansed water back to
the environment.
aliquot - Quantity of sample being used for analysis.
alkalinity - Alkalinity is a measure of the buffering
capacity of water, and since pH has a direct effect on
organisms as well as an indirect effect on the toxicity
of certain other pollutants in the water, the buffering
capacity is important to'water quality.
alpha particle - Positively charged particle emitted
from the nucleus of an atom having the same charge and
mass as that of a helium nucleus (two protons and two
neutrons):
ambient air - Surrounding atmosphere as it exists
around people, plants, and structures.
analyte - Constituent or parameter that is being
analyzed.
analytical detection limit - Lowest reasonably accurate
concentration of an analyte that can be detected; this
value varies depending on the method, instrument, and
dilution used.
aquifer - Saturated, permeable geologic unit that can
transmit significant quantities of water under ordinary
hydraulic gradients..
aquitard - Geologic unit that inhibits the flow of water.
Atomic Energy Commission - Federal agency created
in 1946 to manage the development, use, and control

of nuclear energy for military and civilian application.
It was abolished by the Energy Reorganization Act
of 1974 and succeeded by the Energy Research and
Development Administration. Functions of the Energy
Research and Development Administration eventually
were taken over by the U.S.'Department of Energy and
the U.S. Nuclear Regulatory Commission.

B
background radiation - Naturally occurring radiation,
fallout, and cosmic radiation. Generally, the lowest level
of radiation obtainable within the scope of an analytical
measurement, i.e., a blank sample.
bailer - Container lowered into a well to remove water.
The bailer is allowed to fill with water and then is
removed from the well.
best management practices - Sound engineering
practices that are not required by regulation or by law.
beta particle - Negatively charged particle emitted from
the nucleus of an atom. It has a mass and charge equal to
those of an electron.
blank - Control sample that is identical, in principle, to
the sample of interest, except that the substance being
analyzed is absent. In such cases, the measured value
or signal for the substance being analyzed is believed
to be due to artifacts. Under certain circumstances, that
value may be subtracted from the measured value to give
a net result reflecting the amount of the substance in
the sample. The U.S. Environmental Protection Agency
does not permit the subtraction of blank results in
Environmental Protection Agency-regulated analyses.,
blind blank - Sample container of deionized water sent
to a laboratory under an alias name as a quality control
check.
blind replicate - In the Environmental Services Section
groundwater monitoring program, a second sample
taken from the same well at the same time as the
primary sample, assigned an alias well name, and sent to
a laboratory for analysis (as an unknown to the analyst).
blind sample - Control sample of known concentration
in which the expected values of the constituent are
unknown to the'analyst.
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C

for assessment and, if necessary, restoration (commonly
known as "Superfund").

calibration - Process of applying correction factors to
equate a measurement to a known standard. Generally,
a documented measurement control program of charts,
graphs, and data that demonstrate that an instrument is
properly calibrated.

Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)reportable release - Release to the environment
that exceeds reportable quantities as defined by
the Comprehensive Environmental Response,
Compensation, and Liability Act.

Carolina bay - Type of shallow depression commonly
found on the coastal Carolina plains. Carolina bays are
typically circular or oval. Some are wet or marshy, while
others are dry.
Central Savannah River Area (CSRA) - Eighteencounty area in Georgia and South Carolina surrounding
Augusta, Georgia. The Savannah River Site is included
in the Central Savannah RiverArea. Counties are
Richmond, Columbia, McDuffie, Burke, Emanuel,
Glascock, Jenkins, Jefferson, Lincoln, Screven,
Taliaferro, Warren, and Wilkes in Georgia and Aiken,
Edgefield, Allendale, Barnwell, and McCormick in
South Carolina.
chemical oxygen demand - Indicates the quantity
of oxidizable materials present in a water and varies
with water composition, concentrations of reagent,
temperature, period of contact, and other factors.
chlorocarbons - Compounds of carbon and chlorine,
or carbon, hydrogen, and chlorine, such as carbon
tetrachloride, chloroform, tetrachloroethylene, etc.
They are among the most significant and widespread
environmental contaminants. Classified as hazardous
wastes, chlorocarbons may have a tendency to cause
detrimental effects, such as birth defects.
cleanup -Actions taken to deal with release or
potential release of hazardous substances. This may
mean complete removal of the substance; it also may
mean stabilizing, containing, or otherwise treating the
substance so that it does not affect human health or the
environment.

concentration -Amount of a substance contained in a
unit volume or mass of a sample.
conductivity - Measure of water's capacity to convey
an electric current. This property is related to the total
concentration of the ionized substances in a water and
the temperature at which the measurement is made.
contamination - State of being made impure or
unsuitable by contact or mixture with something
unclean, bad, etc.
count - Signal that announces an ionization event within
a counter; a measure of the radiation from an object or
device.
counting geometry - Well-defined sample size and
shape for which a counting system has been calibrated.
criteria pollutant - Any of the pollutants commonly
used as indices for air quality that can have a serious
effect on human health and the environment, including
sulfur dioxide, nitrogen dioxide, total suspended
p'drticulates, PM10 .carbon monoxide, ozone, gaseous
fluorides, and lead.
curie - Unit of radioactivity. One curie is defined as
3.7 x 1010 (37 billion) disintegrations per second. Several
fractions and multiples of the curie are commonly used:
kilocurie (kCi) - 101 Ci, one thousand curies; 3.7 x
.1013 disintegrations per second.
millicurie (mCi) - 10-1 Ci, one-thousandth of a
curie; 3.7 x 10 disintegrations per second.

closure - Control of a hazardous waste management
facility under Resource Conservation and Recovery Act
requirements.

microcurie (pCi) - 10.6 Ci, one-millionth of a curie;
3.7 x 10Hdisintegrations per second.

compliance - Fulfillment of applicable requirements of
a plan or schedule ordered or approved by government
authority.

picocurie (pCi) - 10-12 Ci, one-trillionth of a curie;
0.037 disintegrations per second.

composite - Blending of more than one portion to make
a sample for analysis.

D

Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) - This
act addresses the cleanup of hazardous substances and
establishes a National Priorities List of sites targeted

decay (radioactive) - Spontaneous transformation
of one radionuclide into a different radioactive or
nonradioactive nuclide, or into a different energy state of
the same radionuclide.
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decay time - Time taken by a quantity to decay to a
stated fraction of its initial value.

surveillance and maintenance, deactivation, and
decommissioning.

deactivation - The process of placing a facility in a
stable and known condition, including the removal of
hazardous and radioactive materials to ensure adequate
protection of the worker,.public health and safety, and
the environment-thereby limiting the long-term cost of.
surveillance and maintenance.

dissolved oxygen - Desirable indicator of satisfactory
water quality in terms of low residuals of biologically
available organic materials. Dissolved oxygen prevents
the chemical reduction and subsequent leaching of iron
and manganese from sediments.

decommissioning - Process that takes place after
deactivation and includes surveillance and maintenance,
decontamination, and/or dismantlement.

dose - Energy imparted to matter by ionizing radiation.
The unit of absorbed dose is the tad, equal to 0.01 joules
per kilogram in any medium.
absorbed dose - Quantity of radiation energy
absorbed by an organ, divided by the organ's mass.
Absorbed dose is expressed in units of rad (or gray)
(I rad = 0.01Gy).

decontamination - The removal or reduction of residual
radioactive and hazardous materials by mechanical,
chemical, or other techniques to achieve a stated
objective or end condition.

dose equivalent - Product of the absorbed dose
(rad) in tissue and a quality factor. Dose equivalent
is expressed in units of rem (or sievert) (1 rem =
0.01 sievert).

decommissioning and demolition - Program that
reduces the environmental and safety risks of surplus
facilities at SRS.
derived concentration guide - Concentration of a
radionuclide in air or water that, under conditions of
continuous exposure for one year by one exposure mode
(i.e., ingestion of water, submersion in air, or inhalation),
would result in either an effective dose equivalent of 0.1
rem (1 mSv) or a dose equivalent of 5 rem (50 mSv) to
any tissue, including skin and lens of the eye. The guides
for radionuclides in air and water are given in U.S.
Department of Energy Order 5400.5.
detection limit - See analytical detection limit, lower
limit of detection, minimum detectable concentration.

committed dose equivalent - Calculated total dose
equivalent to a tissue or organ over a 50-year period
after known intake of a radionuclide into the body.
Contributions from external dose are not included.
Committed dose equivalent is expressed in units of
rem (or sievert).
committed effective dose equivalent - Sum of the
committed dose-equivalents to various tissues in the
body, each multiplied by the appropriate weighting
'-factor. Committed effective dose equivalent is
expressed in units of rem (or sievert).

detector - Material or device (instrument) that is
sensitive to radiation and can produce a signal suitable
for measurement or analysis.
diatometer - Diatom collection equipment consisting of
a series of microscope slides in a holder that is used to
determine the amount of algae in a water system.
diatoms - Unicellular or colonial algae of the class
Bacillariophyceae, having siliceous cell walls with two
overlapping, symmetrical parts. Diatoms represent the
predominant periphyton (attached algae) in most water
bodies and have been shown to be reliable indicators of
water quality.
disposal - Permanent or temporary. transfer of U.S.
Department of Energy control and custody of real
property to a third party, which thereby acquires rights
to control, use, or relinquish the property.
disposition - Those activities that follow completion
of program mission-including, but not limited to,
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effective dose equivalent - Sum of the dose
equivalents received by all organs or tissues of
the body after each one has been multiplied by an
appropriate weighting factor. The effective dose
equivalent includes the committed effective dose
equivalent from internal deposition of radionuclides
and the effective dose equivalent attributable to
sources external to the body.
collective dose equivalent/collective effective
dose equivalent - Sums of the dose equivalents
or effective dose equivalents of all individuals in
an exposed population within a 50-mile (80-kin)
radius, and expressed in units of person-rem (or
person-sievert). When the collective dose equivalent
of interest is for a specific organ, the units would be
organ-rem (or organ-sievert). The 50-miledistance
is measured from a point located centrally with
respect t6 major facilities or U.S. Department of
Energy program activities.

..
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dosimeter - Portable detection device for measuring the
total accumulated exposure to ionizing radiation.
downgradient - In the direction of decreasing
hydrostatic head.
drinking water standards - Federal primary drinking
water standards, both proposed and final, as set forth by
the U.S. Environmental Protection Agency.

exceedance - Term used by the U.S. Environmental
Protection Agency and the South Carolina Department
of Health and Environmental Control that denotes a
report value is more than the upper guide limit. This
term is found on the discharge monit6ring report forms
that are submitted to the Environmental Protection
Agency or the South Carolina Department of Health and
Environrnientil Control.

E

exposure (radiation) - Incidence of radiation on living
or inanimate material by accident or intent. Background
exposure is the exposure to natural background ionizing
radiation. Occupational exposure is that exposure to
ionizing radiation that takes place during a person's
working hours. Population exposure is the exposure to
the total number of persons who inhabit an area.

effluent - Any treated or untreated air emission or liquid
discharge to the environment.

exposure pathway - Route that materials follow to get
to the environment and then to people.

duplicate result - Result derived. by taking a portion
of a primary sample and performing the identical
analysis on that portion as is performed on the primary
sample.

effluent monitoring - Collection and analysis of
samples or measurements of liquid and gaseous effluents
for purpose of characterizing and quantifying the release
of contaminants, assessing radiation exposures of
members to the public, and demonstrating compliance
with applicable standards.
environmental compliance - Actions taken in
accordance with government laws, regulations, orders,
etc., that apply to site operations' effects on onsite
and offsite natural resources and on human health;
used interchangeably in this document with regulatory
compliance.
environmental monitoring - Program at Savannah
River Site that includes effluent monitoring andl
environmental surveillance with dual purpose of (1)
showing compliance with federal, state, and local
regulations, as well as with U.S. Department of Energy
orders, and (2) monitoring any effects of site operations
on onsite and offsite natural resources and on human
health.
environmental restoration - U.S. Department of
Energy program that directs the assessment and
cleanup of inactive waste units and groundwater
(remediation) contaminated as a result of nuclear-related
activities.
environmental surveillance - Collection and analysis
of samples of air, water, soil, foodstuffs, biota, and other
media from U.S. Department of Energy sites and their
environs and the measurement of external radiation for
purpose of demonstrating compliance with applicable
standards, assessing radiation exposures to members
of the public, and assessing effects, if any, on the local
environment.
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F
fallout - See worldwide fallout.
Federal Facility Agreement (FFA) - Agreement
negotiated among the U.S. Department of Energy, the
U.S. Environmental Protection Agency, and the South
Carolina Department of Health and Environmental
Control, specifying how the Savannah River Site will
address contamination or potential contamination to
meet regulatory requirements at Savannah River Site
waste units identified for evaluation and, if necessary,
cleanup.
feral hog - Hog that has reverted to the wild state from
domestication.

gamma ray - High-energy, short-wavelength
electromagnetic radiation emitted from the nucleus of an
excited atom. Gamma rays are identical to X-rays except
for the source of the emission.
gamma-emitter - Any nuclide that emits a gamma ray
during the process of radioactive decay. Generally, the
fission products produced in nuclear reactors.
gamma spectrometry - System consisting of a detector,
associated electronics, and a multichannel analyzer
that is used to analyze samples for gamma-emitting
radionuclides.
grab sample - Sample cbllected instantaneously with a
glass or plastic bottle placed below the water surface to
collect surface water samples (also called dip samples).
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H

each batch of samples as an in-house check of analytical
procedures. Also called an internal blank.

half-life (radiological) - Time required for half of a
given number of atoms of a specific radionuclide to
decay. Each nuclide has a unique half-life.

legacy - Anything handed down from the past;
inheritance, as of nuclear waste.

heavy water - Water in which the molecules contain
oxygen and deuterium, an isotope of hydrogen that is
heavier than ordinary hydrogen.
hydraulic gradient - Difference in hydraulic head over
a specified distance.
hydrology - Science that treats the occurrence,
circulation, distribution, and properties of the waters of
the earth, and their'reaction with the environment.

in situ - In its original place. Field measurements
taken without removing the sample from its origin;
remediation performed while groundwater remains
below the surface.
inorganic - Involving matter other than plant or animal..
instrument background - Instrument signal due to
electrical noise and other interferences not attributed to
the sample or blank.
ion exchange - Process in which a solution containing
soluble ions is passed over a solid ion exchange column
that removes the soluble ions by exchanging them with
labile ions from the surface of the column. The process
is reversible so that the trapped ions are removed
(eluted) from the column and the column is regenerated.
irradiation - Exposure to radiation.
isotopes - Forms of an element having the same number
of protons in their nuclei but differing in the number of
neutrons.
long-lived isotope - Radionuclide that decays at
such a slow rate that a quantity of it will exist for
an extended period (half-life is greater than three
years).
short-lived isotope - Radionuclide that decays so
rapidly that a given quantity is transformed almost
completely into decay products within a short period
(half-life is two days or less).

L
laboratory blank - Deionized water sample generated
by the laboratory; a laboratory blank is analyzed with

lower limit of detection - Smallest concentration/
amount of an analyte that can be reliably detected in a
sample at a 95-percent confidence level.
M,

macroinvertebrates - Size-based classification used
for a variety of insects and other small invertebrates; as
defined by the U.S. Environmental Protection Agency,
those organisms that are retained by a No. 30 (590micron) U.S. Standard Sieve.
macrophyte - A plant that can be observed with the
naked eye.
manmade radiation - Radiation from sources such as
consumer products, medical procedures, and nuclear
industry.
maximally exposed individual - Hypothetical
individual who remains in an uncontrolled area and
would, when all potential routes of exposure from a
facility's operations are considered, receive the greatest
possible dose equivalent.
mean relative difference - Percentage error based on
statistical analysis.
mercury - Silver-white, liquid metal solidifying
at -38.90 C to form a tin-white, ductile, malleable
mass. It is widely distributed in the environment and
biologically is a nonessential or nonbeneficial element.
Human poisoning due to this highly toxic element has
been clinically recognized.
migration - Transfer or movement of a material through
the air, soil, or groundwater.
minimum detectable concentration - Smallest
amount or concentration of a radionuclide that can
be distinguished in a sample by a given measurement
system at a preselected counting time and at a given
confidence level.
moderate - To reduce the excessiveness of; to act as a
moderator.
moderator - Material, such as heavy water, used in
a nuclear reactor to moderate or slow down neutrons
from the high velocities at which they are created in the
fission process.
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monitoring - Process whereby the quantity and quality
of factors that can affect the environment and/or human
health are measured periodically to regulate and control
potential impacts.

N
nonroutine radioactive release - Unplanned
or nonscheduled release of radioactivity to the
environment.
nuclide - Atom specified by its atomic weight, atomic
number, and energy state. A radionuclide is a radioactive
nuclide.

0
opacity - The reduction in visibility of an object or
background as viewed through the diameter of a plume.
organic - Of, relating to, or derived from living
organisms (plant or animal).
outcrop - Place where groundwater is discharged to the
surface. Springs, swamps, and beds of streams and rivers
are the outcrops of the water table.
outfall - Point of discharge (e.g., drain or pipe) of
wastewater or other effluents into a ditch, pond, or river.

P
parameter -Analytical constituent; chemical
compound(s) or property for which an analytical request
may be submitted.
permeability - Physical property that describes the ease
with which water may move through the pore spaces and
cracks in a solid.
liirson-rem - Collective dose to a population group. For
example, a dose of one rem to 10 individuals results in a
collective dose of 10 person-rem.
pH - Measure of the hydrogen ion concentration in an
aqueous solution. Acidic solutions have a pH from 0-6,
basic solutions have a pH > 7, and neutral solutions have
apH=7.

point source - Any defined source of emission to air or
water such as a stack, air vent, pipe, channel or passage
to a water body.
population dose -.See collective.dose equivalent under
dose.
process sewer - Pipe or drain, generally located
underground, used to carry off process water and/or
waste matter.
purge - To remove water prior to sampling, generally by
pumping or bailing.
purge water -Water that has been removed prior to
sampling; water that has been released to seepage basins
to allow a significant part of tritium to decay before
the water outcrops to surface streams and flows to the
Savannah River.

Q
quality assurance (QA) - In the Environmental
Monitoring System program, QA consists of the system
whereby the laboratory can assure clients and other
outside entities, such as government agencies and
accrediting bodies, that the laboratory is generating data
of proven and known quality.
quality control (QC) - In the Environmental Monitoring
System program, QC refers to those operations
undertaken in the laboratory to ensure that the data
produced are generated within known probability limits
of accuracy and precision.

R
rad - Unit of absorbed dose deposited in a volume of
material.
radioactivity - Spontaneous emission of radiation,
generally alpha or beta particles, or gamma rays, from
the nucleus of an unstable isotope.
radioisotopes - Radioactive isotopes.

piezometer - Instrument used to measure the
potentiometric surface of the groundwater. Also, a well
designed for this purpose.

radionuclide - Unstable nuclide capable of
spontaneous transformation into other nuclides by
changing its nuclear configuration or energy level.
This transformation is accompanied by the emission of
photons or particles.

plume - Volume of contaminated air or water originating
at a point-source emission (e.g., a smokestack) or at a
waste source (e.g., a hazardous waste disposal site).

real-time instrumentation - Operation in which
programmed responses to an event essentially are
simultaneous to the event itself.
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reforestation - Process of planting new trees on land
once forested.

S

regulatory compliance -'Actions taken in accordance
with government laws, regulations, orders, etc., that
applk,to Savannah River Site operations' effects on
onsite and offsite natural resources and on human
health; used interchangeably in this document with
environmental compliance.

seepage basin - Excavation that receives wastewater.
Insoluble materials settle out on the floor of the basin
and soluble materials seep with the water through the
soil column, where they are removed partially by ion
exchange with the soil. Construction may include dikes
to prevent overflow or surface runoff.

release - Any discharge to the environment.
Environment is broadly defined as any water, land, or
ambient air.
rem - Unit of dose equivalent (absorbed dose in rads x
the radiation quality factor). Dose equivalent frequently
is reported in units of millirem (mrem) which is onethousandth of a rem.
remediation -Assessment and cleanup of U.S.
Department of Energy sites contaminated with waste as
a result of past activities. See environmental restoration.
remediation design - Planning aspects of remediation,
such as engineering characterization, sampling studies,
data compilation, and determining a path forward for a
waste site.
replicate- In the Environmental Services Section
groundwater monitoring program, a second sample from
the same well taken at the same time as the primary
sample and sent to the same laboratory for analysis.
Resource Conservation and Recovery Act (RCRA) Federal legislation that regulates the transport, treatment,
and disposal of solid and hazardous wastes. This act
also requires corrective action for releases of hazardous
*waste at inactive waste units.
Resource Conservation and Recovery Act (RCRA)
site - Solid waste management unit under Resource
Conservation and Recovery Act regulation. See
Resource Conservation and Recovery Act.
retention basin - Unlined basin used for emergency,
temporary storage of potentially contaminated cooling
Water from chemical separations activities.
RFI/RI Program - RCRA Facility Investigation/
Remedial Investigation Program. At the Savannah
River Site, the expansion of the RFI Program to
include Comprehensive Environmental Response,
Compensation, and Liability Act and hazardous
substance regulations.
- routine radioactive release - Planned or scheduled
release of radioactivity to the environment.

sensitivity - Capability of methodology or instruments
to discriminate between samples with differing
concentrations or containing varying amounts of
analyte.
settling basin -'Temporary holding basin (excavation)
that receives wastewater that subsequently is discharged.
site stream - Any natural stream on the Savannah River
Site. Surface drainage of the site is via these streams to
the Savannah River.
source - Point or object from which radiation or
contamination emanates.
source check - Radioactive source (with a known
amount of radioactivity) used to check the performance
of the radiation detector instrument.
source term - Quantity of radioactivity (released in a set
period of time) that is traceable to the starting point of
an effluent stream or migration pathway.
spent nuclear fuel - Used fuel elements from reactors.
spike -Addition, to a blank sample, of a known amount
of reference material containing the analyte of interest.
stable - Not radioactive or not easily decomposed or
otherwise modified chemically.'
stack - Vertical pipe or flue designed to exhaust airborne
gases and suspended particulate matter.
standard deviation - Indication of the dispersion of a
set of results around their average.
stormwater runoff - Surface streams that appear after
precipitation.
Superfund - See Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA).
supernate - Portion of a liquid above settled materials in
a tank or other vessel.
surface water - All water on the surface of the earth, as
distinguished from groundwater.
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V

tank farm - Installation of interconnected underground
tanks for storage of high-level radioactive liquid wastes.

vitrify - Change into glass.

temperature - Thermal state of a body, considered with
its ability to communicate heat to other bodies.
thermoluminescent dosimeter (TLD) - Device used to
measure external gamma radiation.
total dissolved solids - Dissolved solids and total
dissolved solids are terms generally associated with
freshwater systems; they consist of inorganic salts, small
amounts of organic matter and dissolved materials.
total phosphorus -When concentrations exceed 25
mg/L at the time of the spring turnover on a volumeweighted basis in lakes or reservoirs, it may occasionally
stimulate excessive or nuisance growths of algae and
other aquatic plants.
total suspended particulates - Refers to the
concentration of particulates in suspension in the
air, irrespective of the nature, source,.or size of the
particulates.
transport pathway - Pathway by which a released
contaminant is transported physically from its point of
discharge to a point of potential exposure to humans.
Tyrpical transport pathways include the atmosphere,
surface water, and groundwater.
transuranic waste - Solid radioactive waste containing
primarily alpha-emitting elements heavier than uranium.
trend - General drift, tendency, or pattern of a set of data
plotted over time.
turbidity - Measure of the concentration of sediment or
suspended particles in solution.

U
unspecified alpha and beta emissions - The
unidentified alpha and beta emissions that are
determined at each effluent location by subtracting the
sum of the individually measured alpha-emitting (e.g.,
plutonium-239 and uranium-235) and beta-emitting
(e.g., cesium-137 and strontium-90) radionuclides from
the measured gross alpha and beta values, respectively.
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vitrification - Process of changing into glass.
volatile organic compounds - Broad range of organic
compounds, commonly halogenated, that vaporize at
ambient, or relatively low, temperatures (e.g., acetone,
benzene, chloroform, and methyl alcohol).

W
waste management - The U.S. Department of Energy
uses this term to refer to the safe, effective management
of various kinds of nonhazardous, hazardous, and
radioactive waste generated on site.
waste unit - An inactive area known to have received
contamination or to have had a release to the
*environment.
water table - Planar, underground surface beneath
which earth materials, such as soil or rock, are saturated
with water.
weighting factor - Value used to calculate dose
equivalents. It is tissue specific and represents the
fraction of the total health risk resulting from uniform,
whole-body irradiation that could be attributed to
that particular tissue. The weighting factors used in
this report are recommended by the International
Commission on Radiological Protection (Publication
26).
wetlands - Lowland area, such as a marsh or swamp,
inundated or saturated by surface or groundwater
sufficiently to support hydrophytic vegetation typically
adapted for life in saturated soils.
wind rose - Diagram in which statistical information
concerning wind direction and speed at a location is
summarized.
worldwide fallout - Radioactive debris from
atmospheric weapons tests that has been deposited on
the earth's surface after being airborne and cycling
around the earth.
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