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1. Introduction and Summary

>
-

This study assesses the economic viability of shutting down the Vermont
Yankee nuclear plant. Our analysis is based on a comparison of the
costs of operating Vermont Yankee through 2007, to the costs of

replacing Vermont Yankee power.

Section 2 of this report presents the economic comparison between
Vermont Yankee and replacement power sources. Under most plausible
assumptions, it is uneconomic to continue operating Vermont Yankee. If
Vermoht Yankee's operation through 2007 were consistent with national
experience,‘it would cost ratepayers $700 million to $1 billion of
dollars more than would alternatives.' Vermont Yankee has performed
better than national averages in the past: 1f its future performance
is comparable to its historical performance, it will cost ratepayers
$200 million more than the DPS's projected mix of conventional power
supply sources, and $60 million more than replacement of all Vermont

2

Yankee power with Hydro Quebec purchases. Replacing Vermont Yankee

1. The cumulative cost figures used in this report are present
’ values in 1988 dollars. The total number of dollars paid,
including inflation and interest, would be several times as

large.

2. The least-cost mix of replacement power supplies would be some
combination of existing conventional supplies in the short
term, new Hydro Quebec purchases in the long term (when
expensive new coal plants would become the conventional
supply), and small power producers whenever they can beat the
prices of the other options. This mix would be less expensive
than either of the replacement power costs we examined, and
would save more than $200 million compared to Vermont Yankee
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with a utility-sponsored conservation program would increase the

savings to over $500 miilion, even 1f Vermont Yankee would have been

able to continue its historical level of performénce. Table 1.i lists

the'dombinations of assumptions which we analyzed, and compares them to
e

the analysis presented by the Department of Public Service. Sections

1.1 and 2 describe our results in greater detail.

Section 3 describes the historical cost and operating experience of
Vermont Yankee and similar plants, and derives projections for the
significant determinants of Vermont Yankee's future cost of power. For
most input factors, we provide estimates which are based on Vermont
Yankee's past experience, as well as estimates which are based on the

historical experience of domestic nuclear reactors.

Section 4 discusses the potential range of Vermont power supply
situations, over the next 20 years, including the need for

capacity, the source of replacement power for Vermont Yankee, and the

cost of replacement energy and capacity.

Several of the estimates used in this report are from outside sources.
The Vermont Department of Public Service (DPS) published a report in
December, 1987 entitled, "Shutdown Assessment of the Vermont Yankee
Nuclear Power Facility". This study is referred to throughout this

paper as the "DPS Report." The final DPS report, dated December 1988,
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is not very different in relevant respects. We have also extracted
information from a DPS -report on "The Development of Rates Pursuant to
Public Service Board Rule.4.100" (September 1986), which present the
DPS's most recent published estimates of statewide avoided costs. We

refer to this studfﬁzs the "DPS Avoided Cost" report.

1.1. Comparison to DPS Report

Table 1.1 summarizes the results of the five cases evaluated in this
report, and of the case evaluated ih the DPS Report. The net operating
cost estimated by the Vermont Yankee Nuclear Power Corporation (VYCo).
in its October 1987 report was not included in this table for three
réasons. First, VY¥Co provides its results as the summation of nominal
dollars over time, rather than as the present value of the costs and
benefits. Adding up dollars from 1988 to 2007 produces essentially
meaningless numbers. Second, VYCo does not present enough detail to
allow us to compute a present value result from their assumptions.

Third, the DPS Report uses VYCo's assumptions, except for replacement

power costs and a portion of the capacity factor calculatiens.

The "Present Value Net Cost" column of Table 1.1 shows the cost of
continued operation of Vermont Yankee, net of the cost of replacing its
power. A positive value indicates that Vermont Yankee is uneconomic

under the stated assumptions, while a negative value indicates that it

- costs less to run than to replace, and is economic.



The last column of Table 1.1 presents the number of years, of the 19
years frqm 1989 to 2007, in which the charges to fatepéyers from
continued operation of Vermont Yankee are.less than its replacement
power costs in the same year. This does not indicate that the plant
can be economicallyﬁgberated for a period, and then shut down. In some
cases, the years in which the plant is economic are distributed between
years in which it is not. Even where the economic years are
concentrated in the early portion of the period, it is not possible to
have the benefits of the early years without paying socme of the costs

in later years: the costs of capital additions in 1989 and 1990 are

-not fully recovered until 2007.

In our analyses, the cases which assumed that Vermont Yankee's past
performance will continue have lower net costs for continued operation
than do the cases which assume Vermont Yankee will perform at the
levels indicated by national experience. Vermont Yankee has been a
better-than~average plant in terms of capacity factor, operating costs,
and rétrofitting expenditures (capital additions). It may continue to

be better than average, or it may "regress to the mean." Thus, the.

actual operating characteristics of Vermont Yankee over the remainder

of its life are likely to fall between the "National historical" and

"Jermont Yankee Historical" levels.

Of the categories of nuclear power plant performance, the most
important for this analysis is the level of operation and maintenance

(0&M) costs. Nuclear 0&M expenses have been rising steadily at about



10% above inflation, since the ear_ly 1970s, both before and aftesr the
Three Mile Island accident. Although the nuclear industry has
repeatedly projected thég..o&M would stabilize, it has yet to show any
signs of doing so. While we aésume a continuation of historical trends
in Q&M costs, VYCo ‘aﬁ:l DPS assume a rapid stabilization, and little

real growth. This is an extremely optimistic projection, which has no

basis in historical experience.

Simiiarly, the projections of capacity factor and capital additions

used by VY¥Co and DPS assume striking improvements over historical

levels.

In terms of replacement power cost, Vermont Yankee is most nearly
economical when it is compared to the projected cost of Hydro Quebec
contracts. However, Hydro Quebec purchases do not appear to be
economical compared to the avoided costs estimated by DPS in the
Avoided Cost report. In any case, as discussed in Sections 2 and 4, we
have somewhat overstated the cost of Hydro Quebec power.

‘ Even fhe avoided cost estimates from DPS may be somewhat higher than
.the bciurrent estimates of replacement power costs from conventional
alternatives. The DPS has indicated to us that their more detailed
power supply cost calculations for the DPS Report yielded results lower
than the avoided cost estimates. In particular, the avoided cost
estimates did not include the possibility of any new contracts for

power from Hydro Quebec, and instead added more expensive coal



capacity. Unfortunately, the DPS was not able to provide detailed
documentation of the replacement power costs used in the DPS Report.
In addition, some input costs, such as Federal income taxes, have

decreased since the time of the DPS Avoided Cost filing.

e
"~y

The replacemeﬁt power costs for Vermont Yankee could be reduced

substantially by a major program of conservation and load management

(C&IM). This cost reduction would occur in two ways:

- The first increments of C&IM would be so inexpensive that

they should be undertaken regardless of whether Vermont
Yankee continues to operate. This C&LM can not really be
considered a replacement for Vermont Yankee, since it should
occur anyway. However, it would free up relatively
inexpensive existing capacity and energy, which could then be
used to replace Vermont Yankee.

- Additional C&IM could alsc be part of the mix of replacement
power saources for Vermont Yankee.

Case E illustrates this possibility by assuming that the replacement
power is a mix of C&IM and existing baseload sources (e.g., hydro,
purchases, wood, coal), at an average cost of 3 cents/kWh in 1987,
escalating at the rate of inflation. This is a reasonable ballpark
estimate, although' the DPS yill be in a better position to assess
conse;vation and load management potential following its current

' proc.:_aeding on least-cost planning. Using this C&ILM replacement power
mix,l rather than the conventional sources assumed in DPS's avoided cost
estimates, increases the net economic penalty of operating Vermont

Yankee by a factor of three.



2. Approach and Results

-t

-

This section describes the methodology used in evaluating the economic
efficiency of Vermon® Yankee. The first step in this process is the

determination of the framework for the analysis. In essence, we nust
decide what we are'tfying to predict. 1In this report, we have chosen

to estimate the future costs of Vermont Yankee and its alternatives to

Vermont utilities.

While there are many reasons for the Legislature and ratepayers to be
concerned with the total cost of power from Vermont Yankee, including
the costs of the existing investment in the plant, decommissioning, and
other unavoidable costs, we have examined only the incremental costs of
continued operation, and have completely ignored all sunk costs. Those
sunk costs must be paid by someone (probably the ratepayers) regérdless

of whether Vermont Yankee continues to operate.

We have chosen to concentrate on the Vermont utilities for convenience.
If Vermont Yankee is clearly economical for Vermont, it will probably-
be economical to the other owners as well. Conversely, i1f Vermont
Yankee is much more expensive than Vermont's alternatives, it Qill
almost certainly be uneconomical for other New England utilities, which
have generally similar alternatives. If the net cost of shutting down
Vermont Yankee is zero or negative, there will be no damages to the

out-of-state owners, and Vermont should not face any serious problems
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from the legal challenges threatened by the Vermont Yankee Corporation

(VY¥Co) in its October 1987 "Analysis of H173."

-
-t
a

We have treated the Vermont Yankee shutdown issue from the perspective
of the state's ratepg;ers, and have counted all avoidable costs,
including property taxes and state income taxes. While it might be
argued that these taxes are not costs to Vermont, they reflect costs of
doing business in Vermont which apply to most alternative investments.
In addition, it would be difficult to subtract out the Vermont-tax
related portion of the replacement power costs, which are likely to
include construction and employment in the State, for small power
producers, cogenerators, utility power plants, and possibly
transmission lines. Ignoring these costs for Vermont Yankee would

therefore bias the analysis towards continued operation.

‘Qur treatment of some costs has been simplified. For example, if

Vermont Yankee were abandoned, its owners would receive a large tax
credit immediately, which would normally be used to decrease the net
cost of the write-off to raﬁépayers. We have assumed that the cost

recovery for the sunk costs of the plant would not vary between the

~operation and cancellation cases, thus understating the net cost of

continued operation. 'On the other hand, VYCo assumes that a relatively
high level of 0&M expenses would continue until 2007, even if the plant
were shut down. We find this somewhat implausible at the cost levels

VYCo assumes; in any'éase, the cost of monitoring a retired plant until

decommissioning, assuming that process starts in 2007, would be roughly



|
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 offset by the reduction in the decommissioning cost due to reductions

' in radiation levels. Similarly, VYCo and DPS assume that capital

additions will trail off in the years just before retirement: there is

as -

no evidence that this will occur, and the effect on our analyses would

be trivial if it did="

We now proceed to the identification of the categories of costs and

other parameters which will be included in the analysis, and then to

the sources of the estimates.’

2.1. Costs and Other Parameters Included in the Analysis

The current analysis uses one or more levels of each of the

following parameters:

1. Capital Additions: The total cost of almost any power
plant rises over time, as additional investments are
required to keep it operating efficiently. Although not
as large as those of many nuclear power plants, the
"capital additions™ for Vermont Yankee have been
considerable. Vermont Yankee Corporation's total
investment in Vermont Yankee was $172 million at the end
of 1972, but it had grown to $326 million by the end of

'1986.

2. Non-fuel Operating and Maintenance Expenses: These are
the direct costs of running the plant, such as salaries

By "parameters,!' we mean any of the numbers which contribute
to making a plant cost-effective. Most of these parameters
are costs, such as construction costs, operating costs,
decommissioning costs, and sc on, but other important
parameters determine how much benefit is derived from the
plant. Examples of this category include the plant's rated
capacity, its capacity factor, and its useful life.
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for plant operators, outside services, and the costs of
routine replacement materials (e.g., filters and
lubricants). The O&M costs are reported by the
operators of each US nuclear power plant to the FERC,
and are distinct from the capital additions.

-t
PR

Fuel: This is examined separately from other 0&M. costs
for two reasons. First, nuclear fuel costs have been
quite® steady in recent years, while the other 0&M costs
have been rising rapidly, suggesting that different
projection techniques may be appropriate for the two
costs. Second, fuel costs vary with the level of plant
output, while the other 0&M costs increase little (if at

all) as plant operation increases.

Rated Capacity: As for most products, the capacities of
nuclear power plants are rated in different ways for
different purposes, complicating comparisons between
plants. Vermont Yankee has in the past been accredited
as having a Design Electrical Rating of 514 MW. We use
this figure wherever possible, but we must sometimes -
convert data from capacities stated in different terms.
Throughout much of this report, cost estimates are based
on the 55% of Vermont Yankee's capacity owned by (cor
otherwise committed to) Vermont utilities.

Capacity Factor: The capacity factor of a power plant
is the plant's actual output (in megawatthours) in some
time period, divided by its total potential output (the
rated capacity times the hours in that period). Vermont
Yankee's capacity factor is very important in
determining the plant's value in displacing purchases by
Vermont utilities from other sources. The higher the
capacity factor, the more economical Vermont Yankee will

be.

Property Tax: The property taxes Vermont Yankee )
Corporation pays to Vermont, Vernon, and Brattleboro are
largely determined by the net depreciated cost of the

plant.

Overheads: In addition to the 0&M costs reported as
station 0&M, utilities have expenses related to the
ownership of nuclear plants which are not usually
assigned to the plant accounts. These expenses include
employee bhenefits (such as pensions), employment taxes,

insurance, legal fees, and regulatory expenses. We have
estimated these costs (as a fraction of station non-fuel
0&M) from the FERC reports of Vermont Yankee Corporation

for 1981-198s.
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Replacement costs: If Vermont Yankee does not operate,
Vermeont utilities must replace its capacity and energy
producticn with new construction, increased use of
existing facilities, or purchases of power from other
utilities or independent producers. We have used
replacement power projections based on the current and
pending contracts of New England utilities for power
from Hydro Quebec, and an alternative estimate based on
the PP3 Avoided Cost estimate for purchases from small

power producers.

Discount rates: In order to compare costs over time, it
is necessary to discount the value of later costs, to
reflect the fact that a dollar now is worth more than a
dollar in 5 or 10 years. We use the DPS discount rate

of 10.5% for this comparison.

Inflation rates: We use the DPS GNP inflation rate
projections, from the Avoided Cost report.

2.2. Sources of the Parametar Values

For most cost parameters, we have calculated projections based on the

past experience of Vermont Yankee (VT. YANKEE) and historical trends of

naticnal nuclear power plaﬁts (NATIONAL). Sources of each of the

parameters are as follows:

Capacity Factors

VT YANKEE: Vermont Yankee mature capacity factor, from
its fifth year (starting January 1978) to December, 1987
(the most recent data available from the NRC).

NATIONAL: The projection for a unit of Vermont Yankee
size and age, from a regression on national BWR capacity

factors through 1986, with performance assumed to
continue at levels typical of the 1980s.

osM

VT YANKEE: Continuation of Vermont Yankee historical

-ll_



straight~line trend.

NATIONAL: Projection based on a regression of national
data, scaled for Vermont Yankee characteristics. '

-
-
-

Capital Additions

VT YAﬁfEE: Average Vermont Yankee additions 1980-8s,
in constant dollars.

NATIONAL: Projection based on national data, evaluated
for Vermont Yankee characteristics, and 1980s

conditions.

QOverheads

Each case: Assume that the ratioc of overheads to non-
fuel station 0&M 22.8%, a value typical of Vermont
Yankee experience from 1981-1986.

Replacement Energy Source

HQ: Replacement power costs are equal to recent sales
offered by Hydro Quebec.

DPS: Replacement power costs are based on the DPS's
calculation of avoided costs due to purchases of power
from small power producers. This represents the cost of
additional supplies from the utilities' alternative

sources.

C&IM: Replacement power is from conservaticn, load
management, and existing scurces freed up by those
efficiency improvements. The cost is assumed to be 3
cents/kWh in 1987, rising at the general inflation rate.

Discount rates

Each dase: DPS's 10.5%.
Useful Life

Each case: Vermont Yankee operates through 2007, its
35th year.
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In order to determine the economic value of Vermont Yankee, we must
compare the cumulative.net presént value of the cost components to the
cumulative net present value of alternative power. Tables 2.1.A -

2.1.E show such comparisons, for various assumptions regarding Vermont

Yankee cost projections and replacement power cost projections.

Lines 1-13 of each table show the derivation of the capital cost
recovery, reduced to the percentage allocated to Vermont utilities
(55%). While 1990 capital additions (for example) can not be avoided
by a shutdown in 1995, the ratemaking process spreads the recovery of
the capital costs over the remaining life of the plant. Lines 14-16
display other non-—fuel Vermont Yankee cost compenents, which are also
scaled down to 55% of the plant. Line 17 is the total of these cost
compenents, which include depreciation, return on rate base, income
taxes, property taxes, Vermont use tax, operations and maintenance
expense, and overhead expense. Line 18 shows the capacity factor, and
line 19 displays the calculation of the fuel expense, while line 20
shows the total cost associated with Vermont Yankee. Lines 21 and 22
provide the cost of replacing Vermont Yankee either with purchases from
Hydro Quebec or with purchases from small power producers : Line 23‘
shows the difference between the cost of operating Vermont Yankee and.
the cost of replaciné the nuclear plant. A positive value indicates
that Vermont Yankee will be more expensivé than the alternatives, while

a negative value indicates that Vermont Yankee will be less expensive

in that year.
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Lines 24 and 25 restate the Vermont Yankee and replacement costs on a
$/MWH basis (which is ten\times the cent/kWh cost), which is easier to
relate to common experience than are millions of dollars for a share of
the plant. Finally, Line 26 presents the cumulative present value of
the net cost, whichjfé a measure of whether the plant will be a géod
deal from 1988 to the year listed. The last column of each table shows

the cumulative present value of each cost cbmponent through 2007.

The "Basis'" column at the beginning of each page of each version of
Table 2.1 indicates the origin of the important inputs: "NAT"
indicates national trends, "VY" indicates Vermont Yankee historical
trends and data, "VYCo! indicates projections by the Vermont Yankee
Corporation, "DPS" are from the DPS Avoided Cost Report,‘"Hydro Q" are

recent Hydro Quebec contracts, and "C&IM" are the assumed costs due to

an energy efficiency program.

' Table 2.1.A calculates the net benefit of Vermont Yankee by assuming

the cost and capacity factor of Vermont Yankee will follow the trends

set by domestic nuclear plahts, while replacement costs will be

equivélent to the avoided costs due to purchases from small power
producers. Based on this case, Vermont ratepayers can expect to pay
more for Vermont Yankee than it is worth, every year for the rest of

its life, and pay an extra $958 million in present value terms by 2007,

if Vermont Yankee continues to operate.
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Table 2.1.B displays the result of assuming Vermont Yankee's
performance and costs continue at the standards set by its 13 year
life. Replacement power costs are still from DPS. Vermont Yankee is
economical in a few yeaéé, after the year 2000, but it is still more
expensive than repladement power overall, by $190 million. This is
probably the most realistic compariscon presented in this section, if
one believes that Vermont Yankee's performanée will continue to surpass
‘national averages. Other nuclear power plants who once performed
exceptionally by industry standards, such as Browns Ferry 1, 2 and 3,

and Peach Bottom 2 and 3, have since encountered major problems.

Table 2.1.C repeats the analysis of Table 2.1.B, but uses Hydro Quebec
contracts as a replacement cost. Since the HQ contract wéuld provide
more- energy than the same amount of Vermont Yankee, the replacement
power cost i1s overstated. The HQ contract cost estimate is probably
overstated for other reasons, as well, as discussed in Section 4.
Under theée cost assumptions, Vermont Yankee is less expensive than HQ
for 1989-1998, and more expensive thereafter. This comparison is‘
somewhat deceptive, since the costs of capital additions in the 1990s
are moétly recovered after the year 2000. The present value of Vermont
Yankee net costs through 2007 is $60.4 million, indicating that Vermont

Yankee is not econcmic even under this most optimistic set of

assumptions.

Table 2.1.D combines the national performance projections of Table

2.1.A with the HQ replacement cost figures of Table 2.1.C.  Vermont

- 15 -



Yankee 1s economical into the early 1990s, on a yearly basis, but is
very uneconomical over its life. Again, the early years of the plant's
operation can not be separated from later cost recovery for capital

-

additions in the early years.
Table 2.1.E compares projections based on Vermont Yankee's historical
performance with replacement power available at 3 cents/KWH due to a
vigorous program of conservation and load management. Under these
assumptions, Vermont Yankee is very clearly uneconomical over its

operating life, costing Vermont ratepayers an additicnal $557.6 million

in present value terms by 2207, if the plant continues to operate.
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3. Analyses of Historical Data

0_'"’

This section explains how we derived the costs and other Vermont Yankee -

W
-

operating parameters

Some of the cost input parameters were taken directly from Vermont
Yankee Corporation sources, and are therefore not derived in this
section. These include:

- Vermont Yankee capacity: We generally used the Design Electrical
Rating (DER) of 514 MW. However, some data was stated in terms of
Maximum Generator Nameplate (MGN) rating. In these cases we used
Vermont Yankee's MGN rating of 563 MW.

- Vermont Yankee fuel costs: We adopted the projection in Appendix
F of the DPS Report. Based on more detailed information for
Pilgrim, we assumed that 25% of fuel costs are fixed carrying

costs of the fuel inventory, and that the other 75% vary with
energy output.

3.1. Capacity Factors

We defined the Vermont case.as a continuation of Vermont Yankee's past
performance. Since nuclear plants usually undergo a breaking-in
process, we used only Vermont Yankee's mature performance history,
whiéh we defined as startiﬁg on January 1, 1978, when the unit had been
in operation for five years. We calculated the capacity factor using
both the NEPOOL Winter Rating and the DER. As seen in Table 3.1,
Vermont Yankee has performed at an average capacity factor of 71.5%

using the DER rating.
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The National capacity factor projection was taken from our latest
regressions on BWR capacity factors. These regressions, which include
data through 1986 (data for 1987 has just recently become available),
are shown in Table ¥.2. These are the best-fit equations for capacity

factor as a function of unit size, age, ahd other factors.

Table 3.3 shows the results of applying the chargpteristics of Vermont
Yankee to Equations 3 and 4 from Table 3.2. The first line shows the
expected capacity factor in years without a refueling outage, while the
second line shows the results with a refueling. The third line
computes an average capacity factor, assuming that Vermont Yankee
refuels in two years out of three, which is the refueling pattern
qenerally assumed for BWRs. The right-hand column computes the average
of the two more optimistic cases, which omit the data from the worst
accident at a US BWR, the cable fire at Brown's Ferry. The resulting
industry~wide average is 57.4%,~with 56.3% in years with refuelings and
66.8% 1in years without a refueling outage.

Applying the national refueling coefficient to Vermont Yankee's average
| ekperiénce produdes a bER capacity factor of 78.9% without a refueling,

and 68.4% with a refueling outage. See Table 3.1.

3.2. Non-Fuel Station 0&M
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We base all of our analysés of non-fuel O&M on data as reportad for

each nuclear plant by the operating utility to the FERC in its Annual

Report (FERC Form l).‘ @Eis data shows 'a strong upward trend, even
after adjustments for inflation. Hence, we estimate the trend in o&M

expenses, rather than a simple historical average.

3
|
f

Table 3.4 displays the historical 0&M experience of Vermont
Yankee. The projections in Column 2 assume that real annual 0&M
expense increases linearly, at the least-squares growth rate determined

by the regression on Vermont Yankee data, also shown in Table 3.4.

Column 3 of Table 3.4 reduces the projection to 55%, which is the share
of Vermont Yankee used by Vermcnt utilities. This projection is then

inflated to nominal dollars in Column 4.

Table 3.5 presents the results of three regressions on 0&M data
for all light water reactors in the nation, a total of 534

cbservations. All costs are stated in 1983 dollars and deflated with
the GNP deflator. The equatiocns in this table indicate that real O&M

costs for all plants have increased at about 12% annuallyﬁ and that

4, Not all the expenses related to owning and operating the plant
are included in this category. For example, pensions,
employment taxes, and other employee benefits are not
allocated to the plant, even though the direct labor expenses
are treated by plant. In addition, legal, requlatory, public
relations, and similar home-office functions are excluded from
station 0&M. We captured these other 0&M expenses in the

Overhead category.

5. The base of the natural log, e, raised to the coefficient of
YEAR, .11, equals 1.12.
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the economies-of-scale factor (the coefficient of ln(MW/unit) for

nuclear O0&M is about .5. Doubling the size of a plant (in Equation 1)

or of a unit (in Equations 2 and 3) increases the 0&M cost by about

433%.°

e

Equation 1 indicates that,‘once plant size has been accounted
for, the number of units is inconsequential; and the effect on
0&M expense is statistically insignificant. Equation 2 measures
size as MW per unit, and finds that the effect of adding a second
identical unit is about the same as the effect of doubling the
size ofvthe first unit. Equation 3 tests for extra costs in the
Northeast, which are commonly found in studies of nuclear plant
construction and operating costs, but is otherwise identical to
Equation 2. Indeed, there is a highly significant differential:
Northeast plants cost 23% more to operate than other plants
(using the definition of North Atlantic from the Handy-Whitman

index). We use this equation as the basis for our 0&M

projection.

‘Projeétions based on Equation 3 can be seen in Table 3.6.
Column 1 increases at a feal geometric growth rate, and column 4
grows at the increment between 1989 and 1990. Column 5 inflates

the linear projections to nominal dollars, and column 6 is Vermont's

6. In Equatidn 2, the base of the natural log, e, raised to

.53*1n(MW/unit) equals (MW/unit)”.53. If we double the MW

size of one unit, the result changes by a factor of 27.52
1.43.

- 20 -
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percentage of the total 0&M expense.

Table 3.7 compares Q&M expenses based on Vermont Yankee's historical
experience with 0&M expenses projected linearly from the regression on
National data (Table~3.6, column 6). While the two projections are

quite similar in 1989, they differ by over 100 million in 2007.

3.3. Capital Additions

We compiled net annual capital additions data for all nuclear power
plants reporting total cost data on the FERC Form 1 and DOE
compilations of FERC Form 1 data, through 1986.7 Each plant is
included for all years in which no units were added or deleted, and for
which the data were not clearly in error. The available experience
'totaled_sls plant-years of operation. The net capital additions are
defined as the difference in plant cost between subsequent years, and
are deflated by the appropriate regional Handy-Whitman index for

nuclear censtruction, which 'itself has increased at 1.35% above the GNP

inflation rate from 1970-87.

7. The large steam plant cost data is reported in slightly
different formats in various sources and for various years:
both the plant cost data and 0&M data are now reported on page
403 of the FERC Form 1. ' o
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Net capital additions vary with a number of factors, and vary greatly

from year to year, complicating statistical. analyses. A review of the

data indicates that:

PRI

- large plants have lower capital additions per kilowatt-year than
do small plants,

- multi-unit plants have lower capital additions per kilowatt-year
than do single-unit plants,

- Northeastern plants have higher capital additions than those in
other parts of the country, and

- capital additions per kilowatt-year have generally been rising
over time, despite the greater prevalence of large and multi-unit

plants in the later data.
Table 3.8 shows the net'capital additions experience for‘Vermont Yankee
from commercial cperation date to 1986. The average annual net capital
additions over the life of Vermont Yankee have been 22.87, measured in
$/kw. The average for the 1980s is 31.94, and is used to project
capital additions for the remaining life of Vermont Yankee in Column 1
of Table 3.11.% The Handy-Whitman inflation rate is assumed to be

1.35% more than the DPS-assumed GNP inflation rate.

- Table 3.9 presents the annual average net capital additions per
kilowatt for all plants for each year since 1972. Over the last eight
years, the average for all plants was $27.9/kw-yr; over the last six

years, the average has been $31.8/kW-yr.

8. These averages are based on the MGN rating for Vermont Yankee,
which is 563. ‘

- 22 =



The average capital additions per kilowatt for all plants is likely to
be less than that for Vermont Yankee for two reasons. First, Vermont
Yankee is a single unit, and twin- or triple-unit plants usually.
Yankee is a fairly small nuclear unit by current standards, and costs
per kilowatt generally decline substantially with unit size.

Therefore, Table 3.9, column 3 displays annual capital additions for
single units between 300 and 800 MW, a size range comparable to Vermont.
Yankee. The average net capital additions per kilowatt for these

plants since 1978 is $43.1, and for the last six years is $48.82.

Table 3.10 displays the results of performing a reqgression analysis on
national capital additions data. The regression was used to project
capital additions for a one unit, 563 MW plant for each year of Vermont
Yankee's remaining life. The projection is then escalated using the
Handy-Whitman index through 1987, and using DPS inflators plus the
historical difference between the Handy-Whitman index and the implicit
GNP deflator (1.35%) thereafter. Column 2 displays the inflated

projection, reduced to the percentage of Vermont Yankee used by Vermont

utilities.

Table 3.11 summarizes the two methods of projecting capital additions
for Vermont Yankee. In the case based on averages of Vermont Yankee
data, the average $/kW-yr is multiplied by 55% of the rated capacity of
Vémont Yankee (310 MW, expressed as MGN rating), and divided by 1000 -

to produce the capital additions for 1983 in millions of dollars. The
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cost in 1983 dollars is escalated to 1988 dollars by the Handy-Whitman
index from 1982-87, and at DPS inflators plus 1.35% thereafter. The
capital additions projection based on Vermont Yankee data indicates a

- -

slightly lower rate of growth than that based on the national data.

Table 3.11 displays net capital additions, and therefore understates

the true level of capital additions. The net capital additions are the

difference between tﬁe gross additions (new equipment installed at the
plant) and retirements (existing equipment removed from service).
Someone must pay for both the new equipment and the undepreciated
portion of the investment in the old equipment: ratepayers usually pay

for these interim retirements through adjustments to depreciation

rates.

Table 6-3 of the DPS report gives some idea of the size of the

undere;timation. The retirements are highly variable from year to
year, ranging from 10% of capital additions in 1985 to 1% ih 1982. It
is clear that our use of net capital additions introduces scme
optimism, but our sample is-tooc limited (and the effect i% apparently

too small) to justify any explicit correction.

3.4. Useful Plant Life

Vermont Yankee Corporation estimates that Vermont Yankee will remain in

service until the year 2007, at which time it would be 35 years of age.

We used this projection in all runs. This assumption seems to have
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been based on the term of the operating license for Vermont Yankee.
There is still very little experience with the longevity of nuclear
power plants. What littlg(experience is available suggests that the
useful lives of nuclear‘ﬁnits may be much shorter than 35 years. The
five small plants whi€h entered commercial service in the early 1960s

- would be 20-26 years old today, if all had survived.’ Of this cohort,
Indian Point 1, Humboldt Bay, and Dresden 1 have been retired (formally
or de facto), after only 12, 13, and 18 years of operation, '
respectively. Only Big Rock Point and Yankee Rowe remain from the
original group. The oldest and largest of the survivors, Yankeé Rowe,
has been in service only since 1961, and is thus only 27.'" Even with
an excellent 77.5% capacity factor, Yankee Rowe's 0&M (excluding
overheads and capital additions) for 1986 was 3.71 cents/kWh, which is
higher than DPS's avoided cost projections (in 1986 $, including
capacity) through 1993. Including the other\costs and even modest real
growth in 0&M, Yankee Rowe will probably be uneconcmical in each of its
remaining years in service, until its scheduled retirement in 1997."

Lacrosse, a 50 MW unit which entered service in November 1969, was

retired for economic reasons in April 1987, after just 17.5 years of

9. This group excludes the exotic demonstraticn reactors, some
of which used liquid metal coolant, organic moderation, and
other technologies very different than the 1light water
reactors which have prevailed in US nuclear power plant
design. We have also excluded some very small demonstration
reactors which operated for only a few years.

10. It is also only a 175 MW unit.

11. Big Rock Point's 0&M cost 3.35 cents/kWh in 1986, at a 74%
capacity factor. '

- 25 =



service.

The first units of more than 300 MW went commercial in January 1968:

-

they have just reached age 20. The only clear retirement among this
group is Three Mile=T¥sland 2, which operated for only a few months
prior to its accident. Various nuclear units which are currently on
protracted shutdowns due to safety and design problems may never
reopen, but such units may be shut down for ah extended period before

it becomes clear that they have reached the end of their useful lives.

To summarize, Vermont Yankee Corporation is projecting that Vermont
Yankee will survive about 75% longer than has the oldest domestic unit

over 300 MW, and 25% longer than the oldest domestic commercial power

reactor of any size.

Appendix 1 is a paper by Michael B. Meyer, updating the analysis of the
operating life of nuclear power plants contained in our earlier report
to the NRC (Chernick, et al., 1981, cited in Appendix 1). Depending on
the data set utilized, the data indicate a median useful life for

nuclear power plants of anywhere from 20 to 35 years. Unfortunately,

the‘data, no matter how defined, are quite sparse.

The same forces which resulted in the early retirement of older units
all still exist. High costs of 0&M and necessary capital additions,
mostly due to regulatory considerations, were responsible for the

retirement of most of the small pre-1965 reactors during the 1970s.
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0&M expenses have continued to grow much faster than inflation, and

capital additions have been much higher in the 1980s than in the 1970s.

-

Vermont Yankee and ether medium-sized nuclear units built in the eafly
1970s have been less sensitive to 0&M and capital additions costs than
have the smaller and older units. ZEconomies of scale have made these

units more economical to operate than the smaller units. However, as

- demonstrated in this report, continued growth in real 0&M costs at

historical rates, especially combined with the continuation of recent
rates of capital additions, could render larger (over 300 MW), later
(post-1968) nuclear plants prohibitively expensive to coperate. Of the
post-1968 nuclear units, Vermont Yankee is more vulnerable than
average, due to its relatively small size, lack of any sister units to
share costs, and design problems due to its early vintage and Mark I
containment. On the whole, the use of the 35-year life and a

retirement date of 2007 is probably quite optimistic.

3.5. Overheads

Not all of the costs associated with operating a nuclear power plant
are listed by the utility as O&M costs for that plant. Some categories
of costs are accounted for in other types of accounts, such as
insurance, payroll taxes, and employee benefits. Table 3.12 displays
the overhead expenses for Vermont Yankee between the years of 1981 and

1986. Line 8 of this table shows the overhead expenses for each year
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‘expressed‘as a péfcentage of the total non-fuel station 0&M. The
percentages vary from 16.6% in 1981, to 26% in 1985. The average
overhead expense from 1980 through 1986 was 21.5%, while the average in
the last three years'wa;‘gé.l%. Theres is a general upward trend in the
ratioé of recent years, but it is difficult to determine whether this
trend is likely to persist. In calculating the overhead expense for

Vermont Yankee in Section 2 of this report, we used an overhead ratio

of 22.8%, which is the average of the seven-year and three-vear

averages.
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4. Replacament Power Costs

-
-

We analyze the cost of replacing Vermont Yankee's capacity and energy
contribution in two-&feps. First, we examine the Vermont utilities'
load and capacity situation for its current capacity plans, to
determine when Vermont would require additional capacity to meet its
load requirements. Table 4.1 presents the locad and capacity
projéctions for Vermont utilities through 2006, taken from the DPS
filing. Column 7 in this table shows that a Vermont Yankee shutdown
would produce a deficiency in capacity'requirements of less than 100 MW
through 1994, and exceeding 200 MW in 1997. In 2005, the deficiency

exceeds the capacity contributed by Vermont Yankee.

Second, we estimate the cost of replacing Vermont Yankee power. Table
4.2 displays the avoided capacity and energy costs due to purchases
from small power producers, as estimated by the DPS. The DPS capacity
costs assumed a purchase from NU through 1993, and the construction of
a gas turbine in 1994, and used a levelized cost of the new- turbine.

We have restated the gas turbine costs in a real-levelized manner (éc
that costs rise with inflation), in a manner comparable to that used by
the Massachusetts DPU for determining avoided costs. This restatement
is necessary because Vermont Yankee would only replace the new turbine
for the first half of its life. If Vermont Yankee is retired early,
the turbine will be built sooner, but at a lower cost, while if Vermont

Yankee is retired later, the turbine will be constructed later and at
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higher cost. The real-levelized methodology recognizes this

relationship, and credits Vermont Yankee in each year with the benefit

of delaying the gas turbine for ocne year. Also, the real-levelized

-

a

analysis reveals that the new gas turbine would be less expensive than

the NU purchaée for~#992 and 1993, so we have used the new-unit cost

from 1992 onwards.

Table 4.4 displays the capacity and energy costs which were offered in

recent sales by Hydro Quebec. The Hydro Quebec costs include
transmission costs which would probably not be incurred by addition
contracts or extensions, since equipment and rights of way already

exist and would not have to be duplicated.
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TABLE .13 SUMMARY OF CASEZ aND RESULTS

fLase

Source of YT Yankee
Per formance Projactions

Source of
Replacenent Costs

Present Value Net
Cast of VT Yankes
(¢ ¥illion)

¥ of Years Yankee
shovs net savings
1989-2007

NOTES:
[11 Shutdown not initi

‘‘‘‘‘

National Data
YT Yankee History
VT Yankes History
National Data
VT Yankee History

YT Yankea Company

OPS Supply Plan
DPS Supply Plan
Hydro Quehec

Hydro Quebec

Conservation Prograa

©DPS Supply Plan (11

ated by the Stata of Vernont.
- [21 Shutdown initiatad by the State of Verment.

957.8
189.9
.7
M7
557.6

To=32

L B3 -2
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. 1231 Net Veraont Yankes Cost: (20CEI-2KCEM-02XDL .~ g ..f'j

MITES 70 TABLE 2.1.A - Taplz 2.1.E

{17 Cappital Additons (Jan-Dec): from Table 3.11, ses Table 2.3,

(2] Average Bross Plant (as of Julyds [2{E~131+.3X(TLIE-121+0KKEOD)

[3] Book Depreciation: ([3{P-1014. 53(L4E-DDIHIIKENTNI2007-E41L

{41 Accunulated Depreciation: [4E-[>+(3{t>1.

(51 Net Plant: (EXI-{KKE31,

(6] Tax Depreciation: 1307 declining balance; ISOX/{SRCCICEMN-{TKE-D1,
{71 Accumulated Tax Depreciations (7S8-1014064t31.

[B] Deferred Taxes: 244X([7¢t>1-[Kt31,

[9] Rate Baser [{EXI-[B(EML

{101 Return on Rate Base: [H>1¥10,78%; see Table 2.2,

{117 Income Taxes: (9¢t)1%3.76%; see Table 2.2.

{121 Property Taxes: 2L¥[3(t>]
[131 Capital Additions Cost Recavery: [’(t\]+(10<t\]+(11<t>]*(12’t)].

[141 Vernont Use Tax: From appendix F-2, F-3, Technical Report no. 14, State of Vermont Dept of Pub‘xc Servxce. .
. [181 OkM Expenses: from Table 2.7, see Table 2.3

- [16] Overheadss (13<{)1$22.81%; see Table 3.12. DT L e
- (171 Total Non-Fuel Costs: C(13<EXI1+{14C<E2I4(15 t>1+[16<t>1. Ul o _.7”-jA".’ B
" [18] Capacity Factor: refusl every third year; see Table 2.3. ‘ )

191 Fuel: Vermont Yankee Fuel (Appendix F-2, F-3) % (,25+. TSECLBCENIANVY CO. capacxty factor,

[20] Total Yermont Yankee Cost: [17<{31+{1%{{)1.
{211 Replacement Capacity Cost: from Table 4.2 or 4.4; see Table 2.3; (Costi(55’+51421000/1000000)

£221 Replacement Energy Cost: from Table 4.2 or 4.4; see Tahle 2 3, (C05t18n701u52*5141518(t)])/lOOOOOO.

[24] Vernont Yankee Cost/awh: [20<t>1/(B760XSSZXSI4RLIEEOT),
{261 Prﬁsent Value of Net cost: Running total calculated at 10.5%; see VT DPS Technical Report ne, 12.




TABLE 2.1.A: VERMONT YANHEE £OST P pag:
($ Million) BASIS 1383 1930 1931 1392 (997 {394 93 1936 (997 (99§ (999 2000
Post-1988 Additions
l. Capital Additions NAT 17,2 18,3 196 20,0 22,5 240 25,8 277 29.6 3.8 340 36.4
2. Average Brass Plant 8.6 26.3 5.2 63.6 87.4 10,7 135.7 162.3 (9.0 220.8 254.7 289.9
3. Book Depreciation 0.3 L4 26 &8 53 &% 89 i 3.7 (6.9 20.4 24.8
4, Accumulated Book Depreciation 0.3 L3 44 83 5.3 20,3 29.3 40.4 4.1 70.9 91.3 116.2
3. Net-Plant (as of July) 8.1 244 409 7.4 73.9 90.2 1063 122,0 137.0 150.9 163.4 173.8
8. Tax Depreciation 0.9 25 42 38 7.4 %0 0.6 12,2 139 155 7.3 19.1
7. Accusulated Tax Depreciation 6.9 &4 7.6 184 20,8 29.8 40.4 52,6 &R B2.0 99.3 118.3
8. Deferred Taxes 0. 0§ f! L7 23 32 38 41 4.2 3.8 a7 0.7
9. Rate Base 8.0 239 29.8 556 Ti.4  67.0 102.6 117.9 3.8 147.1 160.7 (73.0
10, Return on Rate Base 0.9 2.6 43 60 7.7 94 11,0 127 143 158 7.3 18.6
11, Income Taxes .3 -69 15 ¢ 27 33 39 44 5.0 535 60 6.5
© 12, Property Taxes 0.2 0.5 08 t1 L3 L8 21 24 2.7 3.0 533 &5
13, Capifal Additiens Cost Recovery .8 5.4 91 13.0 (7.0 21,4 23,9 0.6 357 412 47.0 534
- 14, Vermont Use Tax Lo e 2 02 062 020 0.2 0.2 0.2 0.2 0.2 0.2 . 0 2 0.2
.o 15, 0WM Expenses ¢ - ic NAT 50,2 §9.3 690 79.9 918 104.7 118.8 134,2 151.0 169.3 189.1 210.7
16, Overheads - L 1.5 13,5 15.8 18.2 20,9 2.9 7.1 30,6 34.4 386 43.1 481
" 17. Total Non-fuel cost 2.7 78.4 94.2 111.4 130.0 150.2 172.0 195.7 221.4 249.2 279.5 312.4
18, Capacity Factor ' ' NAT -36% 36X 677 3% S6X e7% 3B SRR A7% 5B 62 &71
13, Fuel e 18.8 20.7 23.3 20.8 21.3 26,3 23.9 24,5 3.6 27.3 28.0 33.8
- 20, Total Vermont Yankee Cost C 82,4 991 117.7 132.3 151.3 (76.6 193.9 220.1 232.9 276.6 307.3 346.3
. 21, Replacesent Capacity Cost -~ DPS - 7.4 8,2 104 11,9 12,6 13.4 4.1 150 158 167 7.7 8.7 =
- 22, Replacement Energy Cost DPS 38,6 29.3 60,2 33.8 548 78.0 74.4 B2.7 118.0 110.7 1247 {77.2
23. Net Yermont Yankee Cost 36.3 §L.3 470 66 B83.9 BE.3 107.4 122.4 119.1 149.1 165.1 150.3
. 24, Vermont Yankee Cost $/MWH = 39.2° M. 762 %47 108.6 106.8 140.6 157.6 132.9 198.5 220.7 208.8 - -
25, Replacement Cost $/MWH  ~ 33.0 4.0 42,7 471 48.4 55,2 63,3 69.9 80.9 9.5 102.2 1B.1 © 7

26, Cummulative Present Value of Net Cost 33.0 75.2 110.0 184.7 205.7 232.5 305.9 361.0 409.35 464.4 519.3 554.8 -
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| TABLE 2,1.A: VESMONT YANKEE 00ST PROJECTIONS vs, RERL ACEHENT 20573 (3 MILLION)

’ NPY
(§ Hillion) BASIS 2001 2002 2003 2004 2005 2006 2007 10,57

Post-1988 Additions ‘
/ 1. Capital Additions NAT 38.0 41.8 44,8 480 514 551 590
i 2. Average Gross Plant : 327.7 3e8.1 ¢li.4 4537.8 507.5 3560.7 617.7
; 3. Book Depreciation 3.2 37.0 456 T7.2 73.8 100.4 157.4 ld41.4
i 4, Accumslated Book Depreciation 146.4 183.3 228.9 2B6.2 339.9 460.3 617.7
; 5. Net-Plant (as of July) 181.3 184.8 182.5 171.56 147.5 100.4 0.0
6. Tax Depreciation 20,9 22,9 249 270 29,3 U7 .3
7. Accunulated Tax Depreciation 139.3 162.1 187.1 2141 243.3 275.2 309.4
I 8. Deferred Taxes <~ ATL2 -142 -4 -39.6 -62.9 -104.8
( 9. Rate Base - 183.7 192.0 196.7 196.1 187.1 163.3 104.8
1 - 10, Return on Rate Base o19.8 20,7 212 2.1 20,0 17,6 11,3 BLA
{ 11, Income Taxes 69 7.2 T4 T4, 7.0 &L 39 2.5 .
b 12, Property Taxes : R S8 3T W6 34 30 2.0 0.0 146
; 13 Capxtal Additions Cost Recovery §0.5 68.3 77.8 89.1 103.9 {261 172.6 ZBA.6
} LE 14 Vernont‘Use TAX~ w0 00202 0020 020 0.2 0.2 0.2 L6 -
4 ... 153, O&M Expenses . NAT - 234.2 239.7 287.3 317.3 349.7 384.9 422.9 1129.9
g .16, Overheads ™ UL 84 592 685 724 798 8.8 96,5 257.7
47U 17, Total Non-fuel cost o 38,3 387.6 430.9 479.0 533.6 599.0 692.2 1655.8
4 " 18. Capacity Factor © . NAT - §62 562 67F §62 SR 672 SB%
doto 19 Fuel Lot 293 299 3.0 315 322 389 343 20835
f . 20, Total Veraont Yankee Cost . ... -. 377.6 417.6 467.0 J10.4 363.8 637.9 726.5 l861.3 -
It 775 210 Replacement Capacity Cost --° DPS - 19.8 " 20,3 22,0 23.4 248 262 "27.7 183 7 -
A .~ 22, Replacenent Energy Cosi O0Ps  167.8 167.7 232.8 209.8 215.2 282.6 253.9 786.2
r 23, Net Vermont Yankee Cost - 190.0 228, 9 2.1 277.2 323.8 329.0 444.9 '
% ﬁ_f4;24. Vernont Yankee Post $/HHH R 271 0 299 7 282.4 -365.3 406.1 385.7 521.4 .
{ 25. Replacenent Cost $/HUH o '3,' 134, 7 135.4 154.1 167. 172.2 186.7 2021 .

i 25. Cumnulatxve Prosent Value of Net Cost 616 7 673.3 720.7 776.8 838.3 851.0- 957.8




TRELE 2.1.3: VERMONT YANKEZ 00ST =RCJEZIVIGNS VS, REPLACINENT [ISTS (5 MILLIZN) pags !

e e i e e i

(§ Hillion) BASIS 1983 {930 1991 {992 (993 (93¢ {99F (936 (997 1999 {99 2000
Post-1988 Additions
5 I, Capital Additions vTY 1200 127 135 44 152 162 17,20 18,2 19,3 20.5 21.8 2341
It 2. Average Gross Plant 6.0 184 33L& 455 60,3 760 9.7 104 12901 (49,1 170.2 192.5
i' 3. Book Depreciation 0.3 L0 L8 47 36 48 60 75 %2 1.2 136 164
|l 4. Accunulated Book Depreciation 0.3 LI AP &8 %4 2 2.2 27,7 3.9 481 6L7 781
ﬁ 5. Net-Plant (as of July) 7 i1t 835 9.8 30,9 ALY 72,5 827 92.2 100.9 108.5 114.5
1 6. Tax Depreciation 0.6 L8 29 40 5! 62 7.2 83 93 104 1.4 12.5
i 7. Accunulated Tax Depreciation 0.6 2.4 9.3 93 {44 205 27.8 361 454 557 67.2 747
i 8. Deferred Taxes o0t 04 07 - L2 f7 2 2.6 28 29 28 LI 0.6
i 9, Rate Base 5.6 6.8 27.7 3B.6 49.2 9.7 69.9 79.8 89.3 9B.3 106.56 1140
i 10, Return on Rate Base 0.6 8 W0 4l 53 64 7.5 86 %6 106 115 123
i © 1. Income Taxes . 6.2 05 L0 L4 19 22 26 30 3.4 3T 40 43
' " 12, Property Taxes - 0.t 063 05 0.8 .0 1,2 L4 L7 18 20 22 23
i 13. Capxtal Additions Cost Recovery .2 3.8 64 %0 118 W7 17.6 208 4.0 27,3 3.2 352
e 14 Veraont Use Tax R ©02 02 02 02 02 02 02 02 02 02 0.2 0.2
T 15, O Expenses Iy 40,1 44,7 49.8 553 614 67.9 75.0 82.8 9.1 1{00.1 109.9 120.5 -
A - 16 Overheads -~ * .~ S 9.2 10,2 {64 2.6 14,0 153 17.1 8.9 20,8 22.8 25! 27.5
I 17, Total Non~fuel cost o ' 30.7 8.8 67.7 77.2 87.4 98.3 110.0 122.6 136.1 150.7 1EA.4 183.3
I C18. Capaclty Factor -~ YIY . 6B% 6B 791 6BX 68X 79% 6BL RBL 79% R8T ARBXL 791
# oo 190 Fuel. S : 24,5 22.8 264 239 244 29.8 27,5 28,1 35 3¢ 31 3.l
1o 200 Total Veraont Yankee Cost . 72,3 8.6 940 1010 1.8 128.1 137,53 150.6 171.6 182.0 198.3 221.4
j; . 21. Replacement Capacity Cost 0PS 7.4 8.2 10.4 1.9 126 13,4 4.1 130 I5.8 167 17.7 1B.7
“ - 22, Replacenent Energy Cost PS 46,9 47.8 740 634 GBS 921 90.4 100.3 139.4 1345 151.3 209.3
i © 28, Net Vermont Yankee Cost 18.0 26.6 2.6 23.8 32.6 22.6 33.0 35.2 6.4 30.83 29.7 .G
S 24, Vernont Yankee Cust S/HHH 42.7 48.8 48,2 39.6 66.! 65.6 81,2 88,8 87.8 107.6 117.2 1{13.0
' 25. Replacenent Cost $/MRH ' 2.1 3.1 4.7 455 46.8 540 617 BB.O 79.4 B4 100.0 116.4

26. Cunnulative Present Value of Net Cost 16.3 28,0 47.4 63.4 83.2 95.6. 112.0 127.8 134,53 1{43.8 {55.6 132.5

‘!
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TABLE 2.1.B: VERMONT YAUKEE COST

PROJECTIONS V8. REFLACEMCHT CCETS (8 MILLIGH

26, Cunmnulative Present Value of Net Cost

136.8 164.5

NPY
(¢ Million) BASIS 2001 2002 2003 2004 2003 2006 2007 {0.57
Post-1988 Additions
1. Capital Additions yTY 24,5 26,0 2.6 29.3 3.1 3.0 3§.0
2, Average Gross Plant 216.4 241.7 268.3 236.9 227,01 39,0 29a.1
3. Book Depreciation 19.8 24,0 29,3 36,4 463 62.5 9E.T 914
4, Accumuiated Book Depreciation 97.8 121.8 I3l.l 187.6 234.1 296.6 293.!
3. Net-Plant (as of July) 118,56 119.9 17.3 109.3 93,0 2.5 0.0
f. Tax Depreciation 37 4.8 60 17.3 188 19.9 2.3
7. Accumulated Tax Depreciation 92.4 108.2 124,2 141.3 160,01 180.0 201.3
8. Deferred Taxes -3 -46 -9 -13.7 -25.2 -89.7 -€5.2
9. Rate Base 120.1 24,5 126.5 125.0 118.2 102.2 6§.2
* 10, Return on Rate Base 12.9 13,4 136 13.4 12,7 U0 7.0 H.3
11, Incone Taxes 48 47 48 47 44 38 2.5 19.0
12, Property Taxes 24 24 23 22 LY L3 0.0 9.8
13, Capital Add1t‘ons Cost Recovary 39.6 44,4 50.0 6.8 5.5 T7B.6 106.0 1747
. 14, Vernont Use Tax ooom o620 02 02 620 0.2 0.2 0.2 L6
+ino 15, 044 Expenses CoSTRTONTY 1319 144,2 157.5 171.9 187.4 204,01 222.1 6861
7+ 16, Overheads . . - o0 T oUo 30000 32,9 359 39,2 47 466 50.7 196.5-
17, Total Non-fuel cost Lot F 01,7 221,7 245.7 26B.1 295.9 329.5 379.0 1018.9
18, Capacity Factor ' VIY - 887 &BY  79% 681  &BT 791 687
- 19, Fuel seoaa 0 0386 34,3 40.6 36.1  36.9 43,7 39.3 2342
- 20, Total Veraont Yankee Cost I 235.3 236.1 284.3 304.2 332.7 373.2 418.3 12533.1
- 21, Replacement Capacity Cost = 19.8 20,9 22.1 23.4 24,8 26.2 27.7 1153
" . 22. Replacement Emergy Cost ~ “: ODPS  202.9 203.8 274.9 254.9 261.4 233.8 208.4 947.8
23, Net Veraont Yankee Cost : i.e 3.4 -12.7 25.8 465 13,2 B2
R Vernont Yankee Cost $/HNH el 151.3 145.6 179.2 196.6 191.1 247.1
25, Replacenent Cost SINRH 32.8 152.1 164.0 169.1 184.3 198.6
{61.7 166.9 1{73.4 177.6 189.9

page 2



TABLE 2.1.C: VERMONT YANKEE COST PROJECTIONS VS, REPLACENENT COSTS (s WILLION) . page !

($ Hillian) BASIS 1989 1990 199t 1992 1993 1%¥

1993 (9% 1997 1998 1999 2000
Post-1988 Additions
1. Capital Additiens VIY 1.1 12,7 133 144 5.2 162 172 182 193 20,5 2L.8 25
2. Average Gross Plant 6.0 18,4 316 453 0.3 760 92,7 0.4 129.1 149.1 170.2 192.6
3. Book Depreciation 6.3 L0 L8 27 3.6 48 60 75 %2 1.2 156 164
4. Accumulated Book Depreciation 6.3 L2 %! &8 9.4 142 20,2 277 3K.9 481 6L T8l
3. Net-Plant (as of July) 57 7.1 8.5 39.8 50,9 619 723 BL7 9.2 100.9 108.3 114.5
6. Tax Depreciation 0.6 L8 29 40 51 62 7.2 823 %3 104 1.4 123
7. Accunulated Tax Depreciation 0.6 2.4 53 93 14,4 206 27.8 3.1 4.4 55T 672 797
8. Deferred Taxes 0.1 04 07 2 L7 22 2.6 28 2% 26 L9 0.8
: 9. Rate Base . 5.6 6.8 27.7 3.6 49,2 9.7 69.9 79.8 89.3 98.3 l06.8 14,0
" . 10. Return on Rate Base’ 0.6 L8 30 4! 53 64 73 8E 96 0.6 1.5 12.3
1. Income Taxes 0,2 0.6 L0 L4 L9 22 268 30 34 AT 40 43
- 12. Property Taxes 6.1 03 06 0.8 o0 L2 L4 L7 LB 2.0 .22 23
13 Capltal Addxtxons Cost Recovery .2 3.8 &4 90 LB 47 17.6 20.8 24.0 218 31 2. 35.2
Vernont Use Tax 0.2 2 062 6.2 0.2 0.2 0.2 0.2 0 2 0.2 0 2' 0.2
0L Expenses -~ . | 40,1 447 49.8 553 6L.4 67,9 75.0 82.8 9.1 100.1 109.9 120.5
Overheads .. . ... %2 10,2 1.4 126 140 153 7.1 18,9 20.8 2.8 25 213
17. Total Non-fuel cost 30.7 9S8.8 67.7 77.2 B7.4 98.3 {10.0 122.6 136.1 130.7 166.4 183.3
18. Capacity Factor N 4 4 8% 68X 79X 68T 6BX 79X 68X 681 791 687 &AL 79L
cooo 19 Fuel ool oAt censd 20,50 20,80 26040 23,9 2404 298 27,5 280 3.8 3L4 321 38
20, Total Vermont Yankee Cost S 72,3 82,6 %41 tot.1 111.8 128.1 137.5 130.6 (71.6 182.0 198.5 22.4
- 21. Replacement Capacity Cost HYDRUQ 7.1 42,1 549 BB.6 99.4 9%.4 99.4 114.7 114.6 1146 114.6 114.8
22. Replacenent Energy Cost - HYDRUQ 6.1 43.4 50.0 44,3 45.7 565 5§2.4 8.4 643 383 6l0 739
23. Net Ueruont Yankee Cost -35.0 -2.9 -10.9 -3L.9 -32.3 -27.8 -l4. 3 -17.3 -7.3 %1 ;2 8§ 32.8
24, vmont Yankee Cost iy 4T 488 482 59.6 661 N6 8L 2 .8 9.8 107.6 1172 113.0
25. Replacenent Cost S/HHH . © 833 30,3 837 7B.3 857 T79.8 89.7 99.1 9L.6 102.2 103.8  96.3

26. Cumpulative Present Value of Net Cost -31.6 =-34.0 -42.1 -63.4 -83.6 -98.9 -106.0 -113.9 ~{16.9 -113.3 7105.9 -96.0

.-
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TABLE 2.1.C: VERMONT YANKEZ S0ST PROJECT

10N5 YS, REPLACEMENT OOSTS (4

AILLIEN)

26, Cunmulative Present Value of Net Cost

-81.2 -83.6 -44.3 -21.8

3‘3 .

29.2

NRY
(§ Million) BASIS 20001 2002 2003 2004 2005 2006 2007 10.5)
Post-1988 Additions
i, Capital Additions VTY 4.3 2.0 27,6 293 3. 30 350
2. Average fiross Plant 216.4 241.7 26B.5 2%6.9 327.1 339.01 29a.1
3. Book Depreciation 19.8 24,0 293 36.4 465 625 96.5 9l.4
4. Accunulated Book Depreciation 97.8 121.8 13l.1 1B7.6 234.1 296.6 392.! '
5. Net-Plant (as of July) 118.6 119.9 {17.3 109.3 93.0 625 0.0
B, Tax Depreciation 3.7 1.8 {60 7.3 18.6 19.9 21.3
7. Accumulated Tax Depreciation 93.4 108.2 124,2 141.3 160.1 180.0 201.3
. Deferred Taxes -1.§ -4.6 -9 -15.7 -25.2 -3%.7 -43.2
9, Rate Base 120.1 124.5 126,53 125.0 11B.2 102.2 5.2
" 10, Return on Rate Base 12,9 13.4 3.6 134 2.7 L0 7.0 54.3
* 11, Income Taxes C4F 47 48 4T 44 38 245 190
12, Property Taxes 2.4 2.4 2,3 22 1.9 L3 0.0 9.8
‘ 13 Capx.al Addxtxons Lost Reuovery i 39.6 44,4 0.0 36.83 63.5 78.6 106.0 174.7
: 14. Vernont Use Tax W a2 02 02 02 0.2 02 o.2 1.8
. 13, 04 Expenses S VTY  181.9 144,2 157.5 171.9 187.4 204,01 222.! &6E6.1
16, Overheads ... - . : 30.1 32.9 3I}{9 .2 4.7 466 30.7 (36.3
17, Total Non-fuel cost 201.7 221.7 243.7 26B.1 295.9 329.3 379.0 1018.9
18, Capa;xty Factor S 1Y 687 6B% 791 68% 6BX  79% 6B
'” 19. Fuel - SO Lo v 3360 343 406 3601 36,9 437 39.3 2.2
© 20, Total Vernont Yankee Cost Ve 25,3 256.0 28443 30442 322.7 373.2 418.3 1253.1
21. Replacement Capacity Cost  HYDROG {14.3 114,35 114.2 114,53 (14,5 118.9 119.4 743.5
22, Replacement Energy Cost HYDROR 68.9% 70,1 84,9 77.4 BL.0 98.1 B9.3 448.9
’ 20. Net Vernont Yankee Cost 3.4 TL4 852 112.3 137, 3 156 2 209.7
- 24. Vernont Yankee Cost $/MUH - - 139.0 151.3 145.6 179.2 196.6 191.1 247.1
25, Replacenent Cost $/MHH 107.0 109.1 1019 113.0 115.5 111.1 123.3
0.7




K
?; TASLE 2.1.0s VERHONT YANKES COST PROJECTIONS vS, FEPLACCMEMT £0STS (¢ MILLION pags !
]
($ Hillion) BASIS (989 1990 1931 1992 1933 {9 (397 {396 (997 {998 {998 2000
Past-1988 Additions
f. Capital Additions - NAT 17,2 18,3 18,6 2.0 22,5 4.1 35,8 27,7 9.6 318 4.0 364
. 2, Average Gross Plant 8.6 26,3 45.5 63.6 87.4 110.7 135.7 {e2.3 19t.1 221.8 254.7 289.9
3. Book Depreciation 0.3 L4 2.8 3.8 O 63 8.9 LD 137 168 20,4 24,8
4, Accumulated Book Depreciation 0.3 19 44 835 135 0.5 20.3 0.4 S.I 70,9 9.3 162
3. Net-Plant (as of July) 8.1 24.4 40.9 37.4 73.9 90.2 106.3 122.0 137.0 150.9 163.4 173.8
6. Tax Depreciation 0,9 2.3 42 58 7.4 9.0 0.6 12,2 13.9 153 7.3 191
7. Accusulated Tax Depreciation 0.3 3.4 7.6 3.4 20,8 29.8 40.4 52,6 BE.4 82,0 99.3 118.2
8. Deferred Taxes ~0.0 0.3 LU L7 23 L2 3.8 41 42 38 2.7 07
9, Rate Base 8.0 23.9 9.8 55.6 7.4 67.1 102.6 117.9 132.8 147.! (RO.7 173.0
0. Refurn on Rate Base 0,9 2.6 43 60 7.7 %4 .0 127 4.2 158 7.3 . 18.6
. 11, Income Taxes 0.3 09 L3 21 27 32 39 44 50 55 6.0 6.3
12, Property Tages 6,2 03 ‘0.8 L& L3 L8 21 24 2.7 30 3T 33
13, Capital Additions Cost Recovery 1.8 54 9! 13,0 7.1 24,4 259 30.6 5.7 41.2 47.0 G3.4
seoo 140 Vermomt Use Tax - 0 . 6.2 02 02 02 02 0.2 02702 02 02 0.2 0.2
77 15, OLM Expenses - T NAT 50,2 59,3 9.1 79.9 91.8 104.7 11B.8 134.2 {51.0 169.3 1B9.1 210.7
- 16, Qverheads . RN 1.5 13.5 15.8 182 20,9 23.9 27.1 30.6 34.4 -38.6 43.1 48.1
17, Total Non-fuel cost S 63,7 78.4 942 1.4 130.0 130.2 172.0 195.7 221.4 249.2 279.3 312.4
18, Capacity Factor NAT 6% 561 67% 36% 86X 67%  S&L 36 671  §A%  36 7%
19, Fuel - 18.8 20,7 23.5 20.8 2.3 263 23.9 243 35 27.3 28B.0 33.8
- 20, Total Vermont Yanksee Cost B 82,4 99.0 {17.7 132,3 151.3 (76.6 195.9 220.1 282.9 276.6 3207.3 346.3
21, Replacement Capacity Cost HYDROZ 711 42,1 54.9 BB.6 99.4 99.4 99.4 114.7 114.6 114.6 114.6 '114.6
2. Replacement Energy Cost HYDROG 29,7 25.7 42.4 36,5 37.6 47.9 43.2 44,0 54,4 48.0 50.2 626
23. Net Vermont Yankee Cost -18,4 20,3 20,4 7.0 4.3 2.4 33.4 6l.4 83.9 1140 142,56 163.0
-.= 24, Vergont Yankee Cost $/MWH §9.2 7.1 7.2 94,7 108.6 106.8 140.6 (57.6 152.9 198.3 220.7 208.8
" 23, Replacement Cost $/MWH 72.4 53.9 58.8 89.6 98.3 89.0 102.3 {13.6 102.2 1167 1{18B.3 10k.9

‘26. Cumnulative Present Value qf Net Cost -16.6 0.8 15.9 .20.7 29.4. $€.3 721 9.7 133.8 175.8 223.4 274.4

\




TAELZ 2,10 VERMONT YARKEZ CCST PROJESTIONS VE,

ACDY Ly Aap=n
RERLACZHENT 00873

(e HILLIDN

_ 26, Cunnulative Present Value of Net Cost 331,3

43,7 §22.0

ey
($ Hillion) BASIS 2091 2002 2003 2004 2005 2006 2007 10.5%
Post-1988 Additions
1. Capital Additions NAT 39.0 41.8 44,8 48,0 G54 551 539.0
2. Average Gross Plant 327.7 364.01 411.4 487.84 S507.3 3S60.7 EL7.7
3. Book Depreciation ©30.2 37.0 456 §7.2 738 100.4 137.4 t41.4
4. Accunulated Book Depreciation 146.4 183.3 228.9 28,2 339.9 460.3 617.7
5. Net-Plant (as of July) 181.3 184.8 1B2.5 (71,6 147.3 100.4 0.0
6. Tax Depreciation 20,9 22,9 2409 7.0 9.8 U.T 33
7. Accunulated Tax Depreciation 129.3 fRZ.1 187.1 214.1 243,35 273.2 309.4
8. Deferred Taxes ~=-2.4  -1,2 -14.2 -24.5 -39.6 -62.9 -104.8
9, Rate Base - 183.7 192.0 196.7 196.1 1B7.1 163.3 104.8
10. Return on Rate Base 19.8 20,7 2.2 211 . 20,1 7.6 11,3 BL.9
11, Incone Taxes 69 7.2 74 T4 1.0 &1 39 28
12, Property Taxes ' 36 &7 L& 14 A0 20 0.0 148
13. Capital Additions Cost Recovery 80.5 6&8.3 77.8 89.1 103.9 126.1 172.6 26E.4
% 14. Yermont Use Tax , : L 02 0.2 620 0.2 0.2 0.2 0.2 L&
15, 0%M Expenses B NAT - 234.2 239.7 287.3 317.3 349,7 384,39 422.9 1129.9
16, QOverheads ~ =~ - 134 392 &8 T4 79.8 87.8 96.3 2577
17. Total Non-fuel cost o /348.3 3B7.6 420.% 479.0 533.6 999.0 692.2 1635.8
18. Capacity Factor . NAT 564 96% 67X 56X 36%  &7%  3RZ
w19, Fuel Co : 29,3 0299 3k 3t 322 38,9 3.3 2055 -
© 20, Total Vermont Yankee Cost e 377.6 417.6 467.0 S10.4 565.8 637.9 726.5 1B6L.Y %
21, Replacement Capacity Cost HYDROR 114.3 114.5 114.2 1145 114,5 118.9 119.4 743.5
22, Replacement Energy Cost HYDROZ S3.1 §7.7 7.9 3.7 GR.T B30 73.3 3731
23, Net Vermont Yankee Cost’ 208.3 245.2 280,9 332.3 3B4.6 435.9 3533.
24. Veraont Yankee Cost $/MWH 211.0 299.7 282.4 363.3 406.1 289.7 3521.4
25. Replacement Cast $/MHH 121,5 123.6 112,53 127.5 130.0 122.1 138.4
391.9 392,.4 664.7 T44.7




1 - - o Ay g - I
| TABLE 2.1.%: VERNONT YAMKEZ CCST FRODUCTIONS V8. RerlaACTHET CO573 (8 ilLIly) pags |

(¢ ¥illion) BASIZ 1299 1990 {991 1992 998 (%94 (29T (995 1997 q9e9g {999 2400
Post-1938 Additions
1, Capital Additions Ty 121 12,7 135 404 152 162 172 182 1903 20,5 2.8 22,
2. Average Gross Plant 8.0 18,4 26 45,5 0.3 TE.0 92,7 1104 12901 f49.1 170.2 192.%
ik 3. Book Depreciation 0.3 Lo 13 27 & 43 60 7.3 92 {12 (2.8 6.4
j 4. Accumulated Book fegreciation 0.3 L3 3! &8 9.4 2 20,2 27.7 39 480 6LT 78,
I 5. Net-Plant (as of July) 57 17,4 8.5 3.3 30,9 6.3 725 827 9.2 100,9 108.3 114,35
I 6, Tax Depreciation 0.6 8 23 40 &1 62 T2 &3 9.2 (0.4 114 2.3
7 7. Accumulated Tax Depreciation 0.6 2,4 53 %3 4.4 206 27.8 36! 454 85T E7.2 79.7
| 8. Deferred Taxss J0r o 0d 07 L2 7 22 26 28 29 46 L9 0.6
1 9. Rate Base 5.6 16,8 27,7 3.6 49,2 597 69.9 79.8 BR.3 98.2 106.5 114.0
<i . 10, Return on Rate Base 0,6 t8 30 41 33 &4 7.3 BE %6 106 11,5 123
{ 11, Income Taxes 0.2 0.6 L0 L4 L3 2.2 26 30 4 AT 40 4.3
: 12, Property Taxes 01 03 06 0.8 L0 L2 L4 L7 LB 20 2.2 . 23
13. Capital Additions Cost Recovery {2 3.8 64 9.0 1.8 147 (7.6 20.8 24.0 22,3 3.2 352
o .- 14, Vermont Use Tax ... - . 62 0.2 02 62 0.2 02 02 62 0.2 02 02 02 -
ST 15, 0 Expenses ' - oo VTY 401 447 498 553 6l.4 679 750 828 9f.1 100, 109.9 120.5 17
16, Overheads = o 9.2 10.2 4 12,6 140 155 (7.0 16,9 20.8 2.8 25¢ 27.5 ¢
17, Total Non-fuel cost 50.7 358.8 67.7 77.2 87.4 98.3 110.0 122.6 136,01 150.7 166.4 183.3 -
18, Capacity Factor : VIY - 68% 687 791 6B% BBZ 73% 6BX BBR 79T 6Bh 682 TN
13, Fuel ‘ : o228 2.8 64 229 244 9.8 27,5 280 355 34 31
- 20, Total Veraont Yankee Cost oo-o- 72,3 82,6 940 0Ll 1118 128.1 137.3 150.6 171.6 182.0 198.3
" 21, Replacement Capacity Cost . N 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 700 -00 00 7
- 22, Replacement Energy Cost C4lM 53,9 sS8.8 7.8 66.0 A9.6 84,9 77.8 826 100.3 92!l 97.4
- 23, Net Verzont Yankee Cost : 16.4 23.8 223 352 42.2 430 9.6 6B.1 T7L1 849 10L.0
24, VYersont Yankee Cost $/MWH 42,7 43.8 48,2 5%.6 66.1 5.6 81.2 88.8 47.8 107.6 7.2 {13.0 .-
" 25, Replacement Cost $/MWH 3.0 34,7 3.7 3.9 4.0 435 460 48.6 5.4 544 56 BO9 T

26. Cummulative Present Value of Net Cost 14.8 34,3 50.9 74,3 100.1 123.8 (53.4 1B4.1 212.0 246.2 279.9 310.7

’ 4
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TASLE T.1.E: VERMONT VYANKEZ £OST

ARARI ATy AL
FROGUCTIONS 3. [, [¥ubi-1EN)

S ATo aaTuEMT o7

CE3TE ¢ wILLIOw

26. Cummulative Pregent Value of Net Cost

345.2 280.0 412.1

i

NPY
(3 Miilion) SAEIS 2601 2002 2003 2004 2005 2006 2007 10.E
Post-1938 Additions
1. Capital Additions TY 24,5 26,0 2.6 29.3 2L 3O 350
2. Average fross Plant 206.4 241.7 268.3 296,39 327.1 3590 393,
3. Book Depreciation 9.8 24,0 2.3 3.4 46,5 625 963 9.4
4. Accunulated Book Depreciation 97.8 121.8 ISl.1 1B7.6 2234.1 295.56 393.1
3. Net-Plant (as of July) 118.6 119.9 117.3 109.3 93.0 62.3 0.0
. Tax Depreciation 13.7 148 6.0 17.2 8.8 19.9 2.3
7. Accumulated Tax Depraciation 93.4 108.2 1242 41,3 180.1 180.0 201.3
8. Deferred Taxes _~h3 =46 - -l6T <252 -39.7 -63.2
9, Rate Base 120.1 124,53 1265 125.0 11B.2 102.2 3.2
10. Return on Rate Base 12,9 3.4 136 3.4 12,7 10 7.0 3.3
- 11, Income Taxes 43 47 48 47 44 38 2.3 19.0
12, Property Taxes 2.4, 2.4 23 22 19 L3 090 .
13. Capital Additions Cost Recovery 39.8 44,4 50.0 3563 B33 T7B.6 106.0 174.7
© . 14, Vernont Use Tax FU 0.2 0.2 02 02 0.2 0.2 0.2 1.6
‘i 18, OMM Expenses .o . T o0 VY 1319 1442 157.5 171.9 1687.4 2041 222.1 GE6.1
- 16, Overheads L . 2.9 39 39.2 42,7 466 30.7 136.F .o
17, Total Non-fuel cost ©201.7 2217 243,7 268.! 295.9 329.5 379.0 1018.9 . ¢
. 18, Capacity Factor VIY - &8% 682 791 68X 6B% 79  6B% I
TO19, Fuel ‘ 0336 3.3 406 381 36.9 437 39.3 34,
-+ 20, Total Vermont Yankee Cost o 235.3 236.1 284.3 304.2 332.7 373.2 418.3 1253
- 21, Replacement Capacity Cost -~ NA 0.0 0.0 . 0.0 00 0.0 0.0
- 22, Replacement Emergy Cost -~ CilM 109.0 115.3 140.7 129.3 136.4 166.5 132.6 93,
23, Nat Veraont Yankee Cost ‘ 126.3 140.8 143.6 174.8 196.3 206.7 263.7
24, Vermont Yankee Cost $/MWH 129.0 191.3 145.6 179.2 196.6 19{.1 247.01
23. Replacement Cost $/MWH 64.4 8.1 72.0 762 B0.6 852 90.2
447.3 483.4 517.7 357.6

2
2L e
0.0 0.0 - o
5.6

page 2




:BLE 2.2; RETURN &0 TAXES

1 of capital

weighted Income
return  average . Taxes
f21 {3 41

[1]
.ang-tern debt 46. 421
referred stock §.827
:2pmen stock 44,782
‘otal 100.00%

9,23 4.287 -
7.48%0  0.65% 334
13.00%  5.B2%  3.28%

- {0.78% 3.7

7i1 From 1983 FERC Form 1, p. 218, excluding shori-term dedt.
.21 1hid, except common return is updated.

310112l

41 [31%C(1/(1-36. 711)5 -1 Tax Rate = 1-(1-, J41x(1-. 0410,




"ij_"ruel (71

e e e s

Capital Additions [!]
ouM (21

Capacity Factor [3]

Replacement Capacity [4]

© Replacenent Energy [51

Hours in Year

W T A2 A 38.5 9.3 470 554 9.
3

hER T
PETE I

i

BASIS 1989 1990 1391 1992 (993 199 (995 (995 {997 (998 1999 009

VIY 120 17 135 144 152 162 17,2 18,2 193 20,5 2.3 2%
NAT 17,2 18,3 19.6 2.0 22.3 2401 5.8 J 295 3.8 3.0 6.4

VTY 4001 8 33 el

44,7 & g
NAT 50,2 §3.3 69.0 79.9 9t.8 10 3

2.8 9L 100.f 109.9 120.5
4.2

15310 163.3 189.1 210.7

1Y 68% 68X 791 &8 6B% 791  EBA  6B% 791 6B  eB%  79%
NAT oR%  S5BX &7  SBA %64 67A 06X  5BX  &7%  SBX  3R% 67X
UM PR i AR I SR} SR AN I A3 VA I/ D 7 S VAN & SR 4 A1 ¥4

pPS 26,1 29.0 3.8 42.3 44.7 47.3 30,0 52.9 §5.9 59.2 B8 6.2

HYDRD ”51 5 149.0 194.3 31 b 35LY 1T 38Le 405.9 405.5 405.5 403.3 403.6 -

7.3
32,9

~3

9‘
4.

T

9.3 106.9
6.0 31.7

o ro
L3 o

(2]

HYDRD 2.3 . 25.6 25.6 2601 27.0 28.9 3LO

: ::“.Replacement W Conservation (61 By T KT WY ML I 486 SL4 544 SLE 609

T cu. I O Wb B2 K7 WL DI NI WS HI B 43

3780 B760 G760 8784 ‘8760 8780 8750 8784 8760 8760 8756 6734

. NOTES: no

{17 froa Table 3 11 3 Hxllxon

© [21 Fron Table 3.7, ¢ Hillion.

{3] Basis: Vermont Yankee - from Table 3.1,
National Data - from Table 3.3 ; ‘ o

. Vermont Yankes Co. ~ from Appendxx f 2, F—3, v DPS Technxcal Report 12. e

" [4] Froa Table 4.2 or 4.4 in $/KW, s e e e e

- [51 From Table 4,2 or 4,4 in $/MHH. N

{61 Hypothetical conservation progran' replacement pouer @ $°0/HHH in 1987 S,

inflated at DPS rates. '
(71 From Appendix F-2, F-3 VT IPS Technlcal Report 12, $ Hxllxon at VTY Cou

capacxty factor.
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TABLE 2.0: LOOT [WPUTS ‘ : daye &

[nput BASIS 2001 2002 2002 2004 2005 2006 2007
Capital Additions [1] vTY 24,5 260 276 293 3.1 230 35,0
NAT 29.0 418 44.8 0 54 30 59.0
0&M 2] VTY 1319 1442 157.5 171.9 187.4 204,01 222.¢
NAT  234.2 233.7 2B7.3 317.3 349.7 384.9 422.9
Capacity Factor (31 Ty 687  68% 794 684 687 791 6B

NAT se4  SBA 671 SBL  9ER 67R  SEK
e, mxooTie s mw TR 8l 77

Replacement Capacity [41 DPS \70.0 741 78,3 829 @87.8 927 9B.0
: HYDRO 404.2 405.2 404.1 404.9 405.1 420.6 422.2

Replacenent Energy [5] PS  120.5 1204 140.7 150.2 1545 170.5 182.2
| BYDRO 39.5 4.4 435 45.6 47.8 50.2 5.7

© Replacement W/ Conservation (61 &M 644 660 720 6.2 80.6 852 90.2

CRel T COWC BT A6 452 I 4 BT

PR Ay

e e Mt ettt i e . by Yimmt, T

Hours in Year ’ (760 G760 G760 678¢ G760 6760 8760




NEPCDL
Winter
Rating 0ER

Net Electrical Energy from 1/78 through 12/87 [11: 32,216,261 72,216,261

Hours [21: 87,84 87,648

Rated Capability (312 . . s s

Average Capaciby Factor [43: . . . ELEIL  TLSIL  Refueling Year [S1; . GR.IST

Non-refueling Year {31z 78.83%

: Notes. [1] Data ‘hrough l°82 from Nuclear Powver Plant Operat'ng ”xperxence,
i .7 December, 1979 through January, 1983. Data afier 1982 from Licensed .
i . Dperating Reactors, January, 1984 through Decenber, {987. . . . : .

{31 From NEPCOL CELT Report, 1986, vinter rating. -
= [4] Row [11 divided by Row [2], divided by Rovw {31
. [91 71,517 adjusted to reflect the difference betueen refusling and
. non-refusling years. Vermont Yankee has refueled 7 times during +he 10 years
it has been in commercial operation, -~ - -
5 H = non-refueling year capacity factor . -
-. 1053 = refueling year capacify factor
. .105 = the average of the refueling coefficients, Equatxons 3 and 4, Table 2.2,
L 71.51% = 3/10%4 + 7/10%(W - ,1052) :
C71.51T = W /105,105 -

B R = 78 SBZ e N R T
H = -1053 = SBIQSZ -. o . - - .

: [21 B760 hours per year; 8784 hours in 1980 and 1984, . . - ... . . R l:.nlf“‘ :;fjj';‘ﬁﬂ» T
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E NN L T P

A TR AP prancnor
; RESULTS OF REGRESSION

Equation |

Coef t-stat

Constant 7000 7.8 B0 B35 TR T2 - BLIIL 8.207
size 11] DTSR 228 LA L4 DR QAR 27412024
tes 121 LB LS LS LH. L7123 . L Ly
Refuel c31 S 40 LTI -GG 0.3 282 LIS A
GO0 L4 4B 02 . R LI A2 0GR G LS
Year Indfzaéors ES] L L :g}' LA .n
o eam 1.34 b3 107 -—- - - -
T 018, 201 s
B TR S g S VS SN —
ts82 -5.15'7.-1 o7 6301 -1.39 - = - -
9 20 L7 9120 — -
1984 -14.65% stk — =
95 LT LT 8.5 22
S AT 29 ¢ -ILIE LG .

Pt 8] - = —  RALI o005 G312
Ad;usted R-s8 0.118 0.133 0109 0.122
F-gtatistic | 4041 w7 B.578
Observations 73 (71 m 273 71 0

INS O HR CAPAC

Equation 2

Coef t-stat

Fquation 3

e i e o .

foof t-stat

Egquation 4

= o

Coef f-suat

Notes: [1] SIIE = Design Elecirical Rating (DER) in hundreds of MW,
{21 AGET = ninimua of AGE (years frow COD to middle of current year), or 5.
31 Refuel = number of refuelings in year (usually 0 or 1),
(41 GTL000 = &, if SIZZ > 1060, 0 othervise.
{51 Indicator = ! in this year, 0 othervise.
[E1 1920 or later,
[7] Excludes Browns Ferry 1973-75,



|
¢ TABLE 2.3: PROJECTEZ BYR CAPACITY FACTOR FOR VERMONT YANIEZ, BASZD ON NATIGNAL 0ATS
Equation 3 Equation 4 (3]
S==ISI2==m S=sz=xzcozo==al Ayerag e
Avg, Avg. of
4 Value of Post-T9 Post-79 - Equations
i _ Refuel Conds. Conds., J and 4
Fithout
Refueling (1] 0 66,674  ~ 86, 31% 66.79%
T kith : ‘ A
Refueling [11 1 36.76% -~ 35.76% - 36.26%
Mature Average . -
Calculated fron DEP ["J . 80.06% CE L . 39778
‘ Hature Average B K ‘ . . S : o
Calculated froa HIC: [4] NI .4 BER-T/R 7+ S
-.+ MNotess [11 Calculated for a 314 MH DER unit vith €00 in Noveaber, 1972, - .
Uo7t 121 Mature average reflects refueling in two out of three years, =~ SRR
4 -, [31 Equation 4 excludes the direct effects of the Brown's Ferry cable fxre. o
. [4] DER capacity factor multiplied by DER/MDE (S14/333).




TABLE Z.4: NON-FUZL Dayt PROJSCTICNG 3ASCT DN VERMONT YANKEDT TXPERIZICT (1,10

Actual 081 Actual Q%M Projection Vermont’s
Data for Data for From Verment’s GShare in
YT Yankee  Vt. Yankee Regrassion Share  Nopinal
Year (nominal % (41983) ($1983) (5:933)  Dollars
Resulis of Ragression on
Vt. Yankee O Data ‘ 4l 21 (21 {41
Constant (223, 110) 1973 4,957 10,094 3,016
C19M4 5,692 19,831 8,278
Year 3,262 _ 198 7,682 13,13t {1,540
) 1976 7,912 12,874 14,902
R Squared : 0.927 1977 9,773 15,030 18,064

1978 11,191 16,02 21,326
1979 14,208 18,722 24,588
1980 - 22,986 27,260 27,350

1981 26,795 29,499 3,112
1982 - 33,764 . 35,060 34,374
1983 46,312 46,312 . 37,63
1984 43,203 4,648 40,898
© 1985 - 46,416 43,353 44,160
© L1986 52,026 - 47,775 47,422

. 1987 . coT B0,684 L .
1988 . -7 o0 53,96 L 29,670 31,273 :
1989 . - . CROWUELOST0B - 31,464 34,769
1990 S 60,470 .- 33,259 38,88
199 ‘ © 63,732 - 35,053 43,128
1992 66,99 36,847 47,351
1993 : 70,256 <. 38,641 © 53,187
1994 S 72,518 40,435 . 58,868 DR
1995 B 76,780 42,229 65,027 .ol
1996 : 80,042 44,022 71,702 L
1997 ‘ 83,204 . 45,817 78,929
1398 . 86,366 47,611 86,733
1999 : 89,828 . 49,405 95,216
2000 .- oo 93,090 G, 51,200 104,367 kel
2001 T 96,352 v 52,994 114,257 0 T
2002 99,614 7 54,788 124,941
2003 . 102,878 56,382 136,478
2004 o . 106,138 -;: 58,376 148,930
2008 - . 109,400 & 60,170 162,364
2006 : 112,662 61,94 176,853
2007 115,924 §3,758 192,474

Notes: 1] From FERC Form 1 or eguivalent,
[21 0¥t projactions froa the regression equationm,
(21 Cofunn (2] Multiplisd by S5¥, to calculate Vernont Yankee Co.’s share.
[41 Soluan {37 adjusted for inflation using 3PS raies.
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TABLE 3.5' RESULTS OF FESRECSIONG D) 2EM DATA, ALL CDOVMESTIC LWR's, 1988-96

Equation | Equation 2 Egquation 3
[1] (1 (1

Coef t-giat Coef ft-stat Coef {-stat

CONSTANT .86 -TJ7 -L86 T -L% -6.52
1n M) 121 0.52 2211 - - - -
I(UNITS) - 0.08 175 0.61 15.68  0.68 17.77
TR 0 LS 0f LS 04 2.3
Wi — - 082 2,41 0.5 20.%
W o - o~ = - am ow
Adjusted R-sq. T T M 08
. Fstatistic -~ 17L5. 117iﬁ5¢¢* T

Notest [1] The dependent variable in each equation

is In(non-fuel O&M in 1983%)
[21 M4 = nuaber of MegaMatts in MGN.
[31 YEAR = Calendar Year - 1900; e.g., 1985 = 83,
[41 ME is a dummy variable which measures whether the plant is
lacated in the Northeast Region (defznﬂd as Handy Whitaan's

' wafo . North Atlantic Region).

NE =1 if located in Northeast Region, 0 xf e'seuhere.




TASLE 2.3: PROJECTED ANNUAL NON-TUEL 0%H ZYPEHSE FOR vr TAIKED (8 1, 000)
Year From Equation 33 (Table 3.5), Reqression on Natiomal Dala
. Cospound Real Growth Linear Real rowth
i
Yernont’s Vermont's
41933 Nominal Share $1982  Nominal Share
L {3 (21 (31 (41 (51 (51
& 1988 ,
L 1989 $68,033 471,83 §39,402 $68,053  $71,539 $39,402
1990 475,965 484,471 846,459 $75,863 - $84,471 $46, 459
C1991 C $684,373 499,600 454,780 $83,676 498,344 $54,199
Sl 1992 494,281 SUT7,440 864,392 491,488 $112,91 362,678
LJT T893 4105108 $138,47¢ 876,161 $99,299 $130,828 - 471,935
i 1994 $117,167 sus..,.7s $89,802 $107,111 $149,262 - 482,094
L. o lesm o s10,E16 192,321 8105886 $114,922 $169,339 $93, 164
ff L1996 145,609 227,003 $124,852 . $122,734 $191,240 . $105,237
Bl TT1997  $162,323 267,661 847,214 .- $130,545 $215,262 © $118,3%
L1998 $180,956  $315,602  $173,381 . $128,337 $241,206 $132,718
1999 ¢ $201,727  $372,129  $204,671 $146,169 $269,640 $148,302
- 2000 $224,883  $438,781  $241,330 - $152,980 $300,439 $165,242 i
2000 $250,696  $517,372  $284,554. . §151,792 $333,8% $183, 543
2002 $279,473  $610,038  $325,521 . $169,603 $370,213 $203,617
2003 $311,533  $719,202  $395,616 T $177,415 $409,809 - $225,289 w
- 2004 $347,315 $848,136  $466,475 $185,226 $452,319 $248,776
o 2005 4387,182 $1,000,045  $550,025 ~  $193,038 $498,395 $274,227 -
' 2006 $431,625 $1,179,163  $648,539 $200,850 $548,704 $301,787

12007 - $4B1,170 81,390,362  $764,699 $208,661 $602,33 . $331,813
Notes:[11 MW=363, NE = 1, Units = 1.
{21, [51 Escalated using DPS inflators.

[31, [6] Nominal value aultiplied by 33%, Vernont's share of Vermont Yankee.
~[4]1 Fron 1990, projections increase by difference betveen 1989 and 1390.

TR SR DU N
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TABLE 3.7: SUMMARY OF FRGJETED NON-FUEL O EIFZHSE FOR VTS SHIAS OF T YAWCEE (5 , O 00)

EnEN! (raisz FO7

Bazis: ¥t Yankee Mational ¥t Yankee Hational
(31983) (3$1383) (% Noninal) ($ Nominal)
Year [i] [2] {31 4]
1989 31,464 37,429 34,7589 33,402
1930 22,239 41,723 38,688 48, 439
1991 35,033 46,022 . 3,128 34,199
1922 36,347 29,31 47,931 62,678
1993 38,641 M,613 53,187 . 71,933
1994 - 40,435 ° . 3§91l 0 - 38,868 82,094
1995 - 42,229 83,207 - 85,027 93, 164
199 44,023 87,304 n,702 . 105,237
1997 = 45,817 - 71,800 . 18,929 18,3
> 1998 - 47,611 .. 76,096 - . - .:. BG,733 . 132,118
1999 49,403 . 80,393 Qf"f-.* TU95,216 0 - 148,302 :
LT 2000 . §1,200 - 84,689 R 104,387 - 163,242 h
2000 52,99 88,283 . . .. 114,257 183,643
2002 54,788 92,282 - - 14,94 203,617
. 2008 38,3582 97,3718 L 136,478 0 225,283
?,j?,ff~ 2004 .- 38,376 . 101,873 _?-.zf o 148,930 248,778
oo 2008 0 60,170 < 106,171 0 162,364 T 24,227
2006 - 61,964 . 110,467 ; 176,853 - 301,767

2007 63,798 144,766 192,474 331,615

Notes: [11 From Coluan {21, Table 3.4.
[21 Column [4], Table 3.6 % 551
{31 Fron Colusn (41, Table 3.4.
[4] Column [B1, Table 3.6. :

TR -
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TAELE 3.8: NET CAPITAL ADDITICNS EZYPERIENCE FOR VERMONT VANKEZ (3§ {,000)

Plant .
Cost Nominal 3% $1383 $/kv

Year (11 {21 (31

1972 172,042 - - -
1973 184,481 12,439 28,237 50.15
197¢ 189,158 677 1,348 2,39
1975 185,739 1:) S £,038  ~1.%4
1976 193,886 8,147 13,598 24,15
1977 196,331 . 2,445 . 3,801 . BIS .
1978 198,837 7 2,506 - . 3,670 - 6,52 T
| 1979 . 200,835 1,998 . 2,68 4.74
<1980 . A7,573 - 16,740 20,652  36.68
;1981 226,115 ... 6,540 ... 9,693 . 17.22
1982 . 231,880 - 5,763 0o 6,031 1071
1993 255,209 T 23,329 77 23,329 7 41,44
1984 ~ 259,856 T 4,647 - o 4,489 W 7,97 ode o o T Mo 0T
4 1985 % 272,188 -1 -12,329 - 11,565 - 205 . - . T o e
11986 326,070 .. 52,883 50,131 89.04 - - :

12,875 © 2.8 "

17,984 3.%4

Notes: [11 From FERC Fora 1, or equivalent. A vf;fT; LE ;?f.jki S o
[2] Deflated at Handy Whitman Index. R S T :
[31 Based on MGN Rating (583 MWD,

¢

T T TR T e e A e st T SRR LRl ettt b L R



NUCLEAR CAPITAL ADDITIONS, 1972-1288

..

TABLE 2.9

fverages by Year (in $/kw-yr)

Single units, Single units,

. - R T A T 0t
P RO S | i R N N

( § of obs.) -

1973~1585 Average: 27.87

( § of obs.) 314

1980~1986 Average: 3183 - i 48.82 28,33
iy a2 ST 90 91

( ¥ of obs.)

BT R

vl L L

All Plants 300-800 KW > 800 M4
1972 5.81 1.92 -
1972 10.87 8.18 8.9
1974 11.07 8.54 26.82
1975 8.72 3.18 19.76
1976 15.49 19.59 5,89
1977 19.90 32.96 12.76
i 1978 17.77 19.10 25.94
1] S 14,83 20,39 © 16,76
- 1980 ©20.73 37.53 27.97
1981 5303 42,48 34,08
.. 1982 Lo 2009 LS 4504
- 1983 L 30,45 58.38 .-
- 1984 T 42,08 7 84,91 -
© 1985 25,41 25.49 7
1986 34,84 '
Overall Average:  22.37
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Regrassion Equation'for Capital Additions per Unit

- ADDITIONG 7O
NET CAPITAL ADDITTONG 7O YERMO

LY Folose]

NT YANKEZ, 3AGED C

ICHAL 2ATA

Constant -31498 ! 1180 11,022
H 1181 12,998
In(H4 per unit) 6630 ' If82 11,411
H " 183 12,891
In{Units) -10272 i 1184 21,778
e S H 1183 11,938
H 1186 17,354

i . :
i Avg. 1980-88 14,371

B Real CoszProjéEtiohé.(1985 g);"i Uﬁit. A

55a HH (HEN Ratxng), 1980’5 Cond1t10ns. 84,992
v $13, 74

Veraont’s Sha'e'

[1] 1983 Calculation escalated by Handy-Whitaan inflator through 1987,
- and with DPS escalators plus 1.33% (the historical difference hetween
inplicit GNP deflator and H-H deflators, 1970 1987) thereafter.

{21 537 of Colunn il

$107,221

Nowuinal
Capiial Vernont's
Year Addifions Share
[11 [2]
1989 $31,238 $17,181
1930 33,306 318,318
{99¢ 433,677 $19,622
1992 5”3,2. o 421,00
1993 $40,939 v 422,318
1994 $43,832 $24,119
1993 $46,378 $28,83
1998 $30,320 . - 827,678
- 1997 53,303 o - 829,647
1998 $97,741 7 - 431,758
1999 - $61,832 - - $34,019
2000 " $56,235 $35, 441
2001 $70,974 $39,033
2002 $76,027 $41,813 . -
2003 $81,440 T2 o
2004 387,;. 447,981
2005 $92,430 $51,397
2006 $100,104 422,087
2007 . $38,977



"'.I

TABLE 3.1ir SUMMARY OF

3" - -

Basis: Verasont Natienal
Year Noainal § Neminal §
[11 [21
Capital Additions in $1983: . $9.89 $13.73
1989 $12,07 $17.18
S . . 1990 : $12.79 . $18.22
J S 5 ) © 413,53 $19.82
- 1992 _ $14.3 $21.02

1993 . 51524 22.5
S 1934 .. 8167 - 82402

L1995 UL STe G s et
Sgess T sta Y sres o
1997 © S92 82069

1998 v $20.51 ¢ $3LT6
1999 T osnTe 802
L2008 $36.44

2003 $27.60 - $44.79

2004 $29.28 $47.98
2005 . oo $3L0B e 83140
2006 - $32.98 - $35.06

2007 . $35.00 ¢ 43R

Notes: [11 Fron Table 3.8: $31 947k 3. 55!463 HH/IOOO, escalated by the Handy-Hhitaan
inflatar through 19687, - = and with DPS 1nflators plus 1,35% {the average difference

betueen the inplicit GNP deflator and H-H deflators, 1970-1987) thereafter. 310

WN = 35 ¥ 353 (Vermont HGN rating). o
{21 From Table 3.10. Projection hased on regrns=xon of nat1onal data.

PROJEETID CAPITAL ADDITIONG Z0STS, VTG SHARE CF VT YAMKEE (3 i,GOO,GGLf)

2000 - L T S
2000 I $24.50 e $39.04 st iDLt o
2002 $26.00 . %4181 0 T
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TABLE 3.12: AMALYSIS OF OVERHEAD ZIPSNSE FOR VERMONT VAMCED (5 £,000)
fe8t 1982 193 (8 (95 (98

I, Tatal Ol $52,97 $72,200 $73,140 $73,673 $77,45¢ $80,084

2. Other OUY 4038 6,812 8080 9,02 10,267 12,52

3. Employment Taxes:  Est 411 478 583

FICA | N T - BA

Fed. Uneap. T . : 16 43 20

State Unemp, ’ - : 44 48 32

4, Total Other 449 T20 86 9,700 11,084 13,504

S Station ¥ 48,929 {55,485 65,060 64,852 67,187 57,4'91”‘.;: S

GoFusl C .22','13‘4 3i,725 U870 28,449 2:0,7.71. 15,455

7, Non-fusl Station WM 26,795 33,766 46,310 43,208 46,416 2,08

Non~-fuel Station 0%

Source:

Vermont Yankee FERC Foras, 1984-86, and Financial Statistics 1981-83,

Notes: '
[11: p. 323, line 168,

[21: {13-151 ' ;

[31: p. 238. If not available, 7% of salary and vages.
41 (214031 .- - .. PR

[31: pe 402, line 34, (should equal p. 320, line 40)
(61: p. 220, line 24, or p. 402, line 2f,

[71: [31-18]

(81: L4/171

o e T T Averageé:
B. Other as a I of - 16,607 21,397 18.711 22.451 23.88%7  25.96% 1351'95! 21,533

1984-86< 24, 10%



TABLE 4,1s DEFICIENT CAPACITY RESULTING FROM CLOSURE OF VT YANKEZ

| Vermont Exicting &

i Existing ¥ Vermont Committed Verzont
i winter  Comeitted Yankes fapacity Peak Required Required

¢ Starting: Capacity Entitlement Net VT Yankee Load Regerves Capacity Daficiency
4 {11 £zl (21 (41 {31 i N
i 1988 1266.6 286 980.6 6 14,27 {068.9 88.3
R 1989 1262.8 286 976.8 342 12,20 1036, 9 80.1

] 1930 1265.8 286 973.8 950 12.2% 1063.9 g6.1
f 1991 1273.3 288 . 9873 - 989 12.22 1076.0 88.7
‘ {992 - 1280.7 286 994.7 968 12.2% 1086, ! 9.4

; 1993 . 1288.2 . 286 1002.2 - 978 12,22 1097.3 1Y
i 1994 . 1295.6 - 286 T 1009.8 T - %87 L (22 {107.4 . 97.8
g 1995 - 1295.6 . 286 : 1008.6 - = - 993 ‘ 12.2% - 1ed 10¢.8
| 1996 1295.6 288 ‘ 1009.56 . 1004 12.2% 1126.5 116.9
,j 1997 . 1289.3 - 288 - 10038 . 103 12,21 ) 1.6 133.1
. 1998 - 1212.5 = 286 . - . 926,58 - o -0 022 a2 1146.7 o202
J < 1999 - 1212,5 57 286 - L. 926.5 ) LD U7 S 1% S 1578 R 1 0F S
- 2000 1212, .. 286 - 9265 L 104 ; 12.2% - 1168.0 - 2415 i..

.ﬁ 2001 1212.5 ..~ 286 926.5 ° © L 1050 ' 12.21 {171 23t
i 2002 1212.§ 288 26,5 10680 . 1.0 . 1189.3 o262,

i 2003 1212,5 . 288 ' 926.3 - . 1089 - . 12.21 118,429 .
AL 2004 - 12125 (5286 - il 9265 0 Lol 10780 L 1022 12099 . . 2830 v
.0 2003 0 1212.5 - 286 9265 - 0 w18 1.2 1220.7 - . - 2942
i " 2006 1212.3 - 286 T 926.5 © 1098 , 12.22 1232.0 " 305.5

. Nobes: . P : T
1oy, 2, un DPS ﬁ.hng, PSB Tocket sm REIEE

(31 f11-f21 - e DS
[53: From NEPBOL presentatxon to Neu England Eovernors' A
Conference, 7/24/86. Reduced by 7.2% to reflact o : .

historical dxfference betveen Vermont and NEPOOL requzred
reserves, -’ . -~
[61: [41x(1+3D) .
{71 63-(31

P e Ll LD




A

Capacity
Costs

Year  ($/KW)

$26.12
$28,02
$36.76

$42.2

$44.70
$47.28
$30.01
52.89
$35.93
$99.07
$62.39
$66.20

. $70.02
§74,06
2003 $78.33
2004 ¢82.85
2003 $687.63

ST 2006 . $92.59
T2007  $98.04

TADY T 4 « anpTeRYe
P O0e ok ;ECutviL

§ SHALL 7O

Energy
Cosis
$/MWH

$27.71
$28.23
$36.41
38,51
$39.31
547,14
$52.29
$59.22
$71.34
$79.47
$89.50
$106.85
$120.47
$120.29
$140.74
$150. 19
$154.45
$170.88
$182.20

et te ol st 17 alage) g—..\rcucqf sreTa
-

3 re ey
WEn FrLLUuor RorLALaieil wedd s

Source: Energy Costs from VOPS Filing, Docket #3177,

“ . at generation level. Capacity costs from Table 4.3,
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Table <33 LEVELIZING JAPACITY £OETS IM REAL TERMS

1 $1 3,777 689,11 real fost at
escalabed lovel escalation levelized  DPS Yirs . voPS Assumed  Beneration
g 3.77% v/ PV of at Peaker cost inflation New  Purchase Peaker cost  Level
Year $1 level 3.77%  $lkw-year Year index GT  Price  $/kv-year  $/kw-year
{11 (21 {31 (41 {31 {81 {71 {81 [91 {101

1989 M4.77 84204 830,50  $30.60  $25.12

1990 120,82 444,26 $34.00 434,00 $29.02

1991 127,79 $46.81  $43.07  $43.07  $35.76

1992 12517 $49.51  $54.40 #4951 226 o .
1993 142,96 852,37 869.13 45237 8440 . el

to Lt 06216 85539 48941 1994 ISL21 85539 NA 0 $55.39 4708 . Looe
21,0577 1 0.6374 5858 $69.01 (995 159,94 45358  MA $58.58 ss0.01 . . .
3187 0.6954 6196 $89.01 1996 169.17 46196 NA $61.96 452,89
4 1833 1 0.7353  $65.5¢  $8%.11 1997 178,93 $ES.34 . NA . . $65.54 45504 ©
-5 L6 1 07779 . $69.32 © $89.01 1998 1B9.25  $69.32 ¢ NA ... $63.32 $59.17
6 13238 -1 0.8228  $73.32  $89.11 1999 200,17 $72.32  NA .o 47332 ¢33
7 14002 1 0.8703 47755 $89.11 2000 211,72 $77.55 . NA $TN.55  $66.20
B 14803 10,9205  $82.03 - $89.01 2000 222.94 46203 NA - $82.03 $70.02 .
9 L5664 1 0.9736  $86.76 . $89.01 2002 236,96 $86.76  NA .. $86.76  $74.06
C10 1.6SEB 11,0298 $9L76  $89.11 . 2003 250.53 $9L.76 - NA YU 89176 $78.33
1117524 71 1,0892  C $97.06  $89.11 2004 264.98 $97.06 . NA o 5 497,06 482,85
12 1.BS3S 1 11520 $102.66  $89.11 2005 280.27 $102.56  NA <. $102.66 $87.83 -
13 1,904 ~ 1 1.2185  $108.58  $89.11 2006 296.44 $108.53  NA  $108.58 $92.59
4 20735 1 12888 $114.85  $63.01 2007 3255 $114.85  NA .- $114.85  $98.03
15 21932 1 13632 $120.47 . sed.1t o T
15 23197 1 L4418 $128.48 8911
17 24536 1 15250  $135.90  $89.11
18 25952 1 L.BI30  s143.74 891t
19 27449 1 L7061 $152.03  $89.1t
20 2,933 1 1.8046 . $160.80  $89.11
21 3.0708 1 . 13087  $170.08  $89.11 , . T
2 3.2480 . 1 20188 $179.90 | sg%.11 B TR
23 24354 1 0 21353 $190.28 %8911 S A
24 3632 1 22585 $201.25  s@9.11 : '
25 38433 12,0888 $212.87  $g3.1f

PV 25 yrs 14,0598 8.7330 B0 STIRTI  $T7ATR

PV to 2007 $536.20  $638.93
(in 1393% @ 10.50)

Notes:

[11: Inflation rate from DPS filing, PSB S177. Also used in GMP Vermont Yankee Study, 10/8/87.
[31: [11/PVI21/PYILD

[43: (31 ¥ 284,11

{31, (81, (81: 0PS filing, PS2 5177, Cosis are at prinary level,

(71: column (41 deflated by coluan (81,

[31: minipun of purchass price ({31} and new Peaker cost (041 or [7D).

[101: [93/0,iT4S, to renove primary-lcad losses assumad by [PS,



Tagle 4,

Year
1989
1990
1994
1992
1993
1994
1993

. 19%6
- 1997
1998
1999

. 2000
2001

~ 2002
. 2003
2004
2005
2008
2007

Source: Winooski H}dro#iectrit, Schedule B assumed for 1989
Assumes DPS inflation, lesszs only for HE line ang converter.

., DONTCATIN yynna ALSDER DED! AAEYCUT ARpTe
4y PREJECTZD YVIRQ QUEZEC REPLACEMENT 00873

Capacity
-~ Cost
($/KW)
$251.38
$149.02
$194.32
$313.35
$351.31
$231.48
351,58
$403,85
$403,52
$403. 50
$4035, 51
$405.33
$404. 16
$403, 13
$404. 11
$404.88
$403.10
$420.62
$422,21

Energy
Costs
($/44)
$21.33
$25.62
$23.62
26.12
$27.01
§28.93
30.98
$31.47
$32.90
$34.43
38.04
$37.74

$39.33 -

$41.43
$43.43
$43.38
$47.84
$50.22

$32.74




‘ ' '~ APPENDIX 1:

"Depreciating Nuclear Power Plants"
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DEPRECIATING NUCLEAR POWER PLANTS

: Michael B. Meyer
Director of Utility Rate and Energy Analysis
Analysis and Inference, Inc.

10 Post Office Square, Suite 970
Boston, Mass. 02109
617-542-0611

I. Introduction and Statement of the Problem

Most U.S. electric utilities with operating nuclear
power plants are currently under-recovering in their rates .
for nuclear decommissioning expense and for nuclear plant
depreciation. This results from two separate, buf inter-
active, mis-estimates. First, most owner/operators use
optimistic estimates of total decommissioning expense (i.e.,
of net negative salvage value), which causes decommissioning
expense provisions in depreciation expenses, and thus total
depreciation accruals, to be too low. Second, most owner/
operators use optimistic estimates of total (and remaining)
useful service lives, which causes depreciation rates, ex-
and total accruals to be two low. These two prac-
tices in turm cause electric utilities with nuclear power
plazts to have current rates, gross ravenues, net incone,
and intermally-generated cash flows that are lower than they

would be otherwise.

penses,

Electriec utilities have tended to use decommissioning
expense estimates of roughly $75 M - $150 M (in 1986 §), or
about $75 to $150 per KW (ia 1986 $) for a 1000 MW unit.
These traditional estimates have been based upon early eng-
ineering cost estimate studies. Similarly, electric util-
ities have tended to use assumptions for nuclear power
plants' useful service lives of 38-40 years, which were in
turn taken from assumptions used in NRC licensing cases.
Electric utilities were not averse to using optimistic
decommissioning expense estimates and optimistic useful ser-
vice life estimates in general, because the primary initial
use of these estimates was in proceedings designed to jus-
tify nuclear power plant comnstruction, such as NRC licensing
proceedings, state certification of need proceedings, or
state proceedings to determine the prudence of generation

planning decisdions.
This paper looks at likely decommiséioning expense est-

imates in Section II and at likely useful service life est-
imates in Section III, Limitations and warnings are stated



in Section IV. Conclusions are stated in Section V. 1In
general, it is concluded that (unless there are overwhelming
concerns about loss of load due to price elasticity effects)
most U.S. electric utilities with nuclear power plants
should raise their provisions in rates for nuclear decom-
missioning expenses and for nuclear depreciation expenses.
References are listed in Section VI and the data base for
Section III is listed in summary form in Appendix A.

II. Decommissioning Expense Amount

Traditional engineering cost estimates have been pro-
duced for several U.S. commercial nuclear power plants. In
addition, Battelle Pacific Northwest has produced two wide-
ly cited decommissioning cost estimates for the NRC for a
reference PWR (ref. (1)) and for a referemce BWR (ref. (2)).
These two studies produced cost estimates (in 1978 §) for
the reference plants as shown below in Table 1.

Table 1: Battelle Pacific Northwest
Decommissioning Cost Estimates

1155 MW BWR, immediate dismantlement $43.6M
1155 MW BWR, storage & deferred dismantlement $58.8M
1155 MW BWR, entombment $40.6M
1175 MW PWR, immediate dismantlement $§42.1M

1175 MW PWR, storage & deferred dismantlement $46.8M=-
§51.8M

Let us focus on the immediate dismantlement alternative
because that appears to be the NRC-favored altermative.
The $43.6M and the $42.1M estimates (in 1978 §$) are roughly
equivalent to estimates of $69M and $66M, respectively, in
1986 §, using a GNP deflator of 1.575. More recent estimates
by owner/operators for specific plants have generally tended
to cluster around the range of $110M to $130M in 1986, § for
a nuclear plant in the 1,000 MW to 1,150 MW size range.

Despite these relatively optimistic decommissioning
cost estimates, there is substantial reason to believe that
the actual decommissioning costs will be higher by a factor
of about two to five in constant dollar terms. Estimates of
past error rates ia U.S, commercial nuclear power plant con-
struction cost estimates are about 107 per year above infla-
tion. Applying these past error rates to decommissioning
projects that will occur twenty years or more im the future
implies (if no moderation occurs) that current estimates are
low by a factor of at least five. If one assumes that past
error rates in commercial nuclear power plant comnstruction
cost estimates (which were remarkably persistent over a per-
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iod of at least twenty years) would moderate in the future
for decommissioning cost estimates, then current decommis-
sioning cost estimates might nevertheless be low by a factor
of two 1n constant dollar terms. It must be emphasized that
decommissioning cost estimates have already begun to show
the same persistent and robust growth in constant dollar
terms that comstruction cost estimates have shown iz the
past. See ref. (3), pp. 110-123, and ref. (4).

In sum, the current plant-specific decommissioning cost
estimates, which tend to cluster around and slightly above
$100 per KW im 1986 $, are probably best viewed as being too
low by a factor of two to five in constant dollar terms.

For fimancial planning purposes, electric utilities with
nuclear power plants should probably use decommissioning

cost estimates in the ramnge of $200 to $500 per KW in 1986 §.

III. Denreciation Rate: Useful Service Life

In order to produce a depreciation reserve that matches
tangible property's original cost at the time of that pro-
perty's retirement, one needs an accurate before-the~fact
estimate of the property's useful service life. This section
of this paper describes an attempt to estimate (on a before-
the~fact basis) the expected useful service life of a U.S.
LWR, based upon actual experience to date. The purpose of
this exercise is to determine whether or not the relatively
arbitrary assumptions about useful service lives that are
currently in widespread use are consistent with actual data.

A. The Data Sets -

Three data sets of U.S. light water reactors were con-
structed. For all three data sets, no-distinction was made
between PWRs and BWRs. For all three data sets, other types
of technologies were excluded: breeders, gas-cooled, and
graphite-moderated reactors, for example, were excluded.
This decisicn excluded such commercizl U.S. reactors as Fort
St. Vrain, Peach Bottom 1, and Fermi 1 from this analysis.

4 Having made the decision to focus on all U.S. LWRs, two
further definitions were made. First, a distinction was ‘
made between reactors that were "commercial in intent" and
reactors which were "non-commercial in intent.” "Commercial
in intent" was defimed to include reactors which were intend-
ed to be dispatched commercially for a substantial amount of
time, whether or not the reactor was also intended to serve
certain research goals. "Non-commercial in intent”" was de-~
fined to include those reactors which were intended primarily
or exclusively to serve research goals. Second, a distinc-
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tion was drawn between reactors which were "commercial in

design" and those which were "non-commercial in design."
"Commercial in design” was defined as including all LWRs
over 400 MW, while "mon-commercial in design" was defined

as including all LWRs under 400 MW.

The first, and least inclusive, data set, Data Set 1,
was comprised of all U.S. LWRs which had entered commercial
operation before December 31, 1985 and which were both
"eommercial in intent” and "commercial in design.” Data Set
1 includaed 88 units, with the oldest (San Onofre 1) having
entered commercial operation in 7/67 and the newest (Diablo
Canyon 2) having entered commercial operatiom im 10/85. Only
one of the 88 units in Data Set 1 was considered to have
completed its useful service life for the purposes of this
study: Three Mile Island 2, which entered commercial oper-
ation in 4/78 and which ceased commercial operation in 3/79.

The second data set, Data Set 2, includes all 88 units
in Data Set 1, and additiomally includes all 6 U.S. LWRs -
which were "commercial in intent” but "non-commercial in
Data Set 2 thus included 94 units, with the six

Data Set 1 being Dresden 1, Yankee Rowe, Indian
and LaCrosse. Three

Indian Point 1,

design."

additions £o
Point 1, Big Rock Point, Bumboldt Bay,

of these six additional units (Dresden 1,
and Humboldt Bay) have been retired.

The third data set, Data Set 3, is the most inclusive.
It includes all 94 units in Data Set 2, and additionally
includes all four U.S. LWRs that were "non-commercial in
intant" as well as "non-commercial in design." These four

additional units were Shippingport, Elk River, BONUS, and
Pathfinder. All four of these additional units are retired.

These three data sets are summarized in Table 2, below.:

Table 2: Data Set Summary

Includes All U.S. LWRs LWRs in Data LWRs Re~-

Data Set
Which Were Set tired
Design Intent
Data Set 1 Commercial Commercial 88 1
Data Set 2. Commercial Commercial 94 4
' or Non~-Comm.
8

Data Set 3 Commercial Commercial 2 ¥:]
or Non-Comm.or Non-~Comm.
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B. Results

Analyzing the three data sets produces some evidence
that useful service lives are likely (but mot certain) to be
shorter than the currently-assumed 38-40 year useful service
lives. This is the result, whether one usas such traditiomal
dapreciation rate calculation methods as Iowa curves (refs.
(5), (6), and (7)) or more modern statistical methods as
product-limit estimates or reduced-set estimates (ref. (8),
ch. 4). For the three defined data sets, and for the two
estimation methods applied to estimate useful service lives,
Table 3 below shows the estimates which seem most consistent

with the data.

Table 3: Useful Service Life Estimates

Data Set ' Product~Limit Estimate Reduced-Set Estimate
Data Set 1 25 years or more - 25 years or more
Data Set 2 25 - 335 years ' ’20 - 36 yeare

Data Set 3 20 - 30 years 20 - 30 years

i Two points should be made here. First, the data is
very sparse. Differences in the estimates between the data
sets (holding the estimation method constant) and between
the estimation methods (holding the data sets constant) may
only reflect random events, and not any real underlying
phenomenon. Second, one pattern that appears to emerge in
the data is that the less inclusive data sets produce more
optimistic estimates than the more inclusive data sets. For
example, Data Set 1 is clearly consistent with 40 year lives
while Data Sets 2 and 3 do not appear to be consistent with
40 year lives. Whether this is an artifact in the data sets
(the oldest unit in Dats Set 1 is 19.1 years old) or a real"
phenomenon (truly commercial units, having somewhat differ=~
ent designs and greater economic value, may be less subject
to obsolescence) is not clear at this point.

What is clear is that the data is currently providing
weak indications that somewhat shorter useful service lives
than the arbitrary 38-40 year assumptions may be appropriate
for financial reporting and ratemaking purposes.

IV. CAVEATS

Before stating any conclusions, five caveats seem im-
portant.
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First, both decommissioning expense amounts and useful
service lives are heavily dependent upon NRC regulation.
Actions by the NRC to change worker radiation exposure limits
(for example) would cause major changes in decommissioning
costs.. Similarly, actions by the NRC to change "backfitting"
requirements (and thus to change one major cause of capital
additions) would cause changes in useful service lives by
changing the pressures of economic obsolescence, all other

things being equal.

Second, useful service lives are heavily dependent upon
0oil prices and other fossil fuel prices. Economic obsoles-
cence, and hence retirements, are more likely soconer ian a
world of continued low oil prices and other fossil fuel
prices than in a world that reverts to high oil and other
fossil fuel prices, all other things being equal.

Third, the data is very sparse to date, and inferences
which can be drawn from the data are comsequently alse weak,
in the area of useful service lives. Sparse data only per-
mit relatively weak inferences, with relatively wide confi-
dence intervals. Similarly, the sparseness of the data
means that a small amount of future data may modify the best
current estimates substantially. A few years of additional
experience with no additicmal retirements will cause best
estimates of useful service lives to increase substantially.
Similarly, a few retirements in the near future will cause
best estimates of useful service lives to decrease substan-
tially. ‘ :
Fourth, with respect to estimation methods used for
estimating decommissioning expense amounts, the estimation
methods themselves are somewhat suspect. The traditional
engineering cost estimate method, which estimates material
and labor quantities from engineering drawings, multiplies
them by material and labor cost rates, respectively, and,
then adds a nominal contingency amount, has proved to-be
persistently biased on the low side when applied to commer-
cial nuclear power plant construction cost estimation.
Whether the traditiomal engineering cost estimate method-
ology will prove to be similarly biased when applied to
nuclear decommissioning projects 1is somewhat problematic.
However, there are early indications over the past eight
years that a similar phenomenon i1s occurring with respect
to decommissioning cost estimates. Applying past error
rates of traditional engineering cost estimates (ref. (3),
pp. 110-123; ref. (4)) to current engineering cost estimates
provides one reasonable sensitivity test that may well prove
prophetic. Nevertheless, the models themselves in this area

are all necessarily quite weak.
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Fifth, all considerations of decommissioning expense
amount estimation and of useful service life estimation must
be tempered by considerations relating to the total deliver-
ed price of electricity before they are adopted in rates.
Financial stability considerations argue strongly against
undersetimating decommissioning expense or overestimating
useful service lives in rates. However, at some point,
competitive pressures from near-substitutes for electricity
(oil, natural gas, conservation and load management, etc.)
dictate that financial considerations be tempered with loss
of load and loss of sales considerations. Utilities that
are particularly vulnerable to losing industrial load, for
exanmple, may wish to underestimate nuclear depreciation .
expenses in rates for the time being. If this is the case,
however, this should be done only after a couscious decision
is made, and continued scrutiny should be exercised so that

the decision is explicitly reviewed periodically.

VY. Conclusions

There i1s some reason to believe that current nuclear
decommissioning cost estimates and current nuclear useful
service 1ife estimates are too optimistic. The evidence for
this 1s weak, and the inferences that are properly drawn
from the experience to date are similarly weak. Neverthe-
less, prudent fimancial planning would seem to require that

- some upwards revisions in rates be made now to decommission-

ing cost and depreciation rate provisions. Additiomnally,
owner/operators of nuclear power plants should subject the
relevant data to serious scrutiny over the next few years
to datermine if the current "early warning indications” are
in fact borme ocut by subsequent experience.
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Apvendix A: The Data Sets and Results

Years of Service Survivinz %

Data Set 2

0.0-0.8 100.0%
0.9~19.1 98.97
over 19.1 no data

Years . of Service Surviving 2

Product-Limit Estimates
0.0-0.8 100.02Z
0.9-12.0 © 98.97%
12.1-13.2 96.57%
13.3-18.3 92.8%
18.5-25.7 74.2%
over 25.7 - no data

Data Set 3
Product-Limit Estimates

Years of Service Surviviang X

0.0-0.8 100.0%
0.9-1.1 99.07%
1.3-3.7 97.97
3.8-3.9 96.77%
4.5-12.0 95.47%
12.1-13.2 93.22
13.3-18.3 89.77%
18.5-23.7 74.87
25.3-25.7 37.4%

over 25.7 _mno data



Data Set 1
Reduced—-Set Estimates

Years of Service Surviving

Data Set 2
Reduced-Set Estimates

7
3
.0
over 19.0

0 O o

.0-0
.9-8
b4=1

\D ¢« o

100%
987
100%

no data

Years of Service Surviving 7

.0-0.7
.9-8.3
.4-11.9
12.1-12.6
12.8-13.2
13.3-13.7
13.8~13.9
14.0~14.2
14.3
14.6~15.0
15.3
15.7
15.8
16.3
16.6
16.7
16.8
18.3
18.5
18.9
19.0
23.3
" 23.6
23.8
25.7
26.3
over 26.3_

0
0
8

1002
987
1007
97%
962
927
917
907
897
8382
877%
867%
847
837
812
807
77%
757%
627
57%
50%
407
507%
33%

" 50%

0%
no data



Data Set 3 , Years of Service Surviving %
Reduced~Set Estimates

0.0-0.7 1002

0.9~-1.2 98%

1.3~3.7 97%

3.8 967

4.5 957

4.6~8.3 94 %

8.4~10.2 957

10.3-11.8 947

11.9 932

12.1 912

12.2-12.6 . 90%

12.8 897

12.9-13.1 882

13.2 ©87%

13.3-13.7 837

13.8 ) 827

13.9 812

14.0 80%

14.2 79%

14.3 : 78%

14.6 77%

15.0 76%

15.3 757%

15.7 73%
" 15.8 707 -

16.3 687

16.6 66%

16.7 647

16.8 617

18.3 58%

18.5 537

18.9 457

k . ~ 19.0 " 40%
P o ‘ ' ‘ 20.0° 33z
? B _ - A 21.9 ] 372
| | ' 22.9 2z
f ' 4 , 23.3 507
| ' 23.6 607
23.8~25.3 507

25.7 . . 33%

26.3 0%

29.4 . 502

over 29.4 no data



