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When nuclear power generation was first introduced, it was
accepted eagerly by utilities because it promised low cost,
reliable, and endless quantities of electricity. Everyone knew
construction costs would be high compared to fossil plants, but
low fuel costs would more than offset this factor making nuclear
power a clear economic choice. After all, what more did you need
to know other than the cost of the plant and the cost of the
fuel, and in those days it was assumed the cost of fossil fuel
would increase while better technology would drive down nuclear
fuel costs. Also, there was a general feeling that the initial
surge of orders we saw in the 60s and 70s represented first
generation plants. Larger more efficient designs were on the
drawing boards even before some of the early plants were started
up. Plant life cycle, license renewal, and decommissioning were
not terms used very often.

At the same time reactor vendors were lulled into
complacency with regard to the entire fuel cycle by assurances
that the government would solve problems such as waste storage,
decommissioning, enrichment, and reprocessing, while continuing
to support favorable regulatory and economic energy policies. As
a result, industrial effort and technology was directed primarily
towards the reactor, the rest of the NSSS, and fuel fabrication
with only passing thought given to the front and back end of the
fuel cycle. Today we see a number of plants that have been or
are being considered for early shutdown because they are
uneconomical to operate. In many of those cases the reactor
still operates as it was designed and would probably continue to
do so for many years to come. It is the presence of other
economic penalties brought on by unplanned auxiliary problems of
"life cycle costs" that bring about decisions to terminate plant
operations. This is not unlike the experience many of us have
had with automobiles that have been junked even though their
engines are running well and have thousands of miles of life
left. Usually it is because some auxiliary system or combination
of optional features have failed and they are simply too
expensive to replace.

The major problem facing the nuclear industry today is that
nuclear plants are losing their competitive edge over fossil fuel
plants. We all knew the problems of developing nuclear power and
were willing to take them on because the reward was cheaper
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electricity. Without this economic edge it makes no sense to
build new nuclear plants, or even to continue to operate the
present ones. The 1980s have seen the electricity production
costs of nuclear plants slightly exceed that of coal-fired plants
for the first time in history. Every nuclear utility is engaged
in an intensive program to lower these costs in order to continue
to operate existing plants and preserve the nuclear option.

Currently there are 110 nuclear plants in the United States
producing 22 percent of the annual electricity demand. Despite
fluctuations in our economy, electricity use continues to grow
while total energy use remains relatively flat. In fact,
electricity's share of total energy is projected to increase from
the 1980 level of 32 percent to over 41 percent in the year 2010.
Deregulation, however, has introduced stiff competition and
nuclear is finding it very difficult to compete economically.
Electricity production costs from natural gas-fired plants and
combined cycle plants have dropped dramatically and the gap
between nuclear and fossil is quite small (Figure 1). Although
there has been no nuclear plant construction and relatively few
fossil plants constructed in the past 15 years, it is clear that
new generating capacity will be required even at the modest
growth rates projected. In addition, 36 percent of the baseload
capacity (200 MWe) will be over 30 years old by the year 2000 and
this capacity must be replaced. Included in this are a
significant number of nuclear plants up for relicensing (Figure
2) . If nuclear does not improve its economic situation, it could
be phased out completely as a power option. If we cannot improve
the economics of plants currently operating, they will be
shutdown before the end of their designed life cycle and the
incentive to build new plants would be lost as well.

Lets look at the economic penalties resulting from plant
life cycle costs which have either been mishandled or neglected.
Costs increases have occurred across-the-board, but some are a
result of the normal advancement of the art as well as lessons
learned from previous experience including the accident at Three
Mile island. New environmental requirements and new NRC
regulatory procedures (i.e., seismic reviews) added to the cost
of operations. This paper briefly examines four major life cycle
costs that were, in my judgement, not given full recognition in
the early design phases of our industry:

1. Decommissioning Costs. Nowhere in the history of
industrial development has there been so much
consideration given to the dismantling and final
disposition of nuclear projects. We build bridges,
buildings, dams, and other large structures without a
thought about how they will be torn down and disposed
of. More importantly, we do not allow the cost of this
final disposition to impact on their operation or
value. Can you imagine what the cost would be to
disassemble the Grand Coulee Dam and return the site to
its original condition. In keeping with our penchant



for inflicting double standards on the nuclear
industry; however, nuclear plant operators must show
the NRC they have an acceptable plan, know what the
costs are, and set aside the necessary funds for
decommissioning, then the rate payers are charged, the
money collected, and invested in state or municipal
bonds until needed. During 1992 three utilities made
decisions to shut down plants: Yankee Rowe, Trojan,
and San Onofre I. other plants such as Shoreham and
SMUD were abandoned prior to startup. The utilities
are now struggling with these costs. Over the next 30
years operating licenses for 30 plants will expire and
decisions will have to be made as to whether to extend
these licenses or shut the plants down (Figure 3). The
costs and complexities of decommissioning a nuclear
plant are so great that financial analysts consider
this an important factor in the economic health of a
utility. The amount that utility regulators allow the
company to increase its rates to fund future actions
such as decommissioning, significantly affects their
competitive position. If the utility charges too much,
they lose customers. If they charge too little, there
will not be enough money available to do the job when
the time comes and the stockholders could lose out.

Many questions need to be answered before one can
arrive at true decommissioning costs. An excellent
article in The Wall Street Journal by Barry Abramson
lists the questions and the difficulty in arriving at
answers. Me includes a catch-all section entitled,
What About Surprises? that points out we do not know
how much decommissioning is really needed or exactly
how to do the job. Our current plants were not
designed to be easily decommissioned; therefore, we do
not know what the real impact is on the cost of
electricity. A rule of thumb estimate for decommission
costs was established at $165 million for 600 MWe
plants and $265 million for 1,200 MWe plants. Some
examples of what we actually face can be seen in recent
figures released for the Sacramento Municipal Utility
District (SMUD). In 1991 the decommissioning costs
were estimated at $328 million. In 1993, they rose to
$370 million — an increase of $42 million. This
increase was attributed to much higher costs for
storing low level waste and a 100 percent increase in
labor costs. The original estimate was made assuming
normal labor costs, but we find that we must pay
premium rates for decommissioning. Portland General
Electric1s Trojan plant decommissioning costs were
first estimated by Battelle to be $124 million. A more
recent estimate shows them at $226 million, an increase
of 81 percent. The Fort St. Vrain gas-cooled reactor
operated by Public Service Company of Colorado has
estimated decommissioning costs to be $157 million.
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The fuel has already been removed from the core and is
being stored in a $25 million dry cask storage
facility. The dismantling and decommissioning has been
completed on this plant and 144,000 cubic feet of
concrete and other debris will have to be removed from
the site. Indications are that this cost will increase
by 20 to 40 percent. It appears that decommissioning
cost estimates will be going the same way nuclear power
plant construction estimates have been going — upward.
The old joke about the ant and the elephant is
appropriate here.

Waste Management. When President Carter in his
sincere, but misdirected concern over proliferation
eliminated the breeder and reprocessing, he created an
enormous nuclear waste problem. Now instead of dealing
with compact, high density radioactive waste, we throw
away entire full-size fuel elements — most with a lot
of value as fuel. I will not dwell on the problems
with the U.S. nuclear waste program and Yucca Mountain,
you need only read a newspaper to see what a sorry
state that program is in. The fact is that waste
management life cycle costs were not fully considered
in the original planning for a nuclear industry. The
economic impact is enormous and instead using the
breeder and reprocessing to lower costs, higher costs
resulted because the utilities are required to charge
their rate payers additional money which in turn is
placed in a trust fund directed at finding solutions to
the problem. This directly adds to the cost of
electricity and impacts the competitive position of
nuclear versus other fuels. But perhaps more
important, it has created another arena for controversy
and further eroded the public's confidence that nuclear
is a viable option. Even if the U.S. Department of
Energy (DOE) had not done such a poor job in this area,
the time required to arrive at an acceptable solution
has put the return of nuclear power even further into
the future. The lack of a solution to the waste
problem is cited as the main reason for the public's
unacceptance of nuclear power. The blame for this can
and should be placed directly on the utilities and the
industry. This is a life cycle cost that should have
been factored in as soon as the problems arose. Over
30 nuclear power units will exhaust their storage pool
capacity by the year 2000 (Figure 3). Everyone knew
when the pools would be filled, but relied on the
government to solve the problem. This has not happened
and the additional cost of on-site storage could
increase electricity costs even more.
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3. Major Component Replacement. No one expects any
mechanical system to operate flawlessly. There will
always be a need for replacement and repair and the
cost of this activity is usually part of the overall
economics of the system. So it is with nuclear, except
that once again the double standard is applied with the
radiation factor contributing to higher costs. Also,
repairs to nuclear plants require the plant to be shut
down for long periods and substitute power is usually
more expensive resulting in rate hikes, further
contributing to the public's perception that nuclear is
very expensive. A case in point is steam generator
replacement. No single component has caused as much
operational disruption and financial penalties as the
steam generator.

• In March 1991, Consumer Power completed the
change-out of 2 steam generators as a cost of $91
million. This did not include the cost of the new
units or the replacement power needed during the
93 day outage.

• The R.E. Ginna 470 MWe plant estimated the costs
of replacing their steam generator at $115
million, more costly than retiring the plant
prematurely.

• Indian Point 2 endured a 4 month shutdown to
repair cracks in all 3 of their steam generators.

• Palo Verde had to reduce power levels in all three
units after excessive corrosion was detected in an
effort to slow down crack formation. The drop in
power costs $7 million for replacement power and
$6 million for maintenance costs.

• In July 1993, the Steam Generator Strategic
Management Program was formed by EPRI. This group
is composed of 29 U.S. utilities and 7
international companies and addresses the criteria
that could be used to control degradation and
monitor the operations of steam generators to
prolong their life. Some remedial measures such
as sleeving and plugging have been improved so a
plant can operate efficiently with a given amount
of plugged tubes. If necessary, steam generators
can be replaced and a number of plants have
performed this complex and expensive procedure.

Perhaps the most difficult component to consider for
replacement is the pressure vessel. This is the
largest and most integral major structural component of
a nuclear plant. It can weigh as much as 250 tons and
contains the uranium core which produces the fission
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that can cause embrittlement of the reactor walls as a
result of interaction with impurities in the steel.
Uncertainty about the level of pressure vessel
embrittlement at the 175 MWe Yankee Rowe PWR,
Massachusetts led to a shutdown and deferral in that
plant's application for license renewal. The final
decision was to permanently shut the plant down and
decommission it. Utilities are now actively taking
steps to control the level of pressure vessel
embrittlement and reduce the. risks of brittle fracture.
Considerations are also given to thermal and annealing
a reactor vessel in place to remove some or all of the
effects of neutron embrittlement. While it is possible
to replace a reactor vessel, this would be a capital
intensive, labor intensive, and occupational radiation
exposure operation. Even for plants with favorable
operation economics and the potential for 20 year
operating license extensions, the cost might be
unacceptable.

4. Operation and Maintenance Costs. O&M costs have
steadily increased and are now more than 70 percent of
production costs (Figure 4). Only a Herculean effort
by the utilities to introduce efficiency and better
cost control into the industry have kept them from
completely running away. Some examples of this are
increased staffing, training and security; new fire
protection requirements; new environmental
qualifications; etc.

Although the Omaha Public Power District has publicly
indicated they will need generating capacity over the
next 25 years, they have also considered shutting down
their Port Calhoun 478 MWe pressurized water reactor.
The reason for this disparity is that O&M costs for the
nuclear plant have risen so steeply since 1988 that the
resulting power generated is more expensive than
electricity produced from their fossil plants. Fort
Calhoun1s O&M budget for 1990 was $103 million, well
above its target for that year. In order to avoid
costs of on-site storage of their spent fuel, they have
initiated a re-racking program in their pool and have
instituted a strict cost control program to reduce
other O&M costs by 10 percent. It is hoped that by
doing this they can keep the plant on-line until the
year 2008.

Nationally, total costs for the production of
electricity have increased from 1.7 cents/kilowatt hour
to 2.2 cents/kilowatt hour over the period 1980 to
1990. The major reason for that increase has been the
O&M costs. One of the factors contributing to that
increase has been the significant staff increases at
the plants. The growth in staff was a result of the
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initiatives like new training programs, increased
commitment to preventative and predictive maintenance
programs, and staff requirements for planning and
performing the work. The second major contributor to
O&M costs is outages. During this time period (1980-
1990), many utilities were implementing TMI lesson
learned activities and other industry and NRC related
improvements. Therefore, it was necessary to shut down
plants more than normal. Evolving NRC requirements
include implementation of the training and maintenance
rules. NUMARC initiatives such as efforts to achieve
greater efficiencies in the area of personnel access
will help to reduce these operating costs. However,
the industry will continue to experience some changes
in the regulatory requirements that will drive O&M
costs up. The light at the end of the tunnel is, of
course, efforts underway by U.S. utilities representing
the Nuclear Power Oversight Committee. In comparing
their strategic plan for building new power plants
included among the 14 building blocks are concentrated
attention to the operation and maintenance aspects of
nuclear plants (Figure 5). In effect, they are
assuring the ability to correctly operate and maintain
a nuclear power plant is built into the original
design. In the meantime, U.S. plants lag far behind in
performance factors as shown in Figure 6.
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Levelized Generating Cost Breakdown
600-MWe Capacity Alternatives

s

Decommissioning
Cost

Emissions
Allowance \

O&M

Nuclear Nuclear

One 600-MWe Two 600-MWe

Pulv. Coal Gasified Coal
(IGCC)

Combined-Cycle Gas
(CCCT)

Figure 1.



NUMBER OP NUCLBAR PLANT LICKNSHS >
•XPIRINO PBR YEAR, 2002-3030

10 12
Expiration datas assuma all plants will apply and ba granted
tha ability to racaptura their construction lima.

Figure 2.



By the beginning of the next century, roughly 30 nuclear

power units in the U.S. will have exhausted their spent fuel pool

storage capacity. The 30 units are:

• Arkansas Nuclear One, Units 1 and 2

• Beaver Valley, Unit 1

• Big Rock Point

• Brunswick, Units 1 and 2

• Calvert Cliffs

• Davis-Besse, Unit 1

• Dresden 2

• H.B. Robinson, Unit 2

• James A. Fitzpatrick

• Maine Yankee

• Millstone, Unit 1

• Nine Mile Point, Unit 1

• Oconee, Units 1,2, and 3

• Oyster Creek

• Palisades

• Peach Bottom, Units 2 and 3

• Pilgrim, Unit 1

• Point Beach, Units 1 and 2

• Prairie Island, Units 1 and 2

• Surry, Units 1 and 2

Figure 3.
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STRATEGIC PLAN FOR IMPROVED ECONOMIC PERFORMANCE
FIGURE 1-1: BUILDING BLOCK SUMMARY

ACTIONS TO IMPROVE OPERATIONAL COST EFFECTIVENESS

v#///s//mm//MWjyM'///s//My0^^^

I. Individual Utilities Enhance Operational Cost Effectiveness
(Utilities)

IA. Effective Use of Resources
(INPO)

IB. Standardized Industry Practices
(NUMARC)

IC. Technology Applications
(EPRI)

ID. Operational Design Improvements
(Equipment Vendors and NSSS Owners Groups)

IE. Economic Performance Measures
(EEI)

Supporting Building Blocks

ACTIONS TO IMPROVE INDUSTRY INTERACTIONS WITH EXTERNAL ENTITIES

w////im«WM////mrMM'/////M&&//^^^

II. Individual Utilities Enhance Interactions With Regulators
(Utilities)

HA. Guidelines (or Licensee
Interactions With the NRC

(NUMARC)

IIB. Management of Generic Issues
(NUMARC)

IIC. Economic Regulation
(EEI)

IID. Public and Financial
Community Confidence

(USCEA)
Supporting BuWrtfl Blocks

ACTIONS TO IMPROVE REGULATIONS AND REGULATORY PROCESSES

III. Individual Utilities Implement New Regulatory Approaches
(Utilities)

IIIA. Effective Regulations
(NUMARC)

IIIB. Regulatory Threshold and Risk/
Performance-Based Regulation

(NUMARC)

INC. Effective Regulatory Processes
(NUMARC)

Figure 5. Supporting Building Blocks
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The Top Twenty-five
Lifetime World Power Reactor Performance to September 30,1993* from among 362 reactors over 150 MW

Rank

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Country

•

Canada
Point Lepraau

Germany
Emstand

Slovak Republic
8olwnico4

Canada
Pickering 7

Canada
Picketing 8

Germany
Giotmde

Hungary
Paksï

Finland
LovSsa2

Belgium
THiangeS

Germany
Mecfcar?

Germany
PhMppsbutg 2

Switzerland
BeznauZ

Hungary
Pate 3

Year of
First Power

1982

1988

1985

1984

1986

1984

1987

1980

1985

1985

1982

1971

1986

Capacity
Factor %t

91.0

90.8

89.2

88.1

87.9

87.5

87.3

86.8

86.2

85.5

85.0

84.9

84.7

Canada
BtuceS

Finland
TVO1

Hungary

Finland
rvoz

Korea
Wdsongt

Germany
Gtafeariteintekt

Spain
Atmaraz2

Switzerland
Muehteberg

Switzerland
Gosgan

Canada
Pickerings

Canada
Bnxa7

Belgium
T h 2

Year of Capacity
First Power Faelor %t

1984

1978

1984

1980

1982

1981

1983

1972

1979

1983

19S6

1987

84.6

84.4

84.2

84.0

83.9

83.0

82.9

82.8

82.8

82.8

82.8

82.3

•Source: Nudear Engineering Intemofional ^Capacity Factor-
scftiaf ûloctri&ty çsrw/âtfcwi

Figure 6.


