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1. Inireductien - Nuc!ear Costs and Cancellations

The Pilgrim nuclear power plant, in
Plymouth, Massachusetts, is the focus of
intense controversy over health and safety
issuss. (See, for examnle, No Ext: The
MASSPIRG Survey of Pilgrim Evacuation
Planning, September 1987.) Relatively lit-
tle attention, however, i2s been paid to
the increasing cost of operating the
Pilgrim plant.

When Pilgrim was first turned on in
late 1972, it appeared to be a ralativelv in-
expensive source of electric power, Built
for $232 million, Pilgrim’s construction
cost about three times as much per
kilowatt of capacity as an oil- {ired plant.
But uranium fuel was so much cheaper
than oil, especially after tie oil embargo
of 1973, that the total cost of owning and
operating the nuclear plani was less.

It is worth noting that some nuciear
costs - such as for research and develop-
ment, fuel processing and insurance -
were heavily subsidized by federal tax dol-
lars." The Price-Anderson Act, passed by
the U.S. Congress in 1957, limited in-
dustry liability for nuclear accidents,
thereby relieving it of havizg to consider
fuily the economic risks ot nuclear genera-
tion. Cther costs — for disposing of
nuclear was:es and dismantling the plant

at the end of its operating life (decom-
missioning) -- could not be reliably es-
timated then or now, since the required
technologies stgl] have not been
demonstrated.

During the 1970s, the cost of build-
ing new nuclear plants escalated
dramaticallv. Nuclear construction
costs increased by over twice the infla-
tion rate, and nearly twice as fast as the
cest »f building coz!-fired plants.
Major causes of the increases included
technical problems that were identified
as nuclear plants gained operating ex-
perience, new safety regulations im-
posed by the Nuclear Regulatory
Commission (NRC), and management
failures to anticipate and rgspond ade-
quately to these pressures.

As a result of increasing nuclear con-
struction costs, and a drop in electricity
demand growth, many orders for
nuclear plants were canceled in the
1970s and 1980s. Over 110 nuclear
plants -- almost half of the total num-
ber that utilities had ordered — were
canceled in various stages of construc-
tion, including a second unit planned
for the Pilgrim site. i

"Power plant caracity is meastred in watts. A kilowatt (Kw) is equal to 1,000 watts, enough power (o light
ten 100-watt light bu'bs. A megawatt (Mw) equals one million watts or 1,000 kilowatts. An amount of
electricity gererated over a period of time is measured in kilowatt bours. A one megawalt plant operating
at full capacity for 1 hour would produce 1,000 kilowatt hours (Kwh) of electricity. Pilgrim's capacity is
670 MW, of which Boston Edissa owas 7427 sercent, Other owzers are: Commonwealth Electric - 11
percent, Eastern Utilities - 10.5 perceat, Massachusetts Municipal Wholesale Electric -- 3.73 percent,
and Newport Electric -- .5 perceat. For simplicity, Pilgrire will be treated in this report as if it were entire-

ly owned by Eoston Edison.




The same factors that caused construc-
tion costs 1o skyrocket for new nuclear
plants bave also increased the costs of

older plants. Large expenses have been re-

quired for replacement equipment and
safety improvements, called "capital addi-
tions,” and for major repairs. In addition
to work needed to bring older plants up
to new safety standards, many nuclear
parts and systems have worn out sooner
than expected. % For the U.S. nuclear in-
dustry as a whole, capital additions in-
creased by an average of 13 percent a
vear, after adjusting for inflation, between
1970 and 1986. Operation and main-
tenance costs increased by an average of
over 11 percent a year, after inflation,
during the same period. In addition, the
majority of nuclear plants failed to per-
form as reliably as their owners expected,
experiencing many more shgldowns than
other types of power plants.

As a result of these increasing capital
and operating costs, some utilities have
begun to take a hard look at the cost of
continuing to operate nuclear plants. [n
March, 1986, the Washington Public
Power Supply System (WPPSS) tem-
porarily closed its two-year-old operating
reactor because it was more expensive to
operate than oil or gas-fired plants.” In

May, 1987, the Dairyland Power Coopera-

tive, in Wisconsin, permanently shut
down its 18-year-old LaCrosse nuclear
plant because it was nofonger competi-
tive with alternatives.’

The Pilgrim nuclear plant has been
subject to the same cost trends as other
nuclear plants. In fact, between 1980 and
1988, Pilgrim had the second most expen-
sive capital additions per kilowatt of any
nuclear U.S. power plant, and has be-
come one of the most expensive nuclear
plants in the country.m By the end of
1987, Boston Edison (BECO) will have

sunk $614 muilion into Pilgnm aoove 11s
$222 mullion original cost, bringing the
total investment in the plant to 5846
million (Figure 1). Even after adjusting
for inflation, Boston Edison has spent
40 percent more for replacement and
new parts for "/lgrim than it initally
spent building the plant.

Largely as a result of these capital

additions, Boston Edison . own es-
timates show that in 1988, electricity

Figure 1
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from Pilgrim will cost 6.53 cents per
Kwh. almost twice as much as power
from oil-fired plants, at a cost of 3.34
cents per Kwh (Figure 2).

-

BECO also recognizes that con-
timzed Pilgrim operation will require
ongoing capital additions. Edison es-
timates that keeping Pilgrim running
will require another $1.4 billion invest-
ment in capital additions over the 25
years it estimates for Pilgrim’s remain-
ing life. Pilgrim’s total capital cost
would then equal over $2.25 billion dol-
lars — almost ten times the initial con-
struction cost of the plant (Figure 3).
Moreover, independent estimates dis-
cussed in the following chapters of this
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report indicate that capital additions and

other costs are actuaily likely to exceed
BECO estimates. These escalating costs

require serious consideration of whether
continued investment in and operation of

management are resolved. During this
time, Boston Edison has chosen to
make major upgrades in the Pilgrim
plant - budgeting over $150 million in
capital additions and nearly $100 mul-
lion in maintenance costs in 1987 - to
return the Pilgrim plant to service. This
study looks at whether it makes more
economic sense to retire Pilgrim than
to continue investing bundreds of mil-
lions of dollars in it. Chapter 2 looks at
Boston Edison’s projections of Pilgrim
costs, compares BECO assumptions
about nuclear cost trends to the histori-
cal trends at Pilgrim and other nuclear
plants around the country, and
develops more realistic estimates of fu-
rure Pilgrim costs. Chapter 3 examines
the cost of retiring the Pilgrim plant

Pilgrim is economical. and replacing it with alternatives cur-
In April, 1986, the Pilgrim plant ex- rently available to Boston Edison.
perienced two "unexplainable automatic Chapter 4 summarizes the report’s
shutdowns,” or "scrams.” The NRC or- overall findings and presents
dered the plant to remain closed until MASSPIRG's recommendations.
serious problems with Pilgrim and its
Figure 3
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2. The High Cost of Operating Pilgrim
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nuclear plants around the




country -- are assumed to immediately
stop.

O&M costs, which have increased na-
tionally by 11.4 per year, after adjusting
for inflavion, and by 13.8 percent annually
at Pilgrim, are projected to increase at
only 0.5 percent per year henceforth.
Capital additions, which have escalated
nationally at 13 percent per vear after in-
flation, and much faster at Pilgnm, are
aiso forecast by Edison to increase by 0.5
percent per year in the future. Despite
the fact that Pilgrim has bad a lifetime
capacity factor of only 50 percent, and the
national average for nuclear plants is 60
percent, Edison predicts that Pilgrim will
average a 70 percent capacity factor in the
future.

Nuclear utilities around the country
have been making similar assumptions for
many years. Each year, the utilities
project that nuclear costs will freeze at
then-current levels. Instead, real costs
have continued to rise. The basic forces
that have run up nuclear costs in the past
will continue to increase costs in the fu-
ture. These factors include technical
problems discovered as nuclear plants
gain more operating experience, un-

resoiveq genenc nuciear salC. 55U¢S,
the aging of reactor parts, and the
potential for both small and large
nuclear accidents to crea&e new
regulatory requirements.  (See Appen-
dix C for additional discussion.)

It is therefore important to examine
more realistic assumptions for nuclear
costs. MASSPIRG looks at three alter-
native assumptions for each major
nuclear cost coinponent. [n a "Pilgrim
Historical Case,” future costs are as-
sumed to continue to escalate in line
with historical trends for the Pilgrim
plant. In a "National Trend Case,"
Pilgrim cost trends are predicted to im-
prove to match those of the average
plant having Pilgrim’s characteristics.
For a "Pilgrim Optimistic Case," it is as-
sumed that future Pilgrim costs will im-
prove to a level substannally better
than would be expected based on either
Pilgrim or national trends.

The detailed basis of MASSPIRG's
alternative projections are presented in
Appendix B. Figures 5 and 6 illustrate
the effect of the revised assumptions on
the annual cost per Kwh and on the
total present value of Pilgrim costs to

Figure 5
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Figure ¢
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ratepayers, respectively,

All three MASSPIRG cases share a
mumber of extremely conservative assump-
tions, In general, nuclear costs are as-
sumed to be increasing according 10
linear trends (i.e., a constant number of
dollars per year, after adjusting for infla-
tion) rather than according to exponential
trends (i.e., a constant percentage in-
crease per year, after inflation). The trend
of increasing capital additions is still as-
sumed to level off in a few years, despite
evidence that it may actually be accelerat-
ing. Plant performance is not assumed to
deteriorate with age, despite evidence of
declining capacity factors, particularly at
salt-water-cooled plants like Pilgrim. °

For simplicity, and to be as favorable
to Pilgrim as possible, this report also
adopts a number of other Edison assump-
tions which are biased in favor of Pilgrim.
The Pilgrim plant is assumed to be
operable until the year 2012 - a total of
40 years from when it entered service.
The oldest commercial nuclear plant has

Pilgrim

operated for only 26 years, and 14 reac-
tors have been retirea arter less than 20
years of operation. Pilgrim's operating
license currently expires in the year
2008, and would have to be extended
by the NRC in order for the plant to
operate until 2012.

Real nuclear fuel costs are assumed to
remain stable, even though ap-
proximately half of the uranium used in
domestic nuclear plants is imported,
much of it from politically unstable
countries such as South Africa.
BECO's estimates for nuciear waste dis-
posal and for dismantling the radioac-
tive plant are used, despite the fact that
the necessary technologies have not yet
been demonstrated and there is there-
fore enormous uncertainty around es-
timating these costs. And it is assumed
that no serious nuclear accidents occur
at Pilgrim or at any other U.S, nuclear
plant. The conservative nature of these
assumptions is discussed in more detail
in Appendix C.

et



3. Economic Benefits of Retiring Pilgrim

There are three categories of potential
costs to ratepayers for retiring Pilgrim at
this time. First, there is the cost of re-
placement power. Second, there are costs
to shut the plant down and decommission
it, which must be paid whether the plant
is retired now or later. Third, there is the
potential cost of paying for past invest-
ment in the plant. Each cost will be con-
sidered separately.

A. Replacement power

The main cost of retiring Pilgrim would
be to replace the electricity produced by
the nuclear plant. As demonstrated in the
recent New England Energy Policy Coun-
cil study, Power to Spare, the least expen-
sive means of obtaining new power
supplies is to "mine" the electricity that is
now wasted by inefficient lighting, ap-
pliances, and other electrical equipment
in,our offices, factories and homes.
Utilities around the United States have
{ound that they can finance efficiency im-
provements for their customers at an
average cost of less than two cents per
Kwh.™” That is less expensive than opera-
tion and maintenance costs alone at
Pilgrim. A report to Boston Edison’s
Board of Directors in March, 1987, found
that cost-effective efficiency improve-
ments could reduce =lectric demand in
Boston Edison's service territory by as
much as 1,000 Mw over the next 15
vears.

Another readily available source of
replacement power for Pilgrim would
be the purchase of electricity from new
plants built and owned by independent
small power producers, generally
referred to as "Qualifying Facilities” or
"QFs.” Since the passage of the federal
Public Utility Regulatory Policies Act
(PURPA) of 1978, which required
utilities to purchase power from inde-
pendent producers at fair prices, there
has been a rapid increase in the
development of such facilities
throughout the country.

In January, 1987, in response 10
rules enacted by the Massachusetts
Department of Public Utilities, Boston
Edison sent a Request for Proposals to
potential developers to supply 200
megawatts (Mw) of Edison’s power
needs by 1992, The utility’s projection
of future oil costs was set as the ceiling
price for acceptable offers. In June
Edison received bids from 61 projects,
representing a total of 1848 Mw. The
number of proposals received was well
above the utility’s expectations. In fact,
in its April 1987 forecast, the New
England Power Pool had projected that
only 1391 Mw of independent power
would be available for the entire region
by the year 2002,

The majoritv of the proposals were
for cogeneration facilities -- which
produce useful neat and electricity in
the same process — and other small
power facilities using a variety of fuels
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(Figure 7). Over 240 Mw would be
produced using renewable energy sour-
ces, such as biomass, wind or hydropower,

Some of the projects, particularly the
200 Mw of plants which would burn
refuse as fuel, may present environmental
problems. MASSPIRG does not neces-
sarily endorse all of the proposed QFs.
However, the combination of energy ef-
ficiency improvements and the large num-
ber of small power and cogeneration
projects provides a more than adequate
pool of potential replacement power for
Pilgrim. The combined potential of ener-
gy efficiency improvements and inde-
pendent power projects exceeds Edison’s
share of the Pilgrim plant and its

forzcast ol power neeced Lo meet in-
creased aemand tilzrough the vear 2012
by over 1,100 Mw. '

Nine QF projects, representing 350
Mw, were selected by Edison as an ini-
tial "Award Group" for final contract
negotiation. The average Award Group
bid was significantly below the price of
Pilsrim-generated electricity, even
using all of Boston Edison’s Pilgrim
cost assumptions (Figure 8).

If Pilgrim were to be replaced, there
would be a second round of bidding. It
is quite likely that many bids would be
lowered given the large, aud previously
unknown, surplus of potential supply
over Edison’s uemand. in the first
round, potential developers were bid-
ding primarily against BECO's extreme-
ly high projection of oil price increases.
The utility forecasts oil prices to in-
crease at an average rate of over ten
percent a year, approximately five per-
cent above the assumed inflation rate
between now and the year 2012, Oil
prices would increase from their cur-
rent $20 per barrel to $166 per barrel
in 2012, or to over $53 a barrel in 1987
dollars adjusted for inflation.

Figure 8 ]
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To be us favorable to Pilgrnim as pos-
sible, however, the Award Group bids are
assumed by MASSPIRG to represent the
low end of a range of replacement power
costs. Efficiency savings are assumed to
be used entirely to d'spl. ¢ demand
growth rather than  repiace Pilgrim.
The average bid of tnhe next block of 740
Mw is used as a middle estimate of
Pilgrim replacement costs. And the
average bid of all the non-Award Group
projects is adopted as a high estimate of
replacement power costs.

Using BECQ's assumption of & 70 per-
cent capacity factor for Pilgrim, the total
present value of replacement power
needed would range from $2.5 billion,
hased on the Award Group, to $2.9 bil-
lion, based on the average non-Award
Group bid, through the year 2012 (Figure
9). If one assumes lower Pilgrim capacity
factors, replacement power would cost
even less.

All the proposed QFs have projected
in-service dates before 1992, with 400 Mw
expected to be available by the end of
1990. For this study, it is assumed that ail
(Fs begin operation in 1992. Until that
time, replacement power costs are as-
sumed to equal energy costs from reserve
oil-fired plants, plus an additional charge
by the New England Power Pool for
providing reserve capacity. The 1987 New
England Power Pool forecast shows a
more than adequate reserve margin of
generating capacity through 1992 -- even
if the Pilgrim, Seabrook, and Maix_)c
Yankee plants are not in service.'

Reliance on non-utility power plants
poses eertain obvious risks to a utility,
since it will not control the construction
or operation of the QF plants. These risks
must be weighed against risks associated
with Pilgrim, however. Pilgrim could be
closed by federal regulators because of an

10

accident at anotner nuclear plang, Js
weil as by incidents at the plant 1sein
The diversity of the QF projects maxes
it more likely that a given amount ot
power will be availabic  all umes.

The QF contracts also provide in-
sulation from important financial risks,
since they are based on payment per
Kwh produced. Their private owners
thus assume the risks of cost overruns,
poor plant prrformance and
profitability. Most of the Award Group
contracts are tied to the Consumer
Price Index, thereby requiring utility
customers to bear only the risk of unan-

Figure 9
PILGRIM VS. REPLACEMENT POWER COSTS
3_4 BECO Assumptions - Billion §

ticipated general inflation. With
Pilgrim, however, ratepayers are ex-
pected to bear the risk of all cost in-
creases, including inflation, as well as
the risk that the plant does not pertorm
as reliably as expected.

8. Other shutdown COSw.

A decision to retire Pilgnm at tius
time would involve some costs in addi-
tion to replacement power. Decommis-
sioning costs, for instance, would stall
have to be incurred whenever Pilgrim

s o



is retired. Actually, since the cost of
decommussioning is likely to increase as
the plant becomes more radioactive, it
would almost certainly be cheaper to
decommission 1t earlier. To be conserva-
tive, however, these potential savings are
not considered here. Costs that would
clearly have to be incurred to shut Pilgrim
down must be added to the cost of re-
placement power (or subtracted from the
cost of Pilgrim) to evaluate the economics
of early retirement of the plant.

In addition to direct decommissioning
costs of $126 million in 1987 dollars,
BECO estimates that closing Pilgrim will
require additional operation and main-
tenance costs over a five vear decommis-
sioning period. The total decommis-
sioning and shutdown costs add $206 mul-
lion, in addition to the cost of replace-
ment power, to the present value cost of
retiring Pilgnm. Edison fails to include
these costs in its analysis of continuing to
operate Pilgrim, however, presumably be-
cause the costs would be incurred after
the year 2012 - the last year BECO looks
at, In the MASSPIRG scenarios, the
present value of the past-operauon costs
are included in both early and late retire-
ment scenarios,

C. Sunk costs,

Another potential cost to retiring
Pilgrim is repayment of the money that
Edison has invested in the plant to date -
generally referred to as "sunk costs.”
Pilgrim sunk costs will total $846 muillion
by the end of 1987, In its analyses of the
cost of retiring Pilgrim, BECO effectively
assumes that ratepaycrs would pay for
the utility’s entire investment in Pilgrim,
along with the same rate of profit it
would earn if the plant were operated
(Figure 10).

Figure 10
PILGRIM OPERAT'ON VS, RETIREMENT
4 __ BECO Assumptions - BillionS

VA,
08 777
N/ //{/’

zz P¥ Rep.PWr. oy Shutdwn gg Sunk

In addition to its investment in the
plant itself, Edison also includes a $50
million iuvestrient o an inventory of
nuclear fuel and $20 million in
materials and supplies in Pilgrim sunk
costs. After the Pilgrim 2 unit was can-
celed, however, BECO was able to
recover 64 percent of its investment in
nuclear Ii’gcl by selling it to other
utilities.'” In the MASSPIRG
scenarios, therefore, it is also assumed
that BECO will recover 64 percent of
its current investment in fuel, materials
and supplies through sales to other

“utilities,

If Pilgrim were retired, it would ac-
tually be up to the Departmentof
Public Utilities (DPU) to determine
who should pay for Pilgrim sunk costs.
Under a policy adopted in a Western
Massachusetts Electric Company case
in 1984, the DPU ruled that sunk cost
recovery would no longer be allowed
for investments that were not "used and
useful" to utility customers, such as
plants that were canceled while still
under construction.” In a 1985
decision on excess capacity, the Depart-
ment modified its policy to allow
utilities to recover uneconomic invest-
ments over time, but without charging

11
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fable 1. ALTERNATIVE ASSUMPTIONS USED IN MASSPIRG PILGRIM
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disposal:
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Average of
all 1327 MW
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5 ADDITIONAL CONSERVATISMS IN ALL SCENARIOS

No increases from current BECO assumptions

No savings from early decommssiomag

Capacity factor; No dechining effect from salt-water cooling

Capitai Addith 152 No increuses after
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4
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Figure 11

PILGRIM OPERATION VS. RETIREMENT

Present Value (Billion 1987 $)
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most favorable to Pilgrim -- the most op-
timistic projections of Pilgrim costs, and
the highest price for replacement power,
equal to the average bids of all non-
Award Group QFs. The National Trend
Case assumes that Pilgrim costs improve
to the level predicted by the national
trend for a plant with Pilgrim’s charac-
teristics. A middle estimate of replace-
ment power is used, equal to the price of
the least expensive 740 Mw of QF bids
after the Award Group. The Pilgrim His-
torical Case assumes that all Pilgrim cost
components follow the same trends they
have in the past, and that replacement
power could be obtained for the price of
the Award Group bids from QFs. Table 1
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summarizes the assumptions employed
in each scenario. Table 2 lists the addi-
tional assumptions favorable to Pilgrim
that were made in all MASSPIRG
SCENarios.

The alternative scenarios indicate
that the present value of savings to
ratepayers from petiring the plant
would range from $46 million to $1.6-
billion over 25 years, even if ratepayers
were te pay for all sunk costs (Table 3;
Figure 11), The $1.6 billion savings is
approvimately equal to $540 for the
ave: age Eoi=n residential customer. If
invesior” wer .9 pay sunk costs, the
saving . from et ring Pilgrim would in-
crease t a rane of $769 million to

Pilgrim Historical
M’m

BECO
Assumptions

SAVINGS TO RATEPAYERS FROM RE’IMNG PILGRIM

iy

.

nvestars Pay

Ratepayers Pay : ;
Sonk Costy Sunk Costs
$1.56 billion $2.28 billion
$813 million $1.54 biitlion
$49 million $773 uﬂﬁon
$611 miliion $168 million
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$2.3 billion. Detailed annual costs for all
scenarios are presented in Appendix A.

Figure 12 illustrates how the present
value of the cumulative savings from retir-
ing Pilgrim changes over time in each
scenario, assuming that ratepayers pay for
the full sunk costs, including a profit on
Pilgrim investment to date. The cumula-
tive savings at any point in time is equal
to the difference between total Pilgrim
costs and the total costs of replacement
power, shutdown and sunk costs to that
time.

Graphs of cumulative savings are espe-
cially useful for lookiag at the effect of
changing only one assumption at a time
on the benefits of retiring Pilgrim. Figure

Figure 12

13 illustrates the effect of changing
only the assumption about how
regulators might deal with Pilgrim sunk
costs if the plant were retired. The mid-
dle line represents the usual regulatory
practice for plants canceled under con-
struction, where ratepayers would
repay all sunk costs over time but with
the utility earning no profit on its sunk
investment. In this case, it is assumed
that Pilgrim sunk costs would be
charged to ratepayers over the same 25
year period as they would have been it
the plant had operated. Under tradi-
tional regulatory practice, ratepayers
would save money, at least through the
year 2008, by retiring Pilgrim, even il
all BECO assumptions about the
plant’s future costs hold.

CUMULATIVE SAVINGS FROM RETIRING PILG.

1 6 _ . Present Value (Billion 1987%)
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4. Conclusions and Recommendations

Retring Pilgrim would clearly save
utility customers money, under a wide
range of reasonable assumptions, even if
ratepayers have to pay a full return on the
sunk costs of the plant. The Pilgrim
nuclear plant should therefore be im-
mediately and permanently retired.

While no state official or agenzy has
the direct authority to order the shutdown
or retirement of a nuciear plant, the Mas-
sachusetts Department of Public Utilites
(DPU) is responsible for determining
what, if any, utility investments and expen-
ses can be charged to ratepayers, under a
broad statutory mandate to ensure just
and reasonable electric rates. If it were to
determine that ongoing investment in
Pilgrim were uneconomical, the DPU
could prohibit its owners from financing
or charging ratepayers for future invest-
ment in the plant.

MASSPIRG therefore recommends
that the DPU disallow recovery of any ad-
ditional Pilgrim investment, including the
$150 million in capital additions Boston
Edison has budgeted to spend in 1987 A
second round of bidding from potential
power suppliers should be initiated, with

reasonable assumptions about Pilgrim
costs used to set a target for acceptable
bids. Energy efficiency contractors,
who could sell energy savings to the
utility, should also be encouraged to
compete with QFs in bidding to replace
Pilgrim.

A sumuiar process for dealing with
new power plant construction has
recently been proposed to the DPU by
the state Exzscutivc Office of Energy
Resources. ™ Decisions to continue in-
vesting in plants that have already been
in operation are no different from
decisions to start new construction, or
to complete partially built plants. In
each case, the ongoing investment must
be weighed against potential alterna-
tives. New utility investment in power
plants should be allowed only if it
would be "used and useful" -~ necoesary
to provide reliable electric service and
the most economical alternative. To
the extent that the Pilgrnim plant caanot
meet that test — and this report finds
that it cannot - the plant shouid be per-
manently retired.

18
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SeTunndans 2nd Methods
Capiiai AdZ il ons:

"ECO: Escalation of S-proximately S percent per year, after adjusting for inflation, from about $30 mil-
lioa per 2 (1955 constant uollars). Declines by 23 percent a year over last five years of plant’s life.

Qntizieis Lisear growth at $2.5 r-illion per year for five years to approximately $50 million per year

(1956 dollzrs), followed by same escalation and decline as BECO. Derived from linear regression of .

Pilgrin historical experiance between 1973 and 1976, treating the four vears with expenditures significant-
ly above (he trend line as one-time expenditures which will not recur.

Vatiseal Tread: inear growth at $3.2 millioe per year for five years to $69 million per vear (1986 $), fol-
iowad by sarcs pettern as BECO, Derived from ESRG muiti-variate regression equation applied to
Migrim.

Eninlread

Lingar grov=a at $3.5 miilion per year for 10 years to $92 million per year year (19868), followed by same
szttern as BECO. Denved from linear regression, excluding two largest outliers.

Plant-in-Service Year Cnu:
Cuculated as in BECO Exhibirt 1.
= (Capitsi Additions + Prior Total Plant Year End

Annual Dopraciation:
= (Half of Year’s Capital Additions + Prior Year Net Plant) / Remaining Life

Deferrad Toxes:

Calenlzted 2s in BECO Exhibit 2.

Prior Year Zccomulated Deferred Taxes + (Tax Rate x { Year's Tax Depreciation - Year's Book
Degreciatise))

Year's Tax D epreciation calculated as in BECO Exhibit 2 (150% Double Declining Balance).

Materials & Sooplier:
From 3 CCO Exivbit 1.

L -
MNuclzar Fuel iz Rate Base:
Frem BECC Exlubit 1.

Averaca Date Base:
Calcalaiad as 1a BECO Exhibut 1.

= Mot plant YVear Ead + Deferred Taxes + Materials & Supplies + Nuclear Fuel in Rate Base - Half of
Year's Capital Addliions

Return oa Rate Dase:
Calculated as in BECO Exhibit 1.

= Average Rate Dase x 10.338%
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Income Taxes:
Calecuiated as ina BECO Exhibat 1.

= Average Rate Base x 4.89%

Insurance
From BECO Exhibit 1.

Local Taxes
Caleulated as in BECO Exhibat 1.

= Average Rate Base x 18%

Decommissioning contribution:
F.om BECO Exhibit 1.

Sinking fund to accumulate $126 muilion (19868) by 2012

Fuel:
Calculated from BECO Exhibit 1.

BECO’s annual fuel estimate adjusted by ratio of assumed copacity factor to BECO's assumed capacity
factor of 70%.

O&M Costs:

BECQO: 0.5% per year from 1990

Qutimistic: 2% real growth from year whea BECO projection crosses National Tread line.
mﬁmﬂMSameuBECOmM.Mwymhofﬂbmﬂﬁmperywthcmﬂu(lm;
derived from ESRG equation applied to Pilgrim characteristics.

Pessioniars

Same as BECO to 1990. Then linear growth of $4.4 million per year (19868) per year derived from linear
regression of Pilgrim historical O&M costs from 1973 to 1986,

Present value of O&M shutdown costs is included in present value of year 2012 O&M. Year 2013 O&M is
assumed to be 40% of prior year; 20% for the five vears thereafter. Based on BECO Exhibit 2.

Annual Costs: ar

~ Return + Income Tax + Depreciation + lnsurance + Local Tax + Decommissioning + Fuel +
O&M

Caosts in Cents per Kwh:
= Annual Cost / Annual Generation

Annual Geseration = Capacity (670000 Kw| x 8760 hours/yr. x Capacity Factor

Capacity Factor:
BECQ: 70%
Qptimistic:

Average of seven BWRs between 400 - 799 Mw for 1977-1986
= 63.159%
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From North Amencan Elcctric Reliability Council, I atlabili 1975 - 1€

Nauonal Tread:

56 percent; denved from ESRG regression equation for Pilgrim and equal to Pilgrim's lifetime capacity
factor before its shutdown in April, 1986,

Pilgrim T '

50 percent; Pilgrim’s Lifetime capacity factor as of October 1987,

Incremental Costs:

Incremental cost comparison is BECO's preferred way of comparing future Pilgrim costs with alterna-
tives. Comparing Pilgrim incremental costs (which subtract shutdown and sunk cost charges from Pilgrim
total costs) to alternative costs is the same as comparing Pilgnim (otal costs to alternative costs plus shut-
down and sunk cost charges.

As in BECO Exiubat 2

= Anuual Cost - Cost of service on sunk costs

Cost of service on sunk costs includes return and depreciation (amortization) on sunk costs as of ead of
1987 (846 million); plus O&M costs of $40 mullion in 1988 and $20 million per year i 1989-1993; plus in-
surance of $2.3 million per year 1988-1993; pius ~roperty taxes declining from $9 mullion in 1988 to $1 mil-
lion in 1993 and thereafter; plus decommission: - [n BECO Case, $50 million in nuciear fuel and $20

million in matenials and suppties is included in sunk cost rate base. in MASSPIRG scenanos, il is assumed
that 64% of the investment in fuel and supplies is sold to other utilities, and 367 included in rate base.

Replacement Power Costs:

Pilgonm Trend Case:

= Average Award Group Bid; from John Whippen, Manager, Energy Resource Plannung & Forecastiog,
Boston Edison, Letter to RFP Respondents, October 13, 1987,

National Trend Case:

= Estimated average bid from next 764 Mw supply block after Award Group.

= RFP Ceiling Price - ((RFP Ceiling Price - Average Award Group Bid)

x ((Average Supply Block Ratepayer Benefit Score - 1) / (Average Award Group Ratepayer Benefit Score
-1))

The average Ratepayer Benefit Score of the Award Group was 1.31; the average Ratepayer Benefit Score
of the next 764 Mw supply block was 1.22. Each year, the supply block price was assumed to capture 22/31

of the benefits of the award group, or 70.9% of the difference between theceiling price and the Award
Groap.

RFP Ceiling Price from John Whippen, Letter to RFP Recipient, February 19, 1987,

Ratepayer Benefit Scores from Frank McCall, Letter, October , 1987.

Pileriza Trend Case:

= Estimated average bid of the entire 1327 Mw of acceptable QFs not in the Award Group. Calculated as
above. Average savings = 52.4% of Award Group.

Present Value:

The calculation of present value of a future cash stream discounts future cash flows to reflect the time
value of money. A dollar in hand today is worth more than a dollar next vear, by the amount of interest

that could be earned (or the interest payments that could be deferred) by baving the dollar for the vear’s
time.

Discount rate = 10.55%, from BECO Exhibit 1.




Appendix B

MASSPIRG NUCLEAR COST ESTIMATES

A. Capital additions
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Figure 16
CAPITAL ADDITIONS PROJECTIONS

Constant 1886 Dollars

A Year
- Piigrim Historical

coaled plants, ESRG's regression analysis tions over the period of 1972 to 1986
has found that capital additions are re- were 3.3 times the national average per
lated to plant size, type, cooling water, kilowatt, and considerably higher than
age, year of initial operation, and whether the regression line for plants of the

a plant has one or two units at a site. same characteristics (Figure 15)

Capital additions at the Pilgrim plant Figure 16 displays alternative projec-
have been among the highest of any U.S. tions of future Pilgrim capital addi-
nuclear plant. Total Pilgrim capital addi- tions. Except for one moderately

o
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Figure 17
CUMULATIVE SAVINGS FROM RETIRING PILG.
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axpensive  spaur plasied for L5930,
Edison forecasts s.veral vears of dechn-
ing real expenses for c..pnal acdditions, fol-
lowed by a steady outlay of less than $30
million a year through the year 2007,
Capital additions are esumated to decline
by 20 percent per year over the last five
years of the plant’s lifs. Even Boston
Edison appears to have little confidence
in its capital additions estimates.
however:

We have provided a reasonable es-
timate of Pilgrim’s costs for the next
25 years. However, as you know, many
factors external to the company, such
as NRC mandaied modifications, can
significantly impact Pilgrim's costu.”

MASSPIRG’s optimistic projection of
Pilgrnm capital additions starts with the as-
sumption that the four years with the
highest capital additions (1980, 1982,
1984, 1987) were caused by unique events
- such as the replacement of cracked
recirculation pipes in 1984 - which will
not recur. The remaining years still show
a consistent underlying pattern of capital
additions increases which is likely to per-
sist into the future. To be ultra- conserva-
tive, the Optimistic Case here assumes
that this trend continues only for another
five years. Capital additions are also con-
servatively assumed to decrease over the
ldst five years of the plant’s life, even
though other utilities have testified that a
higher rate of capital additions may be
needed to keep them running: (See Ap-
pendix B.) Edison’s estimate for 1990
capital additions is assumed to represent
a particular planned expenditure which is
included in MASSPIRG's Optimistic
Case as well.

The National Trend Case assumes that
Pilgrim’s rate of capital additions declines
to the level described by the ESRG
regression equation, and contirues at that

, Pilgrim

rate for tive vears, (he Pilgnm Trend
case assumes that capital additions von-
tinue at their hisioric rate (with 1984
and 1987 additions still defined as non-
recurring costs) for 10 years,

Figure 17 illustrates the effect of
changing only the assumption about fu-
ture capitai additions, holding all other
BECO assumptions the same. If
Pilgrim capital additions were to follow
the National Trend (an improvement
from the historical performance of the
plant), it would cost ratepayers very Lit-
tle to retire the plant, even assuming
full payment of Pilgrim sunk costs, in-
cluding a profit.

B. Operation and maintenance
costs

Like nuclear capital additions, opera-
tion and maintenance (O&M) costs
have also been increasing over time, at
an average rate of 11.4 percent a year
for the nuclear industry as a whole. At
Pilgrim, total O&M costs have in-

Figure 18

PILCRIM VS. NATIONAL AVG. O&M COSTS

140 Constant 1986 Dollars per Kw
130 | ¥
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“igure 19
Q&M COST PRCJECTIONS
Million Constant 1986 $
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. Histtical

creased at an annual rate of 13.8 percent, Not surprisingly, O&M cost in-
atter inflation. Total Pilgrim O&M expen- creases are correlated with many of the
ditures between 1972 and 1986 have ex- same variables as capital additions --
ceeded the national average per kilowatt plant size, age, number of units at a
by 78 percent. Pilgrim O&M expenses site, and salt-water cooling. After the
were less than the regression line for Three Mile Island Accident in 1979,

plants with Pilgrim’s characteristics until O&M costs increased at all plants by an
1983, however (Figure 18). Figure 18 sug- average of $8.55 per kilowatt. In addi-

gests that management decisions to defer tion, plants located in the northeast
maintenance in the early years of Pilgnim have had O&M costs averaging about
operation may have contributed to some $8 per kilowatt above plants in other
of the plant’s later problems. regions.
Figure 20
CUMULATIVE SAVINGS FROM RETIRING PILG.
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downs in capucity factor caused by retue.-
ing shutdowns every other year,

Boston Edison assumes that Pilgrim
will operate at a 70 percent capacity fac-
tor over the remainder of its life.
Pilgrim’s lifetime capacity factor of 30
percent ranks 79th among 94 nuclear
plants.”® The probability of Pilgrim
moving from the bottom fifth to well
above the average capacity factor is quite
low, particularly in light of the trend of
declining capacity factors in salt-water
cooled reactors.

A 63.2 percent capacity factor - the na-
tional average for small BWRs excluding
Pilgrim -~ is used in MASSPIRG's Op-
timistic Case. A 56 percent capacity factor
-- equal to Pilgrim's performance before
the 1986 shutdown and the peak capacity
factor predicted by the regression equa-
tion -~ is used in the National Trend Case.
Finally, the Pilgrim Trend case assumes
that the plant will continue to average a
50 percent capacity factor over toe rest of
its life. These estimates all conservatively

assume that the declinng Crformance
of salt-water cooled reactors shown by
ESRG's regression equation wiil not
continue.

Most of the costs of owning and
operating a nuclear piant are "fixed
costs" which do not vary with how much
electricity the plant actually produces
in a given yea:. The {o1al cost of operat-
ing Pilgrim over the next 25 years there-
fore does not vary much with capacity
factor. A lower capacity factor means
that more energy would have to be pur-
chased to replace Pilgrim, however,
and means a ‘eher cost for each Kwh
generated by Pilgnm.

Figure 23 illustrates the impact of
capacity factor on the economics of
retiring Pilgrim. Even if Pilgnm were
able to maintain the 56 percent
capacity factor it achieved before its
April 1986 shutdown, it would save
ratepayers money through the year
2003 to retire the plant, even if all
other BECO assumptions hold.
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Appendix C

Causes of Nuclear Cost Escalation

The continuing existence of the factors
that have contributed 1o past escalation of
nuclear capital additions and operations
and maintenance costs make it likely that
those expenses will continue to escalate at
historic rates for the foreseeable future.
The forces driving the cost escalation in-
clude the persistence of unresolved safety
issues, ongoing technical problems that
are discovered as the nuclear industry
gains more operating experience, and the
aging of reactor components. In addition
to increasing costs, premature aging
problems also cast serious doubt on
whether the Pilgrim plant could be
operated for a 40-year lifetime, as Boston
Edison projects.

1. Unresolved generic safety issues.

The Nuclear Regulatory Commussion
maintains a list of unresolved safety issties
which are generic to nuclear power reac-
tors. As these issues are resolved, they fre-
quently require significant new expenses
to implement them.

Before the 1979 accident at Three
Mile Island (TMI), the NRC had resolved
20 of 142 issues identified in its 1978 Task
Action Plan, according to a 1984 General
Accounting Office rcpart.29 The TMI ac-
cident added many new issues to the
Commission’s list, and postponed action
on many of the previously identified
problems. By July 1984, the agency had

resolved only 208 of 482 total issues
identified through that time. Moreover,
new issues were being identified at the
rate of 11 per year, while the agency’s
schedule called for the resolution of
only 12 total issues per year. As of
August, 1987, 163 issues remained on
the unresolved issues list.

New generic issues are likely to be
discovered as a resuit of operating ex-
perience, particularly as reactors age.
The possibility of additional major
nuclear accidents also contributes to
the likelihood of new regulations. The
NRC staff has estimated that the prob-
ability of a full core melt accident at a
(' € nuclear plant may be as high as 45

't during the next 20 ye:ats.31
Ou ¢ analysts have estimated the prob-
abiL.y to be higher.

One unresolved safety problem that
is of particular concern to Pilgrim is the
strength of the containment shell which
is designed to prevent release of
radicactive materials 10 the environ-
ment in the event of an accident. An
NRC task force has estimated that ihe
probability of failure of the Mark 1 con-
tainment design used Pilgrim and 25
other U.S. plants may be as high as 90
percent in some accident scenarios,
compared to a failure probability of
about 10 percent with other contain-
ment designs.””




Another COMMISSION 1ASK [Orce 1§ cur-
rently studying the Mark [ problem, but is
not expected to make recommendations
for more than a year. There is a substan-
tial probability that fixing the Mark I con-
tainment problem will impose costs
exceeding current BECO estimates.

2. Ongoing technical problems.

There is persistent evidence that
nuclear technology has not yet "matured,”
and that reactor operation will continue
to be plagued with safety- related and
non-safety related problems that reduce
capacity factor and require new O&M
and capital additions expenditures to fix.
The number of Licensee Event Reports
(LERs) -- which document mishaps at
nuclear plants -~ has steadily increased. In
1986, there were 2,957 LERs filed with
the NRC, approximately the same as the
record 2,997 LERs for 1985, and well
above the 2,435 LERSs reported in 1984 %
Nuclear plant capacity factors have failed
to increase as the nuclear industry
predicted they would as plants matured.

3. Aging of reactor components.

The need to replace worn plant com-
ponents and systems has greatly outpaced
industry expectations. A 1984 NRC staff
report identified 5,893 events in safety-re-
lated systems occurring between 1969 and
1982 (17 percent of all LERs) as age-re-
lated. Additional aging problems have oc-
curred in non- safety-related systems.
Aging problems have been caused by
wear and tear, corrosion, internal and ex-
ternal radiation contamination, contact,
vibration, stress corrosion, erosion, apd a
category of miscellaneous problems.

AN GISCHSSeN (N 0L Ba Gireviig, 8
coolng systéme o reactuds lecaleu il
oceans. such as Pilgrim, have been as-
sociated with more corrosion than
fresh-water systems. In addition. the
Pilgrim pliant has been subject to much
higher levels of radiation contamina-
tion that many other nuciear plants.
The average Pilgrim worker was ex-
posed to 1949 rems a year between
1984 and 1986, compared to 645 rems
per year at Millstone 1, in Connecticut,
a plant the same type and about the
same age as Pilgrim.

4, Nuclear plant litfetimes.

In addition to causing increasing
costs for replaczment of parts and
operation and maintenance expenses,
reactor aging casts serious doubt on the
ability of nuclear plants to operate for
the 40 year period assumed by Edison
in its evaluation of Pilgrim economics.

Boston Edison’s operating license
for Pilgrim currently expires in 2008,
after 35 years of operation. The utility
has recently applied for an extension of
its license to the year 2012. No license
extensions for any nuclear planis have
vet been considered or granted by the
NRC, however, and there is no way at
this time of predicting whether such ex-
tensions will be granted in the future.

Niagara Mohawk Corporation, the
chief owner and operator of the Nine
Mile Point 1 nuclear plant, requested
permission from the New York State
Public Service Commission 10 use 4
depreciation life of the plant that is five
years shorter than the plant’s operating

" Vicense:

Recognizing the regulatory pres-
sures from the Nuclear Regulatory
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