,\

et
Y

THE STATE OF MAINE
BEFORE THE PUBLIC UTILITIES COMMISSICN

RE: INVESTIGATION OF
SEABROOK INVOLVEMENT
BY MAINE UTILITIES

DOCKET No.84-113
Phase 2

TESTIMONY OF PAUL CHERNICK
ON BEHALF OF TBE
HAINE PUBLIC UTILITIES COMMISSION STAFF

December 14, 1984



§
D =

Table of Contents

1l - INTRODUCTION AND QUALIFICATIONS 1
2 - THE NUCLEAR INDUSTRY IN 1972 9
3 - NUCLEAR PROBLEMS IN THE MID-1970'S 33
4 - FINANCIAL CRUNCH: 1977 AND 1978 53
5 -~ MID-1980: TMI, DPU 20055 72
6 - THE EARLY 1980's _ 89
7 - BECONOMIC ANALYSIS 95
8 - FINANCIAL ANALYSIS 110
9 - LOAD PORECASTING 116
9.1 - The Load Forecasts of MPS 119
9.2 - The Load Forecasts of BHE 121
9.3 - The Load Forecasts of CMP 124
9.4 - The Load Forecasts of NEPOOL 127
10 - CONCLUSIONS AND RECOMMENDATIONS 129
BIBLIOGRAPHY 138
TABLES AND GRAPHS
APPENDICES

A. RESUME OF PAUL CHERNICK
B. COST ESTIMATE HISTORIES
C. TESTIMONY OF P. CHERNICK, MDPU 19494
D. TESTIMONY OF P. CHERNICK, NRC 50-471



TESTIMONY OF PAUL CHERNICK

ON BEHALF OF THE MAINE PUBLIC UTILITIES COMMISSION

1 = INTRODUCTION AND QUALIFICATIONS

Mr. Chernick, would you state your name, occupation and

business address?

My name is Paul L. Chernick. I am employed as a research
associate by Analysis and Inference, Inc., 10 Post Office

Square, Suite 970, Boston, Massachusetts.

Mr. Chernick, would you please briefly summarize your

professional education and experience?

I received a S.B. degree from the Massachusetts Institute of
Technology in June, 1974 from the Civil Engineering
Department, and a S.M. degree from the Massachusetts
Institute of Technology in February, 1978 in Technology and
Policy. I have been elected to membership in the civil
engineering honorary society Chi Epsilon, and the engineering
honor society Tau Beta Pi, and to associate membership in the

research honorary society Sigma Xi.



I wvas a Utility Anaiyst for the Massachusetts Attorney
General for over three years, and was involved in numerous
aspects of utility rate design, costing, load forecasting,
and evaluation of power supply options. My work has
considered, among other things, the need for new power supply
investments, and the likely costs of those investments,
particularly in nuclear power, and the availability and cost

of alternatives to proposed supply sources.

In my current position, I have advised a variety of clients
on utility matters., My resume ig attached to this testimony

as Appendix A.

Mr. Chernick, have you testified previously in utility
proceedings?
Yes. I have testified approximately thirty-five times on

utility issues before this Commission and such other agencies
as the Massachusetts Energy Facilities Siting,Cpuncil, the
Texas Public Utilities Commission, the Illinois Commerce
Commission, the New Mexico Public Service Commission, the
District of Columbia Public Service Commission, the New
Hampshire Public Utilities Commission, the Connecticut
Department of Public Utility Cbntrol, the Michigan Public
Service Commisssion, the Pennsylvania Public Utilities
Commission, and the Atomic Safety and Licensing Board of the

U.S. Nuclear Regulatory Commission. A detailed list of my
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previous testimony is contained in my resume. Subjects I
have testified on include cost allocation, rate design, long
range energy and demand forecasts, costs of nuclear power,
conservation costs and potential effectiveness, generation
system reliability, fuel efficiency standards, and ratemaking
for utility production investments and conservation

programs.

Do you have a track record of accurate predictions in

capacity planning?

Several of my criticisms of utility projections have been
confirmed by subsequent events or by the utilities
themselves. In the late 1970's, I pointed out numerous
errors in New England utility load forecasts, and predicted
that growth rates would be lower than the utilities
expected. Many of my criticisms have been incorporated in
subsequent forecasts, and load growth has almost universally
been lower than the utility forecast. For example, in DPU
19494, I reviewed the 1978 Central Maine Power load forecast
and identified several aspects'of that forecast which were
inconsistent with the historical record, or otherwise

projected load growth without sufficient support.

In DPU 19494 and NRC 50-471, I reviewed the NEPOOL forecast,
both for the 1978 edition (which was the last version to be

compiled as the sum of the utilities' own forecasts) and the
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1979 edition (the first of the new end~use forecasts by
state). I identified many overstatements and other errors in
both versions. The 1978 version predicted a winter peak in
1983/84 of 19670 MW (compared to 15019 MW in 1977/78), and a
ten-year growth rate of 4.5%; corresponding figures from the
1979 forecast were 19755 MW and 3.8% growth. Actual 1983/84
winter peak was 15949 MW, and the 1984 NEPOOL forecast
predicts 2.0% annual growth in the long term. The history of

NEPOOL load forecasts is presented in Figure 1.2.

Among the utility forecasts undérlying the 1978 NEPOOL
forecast, one of the largest contributors to predicted growth
was the forecast of Public Service of New Hampshire (PSNH).
In my review in DPU 19494, I identified this forecast as
being outstanding for the unreasonable methodologies and
implausible assumptions it incorporated. The history of PSNH

load forecasts is presented in Figure 1.3.

My analyses of other utility forecasts, including Northeast
Utilities, Boston Edison, and various smaller utilities, have
been similarly confirmed by the low load growth over the past
few years, and by repeated downward revisions in utility

forecasts.

My projections of nuclear power costs have been somewhat more

recent, but utility projections have already confirmed my



analyses. For example, in the Pilgrim 2 construction permit
proceeding (NRC 50-471), Boston Edison was projecting a cost
of $1.895 billion. With techniques similar to those used in
this testimony, I projected a cost between $3.40 and $4.93
billion in my testimony of June, 1979. Boston Edison's final
cost estimate (issued when Pilgrim 2 was canceled in
September 1981) stood at $4.0 billion. Figure 1.4 compares

my Pilgrim 2 estimates to those of BECo.

In MDPU 20055, PSNH projected in-service dates for Seabrook
of about 4/83 and 2/85, at a tatal coét of $2.8 billion. My
testimony of January, 1980 predicted in-service dates of
10/85 and 10/87, with a cost around $5.3-%5.8 billion on
PSNH's schedule or $7.8 billion on a more realistic
schedule. At the time I filed my testimony in NHPUC DE
81-312 (October 1982), PSNH was projecting in-service_dates
of 2/84 and 5/86, with a total cost of $3.6 billion, while I
projected dates of about 3/86 and 6/89, and a cost of about
§9.6 billion. Within two months of my filing, PSNH had
revised its estimates to values of 12/84, 7/87, and $5.2
billion. On March 1, 1984, PSNH released a new cost estimate
of $9 billion, with in-service dates of 7/86 and 12/90. In
June 1983, I updated my analysis for CPUCA 83-03-01, and

estimated a total cost of $10.3 billion, with COD's of 11/86



1 Thus, PSNH's estimates of Seabrook in-~service

and 3/91.
dates and costs have increased by a factor of more than three
since the filing of DPU 20055, and are now relatively close
to my projections. Figure 1.5 compares the history of PSNH

cost estimates for Seabrook to my estimates, and Table 1.1

lists PSNH's projections of Seabrook cost and schedule.

Critiquing and improving on utility load forecasts and
nuclear power cost projections has not been very difficult
over the last few years. Many other analysts have also
noticed that various of these u£ility projections were

inconsistent with reality.
Q: What is the subject of your testimony?

A: I have been asked to review the information available to
Central Maine Power (CMP), Maine Public Service (MPS) and
Bangor Hydro-Electric (BHE) in connection with their various
decisions to initiate and continue their invelvement in the
second unit of the Seabrook nuclear power plant construction
project. I have specifically been asked to determine what a
responsible and prudent utility would have known at critical
points in the project, and to describe responsible responses

to the information which was available at those times.

1. Those results were averages, which included methodologies
which I knew to be biased on the low side. The methods used in
this testimony produced COD estimates of 10/87 and 6/94.



How is your testimony structured?

The second section of my testimony will discuss the state of

the nuclear power industry in 1972, when Central Maine Power

(CMP) signed the Seabrook 2 Joint Ownership Agreement, and

describe some of the facts of which CMP was, or should have
been, aware at that time. I will then consider, in section
3, the changes in circumstances between 1972 and 1976, when
Seabrook received its construction permit, and identify some
of the concerns with which the Seabrook 2 participants should
have been dealing, and of which.- MPS and BHE should have been
aware in 1977 and 1978 when they were in the process of
buying Seabrook shares from NU. The fourth portion of this
testimony will consider the state of the industry, Seabrook
2, and the participants in December, 1978, following the
first major financial crisis of the joint owners, after the
construction suspension and restart. This point in time was
also significant, as it marked the conclusion of the process
of the initial MPS and BHE purchases of Seabroock shares, and
the beginning of the process of all three utilities
increasing their participation through purchases from PSNH
andh(in the case of CMP) from UI. In the fifth section, I
will review the same issues as of mid-1980, after the
accident at Three Mile Island and near the end of the BHE and
MPS purchase processes. Section six brings the analysis up
to December, 1982, at the time Seabrook's total cost jumped

from $3.56 billion to $5.12 billion. Section seven repeats



contemporaneous cost-benefit analyses for realistic Seabrook
costs, and Section eight considers the financial consequences
of building Seabrook 2. Section nine briefly reviews the
quality of the utilities' load forecasts in the 1370's, to
determine the appropriate role of those forecasts in the
Seabrook purchase decisions. Finally, in my conclusions, I
will summarize and interpret the results of the previous
sections, describe the actions which prudent utilities would
have taken at various points in time, and suggest ratemaking
treatment of the Seabrook 2 investments, in light of the

facts I present.



2 = THE NUCLEAR INDUSTRY IN 1972

Why is the status of the commercial nuclear power industry in

1972 pertinent to this proceeding?

It was in 1972 that CMP decided to sign the Seabrook 2 Joint
Ownership agreement, obligating CMP to pay 2.55% of project

costs.

When it entered into the ownership agreement, were there any
particular considerations of which CMP should have been

aware?

Yes. Any utility with large enough a staff to keep up with

the general industry literature,2 should have been aware of

Q r
£woe- crucial facts:

l. Nuclear cost estimates were unreliable and almost

always understated,

2. Nuclear plant construction costs were increasing, so
that the units ordered, started, or completed in any

year were more expensive than those of the year before,

- —— -

2. Examples of this literature would include Electrical World and
Power Engineering magazines. All three utilities considered in
this testimony pass this test.



3. Nuclear plant consruction schedules were increasing,
and the times from order to construction permit, and
from permit to commercial operation, grew longer for

each new cohort of plants, and

4. Nuclear schedules were unpredictable and usually
stretched out well beyond the expectations of the

owners and their architect/engineers.
Q: On what do you base this statement?

A: I have two sources, First, there is the data itself. Table
2,1 summarizes the cost estimate histories of all the
commercial nuclear power plants which were in commercial
operation by the end of 1972, and which were built without
any extraordinary cost guarantees.3 For each of these s&ﬁ%g&&ﬁ

units, Table 2.1 lists the actual commercial operation date

(COD), the actual construction cost, the date of the first

cost estimate for which I was able to obtain suitable data,

and the estimated cost and COD for that estimate. It is
certainly not difficult to determine that both the cost

estimates and construction schedules of these units grew

significantly during their planning and construction.

3. I have excluded both the turnkey plants, for which the
manufacturers provided at least partial cost caps, and the
reactors for which the federal government provided cost sharing.

- 10 -



Most of my cost and schedule history data is drawn from the
database listed in Appendix B, which shows all of the changes
in cost or schedule indicated in cost estimate history
summaries provided by the Energy Information Administration
(EIA). Those summaries are condensations of the Quarterly
Construction Progress Reports (Form HQ~254 and Form EIA-254)
filed by most nuclear utilities with the Atomic Energy
Commission (AEC), and later with its successor agencies, the
Energy Research and Development Administration (ERDA) and
EIA. This data base also includes later estimates for these
units. Where important data waé missing from the HQ-254's,

4 Final cost

data from various published sources was used.
and commercial operation date (COD) information, for example,
is generally from reports to the FPC and the FERC, and the
operation date information may therefore differ from NRC

figures.

To guantify the extent of the errors in cost and schedule
estimation ﬁor these six units, I have computed four
statistics for each estimate: the projected years to COD (or
"duration™) at the time of the estimate, the ratio of final
cost to the projected cost at the time of the estimate (the
"cost ratio"); the cost ratio expressed as a growth rate,

4. These sources included the AEC/ERDA annual Nuclear Industry,
the Nuclear News World List of Nuclear Power Plants, and
occasionally data from the utilities.

- 11 -



annualized by the estimated time to completion (the "myopia
factor"); and the ratio of the actual remaining time until
commercial operation to the projected time (the "duration
ratio”). These terms are all fairly self-explanatory, except

for myopia, which is defined as

(cost ratio)(l/estlmated duration)

Roughly speaking, the average myopia indicates that the
actual cost of these units was typically 18% greater than the
estimate, for each year that construction was expected to
take. The cost ratio demonstrétes that the average plant
cost over twice as much to complete as initially estimated,
while the duration ratio indicates that the plants took

almost half again as long as was projected.
Why do you present the data and the results in this form?

The raw data on cost estimate histories indicate that cost
overruns and schedule slippage was routine, and nearly
universal. This relationship would be clearly apparent to
any observer. It is more difficult to determine (and
particularly to quantify) just what lesson the observer
should have learned from the data. I do not believe, for
example, that it is fair to assume that each utility involved
in (or observing) nuclear construction should have done
regression analyses on the cost trends, ashéére later

performed by Bupp, et al., Komanoff, and Perl. Those are

- 12 -
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fairly sophisticated approaches, which are sensitive to the
exact data and functional forms used in the analyses.
Looking at the percentage cost overrun, or annualizing that
value, or comparing actual and projected construction
durations, all strike me as being simple, obvious ways of
summarizing the large and growing experience of nuclear
construction. These were the kinds of questions which I
asked, and the kind of analyses I undertook, when I first
found out in 1978 and 1979 that nuclear plant cost and
schedule estimates were frequently incorrect. I am not
suggesting that the Maine utilities should have performed
exactly the same summary calculations that I present in this
testimony, but I am suggesting that they should have examined
the uncertainties and contingencies involved in nuclear

5 that they should have done some simple analysis

investments,
of the historical data, and that the same general conclusions
could have been reached through several types of analysis,
including an informal examination of the data. Therefore, I
believe that it is appropriate to judge the utilities'
prudence as if they had these calculations before them, since
they should have been familiar with the data and should have

noted (formally or informally, rigorously or intuitively) the

same patterns and relationships I present.

- s — e o s —

5. As I will show below, the utility industry literature provided
ample notice that nuclear plant construction was not "business as
usual.”

-~ 13 -



Q: What do these results imply for Seabrook 2?2

A: If the nuclear industry's ability to forecast costs had not
improved, it would be appropriate to apply these results to
the initial cost and schedule estimates for Seabrook 2 ($486
million and a COD of 11/81, or 9.76 years from the 2/72

estimate datel)., to produce revised.or corrected estimates.6

Multiplying $486 million by the average cost ratio of 2.11

produces a corrected cost estimate of $1023 million. |

However, the estimated duration for Seabrook 2 was somewhat

longer than for the units in Table 2.1, so applying the

average myopia factor of l8.4§ for 9.76‘years Qould produce a

cost ratio of 5.22, and a Seabrook 2 cost of $2535 million.

Finally, multiplying the estimated Seabrock 2 duration ratio

by the average duration ratio of 1.444 produces a corrected

duration estimate of 14.09 years, and a COD of 3/86. Thus,
if the factors which had caused other nuclear power plant
estimates to be incorrect also operated for Seabrook 2, it
would be considerably more expensive and time-consuming to
construct than was implied by the official projections from

PSNH and the architect/engineer (A/E), United Engineers and

Constructors (UE&C).

Q: Have you performed any other analyses of the nuclear power

plant cost and schedule information available by the end of

6. The same adjustment technique can be applied to Seabrook 1 as
well.

- 14 -
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Yes. Table'2.2 repeats the duration analysis in Table 2.1,
but for the turnkey and demonstration units excluded from the
previous table. As would be expected, the cost estimates for
the turnkey units tended to be considerably more stable than
for the conwventionally priced units, but the two
demonstration units for which I have data are even worse than
the later commércial units. The duration ratio for this

entire set is nearly as bad as for the commercial units.

Tables 2.3 aﬁd 2.4 list the units which were ﬁnder
construction as of the end of 1972, and for which at least
two cost or schedule estimates were available. For each
unit, these tables list the earliest available estimate and
the most recent estimate as of the end of 1972. I have
computed two summary statistics. The first statistic is the
"cost growth rate", simply the annual rate of increase in the
cost estimate, from the first projection to the most recent.
The second statistic is the "progress ratio", which is the
ratio of progress towards completion (the decrease in
projected months to operation), divided by elapsed months,
both calculated from the first ‘available estimate to the most
recent estimate as of 12/72. The data from which this
analysis is taken may also be found in Appendix B. To

calculate the effect on Seabrook 2 if these trends had

- 15 =~



extended to its cost and schedule evolution, we may divide
the projection of 9.76 years by the experience-weighted7
average progress ratio of 45%, to yield a corrected duration
of 21.7 years (indicating that Seabrook 2 would have been
completed in 10/93) and increased the cost estimate of $486
million by 21.7 years of cost growth at 18.6% annually, for a

final cost of $19.8 billion.

Do you mean that a prudent utility would have expected
Seabrook 2 to be completed in the 1990's at a cost of $20

biliion?

No. I would have expected a prudent utility to know that if
Lecept experience continued, Seabrook 2 would not be
completed, and might well be cancelled after considerable
investment had been made in it. That prudent utility would
also have known that, even if the historical experience
moderated considerably, Seabrook 2 would take a long time to
build and would be very expensive, and that completion of the
unit at anything like PSNH's cost estimate would require a

radical change in the nuclear constructin environment.

What significance do these results have for Central Maine

Power's decision to enter into the Seabrook 2 joint ownership

agreement?

7. Throughout this testimony, whenever averages are calculated on
both a simple and an experience-weighted basis, I use the
weighted averages in the text.

- 16 =~



They indicate that both CMP and PSNH knew, or should have
known, while CMP was deciding to join in constructing
Seabrook 2, that construction cost and duration estimates for
other nuclear units had been significantly understated, and
thus that the cost and schedule estimates for Seabrook 2 were
likely to be less reliable than estimates for other

8 Both utilities should also

(non-nuclear) utility projects.
have been aware that continuation of these trends would have
resulted in a very expensive plant, or in one which was

simply impossible to complete. As it happens, both of these

events occurred.

Are there any particular reasons to believe that CMP and PSNH
knew, or should have known, théﬁ nuclear cost and schedule

estimates were subject to very large overruns?

Yes. The cost and schedule estimate histories for New
England nuclear units which entered commercial operation by

9 The cost data for Connecticut

1972 are listed in Table 2.5.
Yankee and Millstone 1 reflect their turnkey status. The
Maine Yankee actual data is somewhat understated since it was

declared "commercial" at 75% power. These units are in the

8. These conclusions, and my subsequent conclusions regarding
knowledge of the problems of the nuclear industry, generally
apply to BHE and MPS as well, but are less relevant to this time
frame, since they did not buy into Seabrook until much more bad
news was available.

9. Yankee Rowe is omitted for lack of data.
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figurative back yard of both utilities, and the various
utilities have varying interests in the Yankees: PSNH owns 5%
of Connecticut Yankee, 4% of Vermont Yankee and 5% of Maine
Yankee; CMP is the lead utility at Maine Yankee (owning 38%),
and is also a participant in the Vermont (4%) and Connecticut
(6%) Yankee plants; BHE owns 7% of Maine Yankee; and MPS owns
5% of Maine Yankee. In addition, Yankee Atomic had a role in
the construcéidn management for all theﬁgahkeeéplan;s, as

well as for Seabrook.

In light of both the national and the regional experience
with completéd nuclear plahts, and the national experience
with those still under construction, it wouldAnot havevpéén
reasonable to place much faith in the quality of conventional

cost estimates for Seabrook 2.

What was the second source of your belief that CMP and PSNH
should have known in 1972 that nuclear cost and schedule

estimates were likely to be unreliable and understated?

It was common knowledge within the utility industry that
nuclear plant costs and schedules had been subject to what
were then considered to be shocking amounts of escalation and
slippage. Representatives of one architect/engineer (or
A/E), Gilbert Associates, identified a large number of

problems facing nuclear construction:

- 18 ~



The utility industry, about eight years ago,
believed that a large light water reactor plant
could be built for $125 per kilowatt or less.

Today plants to be completed about eight years
hence are generally being estimated at close to
$400 per kllowatt, which is more than a 300 percent
increase in expected costs over an eight-year
period. Nuclear plant costs, then, have not merely
evolved in eight years; they have exploded.

Of course, not all utility executives accept. ... .o
estimates of $400 per kilowatt for theif future '
plants. They believe that they can build plants

for less. Maybe they can. Pethaps they are more
fortunate than most utilities with.regard to such
factors as construction labor, site. avallablllty,f-fw
and environmental opposition within their service
areas. On the other hand, maybe they are

continuing the industry's past record of
underestimating nuclear plant costs.

Any analysis of past and current estimates quickly
indicates the fact that almost all past estimates‘
and many current estimates are far below what will ™"
actually be experlenced. o e .

R U TP £
55 TR R s s 2

This analy51s, ‘which covers 1968 estlmates for ;”
plants to be completed in the early 1970's on which
adequate cost data could be compiled, shows that
original cost estimates were about $150 per ~ ¥
kilowatt lower than will actually be experlenced Dt
for those plants. . = B

The full cost impact of environmental and
safequards backfitting has not yet been reallzed.
In fact, the door has just been opened to cost
increases resulting from environmental act1v1ty

While it is true that very few new safeguards have
been introduced since 1968, existing requirements
have been broadened, and the study depth extended.
There is no real indication of policy change nor
saturation of areas requiring design analyses for

contlngency situations. The cost of prov1d1ngg ,h;gyg%
"safe plant"™ will continue tof increase'in ‘the * ™" "
foreseeable future. ) Co R

This will probably add a significant amount each
year to plant cost. (McTague, et al. 1972)
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The same problem was described by employees of another A/E
(Burns and Roe) as

The rising trend of construction and capital costs
for new electrical generating plants is a matter of
major importance and of increasing concern to the
entire utility industry. (Roe and Young 1972)

Those authors discussed several reasons for the increased
costs, including construction delays and unanticipated
complexity of work, especially for nuclear plants, and

observed that

Of course current licensing problems with nuclear
plants must be cleared up if [potential nuclear]
cost advantages are to be realized,

and concluded that

In summary, still another crisis is at hand in the
electrical generating industry. Continuation of
the rapid growth which has been occurring in
capital costs will make financing and provision of
badly needed increases in electrical generating
capacity even more difficult to achieve. The task
is clear, but the solutions will not come easily.
A combined effort by business, labor, government
and the public will be necessary if the rapid
growth of plant costs is to be controlled . . .

Electrical World's annual series of nuclear surveys indicated
similar concerns. For example, the 1971 survey, entitled
"Nuclear Schedules Face Uncertainty”, observed that

The big news is the continuing stretchout in

schedules. In last year's survey, 1975 was the

"big year," with more than 20,000 Mw scheduled for

commercial operation. Reappraisals during the year

now place the total for 1875 at only 13,049 Mw, and

shift the peak to 1977. . .

The National Environmental Policy Act, and
particularly the Calvert Cliff court decision

- 20 -



! - forcing new AEC interpretation of that law, have

i recently added even more dramatic uncertainties to
plant schedules. Indeed, says Walter Mitchell III,
VP of Southern Nuclear Engineering, pending changes
in licensing procedures brought about by the
Calvert Cliff's decision may soon make obsolete

; many of the schedule dates tabulated on the

{ following pages.

! and the 1972 survey, although it was headlined "Lead Times

Stabilizing", noted that

58 units in this year's listing show scheduled
completion dates that have been set back since last
year,

Some optimism has been shown in the schedules
reported by utilities for 1974-75, suggests
Mitchell. "Several 1975 schedules look hard to
meet,"” he says. Perhaps significantly, only two
units are now scheduled for 1976.

The Federal Power Commission (FPC) also recognized and
f publicized the problems of the nuclear power industry. 1In
the National Power Survey, in 1970, the FPC observed

Because the nuclear industry is in a stage of
dynamic growth, it is difficult to establish
precise data for the present and future costs of
nuclear plants. The nuclear industry today is
characterized by an unprecedented commitment of new
technologywhich has been reflected in capital costs
attributed to delayed deliveries of vital
components, the introduction of new or more
stringent codes and standards, changes in

! regulatory requirements, and the extension of

! construction schedules coupled with current high
interest rates and escalision in costs of labor,
equipment and materials.

An indication of the escalation in estimated
capital costs for a 1,000 mw LWR plant is provided
in Table II-11 which shows that the approximately

: 10. In 1970, inflation was running around 5%, and corporate bonds
were yielding 8-9%.
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$135 per kw estimates for this size plant made in
March 1967 had increased to about $220 per kw when
estimated in June of 1968, and to more than $320 in
1970. It will be noted that the estimates for
virtually all of the components of the plant direct
and indirect costs increased substantially. These
increases in combination with lengthening ‘
construction schedules, labor rates and interest
costs resulted in an estimated overall plant cost
in 1970 of almost 2 1/2 times that estimated in
1967. « . . '

It is estimated that cost reductions will accrue in
the future through increased business volume and
acquired experiences in construction techniques and
component design factors. These reductions could
be in the order of $10~$15/kw. Other factors that
can have a profound influence on cost are licensing
requirements, site preparation, cooling water
requirements, labor productivity, and rates,
inflation, etc. that make -future predictions highly
unpredictable.

The very large capital requirements for nuclear
plants make their costs sensitive to interest
rates,taxes, insurance, depreciation, etc. The
comparatively long periods required for licensing
and construction can cause considerable variations
in interest during construction. Slippage in
construction schedules, regardless of the reasons,
thus can result in a significant increase in the
capital cost of a nuclear plant. Adhering to the
shortest possible schedule of construction is one
of the most serious problems facing the industry
now and in the foreseeable future. (pages IV-1-56
to 58)

The report also quoted some of the concerns of Philip Sporn,
Chairman of American Electric Power (page II-4-22), and
included the following disclaimer below a chart of projected

nuclear plant costs:

IN THE PERIOD SINCE THE CHART WAS PRODUCED (JANUARY
1, 1968) COSTS HAVE BEEN RISING SHARPLY: CONSIDER
THIS FACT WHEN REFERRING TO CHART. (page II-1-33)

The FPC also commented on the rising costs of nuclear plants
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in the introduction to the 1970 edition of the annual Steam

Plant Books (FPC, various), the FPC staff provided a summary

that

year:

would be repeated, in almost the same terms, year after

In the first nine months of 1971, [announcements
for new capacity additions] were 69% fossil and 31%
nuclear . . ., illustrating the continuing
acceptance of nuclear power by utilities, despite
sharp capital cost increases and well publicized
licensing difficulties. 1In the 1965-68 period, the
average capital cost of nuclear units ordered was
about $150/kWe. However, as a result of longer
construction periods, added environmental equipment
and high rates of escalation, the capital costs of
nuclear units ordered in 1970 has been estimated to
average about $250/kWe, by-the time they come into
operation. For 1971 the comparable figure has been
estimated to be about $300/kWe. . .

In 1970, the increasing national concern for the
environment began to affect nuclear projects.
Environmental organizations intervened in a number
of licensing proceedings; AEC regqulations on
radioactive discharges were criticized as too
permissive; and the National Environmental Policy
Act of 1969 required new AEC procedures and the
preparation of environmental statements for each
plant. In 1971, in the Calvert Cliffs decision,
the courts held that the AEC's environmental review
procedures were inadequate, raising the prospect of
regulatory delays for a significant number of new
nuclear units.

Delays of a year or more from scheduled commercial
operation dates are being experienced for many
nuclear units. The causes include technical and
construction problems, increasingly detailed AEC
reviews, the inexperience of many utilities and
their architect-engineers with nuclear power, and
the impact of environmental legislation and
opposition.

This, and each of the subsequent revisions in expectations,

seems to have been a suprise to the FPC staff, which

accompanied each announcement with its judgement that growth
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in nuclear capacity was inevitable and desirable.

Q: How should these facts have affected the behavior of PSNH and

CMP in 19722

A: PSNH should have realized that its cost estimates, which were
methodologically similar to earlier, understated estimates,
were also subject to significant overruns. As the lead
utility in Seabrook 2, PSNH had a moral, and perhaps a legal,
responsibility to inform its potential partners of the risks
they were undertaking, and to clearly identify its cost
estimate as a routine nuclear plant cost estimate, subject to
all the problems of that genre.ll Similar obligations may

extend to UE&C and Yankee Atomic.

Furthermore, it is increasingly clear that many nuclear cost
estimates were never intended to be predictions of the final
cost of the plant: they were budget targets and cost-control
documents. This issue is discussed at some length in Meyer
(1984). Employees of MAC, in testimony filed by Central
Maine Power and Maine Public Service in their current rate

cases, summarize this practice:

11. Examples of these problems would include the exclusion of
many potential costs, the failure to incorporate sufficient
contingency for current and future regulatory changes, and the
absence of an allowance for the problems of building a plant
whose design is still changing.
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PSNH established schedules that required superior
effort. This strategy is generally appropriate
because it demands the best possible performance
from contractors. (Dittmar and Ward, page 25)

The MAC analysis further considered the tradeoffs between
conservative and optimistic estimates, and explained the
construction management advantages of intentionally

optimistic estimates:

If a budget is based on an overly conservative
(high) estimate which establishes easily attained
goals, a project's cost is likely to rise to
fulfill the predictien., The use of aggressive
targets is a management approach which, when
reasonably applied, provides incentive for
improving performance. If. unrealistic cost or
schedule targets are maintained too long, a project
can be affected adversely. In such situations, it
is difficult to hold people accountable for goals
that they know are unrealistic. Morale problems
may occur which could reduce productivity, cause
delays or increase cost. A more serious
consequence of managing too unrealistically
aggressive targets may occur if activities are
improperly sequenced such that work cannot be
accomplished efficiently because of artificially
induced constraints. (Ibid, page IV-6)

UI has also recognized this problem, as demonstrated by the

testimony of its President and other officials before the

CPUCA filed 8/1/8%:

The project management estimate, used by the
project manager to control construction of the
facility, should be established as a challenging
but achievable goal. Depending upon the degree of
challenge desired, the project management estimate
should have a probability of 10% to 30% of not
being exceeded . . . [Tlhe project management
estimate serves the need to maintain tight project
controls . . .

Unfortunately, much less than 10% of nuclear cost estimates
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have been achieved, so the cost control function seems to
have been overdone. It also appears that nuclear cost
estimates routinely exclude effects of future, pending, and
newly effective regulations which have not yet been reflected
in the plant drawings, and of the other complications of

building a nuclear plant.
Q: Should CMP have been aware of the same considerations?

A: Assuming even the most cursory familiarity with industry
publications and exﬁégience, CMP also should have been aware
of the previous problems in thé nuclear industry. CMP has
not offered any evidence to suggest that CMP ever critically
reviewed any estimate it received from PSNH, at least until

1980, 12

in the light of industry (or New England)
experience. If this was due to vigoroﬁs PSNH
representations, CMP may have been an excessively c;edulous
victim. If CMP's confidence in the cost and schedule
estimates were entirely due to CMP's failure to credit

current experience, CMP would appear to have been acting in

an imprudent and irresponsible manner.

By the time it signed the participation agreement, CMP should

12. Even this "review" consisted only of the suggestion that the
then-current cost estimate might be subjected to a modest 25%
increase. It was late 1983 before CMP commissioned an
independent review of Seabrook costs (NERA, 1984).
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have been in a position to extract from PSNH either more
realistic estimate ranges, or the information necessary to
estimate a reasonable CMP contingency. Its apparent failure
to do so also appears to be imprudent, unless PSNH's behavior
was such as to transfer the responsibility to PSNH. For
example, if PSNH assured CMP that the estimate actually
included a 100% contingency, while it only included a 3%
contingency, CMP may argue that it attempted to act in a
responsible manner, but was defrauded by PSNH (and perhaps
UE&C as well) to secure CMP's participation in the project.
If, on the other hand, CMP's réliance on the PSNH/UE&C
estimates resulted entirely from the absence of any active
inquiry by CMP, that reliance must be considered negligent.
In any case, the division of responsibility between the
utilities and contractors may be settled elsewhere and should

not affect the utilities!' rates.

Q: Why are you certain that CMP could have identified these

problems?

A: Because I spotted these problems in 1979, under circumstances

much less favorable than those of CMP's staff.13 My initial

. observations were based on only a couple of cost estimate
histories, and I had no access to the utility literature or
other utiltiies, but a pattern of substantia}ﬁcost overruns

13. The staffs of BHE and MPS were similarly better situated than
I was when I observed these phenomena.
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quickly became obvious. The calculation of cost ratios,
myopia factors, and duration ratios were simple ways of
quantifying very important phenomena, requiring no strong
assumptions or complex calculations. I can not imagine why
any utility with an established power-supply planning process

would not have noticed the same problems.

Is it your opinion that CMP's decision to sign the joint

ownership agreement was imprudent?

Not necessarily. It was certaiply imprudent for any utility
to sign such an agreement and then fail to monitor (and
critically assess) developments for most of the next decade,
as CMP appears to have done. It is possible that
participating in Seabrook in itself, coupled with a
commitment to due diligence in the future, may have been a

reasonable decision at the time.

Considering the problems you have described, how could such a

commitment be reasonable?

While nuclear power had serious problems, so did the other
conventional generation alternatives which were perceived to
be available in 1972. 0il prices were expected to rise,
although not nearly as much as they actually rose later in

the decade. There was considerable uncertainty regarding the

- extent and cost of future environmental constraints on coal

combustion. Several power supply options available today
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were not generally considered to be on the table in 13872:
Quebec was an inconceivably distant power source and New
England hydro potential seemed trivial compared to the
perceived need although a very good utility would have
foreseen some fo the forces which later moderated growth.
Fostering conservation and customer-owned power generation
was simply anathema to utilities in the early 1970's: while
the economies of scale and technical progress which made load
growth beneficial in the 1950's and 1960's (and had then made
conservation and cogeneration undesirable) had probably run
their course by 1972, this genéral phenomenon would have been
more difficult to identify (and less certain) than the
specific problems of nuclear power. The perceived importance
of economies of scale had become utility dogma, and it would
have required considerable courage and vision for any utility
to abandon construction or participation in the large plants
then in planning, in favor of smaller alternatives. Thus, it
is hard to say that CMP erred in signing the Séabrook Joint
Ownership Agreement, or similar agreements for other nuclear
plants in the same period, without allowing a certain amount

of hindsight to influence our judgement.

Another issue specifically facing the utilities buying into
Seabrook was the linkage between the two units at the plant.

The first unit may have looked particularly attractive, in
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14 Since utilities could not

the capacity—-short early 1970's.
purchase capacity in one without buying into the other, the

risks of Seabrook 2 might have seemed worthwhile.

What then is the ultimate significance of the state of the
nuclear industry in 1972, in terms of the issues in this

case?

There are two central points which can be drawn from the
facts I laid out. First, as discussed previously, CMP's
failure to acknowledge the weakness of the Seabrook cost and
schedule estimates can only be éttributed to irresponsible
and/or incompetent behavior on the part of either CMP or
PSNH.15 Second, even if CMP somehow believed that PSNH's
projections were the best available estimates, it should at
least have recognized that the projections were subject to
tremendous uncertainty. At a mindimum, choosing to
participate in Seabrook created a responsiblity for CMP to
monitor the progress of the project, and of its cost
estimates, and to be prepared to react appropriately if‘the
historical trends continued or accelerated. The same can be
said, even more emphatically, of PSNH's responsibility as the

sponsor of the project.

—— ——— - —

14. Whether it should have looked attractive or not is another
issue.

15. Again, the same considerations may apply to UE&C and Yankee.
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Given the nature of the joint owners' agreement, was there
any advantage for any of the joint owners in monitoring
Seabrook 2 cost estimates? Did any of the joint owners other

than PSNH have any control over the project?

Despite their lack of formal control, it is clear that joint
owners can have significant influence over the fate of a
nuclear unit. This influence is seen most clearly in the
case of Seabrook 2 itself, in the effect of the 1983/84
opposition by United Illuminating, Connecticut Light and
Power, Central Maine Power itself, and other utilities.
Another visible example is Dayton Power and Light's
opposition to the completion of the Zimmer nuclear plant.
The public opposition to (or even doubt of) pursuing Unit 2
by one of the Seabrook joint owners might well have led to
the cancelation or mothballing of the unit much'earlier, and

hence saved all the owners millions of dollars.

In particular, intervention in the regulatory proceedings
(particularly those of the NRC, the NHPUC, and other state
utility regulators) by a joint owner which believed (or
suspected) that construction was imposssible, or excessively
expensive, would have made it very difficult for those
agencies to continue to support the plant. The same could be
said for the filing bf a lawsuit, even if it eventually

proved to be unsuccessful. PSNH presumably would have been
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aware of this possibility,l6 and would almost certainly have
cooperated with CMP's efforts to review the cost estimates,
rather than face a public confrontation. Perhaps most
importantly, had CMP been monitoring actively the quality and
reliability of the cost and schedule estimates, it might have
spared itself the error of buying additional ownership in
Seabrook in 1980. Even before that time, CMP had a great deal
of power, and even the facts of 1972 should have alerted CMP

to the possibility that it would have to exercise that

power.

16. If one believes that PSNH really was not aware of the state
of the nuclear industry throughout the 1970's, it may be
conceivable that it would not have spotted its significant
liabilities in the event of a public disagreement with a joint
owner. If this were the case, CMP could have pointed out PSNH's

vulnerability.
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You have described the problems of the nuclear industry in

the early 1970's. How had the situation changed by the end

of 19767?

There were three kinds of important developments in this
period. First, all the problems which I described above
persisted and expanded. Second, the direct and indirect
effects of the first oil price shock started to change the
basic environment in which utilities operated. Third,
Seabrook actually received its construction permit in July

1976.17

Which utilities, in addition to CMP, should particularly have

been aware of nuclear power experience between 1972 and

19767

Both MPS and BHE made commitments to Seabrook in 1977 and
officially joined the Seabrook participants in 1978, by
buying 1.46% and .37%, respectively, from Northeast Utilities
(NU). Both of these utilities should have been aware of the

recent history of nuclear projects before buying into

17. That permit was suspended or otherwise under a cloud from
late 1976 to August 1978.
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Seabrook. (CMP attempted to acquire 2.6% of Seabrook from UI

and NU in 1976, but did not renew its offer when the original

transfers were terminated.)

Q: Please describe the continuing problems of the nuclear

industry.

A: Table 3.1 updates to fhe end of 1976 the previous analyses
(Tables 2.1 and 2.2) of cost and schedule slippage in
completed nuclear units. By this time, Seabrook 2 had
received a construction permit (CP), so the summary
statistics are computed from thé estimate at the time of the
CP, to the actual cost (or completion date), In determining
which estimate corresponas to the CP, I used the first

post~CP estimate, if there was a new estimate within a year

18

after the CP, and otherwise the last pre-CP estimate. On

19

this basis, the average cost ratio is 2.05, the average

myopia factor is 22.8%, and the average duration ratio is
1.624. The cost results are not very different than those in
the previous analysis, through 1972, but the duration ratio
is somewhat worse than the 1972 result. If the Seabrook 2
cost and schedule changed as much during construction as did

those of the 49 units in Table 3.1, it would have cost $2.1

18. If the utility did not £find it necessary to release a new
estimate for more than a year after the CP, it must have been
fairly content with the prior estimate.

19. Turnkey plants are excluded from the cost analysis.
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to $4.2 billion, and entered service in 3/88.

In Table 3.2, I repeat the analysis of the cost and schedule
slippage of nuclear units under construction (see Table 2.4),
updated to the end of 1976. This analysis only includes
slippage after construction permit receipt: the first
estimate is defined as in Table 3.1. If Seabrook 2
experienced throughout its construction the average progress

ratio and cost growth rate this group had from CP to 12/76,

20 to sometime near

construction would have required 19 years,
the end of the century, and the unit would have cost $18

billion.21 These results indicate that Seabrook 2 could not
both have repeated this experience and have been completed. |

Even with much improvement over the historical average,

Seabrook 2 would have been a disaster.

Do you make any particular assumptions in applying the

historical experience to Seabroook 2?

Yes. Projecting the historical experience would have been
appropriate in 1976 if one had assumed that the situation in
1976 and into the future was as unsettled as the previous

decade, and that the Seabrook 2 estimate was consistent with

— - ——— —

20. This is PSNH's estimate of 6.92 years, divided by the
progress ratio of 36.3%.

2l. The average cost growth rate of 16.4%, over 19 years, would
increase the price by a factor of almost 18 times.
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utility practice. I belieﬁe that a reading of the utility
press from that period supports the first assumption (which
is not subject to any rigorous test in any case). The second
assumption is more empirical. Table 3.3 lists the other
second units with CP's or Limited Work Authorizations
(LWA's), but still less than 10% complete, as of 12/76, from
Nuclear News (2/77)., The average of these 33 plants was 2.0%
complete (compared to Seabrook 2 at 1.0%), and was scheduled
for completion in 11/82. Second units were scheduled for
somewhat later operation; thus, the schedule estimate for

Seabrook 2 was consistent with industry practice.
Was there any more New England experience by 19767?

Yes. Millstone 2 entered service in December 1975. Table 3.4
displays the cost estimate history of Millstone 2, which was
by far the most expensive nuclear unit in the region. While
none of the Maine utilties has any direct interest in
Millstone 2, it would be particularly difficult for any New
England utility not to be aware of the history of this

relatively local unit.

Were there any particular reasons for other New England
utilities to take note of the cost and schedule overruns for

Millstone 2?

Yes. Previous capacity additions were almost always welcome

for reliability purposes, and most additions also reduced
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costs when they entered service or soon thereafter. Public
agencies were primarily concerned with the adequacy of power
supply, and the only capacity problem was a potential
shortage. The situation was rather different for Millstone
2, which caused considerable consternation when it was
completed. The unit was unnecessary and had expensive excess
capacity at the time it entered service. As I will discuss
below, the radical reduction in load growth following the o0il
price increases of 1973-74 had left New England utilities
(including NU, the sole owner of Millstone 2) with enormous
reserve margins. The construcfion cost of the plant was so
high that even post-embargo oil prices did not make it
cost~effective in the short run, and there was initially
concern that it might not be cheaper than oil over its life
as a whole.22 The Massachusetts Attorney General opposed
(unsuccessfully) the inclusion of Millstone 2 in the rate
base of Western Massachusetts Electric Company (WMECo) on the

grounds that the unit's capacity was surplus to the utility's

needs.

Does the size of MPS, BHE, and their professional staffs have
any bearing on their responsibility to understand, review, or

monitor the Seabrook cost projections?

Not in any way relevant to this case. It is clear that both

This problem was solved by the Iranian revolution in 1979.
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utilities had access to enough information to raise serious
questions about the quality of the cost esitmates it was
receiving from PSNH. There is no evidence to suggest that
either MPS or BHE then attempted to set up any sort of
monitoring process, either individually, jointly, or in
conjunction with other small utilities, to assure that it
would be prepared to respond if the historic pattern

continued.
What sort of monitoring might MPS or BHE have conducted?

While I would not want to presciibe any particular approach,

they might have collected some of the articles I have quoted,
identified and confirmed the trends and problems addressed in
those articles, and then pressed PSNH for some explanation as
to how the Seabrook estimates corrected for and incorporated

those problems. They might also have talked directly to some
of the analysts with concerns about nuclear costs, both

inside and outside the industry.

In the previous section, you contrasted the resources
available to you when you first identifed the patterns in
cost estimates to the resources available to CMP in 1972. How
do the resources of the MPS and BHE Staffs in the mid-1970's

compare to yours in the late 1970's?

While these utilities are much smaller than CMP, their

opportunities for addressing these issues were still much
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greater than mine.

Did the electric utility literature continue to note the

persistence of these problems?

Yes. The Senior Editor of Power Engineering magazine wrote

that

The nuclear power industry continues to miss
schedules, and more slippage appears to be ahead.
. « Based on past performance and anticipating
new impediments, it seems unlikely that [the
current constructionl target will be met.

Low [construction] time estimates have been
characteristic of both the AEC and the utility
forecasts. Part has been due to tight targeting
and part to external causes. Both are
understandable in moderation. It taxes reason,
however, to explain all the announcements of new
plants in the past three years that estimated
commercial operation in six to eight years . . .

The great bulk of recently announced plants are now
planned for 8 to 10 years, and considerable
additional slippage lies ahead for these units. .

.

The AEC still is changing the important ground
rules, . . . and the nuclear community seems to
profit little from some pretty plain and important
lessons of recent history. . .

More likely, of course, the schedule [of nuclear

additions in 1979-81] will not hold. . . (0lds

1973)
'Seabrook 2 would have been one of the "new plants in the past
three years that estimated commercial operation in six to
eight years”, with more aggressive schedules than "The great

bulk of recently announced plants . . . now planned for 8

to 10 years,"™ for which "“considerable additional slippage
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lies ahead". The next year, 0Olds headlined his review "Power
Plant Capital Costs Going Out of Sight"™ (0lds 1974). 1In that
article, he presented extensive data on nuclear cost
estimates, and subsequent revisions, for the period 1965-74,
and computed that estimates had been rising 26% annually
since 1970: |

From the mid-1960's on, power plant capital costs
have risen faster than estimators can get their
numbers changed. 1In spite of intensive study by
many experts, the skyrocket performance of plant
costs has defied complete analysis. . .

It is obvious . . . that as plants get closer to
their completion dates, their reported costs tend
to jump. It may be expected that the 1967-68
averages [for plants ordered in those years] will
increase still further.

0lds alsc warned that

In spite of the steep increase in estimated costs,
these probably will fall far short of the actual
completed plant costs unless there is a sharp break
in the influences that are forcing costs up so
dramatically. . .

In general, the 26% increase rate since 1970
reflects four factors: (1) inflation in cost of
labor, material, services and money; (2) increase
in scope, or material content of plants. . .
(3) recognition that base line estimates in 1965-69
were far too low; and (4) belated recognition that
slippage was of major proportions. . .

The influence of the regulatory arm [of the AEC] on
schedules still is totally unpredictable. The
branch has kept a moving target before the
utilities for a.long time while proclaiming
standardization and schedule shortening. As of
May, the record shows that the 54 plants holding
construction permits have been slipping their fuel
loading dates at the rate of 0.37 months per month.

Another year later, the same author reviewed the history of
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nuclear plant schedules and concluded

« « =« schedule slippage has been going on for a
decade. . . A study of the 10 years of changes
in nuclear plant status thus discloses a steady
increase in estimated time to complete plants, and
that these estimates have been about two years too
optimistic all along . . . Slippage became
worrisome in 1969 when, in just that year, an
average of one plant in six slipped a year. . .
The average slippage per plant, as announced,
generally increased steadily through 1973. Then in
1974, 201 net plant years of slippage were
announced, nearly half of the 1l0-year total for the
226 plants. (0Olds 1975)

Things did not improve dramatically the next year, either

While the slippage in the nuclear program in 1975
was less than it was in 1974, it was not
comfortably less, and was larger than for any other
year except 1974. Setbacks were spread about evenly
over the whole year, and were most severe for
plants that had been ordered in the 1971-74 years.

Costs continue to grow at a rapid rate, and the
postponed plants are going to be much higher in
cost as each year passes. . .

{In 1970-75,1 AEC's regulatory people kept
promising shorter licensing, but kept taking
longer. 1In addition, a torrent of guides and
procedural changes forced additional delays on the
industry. It took time to digest the changes, to
retrofit the engineering, the procedures, and to
retrofit in the field. The moving target exercise
was a tragedy. . .

These years thus were particularly difficult ones
for the industry. Accurate scheduling was
impossible, and costs sped upward without any
possibility of control by the industry. . .
When the AEC was dissolved, an important nuclear
advocate was lost. (0Olds 1976)

Some other examples from the nuclear literature of this

period would include:
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[Tlhe trend of nuclear plant costs [for plants
ordered in the 1960's] was more or less correctly
anticipated, but the absolute magnitude seems to
have been badly misestimated. For example, in 1968
the reactors were expected to cost only $180/kw.
Our actual estimate of cost of reactors ordered
that year is about $430/kw. . . [both in
constantl] 1973 dollars; i.e., there has been a
systematic discrepancy of more than a factor of 2.
. . I[Tlhis difference between expected and actual
costs has not been narrowing with time. 1Indeed it
has been growing. . . [Wel predict, taking the
more conservative of the two [regressionl
estimates, that reactor cost will continue to
increase at an average rate of $34 [constant 1973
dollars] per year, if nothing happens to change the
relative impact of the various independent
variables. (Bupp, et al., 1974)

Florida Power Corporation has announced it has
abandoned its plans to construct the unnamed
two-unit nuclear station it had scheduled for
operation in the mid-1980's. . . "We believe
nuclear power still holds the promise of being the
long-range answer to adequate electric supplies as
well as a means of achieving national energy
independence."” FPC president Andrew Hines said .

. . "However, we feel it is not in our customers'’
best interest at this time to proceed with our
previously announced plans. There is too much
governmental uncertainty as well as an almost
unknown cost factor for construction for us to
plunge ahead into the morass." . .- In 1973,
the projected cost of the facility was $1.4
billion. More recent estimates had set the cost of
construction as $2.6 billion, and the utility said
there was strong indication that escalation would
continue in the years ahead. (Nuclear News 1976)

All of us know that power generation costs and
prices have run rampant since 1969, but many may
not realize how much they have changed. . .
Projected [nuclear power unit investmentl costs .
. .« have increased about four times since early
1969, an average of 21% per year compounded. . .
In 1969, it was assumed that a nuclear unit could
be placed in service about six years after
authorization. Today the time span between
authorization and the expected date of commercial
serivce is slightly over nine years. (Brandfon
1976) :
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For nuclear plants, . . . both the derived curve
and the specific plant data suggest that the error
in cost prediction was increasing rapidly through
the latter half of the 1960's [(from 37% overruns
for plants completed in 1971 to 115% for plants
completed in 1975], largely because plants begun in
the mid-to-late sixties were delayed and made more
costly by imposition of unanticipated environmental
and safety-related requirements . . .

unexpected inflation also played a 51gn1flcant
role. (Blake, et al., 1976)

[Wlere it not for these [recent sharp increases in
fuel costs], the long-run economic viability of
nuclear reactors as a competitive generating
alternative would indeed be questionable. . .

All things considered, [and even assuming nuclear
costs of only $883/kw in 1985, compared to PSNH's
estimate of $1007/kw for Seabrook 2 in 1983] it
appears that purely on economic grounds and
ignoring capital shortage problems resulting from
state regulation of electricity rates, the future
of the U.S. nuclear reactor industry is less bright
than recent government forecasts indicate. (Joskow
and Baughman 1976)

Q: Did the series of Rlectrical World annual reviews continue in

this period?

A: Yes. Nuclear surveys were published in October of 1973
through 1975. The 1976 survey was published in January of
1977. The prose portions of these documents are worth reading
in their entirety, to establish the pattern of continuing
concern, optimism, and dashed hopes. Some highlights

include:

1973: "Nuclear Survey: A Record Year"
Reactor orders soar but lead times slip.
Schedule slippage among previously committed plants

is a continuing problem. Of the units committed
before Sept. 15, 1972, but not yet in commercial
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service, 63 units were reported this year with no
schedule change, 45 had been set back one year, 6
two years, and 2 three years.

1974: "Nuclear Survey: Orders and Cancellations™

Mixed bag of statistics shows commitments to new
units running about as predicted, but mid-year
inflationary forces caused widespread cancellations
and delays in construction programs. . .

Unfortunately, these figures do not openly reveal
the crisis in the nuclear power industry that is
being caused by spiraling inflation; they appear,
instead, to herald a healthy industrial posture.

The most important truths in the industry today are
not to be found in growth-rate statistics, but in
reports of cancellations, indefinite postponements,
and scheduled construction stretchouts., . .

As utilities have moved to cover financial
situations by paring construction budgets, changes
in nuclear schedules were occurring almost daily
during the late summer. . .

When the tabulation closed, 75 units (or about 36%
of the 206 listed) had new completion dates that
were at least one year later than originally
planned. A few of these are plants under
construction where construction has lagged
schedule, but the vast majority are utility-ordered
stretchouts and average about 2 years for each
delayed unit. . . .

Last year, AEC licensing delays and intervention by
small groups of diehards with talented lawyers
represented the major challenges to nuclear power.
This year, the old problems have not gone away, but
the major contention comes from pervasive financial
conditions that are not exclusively nuclear.

1975: "Nuclear Survey: Cancellations and Delays"
Industry falters as uncertainties mount in the
areas of financial commitments, load-growth

demands, regulatory delays, fuel-cycle
“inadequacies, and unpredictable social and
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political hindrances.

The year covered by this report (Sept. 15, 1974 to
Sept. 15, 1975) ended on a downward trend. Two
major stations were indefinitely postponed late in
the period, and this wiped out slight gains that
had been posted earlier. The net result: a narrow
loss .« . & ’

Uncertainty is now the name of the game as utility
executives scramble to hold on to what they see in
their load-growth predictions, balanced against
what they can afford. . .

Soaring costs have been charged with forcing seven
major units off the schedules this year. . .

Utility executives are well aware that delays are
going to be costly; nevertheless, within the period
covered by this report, 84 units (90,048 Mw, or 72%
of all capacity scheduled to go on line after 1975)
has been delayed for periods ranging from one to
seven years. .

1977: "Nuclear Survey: Market Still Depressed"”

About 67,000 Mw of nuclear capacity were deferred
in 1975 and at least 40,000 Mw in 1976. This means
that almost all future nuclear additions have been
rescheduled.

Above all, potential reactor buyers now want
assurance from the government that, once they have
approved designs and construction permits, they can
proceed with assurance that their nuclear plants
will be licensed and permitted to operat
effectively. g

Based on NRC's performance, the utilities are
widely convinced that they cannot manage their own
economic destinies in such an uncertain
environment; therefore, they are being scared away
from nuclear power.

Did the series of FPC reviews continue?

Yes. The Steam Plant Book observed

In the 1965-1968 period, the average capital cost
of nuclear units ordered was about $150/kWe.
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However, it was estimated that the average capital
cost of nuclear units ordered in 1972 would be
about $429/kWe by the time that units come on-line;
an increase attributable to such factors as
inadequate quality control in manufacturing and in
field construction, labor problems, added
environmental equipment and high rates of
escalation. For 1973 the comparable figure was
estimated to be slightly higher at about $449/kWe.

Increasing naticnal concern for the environment
continues to affect nuclear projects. Following
the 1971 Calvert Cliffs decision, the Atomic Energy
Commission issued a revised statement of policy and
amended its regulations to broaden the scope of
environmental issues it will consider in licensing
proceedings. . .

Delays of two to four years from scheduled
commercial operation dates are being experienced
for many nuclear units, due to late delivery of
equipment by manufacturers; faulty installation of
equipment; strikes by manufacturer's employees,
construction employees, or electric system
employees; inclement weather; as well as
increasingly detailed AEC reviews, and the
inexperience of many utilities and their architect
engineers with nuclear power. These and other
difficulties have prompted some utilities to
reassess their nuclear plans. Although many
problems confront the utilities in their nuclear
planning, prompting some utilities to reassess
their nuclear plants, they are proceeeding with
increasing emphasis on nuclear plant additions to
their system generation mix. (1972, pages XIV -
XvV)

In the 1969-1973 period, the average capital cost
of nuclear units ordered was approximately
$427/KWe. However, since 1970 nuclear plant
construction costs have been escalating at more
than 15 percent a year. The latest updated (March
1975) average capital cost of nuclear units ordered
in 1973 was projected to be about $608/KWe by the
time the units are completed and placed in
commercial operation. This increasing cost trend
of nuclear units is attributable to such factors as
increased design complexity, inadequate quality
control in manufacturing and in field constructioen,
shortage of skilled labor, added environmental
equipment to meet newly established environmental
and safety standards, and escalating costs of
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equipment, materials and wages. For 1974 the
comparable figure was estimated to be slightly
higher at about $627/KWe. With projected
production costs of about 5.0 mills/kWh for these
units, the total cost of electricity generation
from nuclear plants ordered in 1974 will be in the
neighborhood of 20~-22 mills/kWh. The average
capital cost for nuclear units in operation on
December 31, 1973 was $204/KWe. . .

Increasing national concern for the environment
continues to affect nuclear projects. Following
the 1971 Calvert Cliffs decision, the AEC issued a
revised statement of policy and amended its
regulations to broaden the scope of environmental
issues it will consider in licensing proceedings.
The broadened environmental protection -
requirements, mandated by Federal legislation,
increased the length of time required to process
environmental impact statements. License
applications on which licensing action had been
taken had to be reeexamined and a more extensive
environmental review performed. Increasing
requirements for environmental protection and plant
safety features contributed to significant delays
in scheduled lead times of many nuclear units.
However, the principal cause is attributable to
delays in construction, i.e., late delivery of
equipment by manufacturers; faulty installation of
equipment; strikes by manufacturer's employees,
construction employees, or electric system
employees; inclement weather; increasingly detailed
AEC reviews, and the inexperience of many utilities
and their architect engineers with nuclear power.
Although many problems confront the utilities in
their nuclear planning, prompting some utilities to
reassess their nuclear plans, they are proceeding
with increasing emphasis on nuclear plant additions
to their system generation mix. (1973, pages XV -
XVI)

Projected nuclear plant investment costs which have
been escalating at more than 15 percent per year
since 1970 continued at that pace during 1974. The
latest updated (March 1976) average capital cost of
nuclear units ordered in 1974 was projected to be
about $690/kwe when the units are completed and
placed in commmercial operation. This increasing
cost trend of nuclear units is attributable to such
factors as increased design complexity, inadequate
quality control in manufacturing and in field
construction, shortage of skilled labor, added
environmental equipment to meet newly established
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more stringent environmental and safety standards,
and escalating costs of equipment, materials and
wages. For 1975 the comparable figure was
estimated to be slightly higher at about $694/Kwe.
(1974, pages XV - XVI)

The 1974 report also repeated the second paragraph I quoted

from the 1973 report, verbatim.

Taken as a whole, were these observations any different from

those you described in the previous section?

Yes, in two respects. First, the general tenor of the
comments moved perceptibly over the years, from an early
sense of annoyance and puzzlement with these cost and
schedule problems, to a later sense of deeper concern.
Second, the continuing assurances that last year was the end
of the trend, and that pext year would see the industry turn
around, were beginning to wear a little thin. The initial
observations emphasized that the problems were a bit more
complex than the industry had thought, but now they were
largely under control and the "learning curve" could take
over, leading the industry to faster, cheaper constrﬁction,
and better cost estimation. By the mid-1970's, the regular
reader of the utility magazines would have been through
several cycles of bad news, followed by promises of better
results in the short term, followed by more delays and

23

overruns, and by some familiar promises. In addition, the

23. Many authors also continued to express suprise at the size of
the increases, even after the pattern had persisted for a
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learning curve seemed to have largely disappeared from the
discussion: the problem for the foreseeable future was to

stop the slippage.
What new problems had arisen since 19727

The 0il embargo and subsequent dramatic rise in oil prices
had several important effeets. On the one hand, it improved
the relative economics of any technology which promised to
reduce oil consumption. On the other hand, it greatly
increased the cost of electricity, particularly in New
England; reduced load growth to'virtually unprecedented
levels (often to negative growth); encouraged conservation
actions and the development of conservation technologies;
increased inflation; and greatly increased the financial

stress on utilities.

What was the effect of reduced load growth on nuclear

construction?

The changes in most utility load forecasts (Those of CMP,
NEPOOL and PSNH are illustrated in Figures 1.1, 1.2, and
1.3., and CMP, MPS and BHE forecasts are discussed further in
Section 9.) had two effects. First, the reduced need for

power plants made it harder to justify building any new

—— i ————

industry's woes, many authors paused to express their faith in
. the need for nuclear power, and in the eventual recovery of the
industry.
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generation, including nuclear plants, and raised the
possibility that new units might not be needed for long
periods after they entered service. Second, lower sales
resulted in reduced internal generation of funds, which
compounded the financial stress caused by the higher oil

prices themselves.
How did conservation affect nuclear power?

The reduction in load growth was largely due to conservation,
of course: this demonstrated that continual increases in
electricity consumption were nét inevitable. 1In particular,
it became clear that conservation was an alternative to new
power supplies, and that conservation could be encouraged by
higher prices and by organized regulatory and incentive
programs. For the most part, those programs did not ge£ off
the ground until the late 1970's, and there was considerable
hope in the utility industry in 1976 (and even later) that
the conservation effects of the last -few years would soon

disappear, overtaken by a wave of "pent-up demand".

How did the first oil price shock induce financial stress for

utilities constructing nuclear power plants?

As I noted above, reduced load growth resulted in lower sales
and lower earnings than the utilities would have expected.
At the same time, the higher cost of o0il, and subsequent

inflation throughout the economy, greatly increased the
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utilities' expenses. The pinch between rising costs and
falling sales expectations limited the ability of many
utilities to finance the construction programs they had
planned in more affluent years. 1In the next section, I
discuss how this problem caught up with PSNH, UI, and NU in
the 1977-78 period, but both UI and NU were trying to trim
their construction programs by 1976; Section 8 considers

financial issues in more detail.

What other changes occurred in the mid-1970's other than

those related to the increase in o0il prices?

The March 1975 cable fire at the Brown's Ferry nuclear power
plant, as.the most serious accident to that time at a
commercial light water reactor, seems to have been a sort of
watershed for the newly formed NRC in two respects. First,
it alerted the agency to the possibility that significant
saféty problems could slip past its initial screening, and
thus be present in units under construction or even in
operation. Second, it must have driven home the point that
those problems would not disappear if the NRC ignored them; a
major design flaw could have disastrous consequences for the
credibility of the agency and the industry which it was
charged with regﬁlating, however gently. Thus, nuclear
safety regulation was bound to intensify, rather than relax,
despite the (probably correct) perception of the industry

that regulation was killing it and despite all political
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Did the situation of the nuclear industry, the Seabrook
project, and Unit 2 in particular, improve in the first two

years following Seabrook's receipt of a construction permit?

No. Cost escalation and schedule slippage continued
nationwide, Seabrook's construction was interrupted by
unresolved environmental issues; and some of the major owners

reached the limits of their ability to finance the plant.

What was the national experience with cost overruns and

schedule slippage in 1977 and 19787

Table 4.1 éontinues the analysis of Table 3.1, for those
plants which entered commercial operation in 1977 and 1978.
On the whole, these two years were even worse for cost
overruns by completed plants than was the previoﬁs decade.
Applying the experience of these 10 units to the current
estimate for Seabrook 2 (which was only 2.8% complete) would
produce a corrected cost estimate of $3.5 ~ 6.2 billion, and
a commercial operation date of December 1991. Including the
experience of the units compieted by 1976 would moderate this
somewhat, producing an estimated completion date of 6/89 and
a cost estimate of $2.8 - 4.9 billion. These costs are

equivalent to increases of 115-375% over PSNH's $1.3 billion
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estimate of January 1979, as contrasted with the 20-40% cost
increases CMP contemplated in its analyses in MPUC U3238.
Clearly, Seabrook 2 would have been a major nuclear success

story if its cost had increased only 20-40% more.

Table 4.2 repeats the slippage calculations of Table 3.2,
both for the continuing (1976 to 1978) slippage of the units
in Table 3.2 which were still not finished in 1978, and for
the total slippage to 1978 of some 26 additional units which
were not included in Table 3.2 because they received
construction permits too late, or because they had no new
cost or schedule estimates by the end of 1976. On the
average, the cost estimate for this group of units was
increasing at 17.9% annually, and they were making only 41.4%
of the scheduled progress towards completion: for each year
that went by, they were getting only 5 months closer to

completion. If Seabrook 2 progressed as slowly, and if its
cost escalated as rapidly as the average of this group, then
it would require 14.7 more years (to 9/93) and would cost
$14.7 billion to complete, again indicating that it could not

repeat this average experience and be completed.

Table 4.3 compares the schedule projection for Seabrook 2 to

that of other units which held construction permits, and

which were listed as less than 10% complete in December
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1978. The average of these plants was 3.6% complete
(compared to Seabrook 2 at 2.0%), and was scheduled for
completion in 12/85. Second units (averaging 3.4% complete)
were scheduled for somewhat later operation, with an average
2/86 COD. Thus, the schedule estimate for Seabrook 2 was
somewhat more optimistic than average, but was not out of
line with a few of the other estimates, and extrapolation of
historical experience to Seabrook 2 was only mildly

optimistic.

Did observers within the nuclear industry continue to report

the problems you described in previous sections?

Yes. Again, the A/E's identified the past pattern, although
they were loath to admit that their current efforts were

subject to the same problems:

Increases in power plant costs between estimating
dates of 1969 and 1978 can be attributed to
inflation and to statutory and regulatory
requirements. About 22 percent of the increase is
due to inflation and 78 percent due [sic] to
statutory and regulatory changes.

Over a twelve-year period in operating dates
(1976-1988) estimated power plant investment
requirements have increased by a factor of
approximately seven. . .

[These estimates] do not include any sums
specifically intended to cover future, and
presently unknown, additional safety or
environmental requirements. However, in view of
our past experience with the continual ratcheting
of environmental and safety requirements and
economic and political uncertainties, they do
include contingency items of about . . . 17
percent for a nuclear plant. (Bennett and Kettler
1978)
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« =« » Harold E. Vann, vice president-power,
United Engineers & Constructors [said] "The 1l0-year
schedule for nuclear plants is not compatible with
the time period betweeen investment made and
revenues received . . . The high investment cost
also complicated this problem. It is commonly
knoéwn in the investment community that announcement
of expansion plans adversely affects the price of a
utility's equity. (Nuclear Industry 1977a)

Ebasco Services Incorporated is projecting that
"there will be few domestic nuclear power plants
announced by utilities in 1977. This opinion is
based on the conditional nature of new construction
permits, and [fuel cycle concerns.]"™ (ibid.)

Bechtel said "it anticipates regulatory agencies

will continue to change licensing criteria and it
therefore seems unlikely that nuclear units will

become standardized."™ (ibid.)

Ebasco especially wanted to note its concern with
the indicated trend of review and backfitting of
operating plants to meet current guides. "We
believe,” it said, "that a broad policy of
requiring retrofit without a demonstrated need, or
benefit to the public commensurate with cost, is
detrimental to the public interest at a time when
public concern for energy independence should be
answered with an accelerated commitment to nuclear
power." (ibid.)

Brown & Root's senior vice president, M. M. Finch,
sees prospects for shortening [nuclear] power plant
construction schedules as "unlikely." Expecting
costs and scheduling to escalate in the future as
they have in the past, Finch believes that this
will change only with the recognition of the
absolute necessity of the nuclear option. "If we
are to have a viable nuclear industry," Finch
warns, " there must be an absolute commitment to
resolving the many significant items that have been
plaguing the nuclear industry for so long."
(Meanwhile, just maintaining construction schedules
is a more realistic hope, Finch says, because the
"barriers"™ to shortening schedules are

formidable.) (Jacobson 1977; parentheses and
emphasis in original)

Burns and Roe came the observations that:
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It is clear that nuclear power is in deep trouble.
e « In the first eight months of 1979 alone, 67
nuclear plants were either deferred or cancelled,
and the Nuclear Regqulatory Commission has imposed a
temporary moratorium on the licensing of nuclear
power plants.

The authors continued by explaining why nuclear costs are so

much less certain than coal costs:

The nuclear plant cost [projection] has a wider
range [than the coal plant estimatel] because it is
felt that there is greater uncertainty in
estimating future costs of nuclear plants than
there is with coal plants.

These cost projections . . . are based on . .
. current known regulatory requirements. It is
important to keep this in mind because actual . .
. regulatory requirements experienced over the
life of a project are likely to be different. .

Today's estimates for the 1992 plants are more than
10 times as large as the estimates that were made
in 1969 for nuclear units scheduled to start up in
1976. Although the projected costs of nuclear and
coal costs are very high, the nation's options are
limited, at least through the end of the century.

This study of available cost data for U.S. power
plants has indicated that costs are likely to
increase significantly for all types of plants over
the next several years, at least. The base cost
numbers have been established, and major reasons
for cost increase have been identified. From this
point, it can be said that the final actual costs
of nuclear plants now underway are expected to be 3
to 4 times as high as the original estimates. .

In 1974 and 1975, . . . less than 3 million
engineering man-~hours were required for a single
unit plant. Today, the figure is about 4.5 million
man-hours for the single unit plant. The earlier
studies showed 11-12 craft man-hours per kilowatt
of capacity in the single unit plant; today, the
craft man-hours exceed 15 per kilowatt. . .

As a final point, it was noted during the course of
this detailed cost study that the available actual
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cost data often do not reflect the ultimate total
capital costs. This is true to the extent that
costs are not updated to include subsequent
expenditures for compliance with new regulations.
(Budwani 1980)

F. C. 0lds commented extensively on the growth in safety

regulation:

[Hlow safe is safe enough [for nuclear plantsl?
This question has been asked but never answered in
terms of a limit to be placed on NRC requirements.
Consequently, as long as a reviewer can conceive of
a way to reduce pollution or risk, he is likely to
require it. . .

[Adding 1975 and 1976 to the regulatory picturel
can best be described as ratcheting gone wild.
During 1976, an average of-three new requirements
having significant impact on NSSS design were
issued by the NRC every month. Obv1ously this
situation has a severe adverse impact; imagine the
picture by the end of the l2-year period now needed
to get a plant on line. . .

Where all this ratcheting will end is anybody's
guess. The primary cause is the open-ended [Atomic
Energyl Act that more or less directs reviewers to
ratchet, and creates an ungovernable situation. .

Replication . . . met with some success until a

regulatory ratchet was applied to the process. .

. [Aln expensive change was required of l[a

duplicatel plant. 1In turn, this was whipsawed back

on the original plant, which now was under

construction. (0lds 1977)
Whether or not one accepts 0lds' characterization of the need
for this level of safety regulation, his description of its
effects (compounded by unrealistic utility attitudes) appears
to be accurate. The next year, 0lds (1978) reached his most
graphic in describing the problems of the industry. The

lead-in included the observations that
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starting in 1974, announcements of setbacks in
nuclear plant schedules began in earnest. Most of
the apparent delays, however, reflected the fact

f that many plants at that time carried unrealistic
completion dates and had no chance of meeting
them.

This has continued throughout 1976-77, but with an
additional feature. Real lead time has continued
to increase at about one year per year; hence, the
published schedules still are running behind.

; Plant costs now are time-dominated and increase as
fast as lead time...

The body of the article went on to remark:

T Table 1 shows what has happened to the schedules of

: the 66 nuclear units that had gone into commercial
operation by the end of 1977, and gives an estimate
of probable completions in 1978, From the data in
this table, it will be shown that during the four
years, 1974-77, lead time for these units from NSSS
order to commercial oepration was increasing by
nearly one year per year. Subsequent tables will
look at units scheduled for later years . . .
[In 1970-1972] There were some hints of future
trouble, but there were always the promises that
the course for nuclear plants would be smoothed out
and shortened. The industry could not be
criticized severely for having too much optimism at
that time. . .

By 1973, however, hardly anyone should have hoped
{ for lead times for new bookings as low as nine
] years. Beyond 1973, there were hopes for reduced
times via standardization of plant designs,
: multiple orders for identical units, standardized
{ licensing reviews, pre-licensed shop-fabricated
’ units, and other good things promised by
. Washington. Largely, these hopes for time
: . reductions have been thwarted thus far.

[ Florida Power and Light became a bit more colorful in its
description of the problems which resulted in the cancelation

[ of the South Dade units:
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Electrical World continued its increasingly gloomy reviews:

« « + Robert Uhrig, vice president for nuclear
and general engineering, said he didn't see how any
utility "that has to defend its actions to a public
service commission could justify a business
decision to 'go nuclear' in the present
environment". . . "The nuclear licensing process
has been destabilized to the point where sound
business decisions cannot be exercised with respect
to nuclear facilities. Sound business is dependent
upon predictable time schedules and costs, and
neither is present in today's era of uncertainty.”
(Nuclear Industry 1977b)

This year's nuclear survey . . .tends to
reinforce the gloom of the "big four" manufacturers
that was expressed last year in both trade journals
and the popular press. . .

Several dates for scheduled commercial operation of
plants have been postponed -~ some indefinitely -
and there have also been cancellations. . .

FPL announced in mid-1977 that it would not commit

"itself to any future nuclear plants as of that

time. The utility cited regulatory uncertainties
at both state and federal levels as its principal

reason. . .

The Omaha Public Power District told Electrical
World that its overriding reasons for canceling Ft.
Calhoun 2 were (1) excessively high estimated cost
per installed kw, (2) lower-than-expected load
growth projected for its service area, and (3) a
more than $200-million interest charge on capital
before commercial operation would begin. . .

The number of "indefinites"™ [sic] has dropped over
the past year from nine to seven, with an
accompanying "decrease" of almost 2,000 Mw in
generating capacity. But this encouraging portent
could be canceled when one realizes that the chance
of all - or any - of the "indefinites” being built
is slim indeed. (Electrical World, "1978 Nuclear
Plant Survey")

Did the Federal Power Commission surveys continue?

Yes.

The language of the prose summaries in the Steam Plant
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Book, now published by the Federal Energy Regulatory
Commission (FERC), was becoming quite repetitive:

Projected nuclear plant investment costs which have
been trending upward since 1970 increased again in
1975. The latest updated (January 1977) average
capital cost of nuclear units ordered in 1975 was
projected to be about $766/KWe by the time the
units are completed and placed in commercial
operation. This increasing cost trend of nuclear
units is attributable to such factors as increased
design complexity, inadequate quality control in
manufacturing and in field construction, shortage
of skilled labor, added environmental equipment to
meet newly established more stringent environmental
and safety standards, and escalating costs of
equipment, materials and wages. For units ordered
in 1976 the comparable figure was estimated to be
about $797/KWe. (1975, pages XIII - XIV; published
1/78)

Projected nuclear plant investment costs which have
been trending upward since 1970 increased again in
1977. The latest updated (January 1978) average
capital cost of nuclear units ordered in 1977 was
projected to be about $829/KWe by the time the
units aré completed and placed in commercial
operation. This increasing cost trend of nuclear
units is attributable to such factors as increased
design complexity, inadequate quality control in
manufacturing and in field construction, shortage
of skilled labor, added environmental equipment to
meet newly established more stringent environmental
and safety standards, and escalating costs of
equipment, materials and wages. (1977, page XIII;
published 12/78)

The language of the 1976 report was identical to that in the
1975 report, which was issued after the 1976 data was

available.

Are you aware of any detailed assessments by nuclear

utilities of the problems they faced in this period?

Yes. Detroit Edison has prepared a report on the
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construction of its Fermi 2 nuclear power plant (Detroit
Edison 1983), which presents an overview of nuclear
regulation in the 1970's. Chapter 10 of that report,
entitled "1978: Nuclear Design Changes”, includes the
following observations, written in the present tense:

For Fermi 2 and other nuclear plants in
construction, numerous additional government and
industry standards leading to changes in reactor
design, quality assurance practices and new
equipment have a drastic effect on cost.
Regulations for nuclear plants grow to 784 in 1978
from 277 in 1975. As a result, the real cost to
construct nuclear power plants in the United States
increases by an alarming 142 percent from the end
of 1971 to the end of 1978: During this time, Fermi
2's construction costs increase nearly 150 percent
in real dollars. This escalation occurs even after
removing inflation in the costs of standard
construction inputs--labor, materials, and
equipment.

Nuclear design changes, in particuliar, are
characterized by "ripple effects”" that carry beyond
the immediate component or system being altered.
The result is that the total impact on cost is
inevitably larger than the sum of the parts.
Moreover, many of the changes at Fermi 2 and other
nuclear plants are mandated during construction, as
new safety rules emerge. This "ratcheting” of
regulations during construction greatly complicates
the design and construction efforts. ‘

Fermi 2, in fact, is being built in an "environment
of constant change™ that makes the control or even
estimation of costs extremely difficult. The
result is that the construction process falls prey
to logistical problems that magnify the direct
impacts of increased standards. Construction
contracts must be let on a "cost-plus fixed-fee"
basis, backfits during construction are common, and
this often means construction workers cannot be
efficiently deployed and labor productivity
suffers. These problems would continue throughout
the duration of the project.

Cost-plus fixed-fee contracts become unavoidable at
Fermi 2. Although some construction contracts
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provide for a fixed price - usually tied to an
agreed upon inflation index - such arrangements are
not feasible when the scope of the work is subject
to continuing significant changes. . .

Changes in quality-assurance regulations beginning
in 1970 have a severe affect on Fermi 2's cost and
schedule. It is truly a balancing act to control
costs and, at the same time, ensure that the design
is reliable, safe and meets licensing
requirements. Increased engineering costs are the
smallest part of the impact resulting from °
compliance with the new quality-assurance
regulations.

&
As quality-assurance standards become more complex
and the growth of regulations causes design changes
in the mid-1970's, the impact on Fermi 2 is
far-reaching, especially when construction is in
progress. Previously purchased material must be
replaced, usually at higher prices. Already
completed construction work is torn down and
reassembled according to new specifications.
Valuable time is lost while construction crews wait
for new equipment and materials to be delivered.

Another result of design and quality-assurance

changes is the negative impact they sometimes have

on labor productivity. Some construction workers

lose motivation to do good work if they become

frustrated by design changes that cause constant

retrofitting of already completed tasks.
The Atomic Industrial Forum (AIF) published a study (Perl
1978) by National Economic Research Associates (NERA) which
found, among other things, that nuclear plant costs were
increasing at an annual rate of 10% above general inflation.
NERA concluded that nuclear power would be cheaper than coal,
but only after assuming that the escalation in nuclear costs
would stop abruptly. The study recognized that its
"estimates are highly uncertain and hinge upon a number of

speculative assumptions”™ and invited its readers to

"substitute your judgement for" NERA's. Indeed, NERA
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acknowledged that "If the historic pattern continues and if
the cost of coal facilities escalates at a lower rate than
nuclear, eventually nuclear will become an uneconomic
technology." Many of the results of the NERA study indicated
that the nuclear industry was in grave difficulty in 1978,
and could only be saved by dramatic improvements compared to

past performance.

Did the interest in organized conservation programs as
alternatives to conventional energy sources produce tangible

results in this time period?

Some significant programs started up in this period.

Examples would include the Federal appliance efficiency
standards, higher thermal integrity standards in new building
codes, and California's efforts in governmental and utility-
sponsored conservation programs. These efforts indicated
that it was possible to foster conservation, and establish

enerqgy efficiency as a power supply option.
How did regqulatory scrutiny affect nuclear power?

State regulators started to inquire as to the need for the
construction programs; the protection of the programs was
frequently presented by the utilities as a major reason for
rate relief. This scrutiny took many forms. 1In California,
for example, the Sundesert nuclear plant was subjected to

lengthy state hearings which led to its rejection and
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cancelation in 1978. The Wisconsin PSC undertook similar
reviews of the need for planned facilities in that state, and
concluded that further nuclear investments were
inappropriate, which finally resulted in the cancelation of

‘ 24

three nuclear units in that state. More careful regulatory

oversight was clearly emerging by 1978.

Did Seabrook experience many of the problems which plagued

the industry in this period?

Yes. As shown in Table 1.1, thg Seabrook cost estimate
increased twice between the end of 1976 and the beginning of
1979, for a total increase of 29.5%, or 13.2% annually.
Meanwhile, the in-service dates for the two units had slipped
by an average of 16 months in a period of 25 months, and the
scheduled COD for Unit 2 remained over 6 years in the

25 As demonstrated by Figures 1.2 and 1.3, the load

future.
forecasts for the lead participant and for the region were
falling rapidly, slightly eroding the economic value of the
plant, and more significantly eroding the financial strength

of the owners and potential owners.

24. The chairman of the Wisconsin commission at that time,
Charles Cicchetti, later testified on cost recovery mechanisms in
MDPU 906 on behalf of Boston Edison. Prof. Cicchetti testified
in some detail that he was aware, and utility managers should
have been aware, in the early to mid-70's of several of the
problems regarding nuclear plant cost overruns and schedule
slippage, and utility financial stress discussed above.

25.

BHE
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What special problems afflicted the Seabrook project in this

period?

Two problems which were particularly vexing for the Seabrook
project were the continued regulatory problems which flowed
from PSNH's decision to start construction before final
approvals of the cooling system26 were in hand. The
construction permit was suspended from 1/24/77 to 7/26/77,
and again from 7/21/78 to 8/10/78, as a result; the permit
was under a cloud for mqst of this two-year period, including
at least one interval in which PSNH curtailed construction in
anticipaﬁion of permit suspension. In addition, Seabrook was
the target of some of the strongest and most militant
environmental opposifion of any domestic nuclear plant.

While this opposition, culminating in an occupation of the
site in April, 1977 by over 1400 demonstrators, probably had
little or no direct effect on the construction schedule or
cost of the plant, it certainly insured an exceptional level
of public scrutiny of theﬂsafety and financial decisions

involving the plant.

How did the problems of Seabrook and the nuclear industry

affect the Seabrook owners?

- —— —_———

26. If the cooling tunnels were ultimately rejected in favor of
cooling towers, the environmental superiority of the site was
open to question and rehearing; all investment at the Seabrook
site was at risk so long as those approvals remained conditional.
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There were several effects of both the general and the
specific problems of Seabrook. The combination of rising
prices, falling load growth, heightened regulatory scrutiny,
and increased plant construction costs combined to force
Northeast Utilities (NU) and United Illuminating (UI) to
offer part or all of their Seabrook shares for sale. NU
offered all of its 12% share in 1976, and UI offered half of
its 20% share on January 26, 1979. This was UI's second
attempt to sell part of its share; the first attempt, in
1976, floundered due to the permit suspensions. PSNH had
been able to maintain its 50% &wﬁership only because of the
ihclusion of construction work in progress (CWIP) in its
ratebase. Legislation to bar CWIP was passed by the New
Hampshire legislature and vetoed by Governor Thomson. The
election in 1978 of Governor Gallen, who ran on a no-CWIP
platform, forced PSNH to solicit interest in a portion of its

entitlement early in December, 1978.

PSNH's financial condition in this period was so shaky that
the NRC, in order to uphold the ASLB finding that PSNH was
financially qualified to build Seabrook, was forced to
restate the financial qualification standard. Previously,
that standard had required "reasonable assurance"™ of
financing; the Seabrook decision changed this to a standard
which only required a "reasonable financing plan", without

any assurance that the plan could be achieved. This revision
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attracted much notice in the utility industry, and was clear
evidence that PSNH, for a nuclear lead participant, was

unusually vulnerable to financial difficulties.

The Maine utilities were famiiiar with PSNH's financial
problems, as was anyone who was involved in New England
utility matters in this period. Mr. Lee's testimony in this
docket (p. 13) discusses BHE's knowledge of PSNH's condition,
while CMP's understanding of the financial situations of PSNH
and UI was laid out in more detail by Mr. Webb in U3238 (Tr.
1135-1138 and P~25 to p. 31), where he referred to PSNH
"immediate needs" for cash as being "critical", attributed
the unprecedented discounting of Seabrook share to PSNH's
"desperate" straits, noted that investors did not know if
PSNH "was going to be able to continue ... to pay interest",
and described UI's circumstances as "dire". Mr. Kelly of CMP
also described some problems of PSNH and Seabrook, and
expressed skepticism that Seabrook 2 could even meet a
completion date tow years later than the official estimate:

Q: Now I understand that you're not interested in
increasing your ownership in Seabrook, Pilgrim or
Millstone.

A: That is correct.

Q: But can you rank them for me in terms of which

ones would you most likely invest in if you had
to?

A: Reluctantly I would probably lean towards
Millstone III.
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Q: And why?

A: Because I believe that that project will be
completed sooner and it is at an existing site with
two other units. They do not apparently have
anywheres near as severe regulatory problems as
Seabrook has and obviously Pilgrim has.

Q: The capital cost of that plant is higher than
Seabrook.

A: It is slighlty higher, yes, but it's better to
get a plant in service than to - Seabrook could be
considerably higher if it goes to the 1990 time
frame - much higher than Millstone III.

Q: And with your 85-87 date for Seabrook you show
a capital cost of $17.43 per KW and for Millstone
coming on in 86 you show $23.74.

A: That's correct.

Q: So it's a plant coming on sooner, yet it costs
more.

A: I don't believe that they're going to make that
date. I'm saying if you ask me if I had my
preference, I believe where Millstone III is
substantially constructed, is being built by a
utility that is three times as large as Publice
Service Company of New Hampshire and I think the
risks are considerably - are less in that unit. I
say are considerably - they are less in that unit
in my opinion.

Q: AThat's the first time I've heard that one. The
larger the utility that's building it the lower the
risk?

A: The larger the utility the more, generally
speaking, financial ability they might have. They
have a lot of experience with nuclear, much more
than Public Service of New Hampshire, for example.
They have two operating units and they ran
Connecticut Yankeee very successfully. I'm not
saying New Hampshire is not a good utility. Don't
get me wrong. But they have more experience - a
larger utility.

Q:  Was PSNH's difficulty in financing its principal nuclear

construction program in this period unique?
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No, it was not even unusual, except in degree. Delays in the
in-service dates of nuclear plants, suspension of
construction, and even cancelations, were often attributed to
the financial condition of the constructing utility. Close
to home, Northeast Utilities (NU) decided in 1977 to stretch
out construction of Millstone 3, moving the scheduled
in-service date back from 1982 to 1986, due to the unit's
strain on NU's finances. Seabrook was also the major item in
the construction program which was stressing UI's finances.
As I discuss in my testimony in 84-120, the ability of Boston
Edison (BECo) to finance its Sé% share of Pilgrim 2 was also
doubted by many observers, includ;ng the NRC staff, BECo
employees, and CMP employees. As I will show in Section 8,
PSNH's nuclear commitment (primarily to Seabrook) was much
larger, in proportion to the size of the utility, than NU's
nuclear commitment (primarily to Millstone 3), BECo‘;
commitment (to Pilgrim 2), or UI's commitment (mostly’
Seabrook). Therefore, it should hardly have suprised any of
the Seabrook owners that PSNH's ability.to finance Seébrook‘
was contingent on favorable, and even exceptional, ratemaking
treatment. If that favorable treatment was withdrawn, or
threatened, PSNH was sure to have difficulty financing its

share of Seabrook.

How did the Maine utilities react to the information

available at the end of this time period?
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Despite all the warning signs, BHE committed itself to
purchase 1.8% of Seabrook from PSNH, and CMP committed to 1%
from PSNH and 2.5% from UI. Neither of these utilﬁiies
appears to have attempted to link its purchase to any
measures which would have increased the likelihood of

completion of Unit 1, such as abandonment of Unit 2.
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What is the significance of the June 1980 date for the Maine

utilities' participation in the Seabrook project?

This date 1is near the middle of the transfer process of
Seabrook shares from PSNH to BHE and CMP. It also followed
closely yet another upward revision‘in Seabrook cost
estimates, with accompanying delays in the completion
schedule.. This was also over a year after the Three Mile
Island (TMI) accident, giving the participants in Seabrook

and other plants time to absorb the results of that event.

What important developments occurred for Seabrock 2 and the
Maine utilities' participation, in the period from late 1978

to the summer of 19807

Four groups of events took place. First, PSNH received some
important warnings regarding its nuclear construction
program, including information about the costs and schedule
of the Seabrook units. Second, PSNH's attempt to reduce its
commitment to -Seabrook was not wholly successful, due to
saturation of the market for nuclear plant shares, and
particularly Seabrook shares, among New England utilities,
with a situation of scarcity changing to a situation of

surplus. Third, the TMI accident further accelerated the
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ongoing changes in nuclear regulation. Fourth, the general "
deterioration in the economics of nuclear power continued,

accompanied by a virtual torrent of plant cancelations.

What warning signals regarding its Seabrook investment were

presented to PSNH in this same period?

There were several such signals. PSNH was a party to
Massachusetts DPU 19494, in which I pointed out scme of the
errors in its load forecast: PSNH's forecast was remarkable
for its overstatement of demand, even in an era of
universally optimistic utility ioad projections., 1In the
second phase of MDPU 19494, and again in NRC 50-471 and DPU
20055, I produced an analysis of the (then new) NEPOOL
forecasting methodology, and (with Susan .Geller) a review of
the forecasts of all the major NEPOOL participants. Our
testimony discussed numerous errors in each of these
forecasts, which in most cases were both poorly documented
and over-optimistic. Figure 1.2 demonstrates that our
overall criticism was well taken, and that the NEPOOL
forecast has indeed declined continually both before and

since our review. MDPU 19484 also highlighted the enormous

cost overruns at Pilgrim 1.

PSNH was also a party to DPU 20055, in which my testimony
pointed out the history of nuclear power plant cost

escalation, schedule slippage, and overruns. While the data
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base available to me at that time was considerably more
limited, I was able to present cost estimate histories for
six completed units27 and four more still under construction;
both groups demonstrated cost overruns and schedule delays
representative of those found in the more complete data sets
presented in this testimony. 1In addition, I presented the
results of the early regression analysis by Mooz (1978),
which found that the construction costs of nuclear power
plants receiving construction permits were increasing at
$141/kw annually, in 1976 dollars. Again, if PSNH were
somehow unaware of the trends in nuclear costs, in cost
overruns, and in schedule slippage, prior to MDPU 20055, it

could hardly have been unaware of them by the end of that

case. 28

- — ————— —_ - -

27. The utilities, including PSNH, refused to provide further
cost estimate histories, even for Maine and Vermont Yankee. Had
PSNH cooperated in gathering and examining this data, rather than
proclaiming its unavailability and irrelevance, perhaps Unit 2
would have been suspended or cancelled in 1980, leaving all the
participants less exposed to the current Seabrook debacle: this
case might involve the writeoff of 4.38% of a $200 million
investment, rather than a 9.68% share of an $800 million unit.

28, The utilities' own presentation in MDPU 20055 contained some
similar information, and revealed a lack of critical analysis in
the utilities' construction planning. In particular, John
Gmeiner, testifying for Montaup, attached to his testimony a copy
of a NERA study (Perl 1978), and of an EBASCO study (Bennett and
Kettler 1978), both of which are quoted in Section 4 of this
testimony. Unfortunately, the utilities, including PSNH, took to
heart the optimistic projections of these studies and ignored the
dismal recitations of the industry's past and current problems.
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Most importantly, however, PSNH itself recognized that it
could not afford more than 25% of Seabrook if it retained its
shares of Pilgrim 2 and Millstone 3, or 28% if it sold off
its shares of those other units. PSNH actually tried to sell
its Seabrook share down to 20%, and to sell all of the other
units. There was no market at all for Pilgrim capacity, the
Millstone 3 shares moved very slowly (about a quarter of
PSNH's share was sold in 1982), and by the end of 1980 there
were commitments for sales only sufficient to bring PSNH down
to 35% of Seabrook. Therefore, even by PSNH's calculations,
it was overextended by some 40%; at realistic cost estimates,

the financial burden would have been even greater.
Did Seabrook suffer any other problems in this period?

Yes., There was a 45 day carpenters' strike in 1879, and
persistent problems with shortages of particular skilled
trades. Due to PSNH's financial condition, the construction
workforce was cut approximately in half in March 1980; this
condition was to continue until the summer of 1981. In the
third quarter of 1980 (just after the end of this review

period), the project suffered a nine-week strike by iron

workers.

What significant developments affected the nuclear industry

nationally in this period?

There were several important events or trends:
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l. The cost estimates continued to increase, and the

schedules ceontinued to slip, for those units which were

not canceled.

2. Nuclear unit cancelations, which first exceeded new
orders in 1975, were continuing at unprecedented rates
in the late 1970's and especially in 1980, while the

last new orders occurred in 1978.

3. The regulatory response to the accident at Three Mile
Island, and other NRC actions, dashed any hope of rapid
recovery in the industry, and accelerated many of the

previous adverse trends.

Did the cost estimates and schedule projections for nuclear

plants improve between 1976 and 1980°?

No. Table 5.1 presents summaries of the cost and schedule
histories of plants which entered service between January
1979 and June 1980, This Table is comparable to Tables 2.1,
2.2, 3.1, and 4.1. The calculated summary statistics indicate
a slight improvement compared to the previous decade, but
this is eclipsed by the fact that only two units reached
commercial operation in this 18 month period. This is
partially the result of new safety requirements following the
TMI accident, but the trend was evident in 1978, as well,
when only three units reached commercial operation. Even the

fact that only the two units listed in Table 5.1 were in
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their start-up phase, between operating license and
commercial operation, when the TMI accident occurred, is
evidence that the number of units nearing completion was
shrinking. Considering that the apparent improvement in the
ratios was really due entirely to an exceptional performance
by Hatch 2,29 while Arkansas 2 cost experience was as bad as
average, and its schedule slippage was worse, the 1980 data
indicate that the situation had not improved, and in fact had
deteriorated considerably. Applying the cumulative results
through 6/80 to the 4/80 estimate for Seabrook 2 would
predict a cost of $3.47 to $4.5i billion dollars, and an
in-service date of 7/88, while the results for Hatch 2 and

Arkansas 2 alone would project a cost of $3 -~ 3.7 billion and

an in-service date of 3/88.

Table 5.2 updates the slippage analysis from Table 4.2. The
cost and schedule estimates as of both 12/78 and 6/80 are
listed, along with the percentage increase in the cost
estimate, and the months of slippage in the in-service date.

The schedule for the average of these 77 units had slipped

——— e vt o, e o S Y

29. There is some tendency for second units which lag the first
unit by more than two years to experience unusually small cost
and schedule slippage after the first unit is completed. Hatch 2
is one good example of this effect; St. Lucie 2 is another
celebrated case. I am not sure that the Maine utilities’ could
have been expected to see this pattern; if it did, the Hatch 2
experience would have to be discounted as a model for Seabrook 2,
at least until Seabrook 1 entered service.
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slightly faster than the time between the estimates,

producing negative progress, and the average cost estimate

. had increased about 18% annually. Unless the schedule

performance improved, the average plant would never be
completed (and in fact, many of the units with negative

progress in Table 5.2 have since been canceled.)

If Seabrook 2 were as fortunate in its schedule as the
average completed plant (from Table 5.1) through June 1980,
so it entered commercial operation in 7/88, and its cost only
increased by 17.7% annually, it still would have cost $6
billion; the later its completion, the worse this result was
likely to be. As we will see, even PSNH's ability to
complete the unit on PSNH's schedule and at PSNH's cost
projection was highly questionable; on either a financial or
an economic basis, it was only reasonable to expect that a
continuation of recent trends would have been fatal to Unit

2, probably also to the plant, and possibly to the utility as

well.

Table 5.3 compares the schedule projection for Seabrook 2 to
that of other units which held construction permits, and‘

which were listed as less than 10% complete in December 1980
(since I have not been able to find the same data tabulated

for 6/80). The average of the eight units with COD schedules
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was 4% complete (compared to Seabrook 2 at 7.7%), and was
scheduled for completion in January 1990. None of the units
was scheduled for operation until 20 months after the
scheduled Seabrook COD; even WPPSS 4 (listed as 15% complete)
was scheduled for 2/87 COD. Thus, the schedule estimate for
Seabrook 2 was highly optimistic, compared to the industry

average, and greater overruns than average would be

expected.

Please describe the history of cancelations of ordered

reactors within the US nuclear industry.

Figure 5.1 portrays the annual and cumulative cancelaﬁions,
through 1983. FPigure 5.2 presents the number of new orders,
the number of cancelations, and the net change in orders in
the same period. While some of the canceled units had
construction permits, units awaiting permits were more
heavily hit by the wave of cancelations. Table 5.4 lists the

plants canceled in 1977-80, with the construction status of

each.
How did NRC regulation change in this period?

Even before the TMI accident, the NRC was demonstrating a
more cautious attitude towards potential safety problems.
Where problems and solutions were identifiable, the NRC was

increasingly reluctant to allow plants to operate without the
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solutions.30

The best example of this trend was the order
which shut down several units in 1978, after an error was
found in a Stone and Webster seismic design program. While
this action by the NRC was widely criticized within the
industry as "over-reaction," that criticism largely ended by

the TMI accident.

'The accident at TMI further increased the NRC's reluctance to
take unnecessary risks with potential safety problems at
reactors under construction or "in operation. It was widely
perceived that another TMI-scale accident might well be a
fatal blow to commercial nuclear power development, and
almost any cost imposed on individual plants was preferable'

to collapse of the industry.

Mr. Kelly described the effects of the Three Mile Island
accident on Seabrook as

We don't know the problems at Three Mile Island.
That's the risk situation and we don't know what
might happen to Seabrook. There might be another
$§200,000,000 required to make that plant meet the
new criteria--or it might be 500--or it might be
nothing--to meet the criteria the NRC might or
might not come up with. We don't know, in our
opinion, what's going to come out of the Three Mile
Island situation as far as nuclear.

30. The NRC was less willing to address the difficult, "generic”
issues which might bring into question the viability of the
industry.
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Did the utility industry literature continue to reflect the

problems of the industry?

Yes.

From Electrical World's 1979 Nuclear Plant Survey comes

these observations:

If you were disturbed by the statistics contained

in last year's nuclear-plant survey, the 1979
roundup won't help to settle your stomach. Unit
cancellations, delays, and postponements are on the -
rise, while the total number of reactor

commitments, through 1995, has dropped alarmingly.

Another very disturbing element is the large number
of postponements and delays in commercial
operation, ranging from one year to as long as six
years, with a concomitant increase - from seven to
eleven - in the number of units now in the
"indefinite" column. Just as discouraging is a new
listing: two units in the "work suspended"”
designation.

Although we usually endeavor to be upbeat and
optimistic in seeking the oft-~elusive silver lining
in a cloudy report, this time around offers us an

unprecedented challenge.

The 1980 Survey, headlined "No reactors sold; More

Cancellations”", was more terse:

Since last year's survey, the commercial operation
dates of some 80 units have been postponed, from
one year to indefinitely, and nuclear commitments
are down from last year's 195 units . . . to 193

units . . .

The Steam Plant Book continued its review of the state of the

industry in the 1978 edition, which was published in December

1980:

Projected nuclear plant investment costs which have
been trending upward since 1970 increased again in
1978. The latest average capital cost of nuclear
units ordered in 1978 was projected to be about
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$920/kWe (1978 dollars) by the time the units are
completed and placed in commercial operation. An
insufficient number of units were ordered in 1978
to provide a trend indicative for that specific
year. The cost per kW of installed capacity ranged
from $815/kW to $1070/kW in 1978 dollars. The
overall increasing cost trend of nuclear units is
attributable to such factors as increased design
complexity, inadequate quality control in
manufacturing and in field construction, shortage
of skilled labor, added environmental equipment to
meet newly established, more stringent
environmental and safety standards, and escalating
costs of equipment, materials and wages. (page xv)

Was CMP aware of the problems of Seabrook, PSNH, and the

industry in this time period?

CMP was certainly aware of industry problems, including the
financial problems at Millstone 3, the effects of Three Mile
Island on regulatory and investor confidence in nuclear
investments, the upward trend in cost estimates, the
continuing slippage in schedules, and the difficulty in
licensing new plants. CMP was also aware that PSNH and
Seabrook had problems. Specifically referring to Seabrook,
but discussing nuclear issues in general, Mr. Kelly observed
that

There is a certain amount of risk involved in the

nuclear capacity and I believe the last two or

three months have borne that out very clearly. .

. [Seabrook would be cheaper in terms of KW cost

than the anticipated cost of Sears Islandl [ulnder

the current cost that they estimate, assuming

they're accurate . . . Not knowing what's going

to happen out of the NRC-after the latest events,

there are some people . . . that say it will be
more expensive than coal, but I don't know. (ibid,

page 184).

This is, of course, the fundamental problem with nuclear
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power: the plants are generally economical at their projected
costs, but the projections have little chance of becoming
reality. Furthermore, Mr. Kelly did not expect the
uncertainties and problems surrounding nuclear power
development to be resolved soon: |

Q: Okay. ©So right now you're generally pretty
lukewarm to any nuclear. Is that right?

A: That is correct. That's exactly correct.

Q: But that could change momentarily, say within
weeks?

A: No, sir. I doubt if it'll change within
weeks. I suspect it'll take years before they get
straightened out. With Three Mile Island it'll
probably take a year =--

"His rebuttal testimony discussed these issues further:

Q: Mr. KRelly, are you aware of the original and
current schedules for the Seabrook, Pilgrim,

Millstone and Montague nuclear plants which are
suggested in the ADL optimistic nuclear options?

A: Yes, I am. The original in-service dates for
Seabrook 1 and 2 was 1979 and 1981 and the current
dates are 1983 and 1985. The original in-service
date for Pilgrim 2 was 1978 and the current date is
1985. The original in-service date for Millstone 3
was 1979 and the present date is 1986. The original
in-service dates for Montague 1 and 2 were 1981 and
1983 and are now some time in the early 1990's.
This constitutes a four year delay for Seabrook; a
seven year delay for Pilgrim 2; a seven year delay
for Millstone 3 and an estimated ten year delay for
the Montague Station.

Q: What have been the primary causes of these
delays?

A: Nuclear plant delays in New England have in
generaly been based on a decline in load growth,
financial problems, and regulatory and licensing
delays. While there is some reason to believe that
the load growth rates have stabilized, there is
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little, in my opinion, to justify the belief that
financial problems or licensing and regulatory
delays are going to be significantly reduced in the
short term especially in regard to nuclear plants.
Mr. Monty has more to say on this point.

Q: Do you believe Mr. Heuchling's assumed nuclear
delays are reasonable?

A: Mr. Beuchling's assumed nuclear delays are
consistent with the past history of delay and from
that point of view they are not unreasonable.
However, Mr. Heuchling's major theme is that
nuclear delays are controlled primarily by reduced
load growth in New England. While Mr. Heuchling's
testimony is unclear on this point he may also be
suggesting that with higher load growth in New
England more nuclear plants could be brought on
line. 1If this is an underlying assumption by Mr.
Heuchling, he would necessarily be ignoring the
huge impact regulatory and licensing delays have
had on nuclear plants in New England and
nation-wide. With the Three Mile Island incident
fresh in the mind of the public and government and
Central Maine's own experience with Maine Yankee, I
see little reason to assume that the impact of
regulatory delays will be removed ro reduced with
regard to nuclear power. My primary concern is
with the situation where load growth is higher than
Mr. Talbot has assumed for New England and Maine
and that nuclear plants will not be able to be
built on a schedule to meet that load growth
because of financial and regulatory problems.

Indeed, Mr. Monty did have more to say on the subject:

. I would consider the Company's . .
probablllty of getting 459 megawatts from a 1992
nuclear plant to be no greater than 25% . . . I
base this judgment primarily on the current public
attitude toward nuclear power prevailing since the
Three Mile Island incident and the construction
delays and regulatory difficulties encountered in
the construction of nuclear plants even prior to
the Three Mile Island incident . . . [Blased on
these same considerations, I view the probability
that nuclear plant construction will proceed on
schedule in New England to be no greater than 50%
« +« + (Rebuttal, page 13)

Mr. Monty also offered his opinions that "indefinite
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postponement of nuclear construction in New England", "an
extraordinary escalation of nuclear costs", and "a failure of
the regulatory process such that power plant construction in
New England falls behind the actual load growth",

all four of these conditions have a high
probability of occurrence. First, the postponement
of nuclear power plant construction in New England
rather than being a matter of judgement, is a
matter of history. There is not a single nuclear
plant proposed for New England which has not been
significantly delayed. The Sears Island Nuclear
Plant was cancelled because of regulatory
requirements; the two Montague units have been
indefinitely postponed because the Massachusetts
Energy Facilities Siting Council has refused to
hold the required siting hearings. The two
Charlestown units do not have a site. As a result
of court action the constructing utility has been
unable to buy the Charlestown site from. the General
Services Administration. The Pilgrim No. 2 unit
still does not have a construction permit although
the project started eight years ago and has been
almost continuously in the courts and before
regulatory bodies for the entire period. The
Nuclear Regulatory Commission recently announced a
moratorium on new permits and there are currently
several bills before Congress calling for a
moratorium on nuclear power plant construction.
The Millstone No. 3 plant is currently being
constructed on a delayed schedule becasue of the
inability of the principal owner to finance a
normal construction schedule. This plant which was
originally scheduled for completion in 1979 is now
scheduled to be finished in 1986, The two Seabrook
units are currently being built following two halts
to plant construction caused by controversies over
the cooling water system and the appropriateness of
the plant site. Most recently the plant has been
rescued from a third construction halt by the
purchase of part of the ownership interest of
Public Service Company of New Hampshire by utilties
in the other New England states. I have also
included Exhibit Monty-6 which shows nuclear plant
deferrals and cancellations in 1977 and 19878. In
1977 there were six reactors cancelled, totalling

, 6,384 MW and in 1978 there were twelve reactors
cancelled, totalling 12,433 MW. This data and
exhibit were taken from the Atomic Industrial

- 85 -




Forum, Inc. publication INFO dated December 31,
1978. All in all, the construction outlook for all
nuclear power plants is highly questionable at the
present time.

Second, nuclear power plant costs have already
undergone an extraordinary escalation. A4 800
megawatt nuclear plant such as Maine Yankee which
was completed in 1972 at a cost of less than $300 a
kilowatt. A 1200 megawatt plant scheduled for
completion in 1987 will probably cost about $1700 a
kilowatt. This increase represents almost 500%
cost escalation in 15 years, an escalation
appreciably higher than expected for the cost of
living index. Much, if not most of the increase
has resulted from added requirements imposed by the
Nuclear Regulatory Commission. In light of the
Three Mile Island incident it is certainly
reasonable to assume the Nuclear Regulatory
Commission requirements and the attendant added
costs will increase the extraordinary escalatin of
nuclear costs. . .

Finally, the failure of the regulatory process in
allowing nuclear plant construction to progress pm
schedule is a fully demonstrated fact of history.
Not a single New England nuclear plant has been
built on schedule since Maine Yankee was completed
in 1972. Every nuclear plant currently in process
in New England has been delayed in some manner by
the regulatory process as I have already

discussed. To assume that substantial further
delay will not be encountered in my opinion is to
engage in wishful thinking. 1In light of delays of
the plants now contemplated, there should be little
confidence that future delays will not be beyond
the time the plants are needed to meet actual load
growth. Regulatory issues such as nuclear safety
and construction work in progress are highly
emotionally matters as evidenced by the public mood
in the aftermath of the Three Mile Island incident
and by the recent New Hampshire gubernatorial
election, where "construction work in progress" was
a major campaign issue. Public pressures are very
likely in the future to delay the completion of
nuclear plants beyond the dates when they are
required to meet actual load growth. (ibid)

This was a fairly scathing denunciation of nuclear power, and

certainly indicates that CMP was not blind to the problems of
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Mr. Webb's rebuttal in that proceeding also discussed the
regulatory, financial, and risk problems of nuclear power:

It is a generally accepted theory that due to the
regulatory process governing rates of electric
utilities, period of extended "heavy” financing are
also period of financing deterioration. It is
further generally true that weaker credits must pay
more for borrowed funds. Therefore, if we assume
that the "optimistic nuclear option" significantly
increases CMP's external capital requirements
during the 1979-1983 period, it is also reasonable
to assume that CMP's overall cost of capital will
tend to be greater than it otherwise would have
been. . .

General federal government and regulatory
ambivalence toward the nuclear industry coupled
with the Three Mile Island incident and the
shutdown of various nuclear plants has created an
attitude of uncertainty in the marketplace is
presently demanding a premium for investing in
nuclear-related utilties. CMP Exhibit No. Webb-1
shows that for the period since the accident at
Three Mile Island through May 21, 1879, the New
York Stock Exchange Utility Index declined 3.8%,
while utilities with significant current or future
nuclear generation declined 6.7%. During this same
period Central Maine Power Company stock declined
10.5%. How long this "nuclear premium" will be
reflected in the marketplace is difficult to say,
but the financial risks associated with nuclear
generation, which have been highlighted since the
Three Mile Island incident and subsequent
shutdowns, are obviously weighting heavily on the
minds of investors and may well indicate a slow
return to the point where no "market premium" is

31. Mr. Monty's list also included an endorsement of the NEPOOL
forecast, indicating that his perceptions were not infallible.
However, that endorsement consisted only of the claims that the
NEPOOL staff was professional and that its model was large, new,
and "state of the art"; compared to his specific arguments on
other topics, this is close to damning by faint praise.
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associated with nuclear intensive companies . .

The "optimistic nuclear option" in general assumes
there is no additional business of financial risk
associated with basing the energy future of this
state and the financial well-being of the owners of
Central Maine Power Company totally on the future
of nuclear generation. 1In my opinion, that is not
reasonable, especially when we face the unanswered
questions of spent fuel disposal, decommissioning
costs and methodology, regulatory delay and social
and political opposition. Although I believe that
nuclear power is essential to the energy future of
this country, I also believe that any decision
regarding a major new commitment to nuclear at this
point in time must consider the potential financial
impact of these many risks.
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Did the patterns and trends you identified in earlier

sections continue from June 1980 to the end of 19827

Yes. The pattern of cancelations is shown in Figures 5.1 and
5.2. The problems of the nuclear industry were widespread;
utilities with nuclear construction programs became
particularly suspect in the investment community. The cost

overruns and schedule slippage continued.

What was the cost and schedule experience for units entering

service in this period?

Only seven units went commercial in these 30 months: one in
1980, four in 1981, and two in 1982. The average cost and
schedule experience of these units was worse than that of the
previous decade, and six of the seven units had higher
duration ratios and myopia factors than the historical
average, as shown in Table 6.1l. The one exception was
LaSalle 1, a Commonwealth Edison unit, which beat the
averages by small margins. If the Seabrook 2 cost estimate
of 12/82 were subject to the average mYopia and.duration
ratios that these seven units had experienced, it would have
been completed in 5/94 and cost between $10.8 and $12.4

billion.

- 89 -



How does this differ from the results of continuing the

average experience of all the units which entered service by

19822

Applying the 26% myopia and the 1.79 duration ratio to PSNH's
estimate of a 4.58 year duration and a cost of $2.7 billion

would result in a cost of $6.5 to $7.8 billion, and a COD of

2/91.

What was the experience of units under construction in this

period?

This data is displayed in Table 6.2, which shows an average
progress ratio of 33.9% and an average annual cost increase
of 25.3%., 1If this performance were duplicated by Seabrook 2-
during the remainder of its construction period, it would be
completed in 6/96 at a cost of some $57 billion. As in the
previous Section, a continuation of the cost trends for units

under construction would preclude completion of Seabrook 2.

Was the Seabrook 2 estimate consistent with the general -

industry cost and schedule projection methodologies?

Not quite. 1In 12/82, Seabrook 2 was reported to be 16.9%
complete: virtually all plants listed as less than 20%
complete had been canceled or indefinitely deferred by this
point. Table 6.3 lists the units less than 30% complete as
of 12/82. The five other units with scheduled COD's and less

than 30% complete averaged 18% completion, and a scheduled
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in-service date of 12/88. Of these units, the one closest to
Seabrook 2's COD schedule was Limerick 2, which was 30%
complete, and was still scheduled for operation five months
after Seabrook 2. Other units scheduled for completion in
1987, comparable to the Seabrook 2 schedule, were listed‘'as
up to 62% complete. Therefore, it is likely that PSNH's
schedule for Unit 2 (and thus at least part of the cost
projection) was very optimistic at that point, even by
industry standards. As a result, simply using historical
experience with utility cost estimates would have been
optimistic: since the Seabrook 2 schedule was especially

aggressive, it was also likely to slip more than the

average.
What was the status of the units which were cancelled in this
period?

Table 6.4 displays this data. The high rate of cancellations
shown in Table 5.4 continued, with units holding construction

permits becoming an ever larger portion of the cancelations.

Of the six units with permits canceled in 1979 and 1980, four

were killed by state actions, and a fifth was owned by
General Public Utilities (GPU), which also owned Three Mile
Island, and which had neither the cash nor the inclination to
attempt to continue construction of another nuclear plant in
the aftermath of the TMI accident. None of the canceled

plants in 1979/80 had been listed as more than 5% complete.
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In contrast, 1981 and 1982 saw the cancelation of fourteen
units with construction permits, most of which were canceled
because the utility determined either that the unit was
uneconomic or that the unit could not be financed. When four
of the units were canceled, they were reported to be more

complete than Seabrook 2 was at the end of 1982, and four

more were over 5% complete.
Was there any more bad news for Seabrook in this period?

Yes. Perhaps the worst news was that the market‘for Seabrook
shares, and indeed for any nucléar plant under construction,
had finally dried up completely. PSNH was unable to reduce
its ownership share below the 35% level, and UI was left with

17.5%. Thus, PSNH had about a third more plant to finance

32

than it had told its commission it could afford, and UI had

75% more than it wanted.33

In January 1982, the NHPUC ordered PSNH to reduce its
ownership share of Seabrook from 35% to 28%, indicated that
it would attempt to block further work on Unit 2 if PSNH's

bonds were downgraded again, and offered PSNH the option of

—  —————

32. It is not clear whether the 25% or the 28% target was more
applicable, since Pilgrim 2 was canceled, rather than sold, and
only part of the Millstone share had been sold.

33. NU was also unable to find a buyer for the remainder of its
entitlement in Seabrook, but its financial exposure was less
extreme than that of UI or especially PSNH.
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canceling Seabrook 2 to alleviate its financinal problems.

In July 1982, following the next reduction in bond ratings,
the NHPUC attempted to force PSNH to suspend construction of
Unit 2 until it could either reduce its share of the plant to
28%, complete Unit 1, or receive some equivalent financial
assistance from the Joint Owners. The PUC recognized that
PSNH's finances were critically stressed by the attempt to
build two units simultaneously, and acted to protect the
utility from itself. PSNH appealed the PUC's order; CMP and
MPS, along with other Joint Owners, joined in the appeal in
support of PSNH. It is difficuit to understand why these
Maine utilities supported PSNH's efforts to destroy itself;
on the face of it, this action was totally imprudent. If the
Maine utilities had any role in the proceeding, it should
have been in support of the NHPUC. As it turned out, the NH
Supreme Court's suspension and eventually overruling of the
PUC's order was predicated on the statutory limits of the
PUC's powers, rather than on the merits of the case.
Nonetheless, the opposition of even a single joint owner to
continued expenditures on the plant might have forced PSNH to

comply with the spirit of the PUC order.

In February 1982, the NRC staff produced a list of expected
1982 cancelations, which included Seabrook 2. While this
study was primarily intended as a summary of current

expectations, and did not include any new financial or
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economic analysis, it clearly identified Seabrook 2 as among

the most likely candidates for prompt cancelation.

In November 1982, the MPUC found that Seabrook was likely to
cost over $8 billion, as compared to PSNH's estimate of $5.24
billion in December. I have not found any indication that
any of the Maine utilities re-evaluated the

cost-effectiveness of Seabrook 2 at the PUC's cost estimate.
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{ - ECONOMIC ANALYSIS

How have you investigated the economic desirability of

Seabrook 27

I have compared the cost of energy from Seabrook 2 to the
cost of energy from new coal plants, and from existing oil
plants, using my estimates of Seabrook cost and NEPOOL
estimates (NEPLAN 1976) for most other inputs. This analysis
as of 1976 is presented in Table 7.1. Since the Maine
utilities have not provided their own analyses for most of
the Seabrook planning and construction period (and apparently
did not perform any analyses), these NEPOOL reports are my
best estimates of the Maine utilities' assumptions at this
time. In fact, CMP relied on these studies in later
analyses, and these coal plant costs were similar to CMP's
estimates of Sears Island costs. Many of the assumptions are
highly favorable to nuclear power, including

the absence of decommissioning charges

- the absence of capital additions

- the lack of any real escalation (that is, above the

level of inflation) in nuclear 0&M expenses

- the use of a very high nuclear capacity factor.
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In addition, the Seabrook cost estimate used in Table 7.1 is
the average of the results for completed units in Table 3.1,
rather than the more pessimistic results for the units under
construction in Table 3.2. Even in Table 3.1, the myopia
results, which recognize the construction stage (and expected
remaining duratién) of the plant, are more pessimistic than
the results from the historic cost ratios, which neglect the

long expected construction period for Seabrook 2.34

Tables 7.2 to 7.4 update this analysis to 1978, 198G, and
1982, respectively. NEPLAN revised its maintenance
assumptions in 1979 (NEPOOL Planning Committee, 1979), and
revised most of its assumptions in 1982 (NEPLAN 1982). Table
7.2 and 7.3 compare the cost of Seabrook 2 power to the cost
of energy from existing o0il plants, as estimated by CMP in
January 1979 and February 1980, and provided in the
restrospective analyses of Exhibits Webb-15, Webb-~17 and

35

Webb-18 in 82-266. Table 7.4 uses actual Wyman 4 oil

prices in 1982, and NEPLAN inflation rates. These tables
contain the same sources of nuclear optimism as Table 7.1,
and the 1980 and 1982 analyses also do not correct for the
highly aggressive nature of the Seabrook 2 cost estimates at

34. The Tables subtract out the sunk cost of Seabrook 2 at each
point in time, which is appropriate for utilities which already
owned Seabrook shares. For new purchases, the entire cost is
relevant.

35. CMP has not provided comparable information for 1976.
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those times.

Was there evidence by 1976 to suggest that these assumptions

were optimistic?

Yes. Table 7.5 lists the annual non-fuel O&M expenses for
all nuclear plants in operation for each year from 13968 to
1981. Table 7.6 provides the booked plant cost for each plant
for each year in the same period, along with the increase in
the cost in nominal and constant dollars. O&M expenses were
clearly increasing much faster than inflation, and capital
costs for existing plants were élso increasing. Table 7.7
lists the capacity factor for each PWR of more than 300 MW,
for each full year of operation through 1981, along with the
average capacity factors for all experience, experience in
years 1 to 4 (immature years), and experience after year 4
(mature years) as of 1975, 1977, 1979, and 1981,
corresponding to the data available in 1976, 1978, 1980, and
1982, respectively. Since the average size of these units
was less than that of Seabrook, and since virtually all
observers (including NEPOOL) have expected and found that
large units have lower capacity factors than small units,
even applying these historical capacity factors to Seabrook
would be optimistic. Nonetheless, the historic capacity
factors were consistently less than NEPLAN and Maine
utilities' projections for Seabrook. Column B of Tables 7.1

through 7.4 demonstrates the effect of using cumulative
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average PWR capacity factors instead of NEPLAN's baseless

assumptions.

CMP was aware of the cost increases in operating plants, as

Mr. Kelly noted in U3238 (Tr. 229-230).

The--so I would assume with respect to--using Seabrook as an
example--if Seabrook were actually operating, if it were
licensed completely by the Nuclear Regulatory Commission and

operating, you would view it differently than you would

today?

We would look at it slightly different on that one criteria,
but, as you know, the other major critia I mentioned was

risk, and that obviously would have some bearing.

If I understand it, the risk you were talking about was the

risk that the plant won't be operating when you want it to be

operating.

The risk is the nuclear risk in general, the risk of probable

increased costs of those plants which we see about in the

papers all the time.

Here, though, we're talking about--the assumption now is that

Seabrook's operating already, so I would assume you already

know what the costs are.

Yes, but the back-fit costs to keep some of these nuclear
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plants to meet the criteria, if they change the criteria at
the NRC--which is conceivable; I guess everybody would have

to agree to that--the costs could continue to go up. We

would look at it if it was operating.

How do these results compare to the results of Mr. Webb's
retrospective analyses of Pilgrim 2 costs in Exhibits

Webb-15, 17 and 18 in PUC 82-2667

Tables 7.8 and 7.9 repeat these analyses, but increase the
fixed charges by the ratio of the average projection of
Seabrook 2 cost from historical'experience (from Tables 7.2
and 7.3) to BECo's cost estimate for Pilgrim used in Mr.
Webb's exhibits. These Tables also start in the year
indicated as the first year of Seabrook 2 operation in Table
7.2 and 7.3, and compute a cumulative discounted difference
at the discount rates derived in those Tables. Even using
CMP's capacity factors, Table 7.8 indicates that a realistic
review of the dependability of BECo's cost estimate would
have indicated that Seabrook 2 would be much more expensive
than oil. Table 7.9 indicates that by 1980, CMP's
assumptions would indicate that power from Seabrook 2 would
pay off against oil in several years, if construction of Unit
2 were still possible. Seabrook 2 looks better in Table 7.9
because PSNH's official estimate was extremely optimistic,
and I have not corrected for that source of error.

Furthermore, both the nuclear and oil cost projections in
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this Table are so high that it is difficult to believe th

other, less expensive options were not available.

Figure 7.1 reproduces Exhibit Webb-15, but adds a realistic
Seabrook busbar cost, derived by multiplying BECo's capital
cost recovery (in mills/kwh) for Pilgrim by the ratio of my
realistic cost estimate for Seabrook 2 ($3122 million) to
BECo;s estimate used in preparing the Webb-15 ($1521
million). The cost advantage of the BECo estimate over coal
is obliterated by an increase of this magnitude and would
have been eliminated by a cost~increase as small as 75%.
Therefore, Exhibit Webb-15 demonstrates that Seabrook 2 power

was virtually certain to cost more than power from BECo's

hypothetical coal plant.

Figure 7.2 reproduces a similar analysis by BHE, from the
July 1977 Base Load Capacity Expansion study (Exhibit

Lee~7). The capital cost of the BHE nuclear option
(apparently the NEPCo units at $910/KW or $1.05 billion each)

is increased to reflect my 12/76 corrected cost estimate for

Seabrook 2 ($3.122 billion).

Were these the only comparisons that the utilities should

have conducted at the time?

No. Once Seabrook 2 was found to be uneconomical compared to

continued oil consumption or new coal plant construction, it
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still remained to be determined whether the coal and oil
options were the best choices. Other alternatives which
should have been considered as early as 1976 included
aggressive conservation programs, coal conversions of
existing capacity in Maine and elsewhere in New England (the
Maine utilities might, for example, have offered to purchase
BECo's efficient Edgar station and converted it to coal,
rather than allowihg BECo to dismantle it), customer-owned or
utility-owned cogeneration (fired by wood, coal, or oil),
small hydro plants, trash-burning facilities, and purchases
from (or co-operative developmegt in) Canada. It is my
understanding that CMP never studied most of these options
seriously during the period of its Pilgrim investment, and
those which it did pursue only entered its supply plans
rather late in the 1970's or in the early 1980's, and were
not generally seriously compared to nuclear expansion. For
example, in commissioning a study of cogeneration potential
by C. T. Main, CMP basically assumed the results of the study
(U3238 Tr. Q-22 to Q-25). Had CMP analyzed the issue without
prior biases, it would almost certainly have found that
cogeneration is not "too small, too costly, or too
geographically diffuse" to justify significant development,
and much of the cogeneration capacity now in the pipeline
could have started up years earlier. The same is true, of

course, of other small power producers.

What do you conclude from these analyses?
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Each of these analyses indicates that the use of a realistic
Seabrook 2 cost estimate, combined with standard NEPOOL
assumptions, would have resulted in the conclusion that
Seabrook 2 power would be more expensive than power from new
coal units, for any anélysis performed from 1976 to 1982, and
that Seabrook 2 was not competitive with existing oil plants
in most of this period. This is true despite the use of the

optimistic nuclear assumptions I cited above.

Why do your conclusions regarding the economic desirability

of Seabrook 2 differ so much from those of Dr. Perl?

There are several reasons. The most important include:
- Dr. Perl assumes throughout that Unit 2 was financially
feasible, which was in doubt by 1976. Among other
things, this assumes that Unit 1 rate shock (or

ratemaking to avoid that shock) would not endanger the

financing of Unit 2.

- Dr. Perl assumes that nuclear, coal, and oil were the
only available choices. This is clearly contrary to
fact, as Hydro Quebec, Maine's small power producer

programs, and California's conservation programs have

demonstrated.

- Dr. Perl uses very low discount rates, which are
calculated from an incorrect method. Even if it were

correct, it would not have been reasonable to expect the
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utilites to use the discount rate methodology which Dr.

Perl prefers.

-~ Dr. Perl's nuclear cost estimation methodology has some
fundamental technical shortcomings, and it is not a
method which the utilities could reasonably have been
expected to employ, especially in the early- to

mid-1870's.

~ Most importantly, Dr. Perl assumes that it was prudent

to continually expect nuclear construction and operating

costs to stop increasing.

You discuss financial feasibility and other power supply
options elsewhere in your testimony. What is wrong with Dr.

Perl's discount rate methodology?

Dr. Perl uses the after-tax cost of money (ATCOM) as a
discount rate, which is the average cost of capiEal to the
company, minus the tax credit due to the deductibility of the
interest on debt. Using the average cost of capital is
erroneous, since the discount rate used should reflect the
degree of risk involved in the projected stream of costs and
benefits. As CMP noted many times in U3238, nuclear is a
very risky investment, riskier than coal plant construction,
and almost certainly riskier than any other major activity of
the Maine utilities, and should therefore be assigned a

higher discount rate. Dr. Perl is actually discounting
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customer costs, rather than utility costs, and should
therefore use approximations of customer discount rates,
rather than utility discount ratés. However, I would not
expect a utility in the mid-1970's or early 1980's to
recognize these relative fine points in- economic evaluation.
Thus, I accept as reasonable the past use of discount rates
based on average utility costs of capital, despite the fact
that it is not quite correct. My disagreement with Dr. Perl
centers on his use of the ATCOM, rather than the full cost of

capital.

Dr. Perl believes that the present value of an expenditure is
the same, regardless of whether the cost is expensed or
capitalized, so long as the discount rate 1is return net of
the debt tax shield, and thus that he has constructed his
analysis so that consumers will be indifferent between
expensing and capitalizing costs. The "after tax cost of
money" Dr. Perl defines is only relevant to the company if
(a) revenues do not vary with financial structure (which is
true for most corporations, but not for utilities), or if (b)
there is no taxable return on the investment (neither a
delayed return, such as AFUDC, nor an immediate return, such
as rate base treatment). If the return on investment is to
be covered by increased revenues, taxes must be added to the
cost of money, not subtracted, to establish a discount rate

at which the consumers would be indifferent between expensing
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and capitalizing expenditures. Under traditional rate-base
treatment, the utility is paid a cash return on its
investment, and it must therefore pay additional taxes if it
capitalizes, rather than expenses, its expenditures. Hence,
the discount rate at which the consumers are indifferent
between expensing and capitalizing is the overall rate of
return, plus income taxes. Only if the capitalized
investment yields neither a current return nor a future
return will the net—of—taxgiate be the discount rate at which
ratepayers are indifferenf between expensing and capitalizing

the cost.

Does Dr. Perl offer any support for his claim that this ATCOM

method is correct?

Yes. In response to 33 Staff 19, he offers some calculations
which purport to show that the ATCOM produces the same
present value of rates, regardless of the time period of the
recovery of costs. In this response, he has made the
counterfactual assumptiong'that (a) the tax life of Seabrook
2 is one year and (b)-tﬁe flow-through method of fax
accounting is used. As a result, he implicitly assumes that
the government makes a $500 (for the $1000 dollars of plant
cost in his example) loan to the ratepayers for the duration

of the cost recovery.

The more realistic example in Table R-1 in my rebuttal
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testimony in Phase 1 found that the rate of indifference was
the average cost of capital, plus taxes on equity.
Recognition of tax credits and accelerated depreciation would

bring the break-even discount rate down towards the average

cost of capital.

What rates were utilities using for this type of analysis in

this time period?

NEPOOL studies appear to use the overall cost off capital. I
am not aware of any utility analyses in the 1976-1982 time

period which used the ATCOM as a discount rate.

What are the problems with Dr. Perl's technical approach to

nuclear cost estimation?

A: There are three generic problems with the approach to
nuclear cost projections, which are intrinsic to any
regression analysis across plants. First, the data on
construction costs are not well suited to comparison between
plants, since the cost of each plaﬁt will depend on the
amount of escalation included (and hence on the amount of
work performed in each year), the utility's APUDC rates, and
whether CWIP was included in rate base (and if so, how much
and for how long). Correcting for differences in prevailing
prices, financing costs, and accounting practices, to produce
comparable cost figures for individual plants, requires

tremendous amounts of data, or some strong assumptions. The
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same is true for such other site-specific and
company-specific factors as labor-management relations, and

the accounting treatment of nuclear-related overhead.

Second, there is an intrinsic selectivity bias in this
technique: the successful plants are included in the data
base, while the canceled or delayed plants are not. This
problem is particularly severe for later cohorts, for which
only a few exceptional plants have entered service (and the

36

data base). Treating these exceptions as if they were

typical of their cohorts understates the time-related cost

trend.

Third, the results of these projections are very sensitive to
the functional forms and independent variables chosen,
especially where it is necessary to project the effects of
variables well beyond the range of the historic data. For
example, the continual increase in plant cost with time can
be modeled as a function of construction permit (Céi issuance
date, commercial operation date (COD), the average of the CP
and COD dates, the number (or MW) of plants in service (or
under construction) at the CP or COD, the cumulative
operating experience in plant-years (or MW-years) at the CP
or COD, the number of NRC regulations issued during

36. The same may be true for large plants, which are concentrated
in the later cohorts.
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construction, and so forth. Each of those variables may
be transposed as a logarithm, an exponential, a reciprocal, a
power or root, and more. FEach variation may produce a
different projection for a particular unit, especially for
one near or beyond the end of the data set, such as

Seabrook.

It also would have been impossible for the utilities to have
performed most of the analyses which Dr. Perl suggests they
might have performed, since he uses data through 1882 to
estimate construction and operaéing costs as early as 1873.
Even assuming that the utilities could have done these
analyses with data that did not yet exist, I do not believe
that it is reasonable to expect that they would have done so,
and it is not at all clear what they would have concluded had
they used Dr. Perl's techniques with the data then available

and their own choices of specifications.

Q: What does Dr. Perl assume regarding the adverse trends in

nuclear construction and operating costs?

37. "Regulation” may be defined in several ways, to include
regulatory guides, bulletins, and so on, and the number of the
applicable document can be measured as an average number issued
per year of construction, total issued during construction, total
issued at CP or COD, etc. :

38. Since Dr. Perl chooses to assume in each year that there will
be no more bad news, this is not as important an issue as it is
for more realistic analysts, such as Komanoff and ESRG, who
attempt to forecast future regulatory effects.
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He assumes that in each year ‘it was prudent and correct to
ignore past experience and to assume that future costs will
not increase from current levels. This is his most serious
error, by far. The data and industry quotes which I present,
and the regression results which Dr. Perl presents, all
indicate clearly that the cost of building and operating
nuclear units was rising steadily throughout the 1970's (and
even before), and there was much evidence that the trend was
continuing and even accelerating at many times. Dr. Perl has
made many incorrect projections of nuclear plant costs, going
back to at least 1978, although.he has often warned his
readers that his conclusions were based on the assumption
that nuclear cost escalation (or at least the worst of it)
was over. I do not believe that utilities which based
investments on Dr. Perl's admittedly optimistic projections
were prudent at the time, and I disagree strongly with Dr.
Perl's suggestion that retrospective prudence determination
should accept utility errors baséd on the naive assumption

that nothing else can go wrong with nuclear power.
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What is the difference between economic feasibility and

financial feasibility?

Economic feasibility is desirability of the plant from a
cost-benefit perspective, in terms of its costs compared to
alternative sources of power. Financial feasibility is the
ability "to get from here to there", to actually pay for the
investment. The previous section presents a very strong case
that Seabrook 2 was not economically feasible as far back as
1976. But even if the plant were economically feasible,
compared to a hypothetical (and worse-case) alternative of
burning oil over the life of the unit, it could not be built
if it were financially infeasible. This is the situation
that Seabrook is in now: neither unit is likely to be
economically feasible, but we will never know, since unit 2
has become financially infeasible and unit 1 is likely to

follow soon.

How did the relative size of PSNH's proposed nuclear
construction program compare to those of other New England

utilities?

Table 8.1 compares the 1972/73 commitment (in MW's and in

projected dollar costs) by NU, UI, and BECo in nuclear plants
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planned for operation in the late 1970's and early 1980's
(Seabrook, Millstone 3, and Pilgrim 2) to PSNH's commitment.
The table also lists various measures of the size of the
utilities, such as peak demand, sales, revenues, and net
plant in service, and the ratios of the size measures to
their nuclear commitments. The relative burden on PSNH would
have been much heavier than those on any of the other
utilities by all of these measures. While I have not
performed this tabulation for all the major New England
utilities, I believe that the results would be the same if
any of the other utilities weré used instead. Thus, it could
have been anticipated in 1872 that, if any major New England.
utility were stressed by its nuclear construction program,
PSNH would be the most likely candidate. It could also be
determined that PSNH was undertaking a much larger commitment
to a single plant, in proportion to its size, than any other

major utility in the region.

Did this relationship pérsist throughout the period of

Seabroock 2 construction?

Yes. Tables 8.2 through 8.5 update this analysis to 1976,
1978, 1980, and 1982, respectively. Since UI originally
attempted to sell Seabrook shares in 1976 to alleviate its
financial problems, and renewed its attempt in 1978, and
since NU deferred construction of Millstone 3 in 1977, and

offered its share of Pilgrim and Seabrook for sale in 1976
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for similar reasons, these utilities were financial canaries
for the other New England utilities., By 1978, it was well
known that BECo was having difficulty financing Pilgrim 2
without CWIP in ratebase.39 In 1976, and thereafter, PSNH
was more exposed than any of these utilities, whose nuclear
investments were already causing considerable difficulty.
Thus, the financial problems for PSNH's commitment to
Seabrook 2 should have been evident as early as 1977, when NU
slowed down construction of Millstone 3, and certainly by

1980,

Did the financial analyses of the Maine utilities support

similar conclusions?

Yes. From CMP's viewpoint, it is particularly significant
that BECo was carrying a greater nuclear commitment than CMP
found prudent for itself. Tables 8.3 through 8.5 include
financial data for CMP, at the nuclear investment levels
which CMP found excessive in Mr. Monty's testimony in the
second round of U3238 (filed 8/22/80): 280 MW of Seabrook, 28
MW of Millstone 3, and 33 MW of Pilgrim 2. Mr. Monty
described this case as "deleterious”, producing
"significantly higher risk"™ for CMP and creating serious
effects on CMP's financial status, at least without CWIP in

ratebase (which PSNH lost early in 1979). Assuming that this

——— . —— —

39. See Staff Exhibit 57, PUC 82~266, quoted at the end of
Section 4 of my testimony in 82-266.
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unacceptable burden was also recognizable in 1978, CMP's
internal analysis provides a benchmark for the nuclear burden
on PSNH. 1In 1978, PSNH was carrying larger proportional
nuclear costs than CMP's unacceptable case, and the situation
deteriorated fuither in later years. Thué, the financial

problems for PSNH's commitment to Seabrook should have been

evident to CMP as early as 1978.

In addition, MPS was aware that its Seabrook burden was
excessive without CWIP or some other exceptional ratemaking
(Bustard testimony, pages 12-13). Tables 8.3 to 8.5

demonstrate that PSNH was more heavily burdened by Seabrook

than was MPS.

Were these problems evident to the utilities involved in the

Seabrook project?

Yes, For example, the MMWEC Prospectus dated 9/13/78 noted

that

The construction and operation of Seabrook Nos. 1
and 2 will be dependent upon the financial ability
of all owners, particularly PSNH as the sponsoring
utility, to provide the necessary funds to pay the
costs of construction and operation. No assurance
can be given that the joint owners will continue to
be able to provide their share of construction
funds as needed. . .

PSNH has stated that its ability to provide
adequate funds for its construction program will
depend on, among other things, its ability to
borrow funds, to raise equity capital, and to
generate funds from operations. PSNH has indicated
that it plans to acquire a major portion of the
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required funds from external sources and that this
external financing represents a major undertaking
for it. In this connection, PSNH has stated that,
among other factors, it must obtain adequate and
timely rate relief. (page 26)

The financial capability of PSNH was also an issue in DPU

20055,

What would Tables 8.1 through 8.5 look like if realistic cost

estimates for Seabrook 1 and 2 were substituted for PSNH's

estimates?

The cost of Seabrook, and hence the cost burden for PSNH
would increase dramétically. éonsidering that PSNH's burden
was already much heavier than that of utilities which were
admittedly over-extended, even at their own cost estimates,4p
for most of these years, observers familiar with the data I
present in Sections 2 to 6 should have known that PSNH's
investment in Seabrook was ambitious in 1972, risky in 1976,
impossible after the election of 1978 (and the attendent loss
of CWIP), and self-destructive thereafter. Whatever was true
of the risks of PSNH's involvement in Seabrook was élso true
for participation by other parties who were, as MMWEC noted,
dependent on PSNH's ability to finance its share of the

plant. As I note above, the Maine utilities should have been

40. Perhaps one of the reasons that NU, UI, and other utilities
limited, or attempted to limit, their nuclear exposure to the
extent that they did, was the realization that the cost estimates
used in their financial projections were optimistic, and that the
actual results were almost certain to be worse.
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familiar with the history of the nuclear industry, and should
have anticipated just such cost escalation as has actually
occurred, and should have recognized that the chances of
completing Seabrook, and particularly of completing Seabrook

2, were slim.

What has actually occurred, in terms of the effects of

Seabrook construction on the participants?

Most of the major participants in Seabrook have been
subjected to greater financial stress than they would have
voluntarily undertaken. The beét known examples of this
distress are PSNH, which has eliminated common and preferred
dividends, and UI, which has reduced common dividends, but
Central Maine Power and several of the smaller utilities
(including MPS) also consider themselves to be in difficult,
if not impossible, financial situations, and have taken such
unusual steps as cutting dividends. The largest New England
utilities are in somewhat better shape: NEES because of its
relatively small share of Seabrook and Millstone, as well as
FERC reéulation, BECo because of the cancelation of Pilgrim
2, and NU because of the delay in Millstone 3 construction,
and exceptional rate relief. NU's situation may change if

the cost of Millstone 3 continues to rise.
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9 - LOAD FORECASTING

What relevence do the forecasts of the Maine utilities and of
NEPOOL have to the prudence of the Maine utilities'
investments in Seabrook 2, and of the prudence of CMP's

investment in Pilgrim 27?

The forecasts should not have had much of an influence on
these decisions, and they should not therefore be of much

concern in this proceeding, or in 84-120.

Why should the forecasts have had little influence on the
utilities' decisions with regard to nuclear purchases and

construction?

Most of the cost of nuclear investments can not be justified,
and would not be necessary, simply to meet peak demanq (or
more accurately, to provide reliable service). There are
always less expensive approaches 'to covering lqad growth:
expansion of capacity at existing hydro sites, construction
of combustion turbines and diesels, load management, or even
construction of new (or renovation of o0ld) fossil steam
plants. Nuclear plants, especially large ones like Seabrook
and Pilgrim, are too large and too unreliable to contribute
much to the load carrying capacity of the system, and could

be replaced by a much smaller set of peakers (perhaps 50% to
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60%) without decreasing the reliability of the system.
Peakers, such as cumbustion turbines, if brought on line in
the 1980's, would probably cost no more than 10% of the cost

of contemporaneous nuclear units.

Why would any utility ever have planned a nuclear unit, if

not to meet peak?

Nuclear, and all other base load capacity, is constructed to
provide more economical power than would be available from

capacity which is less expensive to construct. Coal and

41

nuclear plants are less expensive to operate than oil-fired

steam plants, especially thermal peaking units. When
Seabrook and Pilgrim were undertaken, the utilities expected
that their total costs would be less than those of new fossil
plants. After 1974, the utilities generally expected that
the nuclear units would be less expensive than just the fuel
cost at existing oil plants. Therefore, any valid rationale
for buying or continuing to own nuclear generation could not
have been a need for capacity (since less expensive options
were available), and must have been an economic comparison,
such as those presented in Section 7 of this testimony and in
Section 6 of my testimony in 84-120. If the nuclear units
were cheap enough, they would have been desirable at zero

load growth and 100% reserve margins, while if they were

41. Nuclear non-fuel O&M expenses are escalating rapidly, so this
statement may not be true in 10 or 15 years.
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expehsiye enough, they would not have been desirable at 7%

load growth rates.
Why then do you discuss load forecasts?

The Maine utilities have offered their own and NEPOOL's load
forecasts from the 1970's as partial justification for their
decisions to purchase Seabrook (and for CMP, Pilgrim 2)
shares. As I explained above, the connection between
"needing" some capacity and purchasing nuclear capacity is
extremely tenuous, even if the "need" is accepted.
Nonetheless, to the extent thaé load growth results in
greater use of ekisting high—-fuel cost generation, and to the
extent that it requires the addition of some new capacity
(however inexpensive) to maintain reliability, it increases
the economic justification of baseload capacity. In
addition, both MPS and BHE seem to believe that their load
growth threatened to leave them scrambling for capacity in a
tight market (because the NEPOOL forecast consistently
overstated growth in the region, the tightness of future
markets was always overstated), with only limited options for
adding new capacity on their own systems. Therefore, it
seems appropriate to at least quickly review the utility

forecasts in this period.
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9.1 - The Load Forecasts of MPS
Please describe the load forecasts of MPS in the late 1970's.

Table 9.1 lists MPS's load forecasts and actual peak loads
for the 1970's and 1980's, and Figure 9.1 graphs the patterns

of changes in MPS' projections.

How sophisticated were the forecasts on which MPS relied in

making its decision to purchase a portion of Seabrook?

From the dqcuments provided by ﬁPS, it appears that the
forecasts were based on little more than trending and
judgement. There is no explicit treatment of conservation,
including price effects, nor is there any explicit
congideration of any other economic measure, such as personal
income, value added, gross national product, or employment,

to name a few which might be used.

Given the size of MPS, what other techniques were

applicable?

The were at least two other approaches available to MPS. One
was to rely on economic projections for its service territory
and for the products produced there, modified by price
elasticities, foreseeable conservation effects, and so on.
Unlike many utilities with loads in its range, MPS serves a

geographically large and contiguous area, and its load 1is
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less apt to be affected by which side of the town line major
industrial and commercial customers decide to locate on.
However, MPS is still rather small and not well diversified,
so even fairly sophisticated forecasts can easily be greatly
in error, due to unforeseen events in particular industries
or firms. Therefore, the second approach, of a regionai or
diversified forecast, might also have been appealing to MPS.
The logical region for forecasting would have been Maine;
alternatively, MPS might have joined with other small New
England utilities in a collective forecast. Such cooperative
efforts spread out the costs of developing reasonable models,
take advantage of the law of averages (the average of several
partially independent random variables will be more stable
than the individual variables), and allow for sharing the
risks of over- and under-capacity. If the second strategy
did not work out, the first approach (which may be simply
stated as "model well") could still have improved MPS'

forecasting considerably.
How much reliance should MPS have placed on its forecasts?

Very little. The methodology was not much better than

speculation, and the results should have been treated

accordingly.
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9.2 - The Load Forecasts of BHE
Please describe the load forecasts of BHE in the late 1970's.

Table 9.2 lists BHE's load forecasts and actual peak loads
for the 1970's and 1980's, and Figure 9.2 graphs the patterns

of changes in BHE' projections.

How sophisticated were the forecasts on which BHE relied in

making its decision to purchase a portion of Seabrook?

They were based on a much bettér structured forecasting model
than those of MPS, if it is proper to refer to MPS having had
a model at all. The 1976 forecast (Exhibit Lee-6) was fairly
sophisticated for a utility of BHE's size, and considered a
number of causal factors, although appliance and equipment
stocks and efficiencies were not dealt with directly, and the
industrial forecast depends on customer short-term
projections and trendiﬁg, rather than macro-economic forces
(such as national paper production projections). The major
failing in this forecast, however, is its decision to
discount recent experience: growth trends are based on the
1966-75 experience, and were therefore over-stated for the
post-embargo world of high, rising, and uncertain energy
prices. Considering that government energy use per capita
had been falling since 1970, projecting that measure to

suddenly increase was unjustified. Similarly, it defied
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reason to assume that space heating penetration would double
and that these new customers would use as much energy as
previous customers. Price elasticities and the delayed

effects of the oil price increase of 1974 were not addressed

explicitly.

Did the 1978 forecast (Exhibit Lee-10) represent a

significant improvement?

Thé model structure is much more complex, and allows for the
inclusion of many more relevant factors, including appliance
and equipment efficiencies and é host of economic’
considerations., This was again a good modeling efforf for

its time, and for the size of the utility. Unfortunately,

the BHE model was an adaptation of the NEPOOL/Battelle model,

which was seriously flawed. Battelle's contributions to this
model included numerous logical and practical errors,
particularly in the economic~demographic module, and many of
the assumptions about conservation understated the likely
effects. A detailed critique of the NEPOOL model, from my
1975 testimony before the NRC, is attached as Appendix D to
this testimony, so I will not repeat the recitation of the
problems discussed there. Since my critique, NEPOOL has
apparently abandoned or modified many of the features to
which I objected: unfortunately, NEPOOL has not (so far as I
know) released a definitive description of its model since

the version I reviewed.
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Should BHE have recognized the shortcomings in the NEPOOL

model?

I think that it should have at least noted that the long-run
elasticities used by NEPOOL were much lower than those
indicated by many independent studies, and that the short-run
elasticities were very high (at least given the values
asssumed for the long run). The combination of these
assumptions resulted in the conclusion that most of the
adaptation to the 1974 price increases had already occurred
by 1978, while in fact, there were major adjustments in
appliances, equipment, lighting, and thermal efficiency still

to be completed.

Was reliance on these forecasts for power supply planning

purposes prudent?

Preparation of the forecasts, as part of a continuing process
of refining and improving BHE's forecasting ability, was
certainly prudent. BHE should only have used the resplts for
high-growth sensitivity cases (if it used them at all),

sincee they were clearly overstated.
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9.3 - The Load Forecasts of CMP
Please describe the load forecasts of CMP in the late 1970's.

Table 9.3 lists CMP's.load forecasts and actual peak loads
for the 1970's and 1980's, and Figure 9.3 graphs the patterns

of changes in CMP' projections.

How sophisticated were the forecasts on which CMP relied in

making its decision to purchase a portion of Seabrook?

Contemporaneous reviews of theéé forecasts are available, so
we can evaluate them without the benefit of hindsight. CMP's
forecast of late 1977, which became part of the NEPOOL 1978
forecast, was one of the utility forecasts I reviewed in MDPU
19494, in early 1979. That review is reproduced as Appendix C
to this testimony. The methodology at that time consisted
mostly of time trends, with large (and sometimes
unprecedented) increases in energy intensity projected in
virtually every sector. The approach was a little more
detailed than BHE's 1976 forecést, but the projections appear‘
to have been quite arbitrary, and the overall result was

disappointing for a utility of CMP's size.

The next CMP forecast, from Fall 1978, was reviewed
extensively in 03238, by A.D. Little for the Commission

Staff, by the Office of Energry Resources and its consultant,
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and ultimately by the Commission. I will not attempt to
repeat that level of review, but will simply note a few of
the forecast's salient characteristics. CMP relied on some
of the weakest portions of the NEPOOL model to project the
economic and demographic parameters which drive consumption
in the various sectors. Price elasticities were neglected
entirely. Other conservation effects were reflected to a
modest extent in the residential sector (appliance
efficiencies were only assuhed to improve by the proposed FEA
standards and no,changesjih usage patterns were assumed) and
were not explicitly addféssed élsewhere. The Commission's
decision in U3238 addresses many of the other problems in
CMP's forecast, and I generally agree with the Commission's

conclusions.

What reliance should CMP have placed on its forecasts in
determining whether to purchase more Seabrook capacity and

whether to support continued construction of Unit 27?

Like BHE, CMP could only conclude that its forecasts
represented a "high grdwth" scenario that was unlikely to
occur. Such a scenario might be useful for sensitivity
analysis, but not as a most likely or best estimate. Indeed,
as the Commission noted
. . . the projection of future power demand
cannot be viewed by this Commisssion as simply a
process of predicting a predetermined, or wholly
extrinsically determined, outcome. The policy and

rate decisions of this Commission and of the
Company can influeence thae growth in both energy
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consumption and peak demand. Obviously, these
matters are by no means entirely within the control
of the petitioner and this agency, but future
growth can be managed and limited to some extent.

(U3238, page 45)
Thus, the CMP forecast results might define the maximum
growth case for which the company should prepare contingency
conservation plans,42 In any case, CMP should have known
that its forecasts were overstated, and should not have

relied on them as the basis for decisions to buy or continue

with Seabrook.

——— e —— ———————

42, By 1980, CMP recognized that lower growth was beneficial for
the utility: unfortunately, it had already increased its Seabrook
commitment in the anticipation (or hope) of higher growth.
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9.4 - The Load Forecasts of NEPOOL

How are the NEPOOL locad forecast relevant to this

proceeding?

For all of the utilities, the level of their concern about
the future availiability of capacity should have depended to
some extent on the NEPOOL load and capacity situation. So
long as NEPOCL has large reserve margins, there are
opportunities for the purchase of capacity entitlements or
firm power from other utilitieé, and supply deficits on any
particular system would be less threatening. This is
particularly true for MPS, due to its small size (a modest
excess of capacity on the BECo or NU systems, forrexample,
would accomodate several years of MPS load growth), and for
BHE, due both to its size and to its reliance on purchased

power throughout the 1970's.
How reliable were the NEPOOL forecasts in this period?

Through 1978, the NEPOOL forecast was simply the sum of the
utility forecasts, adjusted for diversity and 345 kV losses.
All the Maine utilities should have been aware that their own
forecasts were overstated in the post-embargo period, and
should have anticipated that other utilities' forecasts (and
hence the NEPOOL projection) were similar optimistic.

Unfortunately, even CMP apparently had not reviewed the
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forecasts of other NEPOOL members (U3238 Tr. 293-294), so it
might not have realized just how badly overstated the

forecasts of some members (such as PSNH) were.

In 1979, NEPOOL introduced its own forecasting model. As I
noted previously, and as discussed in Appendix D, this model
contained many errors and overstatements of demand, many of
which should have been obvious to anyone familiar with load

forecasting.

How should the utilities have used the NEPOOL forecasts in

this period?

They should have treated the NEPOOL forecasts much as. they
should have treated their own forecasts: as overestimates of
the likely need for power, and ﬁhus underestimates of the
amount of power available from existing and committed plants,
after taking iﬁto account such adjustments as the cancelation
of all nuclear plants without construction permits and the

indefinite suspension of Seabrook.
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Q_-— NCLUSION ND RE E TION

Q: Please summarize the conclusions of the previous sections.

A: We may conclude that

- Nuclear cost estimates have never been reliable, either

before or after the issuance of a construction permit.

- Nuclear power plants have -consistently failed to meet

their construction schedules.

- Seabrook, and particularly the second unit, had problems

at least equal to those of the industry as a whole.

- Seabrook 2 could not have been built for any of the cost-
estimates PSNH produced, or been completed on the PSNH
schedules, and these facts should have been apparent to

PSNH and most of the joint owners.

- It was foreseeable throughout the Seabrook 2
construction period that the unit would impose
tremendous financial strain on PSNH and other joint

owners, and in fact it has.

~ Seabrook 2 was not cost-competitive with new coal

construction as far back as 1976.
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~ Had Seabrook 2 been completed, it would have operated at
much lower capacity factors than assumed in the utility

cost-benefit analyses.

Thus, the termination of construction at Seabrook 2 was
inevitable, desirable, and long past due when it finally
occurred. Utilities have never known the scope of nuclear
projects until they are compleﬁed, or actually until they are
retired. This fact was clear to me in 1979, and it should
have been clear much earlier to PSNH (which had access to
data I have only recently seen,- and probably much which I
still have not seen); and it should have been clear to the

Maine utilities, as well.

What are your conclusions regarding the prudence of the major
decisions to participate in, and attempt to construct,

Seabrook 27

Reviewing the preceding information and analysis, I conclude
that a reasonable observer, with access to the information
reasonably available to the Maine utilities would have

concluded:

1. As a general matter, participating in a nuclear power
plant construction program may well have been prudent
in 1972, so long as it was accompanied by a commitment
to continued monitoring of developments in the industry

and in the particular project, and with the knowledge
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that nuclear cost projections were highly unreliable.

Continuing direct expenditures on Seabrook 2 past 1976
was extremely guestionable. Other than minimal
investment necessary to allow the tie-in of Unit 2 to
the common facilities, no further expenditures should
have been undertaken without a thorough and candid
assessment of the costs, benefits, and risks of
continued expenditures. Such an analysis might well
have indicated that cancelation of the plant'was
economically and financially justified. 1If the unit
were not canceled as a result of the analysis, further
construction should at least have been deferred until
the completion of Unit 1, at which time the cost and
schedule for Unit 2 could have been determined with
greater accuracy, and the owners might actually have
been able to afford to build the second unit. 1In any
case, in the absence of further study and
justification, continued avoidable .investments in

Seabroock 2 were indefensible, after 1976.

By the end of 1978,-the accumulation of bad news had
progressed to the point that cancelation was very
likely to be preferred in any honest appraisal of the
Seabrook 2 project. Even so, there were limited costs
involved in maintaining the option to resume Seabrook 2

construction in the mid-1980's, when Seabrook 1 was
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likely to be complete, and it is possible that a
prudent assessment would have found that preservation

of Unit 2 assets remained viable.

Completion of Seabrook 2 was probably impossible, and
certainly undesirable, by the middle of 1980, given the
financial condition of the owners, and the rapidly
rising cost of nuclear plants. As soon after the Three
Mile Island accident as the participants' reaction time

would allow (certainly by early in 1980), cancelation

- (or at least mothballing). of Unit 2 was absolutely and

certainly required.

By the end of 1982, it may already have been too late
to save either unit at Seabrook. However, prompt
cancelation of the second unit would have improved the
financial condition of those utilities who were allowed
to recover part of the cost, and reduced the exposure
for all the participants. No other course of action

could have been defensible by that point.

How would these conclusions have affected the behavior of the

Maine utilities and PSNH, had they been acting prudently?

In 1972, and throughout the early 1970's, all utilities with
nuclear investments should have been monitoring the evolution
of the numerous problems of the nuclear industry. By 1976,

PSNH, CMP, and probably MPS should have been carefully and
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critically re-—examining the economics, and the financial
viability, of the project, with the knowledge that the cost
and schedule estimates prepared by UE&C and PSNH were almost
certain to be over-optimistic. If PSNH were not willing to
undertake such studies, CMP should have performed them on its
own, or with other joint owners, or attempted to force PSNH
to take the problems seriously. MPS and BHE should have
refused to buy into the plant in the absence of such
analysis. Had those studies been performed, the plant would
probably have been mothballed; at the very least, the rate of
expenditures would have been réduced to the absolute minimum
level which would have preserved the investment to that date,

and allowed later restart.

By 1978, CMP, BHE, and MPS should héve been publicly opposing
continuation of Seabrook 2, if PSNH had not halted cash
expenditures or actually cénceled the unit. PSNH should have
been carefully considering any additional expenditures, and
should almost certainly have stopped direct construction by

that time.

By early 1980, Seabrook 2 should have been canceled and all
three Maine utilities should have been advocating
cancelation. CMP and BHE should have refused to complete

their purchase of further Seabrook shares from PSNH until
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Seabrook 2 construction had stopped, and should not have

purchased the valueless Seabrook 2 assets.

If PSNH had acted as you suggest they should have, would even

PSNH and its customers be better off today than they are?

Yes. The losses suffered by both PSNH's ratepayers and its
shareholders would have been limited. Had PSNH not wasted
its limited resources on Unit 2, the first unit at Seabrook
might still be under full construction, with a reasonable
chaﬁce of completion in the middle of this decade. In
addition, the several other Ne# England utilities (and their
customers) which are joint owners in the Seabrook project
would be better off today, due to the smaller direct loss on,
Seabrook 2, and to the improved construction conditions for

Unit 1.

How would you recommend that this Commission treat the Maine

utilities' investment in Seabrook 2 for ratemaking purposes?

I would recommend that the Commission disallow all costs
beyond mid-1980, including the entire cost of the increase in
the CMP and BHE shares of the second unit. This is based on
my conclusion that an honest appraisal of the project at that
date would probably have recommended cancelation at this
date. Since the Maine utilities did not conduct any such
inquiry (nor attempt to force PSNH to conduct one), their

investment beyond that date appears to be totally due to
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their imprudence.

My other recommendations are more limited or conditional.
First, I believe that the Commission should determine whether
it wishes to disallow costs after the time at which the
utilities' behavior became imprudent, or only at the time
when prudent behavior would have resulted in a different
substéntive outcome. This is equivalent to the gquestion of
whether a driver is imprudent as soon as he falls asleep
behind the wheel, or whether that behavior only becomes
imprudént when the car hits someone. If the Commission
chooses the. first standard, then none of the Seabrook 2

investments should be recovered from ratepayers.

Second, 1f the Commission does allow recovery of any costs
prior to mid-1980, that recovery should not include any
direct costs for 1977 through mid-1980, since the second unit
should not have been under active construction at that time.
It is my understanding that all common costs are now assigned
(or will be reassigned) to Unit 1, presumably including the
common costs which were necessary to keep the Unit 2 option

open.

Third, if the Commission wishes to allow partial recovery of

any costs, to reflect the uncertainty which remains about the
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appropriate course of action for a responsible utility at any
particular point, I suggest that the Commission review the
evidence and allow a fraction of the disputed costs,
proportional to the Commission's assessment of the
probability that an unbiased review by a prudent utility at
that particular time would have resulted in the expenditure
in question. For example, if the Commission agrees with me
that CMP did not perform the analyses it should have in 1976,
but believes that there was a 50% chance that a prudent
appraisal would have recommended continued investment in Unit
2 at that time, it might allow éMP to collect half of the
direct costs for 1977 and 1978. The corresponding percentages
would be lower for the MPS and BHE purchases of Seabrook in
1977-78: new investment should have been conditional on a

higher level of confidence then continued ownership.

Finally, the Commission must determine whether any of the
purchases of Seabrook shares, after CMP's initial commitment
in the early 1970's, were prudent. I believe that I have
demonstrated that the status of the nuclear industry, and of
Seabrook, rendered imprudent all the purchases from 1977
onwards. However, this is a somewhat finer judgment than my
major conclusion, that all post-1980 expenditures (and all

post-1976 directs) were imprudent.

Do you have any opinion as to whether the Maine utilities,
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PSNH or UE&C should bear the portion of the costs which are

not recovered from the Maine utilities!' ratepayers?

Not really. As I noted above, this question hinges on the
nature of PSNH's representations and responsgibilities to the
Maine utilities, and the relationship between PSNH and UE&C.
I do not believe that this potential dispute between the
utilities and their contractors should in any way affect the
Commission's decision in this proceeding, however, since the

only issue here is whether the Maine utilities' customers

should be paying these costs.

Does this conclude your testimony?

Yes.

- 137 -



10.

11.

BIBLIOGRAPHY

Atomic Energy Commission, The Nuclear Industry, annual,
1966-74 (published by ERDA in 1974).

Bennett RR, and Kettler DJ, "Dramatic Changes in the Costs
of Nuclear and Fossil-Fueled Plants", Ebasco Services Inc.,
September 1978. '

Blake C, Cox D, and Fraize W, Analysis of Projected vs.
Actual Costs for Nuclear and Coal-Fired Power Plants,
prepared by MITRE for ERDA (Contract E(49-18)-2453),
September 1976.

Brandfon WW, "The Economics of Power Generation", Sargent &
Lundy Engineers, presented before Atomic Industrial Forum,
Chicago, June 24, 1976.

Budwani RN, "Power Plant Capital Cost Analysis", Power
Engineering, May 1980, pp. 62-70.

Bupp, IC, Derian, J-C, Donsimoni, M-P, and Treltel, R,
Trends in Light Water Reactor Capital Costs in the United

States: Causes and Consequences, Center for Policy
Alternatives, Massachusetts Institute of Technology, CPA

74-8, December 1974. Summarized in Bupp, et al., "The
Economics of Nuclear Power", Technology Review, February
1975, pp. 15-25.

Detroit Edison, A History of Enrico Permi Atomic Power
Plant Unit 2, August 1983.

Dittmar JE, and Ward LA, Testimony on Behalf of Central
Maine Power Company (Maine PUC 84-120) and on Behalf of
Maine Public Service (Maine PUC 84-80), filed August 31,
1984,

Easterling, RG, Statistical Analysis of Power Plant

Capacity Factors(Albuquerque, NM: Sandia Laboratories)
1979.

Easterling RG,
EaQLQLE_IhIngh_lalﬂ (Albuquerque, NM: Sandia
Laboratories), April, 1981.

Blectrical World, "Nuclear Schedules Face Uncertainty”,
October 15, 1971, pp. 40-41.

- 138 -



N

12,

13.

14.

15.

16.

170

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Electrical World, "Nuclear Survey: Lead times stablllzlng
October 15, 1972, pp. 76-73.

Electrical World, "Nuclear Survey: A Record Year", October
15’ 1973, ppo 63‘70.

Electrical World, "Nuclear Survey: Orders and
Cancellations”, October 15, 1974, pp. 41-50.

Electrical World, "Nuclear Survey: Cancellations and
Delays", October 15, 1975, pp. 35-44.

Electrical World, "Nuclear Survey: Market Still Depressed”,
January 15, 1977, pp. 35-44,

Electrical World, "1978 Nuclear Plant Survey: Market Down,
But Not Out", January 15, 1978, pp. 39-49.

Electrical World, "1979 Nuclear Plant Survey: Attrition
Besets Nuclear Market", January 15, 1979, pp. 71-80.

Electrical World, "1980 Nuclear Plant'Survey: No Reactors
Sold; More Cancellations", January 15, 1980, pp. 51-61.

Energy Information Administration, Steam—Electric Plant
Construction Cost and Annual Production Expenses, annual
since 1975.

Federal Power Commission, National Power Survey, 1970.

Federal Power Commission, Steam~Electric Plant Construction
Cost and Annual Production Expenses, annual to 1974.

Jacobson NH, "Buyers Guide Seventyseven: Maturing in a Lean
Economy”, Nuclear News, Mid-February 1977.

Joskow, PL, and Baughman ML, "The Future of the U.S.
Nuclear Energy Industry", Bell Journal of Economics, Spring

1976, pp. 3-32.

Komanoff C, Nuclear Plant Performance, Update 2, (New York,
NY: Komanoff Energy Associates), 1978.

Komanoff C, Power Plant Cost Escalation, (New York, NY:
Komanoff Energy Associates), 1981l.

McTague PJ, Davidson GJ, Bredin RM, and Herman AA, "The
Evolution of Nuclear Plant Costs,"™ Nuclear News, February
1972, pp. 31-35.

Meyer MB, "Nuclear Power Plant Cost Underestimation:
Mechanisms and Corrections,” Public Utilities Portnightly,

- 139 -




29,

30.

31.

32,

33,

34,

35.

36.

37.

38.

39'

40.

41,

42.

43.

February 16, 1974.

Mooz WE, Cost Analysis of Light Water Reactor Power Plants,
RAND Corporation for DOE, R-2304-DOE, June 1878.

Mooz WE, A Second Cost Analysis of Light Water Reactor
Power Plants, Rand Corporation Report R-2504-RC, December,

1979.

NEPLAN, "Summary of Generation Task Force Long Range Study
Assumptions”, NEPLAN & GTF, January 1976 (revised, October

1977).

NEPLAN, "Summary of Generation Task Force Long Range Study
Assumptions", NEPLAN & GTF, March 1982.

NEPOOL Planning Committee, "New England Base Load
Generation Study 1980/81 to 2000/01", February 1977.

NEPOOL Planning Committee, "A Reliability Evaluation of
Maintenance Requirements and External Tie Benefits for New

England", July 1979.

Nuclear Industry, "Outlook for 1977: New Load Demands
Darken A-E's View", January 1977a, pp. 12-14.

Nuclear Industry, "Around Utilities This Month", April
1977b, p. 18.

Nuclear News, "Utility Abandons Plans for Two-Unit
Station", February 1976, p. 35.

0lds FC, "Nuclear Power Growth Pains Persist”, Power
Engineering, November 1973, pp. 54-61.

Olds FC, "Power Plant Capital Costs Going Out of Sight",
Power Engineering, August 1974, pp. 36-43.

0lds FC, "What Really Happened in 1974 to Nuclear Growth
Schedules and Schedule Slippage", Power Engineering, April
1975, pp. 49-51.

0lds FC, "wWhat Happened to the Nuclear Program in 1975",
Power Engineering, April 1976, pp. 83-85.

0lds FC, "Regulatory Growth: Impact on Power Plant Planning
and Construction", Power Engineering, May 1977, pp. 40-47.

0lds FC, "What Happened to the Nuclear Program in 19777,
Power Engineering, April 1978, pp. 62-65.

- 140 -



440

45,

46.

Perl LJ,"Estimated Costs of Coal and Nuclear Generation®,
National Economic Research Associates, December 1978.

Roe KA, and Young WH, "Trends in Capital Costs of
Generating Plants,"” Power Engineering, June 1972, pp.
40-43,

United Illuminating Company, "Joint Testimony of JF Cobey,
JF Crowe, RL Fiscus, and RJ Grossi", Connecticut Department
of Public Utility Control, Docket No. 84-06-17, August 1,
1984, page 3.

- 141 -



TABLE 1.1l: PILGRIM 2 COST AND SCHEDULE ESTIMATES

Estimate Esgg;gte Commercial Projected
Date ($ million) Operation Date CP Issue Date
Feb-72 402 Nov-78 Jan-74
Apr-73 655 Aug-84 Aug-75
Mar-75 1221 Oct-82 Oct-76
Oct-76 1396 Mar-84 Jul-77
May-~78 1885 Jun-85 Mar-79
Mar~79 1895 Dec-85 Mar-79
May-80 3229 May-89 Jul-79
Jun-89 3515 Mar-98 ?
Sep-81 3975 Mar-90 ?

Sources: Montaup Electric Company, Docket No. ER81-745-400
and ER82-325-406, Exh. (MEC-7041)
Start of Construction from: EIA-254 Progress Reports



pRrnEE| }SO334Q4 JO84

Winber Peak Demand (kM)

o —

[ Thownands)
.0 p ‘O — L -k -t -1 -t - ey -t
SV B T R (R T S R S
W b b b b b b bbb
o L | B,

\
~J - }
£ w
~
ra
; .
N N
11
8 L M
wy T}
~J .\' I "J
w ] i w
o
|
Q

\
J

(r

g
5,

$Z0aS2a4 0 2300

EOIRI0y Joss

g25L

[ §]

i
u
fe}

TEEL

Winter Peok Demand (MW

2651

[ Thauaands)
-l wd,
tn ) pa
| 1
9
\\;;
6.
e
\e' Ty
R
a
. - v
b&.\ !.\Dl ""
“ 5
o
o
,
“» | d
R
0
it
s
ik
,
s\
o %
m
W] \’\
-

404

=

20

L

—
2



(hw)

¥

Winter Peok Demand
{ Thousands

(R

[ Thausands)

Wintzr Paok Demand

i = P - = ! Y = AT p N AT AT 3 "-\‘L - 5
Figure 1.2: NEFPCOCGL Forecast History
{A) By Ymor Formcost
1 F 1874 Forscoxt
20 ~ /
29 - /
28 !
27 /
28 - /1’;*
25 / »7E
e - B
24 - / /'(/ /A 4B
- % ) ¥4 X
43 = J}{ Vsl pa v
& /3_' P
22 - 7 e j{, L
# e
21 o /,’* S o e ¥ 8%
30 — # /,w X/ ‘}(/}:.-" —.P'__g._-f?_
/ ﬁ‘l -+ T H’
18 = Iy Vy e X -
¢ . e P -
v 4 & 1 o 5
t # z"ﬁ‘ ~ m’tf—%—#ﬂ-’?‘"
18 > A/"‘/ i
+ ;( _‘_’_‘_.a‘-'_ -
184 .
/& Artuat
14
124
12 rm——————— e e ——————
1974 1378 1582 1386 13480 1954 1358
Yeor Forecost
(8) By Year of Formcoxt
3o -
; ,\;._\
25 ~
. Ty B3
28 < \
oo 81 \
S - A
28 47 N \
- 3 L“"‘-,._H_ \\ B\\
25 - ™
TR N
24 A k-t ‘\" \ . Forecost for 198BS
23 ~ *“-“'\_‘ '\, . q\‘
sty hY .
2z —W/ '“““\* 3 \~\x. \\5 —
27 - \ x-\.x\ \‘
20 77 \\ N \\
/‘k‘*u._‘* \‘ S \)(—“—”\ \
19 =" ~— N — NN
12 N T N\
N NN,
17 - . % ~ \‘H—.—Qs y
\ . . _
18 4:5—-__73"'_ e, \'—-.% . K
8 T———
15 o \
14 . ' 2 - . ; ; v T ;
18371 1873 1375 1877 1373 15814 1383



MW)

{Thousands)

{

Winter Peak

MAW)

: ¢
( Thousands)

Winter Peak

1.5

1.3
1.2

1.1
1.C

]
-t

0.9

[AR DU S A !‘J [ S U ST I X N

-
©

1.

1.7 -
1.8 o
1.5 -
1.4 —
1-3-!
1.2

1.1

W i
i

O kb bk
1

Figure

1.3: PSNH Forecast History

(A) By Yeor Forscast

18974 foracostis

/

7( A 1879 Fore=cost,
g7

1971 F 1
i rmrc:ns/ﬂ /' Y /

4 1878 1382 15388 189G 1934

T Y Y T T T T T T T T T T T Y T T

Ye=ar Forecost

{B) By Dot= of Fore=cast

=t

-

-—

4 Forecost for 18984

1.0 .

1371

v . T v
18375 1977 1973 1381 13832 14988



arirm

Fil

[
’

1.4

Ure

C':j
-

]

F’

RLCD

78

i I ¥ I ¥ I

5

4.3

T~
n) L] uy ™ uy -

b
f
4 L} 4 —-\M
Lk} 8] ~ O
(spucenoy) )
/

(uonnu '§) wod pRowgey

Daim of Extimote



TABLE 2.1:  COMPLETED NON-TURNKEY NUCLEAR UMITS, with £OD before Deceaber, 1971
--Actual - ~-mee- Estizates----—-
Date of
Unit Naze Cost LD Bet,  Cpst CDD
;;;;-;;;; Point | 161 Dec-49 Har-54 &8  Hov-eB
Palisades 147 Dec-7t Mar-t8  BY  Hay-70
Veraent Yankes 184 HNow-72  Gep-46 88  Oct-70
Pilgris ¢ 239 Dec-72  Jul-63 70 Jul-T¢
Turkey Ppint 3 109 Dec-72  Sep-8% 9% Jun-7! I11
Maine Yankee 219 Dec-72  Bep-47 100 May-72
Surry | 247 Dec-72 Dec-hé 130 Mar-Ti
AYERRBE

RURBER of DATAPOINTS

Motes: {11 From BEC,

Horth not given, Jupe aszuged,

§.00

--Hosinal--~ t
Cost Myopiz  Duratien
Ratie Ratis  Comp
2,39 L5 $,232 8.9
1,65 1237 738 3.
.10 1199 1510 g
.42 1.7 1,234
L1000 1058 1,861 5.2
2,19 L8 LA2E
1,90 1,183 1.412 0.1
2.0 1,184 1,444
7 7 7



TABLE 2.2:  COMPLETED TURNKEY AND DEMONSTRATION UNITS,

~-~-First Available~--~

--firtuals--- Estigates

Date of
Unit Haee fost  COD Est,  Cost £
Indian Point ! [1) 126 3ep-82 Jun-80 463  Jan-b2
Husbpldt (11 24 fug-43 Jun-R0 3 Qrt-42
Oyster Creek | 99 Dec-4%  Jun-844 39 Bct-b7
Binna 83 Jul-70  Dec-8 B4 Jun-&9
Dresden 2 ¢ 83 Jui-70  Mar-46 79 {21Feh-49
Point Beach ! 74 Dec-70  Jup-b& Bl Apr-70
Millstepe ! 97 Mar-71  Dec~45 B [21fug-49
Rehinzon 2 78 Mar-7}  Jun-h  T5 May-70
Honticelle 105 Jun-7! Jun-66 74 [2MMay-70
Dresden 3 104 Wow-71  Mar-26  Bf [23Feb-70
Point Beach 2 7% Qct-72 0 Mar-67 % fpr-Td

ALL UNITS
SVERAEE
§ ot Dalzpoints

ALL URITS EXCERT

Indian Pt | & Huaboldt
AVERAEE
% of Datapoints

Notes: [1]1 Demonstration units
{21 Cost ectiaate as of 9/64
¢ Constructor=UgLt

with COD before 12/1972

Est.

Years

to
£oD

Cast Myopiz Duration IS
Ratig Ratin Cosp
1.8 1,478 142t 78
8.6 2,438  1.35%7 4.0
323 LLeED 9.9
1,30 L0788 L3 0.0
1,05 1016 1,486 6.9
.20 4,082 L1734 4.0
1,20 1,080 1,432 9.4
102 L0066 1213 0.9
L4208 L 00
L2 LOsE 1447 2.0
L3 LT 1387 0.0
.94 127 LW
11 i t
1.26 L8 1,37
i 9 3



TRBLE 2,31 COST GROMTH IN UNITS PLANNED DR UNDER COMSTRUCTION BY DECEMBER, {972

—re—

P
v

[N

----- Estimates------ VYears fost
Bate of tc Yearz  Erowth b
Unit Hare Est.  Cost COD €00 Elapsed Rate Complets
frianzas | Dec-67 132 Dec-72 G400 9.0
Sen-72 188 Oct-73 1.08 4,76 7.41 85.8
Arkansas 2 Der-70 (83 Oct-70 4,43 0.0
Sep~-72 230 Oct-75  4.08 1.7 13.9¢ 5.9
Buane Arnold Jun-58 {03 Dec-73 5,50 8.0
Sep-72 192 Jam-74 1,33 4,25 15,8 £9.0
Lalvert Clités | Jup-67 {18 dap-73 G.58 0.0
Sep~72 230 Feb-74  1.42 5.25 15,32 7.9
Calvert Clités 2 Jup-87 105 Jap-74 4,58 0.0
Sep~72 204 Jan-73 2,33 5,26 13,52 3h. 0
Bavic-Besse | Dec-48 1RO Dec-74 4,00 0.0
Ber-72 347 May-75  2.42 3.00 18,9% 40,0
Fariey ! Sep-49 144 fpr-73 538 8.0
Sep-71 257 fpr-73  3.38 2.00 28,7 £.0
Fariey 2 Sep-70 {83 Apr-77 438 ’ 9.4
Sep-71{ 233 fApr-77 538 1,600 27,38 R
Hatch | Mar-4% {30 Jun-73 425 1.5
fec-72 282 4fpr-74 1,33 3.78 18,134 59,0
Hatch 2 dun-70 189 N& NR NA
fec-72 330 Apr-78 533 2,50 24,9% 11,90
Milletnne 7 Dec-67 1¥0 fpr-74 4,33 8.4
Sep-72 282 fpr-74 1,38 1.75 14,21 49,4
Qronee | Sep-70 109 dul-7t (.83 89.¢
Bec-72 137 dup-73 0,50 2,285 10.7% 93,5
{leones 2 Zep-70 109 }-72 LA .0
Sep-71 137 Feb~73 142 1,00 5.7 71,6
fconse 3 Sep-79 109 Jul-73 .83 25.4
Sep-71 137 Hov-73 2,47 Lo T 43,0
Foach Boties 2 Bec-4& 138 WA HA 0.4
Jup-72 352 Bep-?3 1,25 5,50 18.5% 72.4
Peach Bnitoa J Ber-84 125 i1 HA N&
‘ Jun-72 314 Bep-74 1,25 S50 18.4% 0.0
Rancho Seco Dec-67 134 May-75 5.2 2.0
Bep-72 300 Feb-74 1,42 4,75 18,51 78.9
San Opofre 2 Bar-70 189 3Jun-76 6,20 8.4
Dec-72 340 Oct-78 5,84 2,74 25,3 4.9
Trojan Dec~68 196 Sep-74  G.7S 4.0
Dec~72 284 Jul-7% 2,58 4,00 9.71 57.0
Turkey Point 4 Nar-70 B0 N MR 6.7
Dec~72 {06 Jdui-73  0.E 2,74 19,73 $9.0
Grang Sult | Jun~72  &09 Oec-78 6.3 ]
, Dec-72 436 Jun-7% 4,30 8,30 19,3% !
Hope Cresk | Nar-70 574 HMar-73  G.00 !
Jec~72 1139 May-79  4.42 2.74 28.2% !
Limerigh Bar-7¢ 232 Mar-75 5,00 g
. o Dec-72 494 Aug-78  5.47 2.76 44,41 i
Limerick 2 Nar-70 223 MWar-77  7.00 g
Dec-72  §i2 Jan-80 7.08 2.7 ki1 {
Hidland | Dec-71 277 May-77 %42 2
Bec-?2 383 Feb-7% 417 1,00 .1y 2
Midland 2 Bec-7! 277 May-78  4.42 2
Dec-72 383 Feb-80 7.17 1,00 8.1 2



TABLE 2,3: COST GROMTH IN UNITS PLANNED OR UNDER COMSTRUCTION BY DECEMEER, 1972

----- Ectisateg------ Yoars Cost
Date of te  Years  Grouth 1
Unit Name Est.  Cost COD £80 Elapsed Rate Cosplete
Gajea 2 ¢ Sep-47 128 May-73 G.bb 4.0
Ber-72 425 Mar-76 3.8 2,23 25,73 N
Sequayah | Sep-48 14! Oct-73 5,48 9,0
Dec-72 228 fpr-7%  2.33 4,23 8.1% 35,9
Horth fnna 2 Bep-70 184 Mar-75 4,30 HA
Dec-72 227 ui-73 L8 2,28 9.8% 28.2
Three Hile 1, 2 ¢ fug-69 214 May-74 4,75 NA
fug-72 465 May-76 373 .00 29,51 25,40
Cook 2 Dec-47 235 fpr~72 433 KA
Sep-70 337 Mar-74 L3O .75 14,2 19.6
Horth fGnna ! Har-59 185 Mar-74 5,00 9.0
Tec-72 407 Der-74  2.00 3.7 5.4 55,0
Salem ! ¢ Sep-56 139 May-71  ATO 0.4
Bec-72 425 Mar-7§8  2.23 8.2% 17.4% 530
Brouns Ferry 3 Mar-68 124 Oct-79 2,38 ' 12,90
Sep-72 149 fct-74 2,08 .54 3,11
Crystal River 3 Mar-57 110 fpr-72 .09 0.0
Dec-72 283 Nov-74 192 5.74 17.8% 63.5
Brunswick { ¥¢ Bec-70 194 Mar-76 528 4.9
Pec-72 234 Bec-7%  3.09 2,00 RO 12,9
Hep 2 Nar-7% 187 3Bep-77 6,30 ]
Sep~72 374 Bep-77 G.0D 1.t 38,4 HA
AYERSBES
Simple 2.3 20,84
Heighted by Years -~ 18,81
HUMBER OF DATAPDINTS: &3 83

Nptes: ¢ ConstructorsUEsl
£+ Srehitect/Engineer=UHERE



TRBLE 2,40 SCHEDULE SLIPPAGE IN UNITS PLANNED OR UMDER CONSTRUCTION BY DECEMBER, 1972

Years

Date of  Estisated to  Ysars Progress 1
Unit Nase Eetizate Cost (0D £0R Elspced Ratic Cosplete
firkansas | Dac-67 132 DBec-72 5.0 9.0
Sep-72 18% Oct-73 144 1.75 8.5  8s.8
Arkansas 2 Dec-7% 183 Oet-75 4,84 8.9
Sep-72 230 Oct-76 .08 1,78 42,87 8.9
Duane Arnold Jun-68 103 Dec-73  5.30 0.9
Sep-72 192 Jan-74 L33 4,28 28,04 89,0
Caivert Clifés § Jun-47 118 Jar~73 5,39 4.4
Sep-72 230 fFeb-74 1.42 5,28 7941 A0
Calvert Cliftés 2 Jun-47 105 dan~74 4,59 2.0
Sep-72 204 dan~7% 2,33 .25 B1.0%  Bs.0
Davig-Besze | Dez-68 180 Dec-74 4.0 4.9
o Bec-72 349 May-73 2.4 4,99 89.7%  40.0
Ferley | Sep-b9 {54 fpr-73° 5.38 0.9
' Sep-7! 289 fpr-7%  3.I8 2,00 100,07 | 4,0
Farley 2 Sep~70 183 Apr-77  4.59 3.4
Sep-71 233 for-77 559 L0 100,08 0.0
Hateh | dun-48  H& dun-73 GO0 LAY
Dec-72 282 fpr-74 L33 4 & 81,3 84,0
Hilistone 2 Dec-87 130 fpr-74 4,34 8.0
’ Sep~72 282 fpr-74  1.58 4,74 1600 4940
Bronee | Sep-70 109 Jul-71 4,83 80.9
Dec~-72 137 dup-73 0,50 .28 1474 9.3
Gronee 2 Sep-70 0% Qui-72 1.3 0.0
Bep-7! 137 Feb-77 1,42 1,09 1 7L
Oconee 3 Sep-70 9 l-73 LES 25,0
Gep-7t 137 Rov-73 {7 1,00 55,31 4L.0
Peach Bottpm 2 Nar-68 183 Mar-70 3.0 4.4
dup-72 352 Sep-73  1,ZE 4,23 .42 7LD
Pezch Bottom 3 Mar-&8 M43 Jan-73 4,83 1.4
Jun-72 314 S5ep-74  2.28 4,25 £0.8% 50,0
Ranche Feco Bec-67 134 May-73 5,42 4.4
Sep-72 300 Feb-74 1,42 4.7 84,15 78.¢
Trojan Dec-68 196 Bep-74  5.73 8.0
Bec-72 284 Jul-7% 2,38 1,00 7.3 5.4
Turkey Foint 4 Sep-7L %6 Jl-72 0,83 75,3
Bec-72 104 Jul-73 0,28 1,25 20,00 %0
Brand Gulf { dun-72 400 Dec-78  4.50 g
Dec-72 &35 Jdun~79 430 8,39 0.3% !
Hope Creek | Mar-70 574 HMar-75 500 9
) Bec-72 1139 Hay-79 4,42 .74 -5l 9
Limerich § Mar-70 232 Mar-7% 5.9 i)
Dec-~72 5§94 fug-78 5.47 2.7 -2 1
Liserick 2 Mar-79 223 Mar-77  7.01 9
Dec-72 512 Jan-80 7,09 .74 -3.0% {
Midland ¢ Jun-48  HA Feb-74 5.47 0
Dec~72 383 Feb-79 4.17 1,30 ~iL1t 2
Nidland 2 Mar-43 NA Feb-75 4.93 !
Ber~72 383 Feb-80 7.17 4.74 ~5.20 2

San Onofre 3 Nar-70 189 Jun-78 &.28 9.

Sep-72  HA dpr-79  4.38 2.3 -13.01

Yogtie | Sep-7Y MR Apr-78  &.39 9
oTs Lt ¥ { e i NY H
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TABLE 2.4: SCHEDULE SLIPPABE IN UNITS PLANNED GR UNDER COMSTRUCTION BY DECEMBER, 1972

Unit Maze

o

-

Shearon Harris 3
BRP 2

Susaer |

Sen Onofre 2
Susquekanna |
Lasalle |
Senuayak 2
HoBuire |
Salem 2 &

Sepuovah |

-3

Horth fnnz

Raich 2

Three Hile 1, 2 &

ook 2

—

Horth fdona

[72]

ales | #

Browne Ferry 3

" Crystal River 3

Brunswick | £
Bizblo Canyon |
Bizbin Canvon 2
Beaver Valley 2
Bellefonte !}

Beilefonte 2

Yeare

Date n¢  Estisated to  Years Progress 1

Estimate [Lpst  LOD £0D Elspsed FRatio Cosplete
Sen-7¢  RA fpr-77 7.38 §
Dec-72 MR fpr-81  8.34 .25 -60.0% ]
Mar-47 113 Dec-72  G.78 R
Jup~72 234 Jun-77  LOO 5,28 14.4% 9
Jup-7 935 Mar-77 %75 g
Dec-72 1095 Mar-78 3,25 150 33,82 9
Har-71 187 Sep-77 4,34 g
Sep-72 374 Sep-77  E L.81 100.0% HA
Har-71 234 Jap-77 5,84 0.9
Sep-72 297 dan-77 434 .58 106,03 4.0
Har-70 187 dun-78 4.2 0.0
Dec-72 380 fct-78 G.84 2,78 15,3 4
Jun-6% 150 27360 4.0 .40
Dec-72 703 May-77  b.42 .50 -1L.BY 8.4
Jun-70 360 Dct-73 I . 00
Sep-72 497 Der-77 G125 28 3.8 4.0
Dec-58 181 8ct-73 4,84 .4
Dec-72  22% Dec-75 300 4,00 33,9 L1
Sep-70 179 Hev-7%  E.17 4.0
Dec-72 220 Nar-76  L.23 2,25 85.3% 9.9
Sep-47 128 May-73  G.&7 8.0
Bec-72 425 Mar-74 3,23 .28 ELR A
Sep-68 161 Oct-73 508 2.4
Der-72  22% fpr-7% 33 4,28 84,81 459
Sep-74 184 Mar-70 4.3 i
Dec-72 227 dul-7: 2.5 2,25 g5.21  28.2
Jun-70 189 fpr-7&  5.88 N4
fer-72 334 #pr-78 533 2.50 21,87 ihL¢
fug-87 214 HMay-74 4,73 s
fug-77 8% Rav-7& 7% 3.00 3[.38 0 254
Dec-67 235 fpr-77 434 i
Sep-70 339 Mwr-74 330 2.75 30.4% 190
Har-4% 185 Mar-74  5.00 0.9
Dec-72 407 Dec-74 2,00 .76 79,9 4
Gep-b6 139 May-7T1 4T - 9.4
Der-72 425 Mar-75 .25 8,28 o Y S R
Nar-68 124 Bet-700 2,59 12,4
Sep-72 14% Oct-74 298 3,51 123
Nar-67 IO fpr-72 549 ) 0.0
Dec-717 283 MNov-74 1.92 5.7¢ 5.1 8%
Dec-70 194 Mar-76 5,23 4.9
Dec-72 214 Dec-75 300 .00 2.4y ALG
Nar-b6 153 Mar-72 6.0 : |
Jup-72 320 Mar-73  2.75 .28 32,11 ALE
Dec-68 18! Jul-74 3.58 ]
Jun-72 282 Mar-76 .73 3.50 52,32 9.7
Dec-71 296 Mar-78  4.25 4
Nar-72 340 Mar-78  6.00 0,25 100.0% 0
Dec-78 WA Jul-77  4.39 ]
Dec-72 348 Sep-79  b.73 .00 -B.3% 9
Dec-76  NA fpr-78 7.34 |
fec-72 Jun-8¢ 7.3 2,99 -8.3% 0

348
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TABLE 2.4: GSCHEDULE SLIPPAGE IN UNITS PLANNED OR UNDER COMSTRUCTION BY DECEMBER, 1972

¥Years
Date of  Estimated to  Years FProgress 3
Unit Haze Ectisate Cost  L6D C0D Elapsed fatin Coaplete
Byron | Jup-7¢ 400 Oct-78 7,34 ¢
Sep-72 464 May-79  4.47 1,25 3.7 9
Byron 2 dun~7¢ 350 fOct-79 B34 0
Jun-72 422 Mar-80 7,75 L.08 .59 ]
Fersi 2 Kar-6% 221 Feb-74 4,93 0
. Dec-72 439 Aug-7é 3.47 L7 .5 28.%
LaBalle 2 Jun-70 300 Oct-76  6.34 0
Sep-72 330 Bep-78 400 2,23 14,74 9
Hefuire 2 Sep-70 177 MHov-76  6.17 ]
Sep-7t 220 MNar-77  5.50 100 §7.11 9
Nine Hile Foint 2 Dec-71 370 Jul-78 4.7 §
Sep-72 370 MNov-78  6.17 9.7% 9932 {
Shearon Harris & Jue-7! 234 Mar-77 LT3 b
Dec-72 274 Mar-78 ©5.2% 150 33.5% 9
Shearon Harris 2 Jun-71 234 Jun-78 7.9 g
Dec-72 274 Mar-7% 4,23 1,50 36,33 0
Shorehas Har-57 105 Hay-73  4.17 9
Jun-72 0 39 Hay-77 4,92 52k 3.9 .5
Haterford 3 Sep-7¢ 236 Jan-77  b.34 9
Sep-72  3E0 Jan~77 4,34 2,00 190.0% 4.5
Hatis Bar | Bec-70 WA Aug-Th .47 ¢
Dec-72 324 May-77 4,42 2,98 §2.7% g
Hatts Bar 2 Dec-70  Mh Mey-77 4,42 Ri
Dec-72 324 Feb~78 517 2,04 £2.2%
ligzer | Bec-8% 199 dam-75 .09 4
Dec-72 341 fug-77 4,47 3,00 14,04 t
AYERABES:
Sizple: 2.98 43.4%
Heighted by Years) -- 45.4%
HUMBER OF DATAPDINTS: 4% 3

Hotes: & Constructor=Ueil
£t frohitect/Engineer=UERD



TaELE 2,32 COsT AMD SCHEDUWE ESTIMATE HISTORIER
of Mew Emgland Muclear Units to December, 1772

Unit Mame

Conmecticut Yankes

Millstaome 1

Vermont Yanbkee

Filgrim 1

fotual

-
o]
e
Ma
=

f

i
AN
!

5
i

g i~ O D
= -0 O

!

1
H

i Ty
e
1 b [T
{

&l
b
[

1[:i
m

el el g et

T

i

Mar—4&4
Jul &8
Feh—-&7
Juri—&g
Jan—710
Juri—710
Mar-71
Meu—~71
Bep—~72

Sotual

Sep—&7.

Sep—-48
Mar—-70
Actual

s 19747
2?9 17867
104 1767
104 Jan—&t

fug-67
g1 fug-a?
@4 Aug—-59
i Jarn—780
S Mar—70
R Oct-70
Gz P =70
Y Deg—7i
9 Feb—-71
P7 Mar—-71

120 Jul~71
133 Jul~71
Oot~71

154 Moy -7
Do —T0

184 Mo —72
Qect—-71

7 Jul-71
105 Jul-71
123 Bep~-71
S Sep~-71
Dec-71

Mow—71

Apr—7%

Mow—~7Z

239 Der—-7%
100 May—72
13 May—-72
181 May—-72
219 Dec—-72



TABLE 3.1 COST AND SCHEDULE SLIPPAGE: Cospleted Plants, with COD up to 12/76

fictuals Est, ---Hoainpal---

---------- C.P. Date of (GEstimated  VYears  Cost Hyopia  Duration 4
Unit Haze foct  COD issued Estimate Cost COD  to £OR  Rastio Factor Ratig Conp
Kine Hile Point ! 162 Dec-5%  fApr-45  Sep-44 AR Jul-68 383 .39 L.23 1,37 0.0
Oyster Creek ! 90 Dec-6Y  Dec-64  Sep~&5 Noy-87 2,17 1.95 18,0
Drecden 2 ¢ B3 Jul-70  Jan-b&  Mar-bé Feb-47 2.92 1.48 8.9
Birna 83 Jul-7)  fpr-b6  Mar-th Jun-8% 3,25 1,33 0.0
Ppint Beach ! 74 Dec-70  Jul-A7  Bep-44 fpr-70  3.58 1,19 8.4
Billstone ! 97 Har-71  May-b6  Mar-&7 fug-69 7.42 1,85 .7
Robinser 2 78 Mar-71  fpr-47  Jun-bé May-79  3.92 £.2t 0.9
Honticelln 105 Jun-7Y Jun~47  Jun-bé Ray-70 3,92 .28 0.0
Dresden 3 104 Mov-71  Ort-66  Mar- Fek-10  3.92 145 2.9
Palicades 147 Dec-7%  Mar-47  Mar-48 89 HMay-70  L.47  1.65 L2680 1,73 3Ly
Point Beach 2 71 Bct~72 Jul-88 Mar-47 for-7t 4,08 4,37 2.8
Versont Yankee {72 Rov-72  Dec-67  Gep-b6 BB Oct-70 4,08 1,9G L.178 1.8 8.0

Maine Yankee 219 Dec-72  Qct-s8  Sep~8B {31 Mey-72  Gbh L67 LLIBL 114

Pilgrie ! 231 Dec-72  fug-48  Jun-88 122 Sep-7l  LIE 0 LLBY 1246 1.39
Surry | 247 Dec-7?  Jup-48  Dec-48 165 Mar-71 2,28 LI L1986 1,78 15,2
Turkey Point 3 £33 199 Dez-72  fpr-67  Sep~89 99 Jun-70 L7 L1600 105D 1,84 2.2
Quag Cities | ¢ 109 Feb-73  Feb-67  Bep-47 Rar-7¢  2.50 2.47 26,9
Ouzd Citiec 2 ¢ 106 Har-73  Feb-47  Bep-47 Mar-71 3530 1,57 18,9
Surry 2 156 May-73  Jun~A8  Dec-58 123 Mer-72 3,28 122 1083 1,36 8.3
fronse | 158 Jul-73  Hov-87  Sep-57 93 Mey-7l G.6& LEB 1152 1,39 1.0
Indian Point 2 4 W% fug-73 Oct-b6 Jun-gb Jun~&7  3.00 2.39 7.9
Fort Calhous ! 174 Sep-73  Jup~8B  Sep-48 92 May-71 286 L.BF L2 1,48 17,4
Turkey Point 4 [11 123 Bep-73  fpr-47  Sep-89 41 Jun~72 2,75 .00 1,49 .46 2.2
Prairis Ig} | 233 Dec-73 Jun~68  Dec-67 1T May-72 442 2,22 1,198 1,35 8.5
lion | 276 Dec-73  Dec-58  Mer-49 205 Apr-72 L% L3S LD L] 12,9
Yewaunes 207 Jun~74  fug-88  Mer-£% 109 Jun-72 323 L% 1209 .81 3.8
Cooper 246 Jul-74  Jun-68  Mar-88 127 for-72 4008 L9% L1176 1,35 4.9
Pezch Button 2 322 Jul-74 Jap-68  Mer-88 143 Har-7! 300 L2 14T 2.4 4.4
Browns Ferry | 256 Rug~73  Hay-b7  Sep~47 124 Dct-70 308 06 1LZM4 2.4 8.9
fconee 2 {60 3ep~74 - Hov-47  Dec-47 88 May-72 4,42 1,83 L 144 {53 0.4
Three Hile I, 1 ¢ 398 Sep-74  May-48  Pec-88 150 Sep-7l 273 L6D 1,436 2.09 2.9
Yion 2 ¢ Sep~74  Dec-58  Mar-£% 194 May-73 L1749 LI 1,32 9.0
Ariancas | 233 Dec-74  Dec-4B8  Nar-49 138 Dec-72 75 LAR LIGG 1,33 Ly
Qconee 3 160 Der-74  MHov-47  Dec-47 3 dum-73 0 5 LT3 4,108 1.27 2.0
Peach Bottos 3 220 Dec-74 Jan-88  Mer-48 {43 Jan-73 484 132 L1090 1.4¢ 1.é
" Prairie Is} 2 172 Bec-74  Jun-8@  Dec-47 80 May-74 A4 L8 LIZT 1.09 0.5
Buane Arnold 202 Feb-75  Jun-70  Dec-70 148 Der-73 LO0 L34 LL149 .39 14.9
Browns Ferry 2 256 Mar-75 May-47  Mar-57 117 Feb-70 2,92 L1 L1306 2.74 3.0
Rancho Seco 344 fpr-7% Oct-48 Dec-47 134 May-73 542 .36 LI%O 1,38 0.0
Calvert Llifds | 429 Nay-75  Jul-69  Mar-49 124 Jar-73 .84 .46 1,382 1,81 3.0
Fitzpatrick 419 Jul-7%  May-70  Mar-38 224 May-73 S17 L.B7 1,129 1.42 1.0
ook 1 538 Aug-75  Mar-6%  Jun~69 235 Sep-72 325 2,29 1.290 1,90 Lo
Brunswick 2 ¢ 3B2 MNov-7%  Feb-70  Der~70 {95 MNar-74 323 L9 L1230 1.5 10,9
Hatch 1§ 390 Dec~75  Sep-69 Mar-70 183 Jer-73 322 2,41 1,238 1.77 5.0
Hillstene 2 418 Dec-75  Dec-70  Dec-70 239 fpr-74 L33 LR LIED 1,50 10.9
Trajan 457 Dec~75  Feb-71  Har-71 228 Sep-74 330 198 L1216 .34 .8
St. Lucie ! 470 Jup-76¢  Jul-70  Dec-70 200 Jun-74 330 2,35 L2717 L5 9.9
Indian Point 3 570 fug-Té  Aug-49  Sep-#9 154 Jul-72 2.83 3.6 1,380 2,48 NA
Baauar Yalley | 399 Dct-76 Jus~70 Sep-70 219 Jue~73 273 .73 LAA2 2.2¢ 5.4
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TABLE 3,20 UNITS UNDER CONSTRUCTIOM, up to Decesber, 1974,

Unit Haze

Biabln Canyen |
~—Brouns Ferry 3
Balem | ¢

alep 2 ¢

(<]

Crystal River 3
fook 2
Calvert Clités 2

Three Bi

o

f:f;;Ziaser {

frkansas 1
Hatch 2
Nidland !
Nigland 2
¥atts Bar |
Wattg Bar 2

Hcbuire |

g, 2¢

Est,
£.P, Date of Estimated  Years  Years
igcupd Estimate Cost  COB o CBD Elspsed

fipr-68  Dec-88 184 Jan~73  4.09
Sep-76 330 Jun-77  0.7% 7.78

Jul-68  Jun-89 189 Qct-72 L33
Jun-75 246 Jun~76  LOG £.00

Bep-68  Dec-67 152 Mar-72  4.2%
Mar-7% 478 Bep-76 1Yl 7.25

Sep-68  Dec-67 128 Mar-73 I
Sep-73 494 May-79 4.8k 8.74

Sep-58  Jun-49 148 fpr-77 283
Jun-73 420 Sep-76 1 ZE .00

Mar-59  Jup-89 235 Bep~72 IE
Pec-76 437 Jup-78  LE0 7.51

Jul-59  Mar-59 105 Jan-74  4.84
Dec-7% 281 dan-77  1.09 8.7&

Hov-89  Sep-70 185 May-74 3.6
fug-76 637 May-78 LTS 5.92

Feb-70¢  Dec-70 194 Mar-74 525
Dec-75 329 Mar-77 L.2E 5,00

Hay-70  Jup-70 187 fpr-74 .83
Sep-T4 475 NMay-768  l.88 .28

Hay-74  Sep-74 187 Dec-74 4,25
Jur-76  3k4 dan-79 158 5,75

Ber-70  HMar-7!  18% HMay-73 447
Jup-75 423 Jun-77 10O 5.2%

Feb-7f  Jun-7{ 308 HKar-74 2,75
Mar-76 387 Bpr-77 108 4,73

Feb-71  Sep-71 191 Jun-75 378
Dec-76 38! fAug-78  l.a¢ .28

Feb=7t  Bep-71 239 #pr-73  3.58
Jun-74 14 dur-77 LG 4,7%

Mar-71  Bep-70 256 Dec-74 4,15
Bec-75 833 Mar-77  LL2B 5,258

fug-72  Mar-73 258 fpr-77 4,08
Dec-76 372 fpr-79  2.33 3.76

Sep-72  Dec-7? 437 Awg-7h 3.67
Jun-75 899 Sep-80 I.2% 2.5

fct-72 Dec-72. 3 Aug-7T 4.7
Gep-7b 531 Jam-77 L33 373

Dec-72  dun-73 278 Oct-76 3,33
Bec-75 393 Mar-78 2.2 2.50

Dec-72  Dec-72 330 fpr-78 5.3
Jun-76.. G2 Apr-77 .83 3,30

Dec-72  Jun-73 385 Mar-80 6.7%
Jun-78 700 Mar-82 5,73 .00

Dec-72  Dec-72 383 Feb-80 7.47
dun-76 700 Mar-Bt 4,73 3.50

Jan-73  Jun-73 324 Mar-78 4.7%
Sep-76 473 dun-7? 2,75 3.25

dan-73  Jun-73 324 Dec-78 530
Sep-76 475 MNar-80 3.3 3.23

Feb-73  Sep-73 220 Nev-78 3.17
N L TAX Cak 70 L I 4 T ne

Lost

Grosth Progress

Rate

17.32

14,42

b

1e. 1

18.82

12,52

12,52

i 7Y
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TRBLE 3.2: UNITS UMDER CONSTRUCTION, up to Deceaber, 1976,

Est. Lost
L,P, Date pt Ectimated  Yearz  Years Growth Progress 1
Unit Haze igsued Estisate Cest CBD  to COB Elapsed Rate Rate {nap
Hebuire 2 Feb-73  Sep-73 220 Sep-77 4.9 18,4
Dec-76 384 Feb-80 3,17 3,28 18.7% 2581 &34
Suseer | Nar-73  Jun-73 297 dan-78 4,39 0.1
Der-76 435 May-80 3.4t .50 24.7% 3L.4L 0 423
P 2 Har-73  Sep-73 472 Gep-77 400 2
Bec~-76 900 Bep-B0 3.73 3.28 22.0¢ 7.7t 35,8
Forked River ! qul-73  Mar-75  b%3 May-82 .17 4.5
Dec-76 894 Hay-337  4.42 178 15,80 4%l 0.5
Lasalle !} Sep-73  Gep~73 430 Dec-78  5.25 4.4
Dec-76 GBS Bep-79  2.7% 3.25 2,91 78,91 L.
LaSalle 2 Bep-73  Bep-74 343 Oct-79 508 3
Dec-75 400 Sep-80 3,73 2,25 7.4 9L 37
San Onofre 2 Oct-73 Mar-74 455 dup-79 5,25 0.0
Jun-76 1210 Qet-8 533 2,28 A -LeE 0 5.0
Sap Onoére 3 Bct-73 Mar-74 653 Jun-80 5,25 4
Dec-7& 994 Jdan-83 4,08 2,76 16.4% 5.0% 26
Susguehanna | Hov-73  8ep~74  BIG Hov-80  5.17 4.4
Dec-76 1032 HNov-80 3.92 2,25 1,32 9991 3.
Susguehanng 2 Nev-73  Mar-74 375 Jun-81 7,23 !
Sep~75 706 May-82 5.47 2.5 8.5 8328 2.2
Bailly Muclear | May-74  Sep-74 447 dup-77 273 0,3
Dec-76 474 Now-82 592 2.2% 20.0% -140,82 0.5
Beaver Yalley 2 May-74  Sep~74 483 Jup-81 475 .03
Sep-76 922 Nay-82 5,87 2,00 16,08 .3 4.5
Liserich Jun-74  Gep-74 1212 fpr-8f  4.38 2
Jun-7& 1212 Rpr-83  6.83 178 0,040 -14,3% 28,5
Liserick 2 Jup-74  Dec~#4 539 Jul-87 7.8 8
Jun-76 539 Apr-8%  B.83 150 0,07 -83.3% 153
Hine Mile Point 2 Jun-74  MWar-7% 749 Qct-82 7,99 {
Jup-76 783 Oct-82 6.4 .25 .74 0 10,08 1.4
Horth dmpz 3 Jul-74  Dec~74 432 Jun-B0 5.E 3.6
Mar-76 633 fpr-8! 5.09 4,22 392 LW 8.9
Horth Anna 4 Jui-74  Sep-74 281 Dec-79  5.28 1.7
Mar-76 423 Mov-81 5,47 1,50 4L -8 1.4
Hillstone 3 Aug-74  Mar-75 793 MNev-7? 4,47 5.3
Jun-76 998 May-82 5,92 1,28 20,11 9941 9.3
Brand Bulf ! Sep-74  Sep-73 689 Bep-7% 400 13!
- Sep-75 93 Jum-80 373 §.00 3580 2491 3B
Grand Gulf 2 Sep-74  Sep-73 699 Gep-83  8.00 L&
Sep-76 775 Sep-83  7.00 1,900 10,8 99.7% 5.5
Hope Lreeb | Hov-74  Mar-73 1972 Dec-82 7.75 {
Sep-75 2380 MNay-84 7.47 1.8t 19.52 5.5) 2
Waterford 3 Mov-74  Dec-74 710 Jun-80  5.50 !
Sep-7& 815 fpr-81 4.38 1.78 8.2z 52.3 15
Bellefentse | Dec-74  Mar-75 482 Jun-B80 5.2 3
Sep-74 587 Jup-30 3.75 3 {391 100.0% 24
Bellefonte 2 Dec-74  HMar-75 482 Mar-8! 6.01 0
_ Sep-76 587 Mar-81 375 .51 £3.9Y 139,81

Comanche Peak |  Dec-74  Mar-74 335 Jan-80 G5.84
Dec-76  6%0 Jan-B0 3.08 2.74 27,35 140,01 49
Comanche Peak 2 Dec-74  Mar-74 335 Jan-82 7.84 0
Dec-75 690 Jan-82 5,09 2.74 27,30 100.0% {7
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TABLE 3.20 BRITS UNDER CONSTRUCTIOM, up to Decesber, 1974,

Est,
£.P.  Dete of Ectimated  Years  Years
Unit Naze igsyed Estimate Cest COD  to COD Elapsed

Serry 3 Dec-74  Mar-73 728 Hay-B3 8.17
Jun-746 1074 fpr-BE  9.84 125

Surry 4 Dec-74  Mar-75 306 Hay-84  9.18
Jun-76  7AS fpr-87 (0.84 .25

Latauba 2 fug-73  Dec-74 542 Jan-82 7.49
Dec-76 342 Jup-83 4.50 2,09

NP | #x Dec-7%  dun-7& 1147 Har-BY  4.7C
Dec-7& 1037 BSep-8f 4.75 4.5

Braiduood ! Bec-73  HMar-76 716 Oct-B1 5,59
Sep-76 718 Ort-8f  5.08 .50

Brzidwood 2 Dec-75  Mar-76 485 Oct-B2  4.39
Sep-76 4B& Oct-B2  4.08 0,50

Byren | Dec-75  Mar-76 643 Oct-80 4.9
Bec-76 664 Nar-8f 4,28 1,75

Byron 2 Dec-75  MWar-76 487 Oct-82 4.59
Sep-76¢ 489 DOct-B2 4,08 0.50
AVERAGES,
Sisple RIS T]
Heighted by years -
HUMBER OF DATRPOINTS: &0

#lonstructor=UELl
sefrohitect/Engineer=UESD

Lost

Growth Frogress

flate

38,32

3,08

9,41

flate

-132.8%

-132.5%

29.4%

9.4

109,07

100, 0%

Lorp
9
9
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—
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TABLE 3.3: UNITS WITH CONSTRUCTION PERMIT OR LIMITED WORK AUTEORIZATION
IN DECEMBER, 1676 (PERCENT COMPLETE <= 10%).

% complete Estimated

Unit Name cp/lwa issue date at 12/76 COD
Forked River 1 cp: Jul-73 0.0% May-82
Vogtle 1 cp: Jun-74 0.0% Apr-83
Vogtle 2 cp: Jun-74 0.0% Apr-84 ++
Surry 4 cp: Dec-74 0.0% Apr-87 ++
Surry 3 cp: Dec-74 0.0% Apr—-86
Perry 1 lwa: OQct-75 0.0% Jun=81
Perry 2 lwa: Oct-~75 0.0% Jun-83 ++
Clinton 2 cp: Feb-~76 0.0% Jun=-83 ++
Palo Verde 3 cp: MHay-76 0.0% May=-86 ++
Bailly 1 cp: May-74 0.5% Oct-82
WPPSS 4 lwa: Aug-75 0.5% Mar-83 ++
South Texas 2 cp: Dec-75 0.5% Mar-82 ++
Caliaway 2 cp: Apr-76 0.5% Apr-81 ++
Beaver Valley 2 cp: May-74 1.0% May-82 ++
Hope Creek 1 cp: Nov-74 1.0% May-84
Hope Creek 2 cp: Nov-74 1.0% May-86 ++
Palo Verde 2 cp: Hay-76 1.0% May-84 ++
River Bend 1 lwa: Sep-7% 1.5% Oct-81
River Bend 2 lwa: Sep-75 1.5% Oct~33 ++
WPPSS 1 cp: Dec-75 1.5% Sen=-31
North Anna 4 cp: Jul-74 2.0% Nov-81 ++
Grand Gulf 2 cp: Sep-74 2.0% Jan-85 ++
Caliaway 1 cp: ARpr-76 2.0% Oct-81
Coranche Peak 2 cp: Dec-74 2.5% Jan-82 ++
South Texas 1 cp: Dec-75 2.5% Oct-80
Iline KHile Point 2 cp: Jun-74 4.0% Cct-32
North Anna 3 cp: Jul-74 4.,0% Apr-21
Catawba 1 cp: Rug-75 5.0% Jan-31
Catawba 2 cp: Aug-75 5.0% Jan-33 ++
Palo Verde 1 cp:  Fay-75 5.0% lay-82
Braidwood 1 cpt:  Dec-75 7.0% Oct-79
Braidwood 2 cp: Dec-7% 7.0% Oct-8C ++
Clinton 1 cp: Feb-76 8.0% Jun-80
AVERAGES

All Units May-73 2.0% Nov-82

Second Units Jun-75 1.4% Aug-83

Source: lMuclear News, February 1577
Notes: ++ = Second Units, other than Seabrook 2
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TAELE 3.4: MILLSTOME 2 COST ESTIMATE HISTORY

N

-———Estimates————
Unit MNams Date of Estimate Cost can
Millstone 2 Dec-&7 =i fpr—74
Mar~568 144 Apr-74
Dec~&68 179 fpr—74
Dec—-&% 183 Apr—-74
Dec~70 23 Apr =74
Sep-~-71 252 Ay —74
Sep-72 28z Apr—74
Mar-773 241 Dec-7
Dec-73 280 Macy—75
Bep~74 399 Aug-72
Jun-79 375 Oct—~-75
Bep~75 418 Mow—75
Dec-75 418 2C~75
Aotual 438 Dec—-73



TABLE 4,1: COST AWD SCHEDULE SLIPPAGE: Cospieted Plants, with COD in 1977 and 1978

Artuals C.P, Date ot Fotimated Est, ---Hoainal--- Durztion 1

Unit Name Lost LBD  issued  Ectimate Cost £BD  VYears  Lost Myopia Ratic Cozp
te £8) Ratio Facter  mmeemmee-

Browns Ferry 3 301 Mar-77 0 Jul-48 Jun-89 149 Gct-72 33 .02 1,23 2.32 28,0
Bruncaick | ¢ 318 Mar-77  Feb-7¢  DBec-70 194 Mar-76 5.2 LG4 1099 1.1 4,0
Crystal River 3 346 Mar-77  Bep-48  Jun-89 148 fpr-72 L83 .47 L3 .73 2.0
Lalvert Cliffs 2 335 Apr-77  Jul-6%  Mer-4% 105 Jdup-7d 484 17 L2V t.67 2.9
Sales | # 8¢ Jun-77  Sep-3B  Dec-47 152 Mar-72 4,28 5,89 L300 2.24 2.0
Davig-Besse ! 588 Hov-77  Mar-7t Sep-70 284 Dec-74 423 RIL LS 1.48 .9
Farley | 727 Dec-77  Feb-71  Sep-7Y 289 fpr-7% 3,38 2,8 LI¥4 L7 8.0
Horth Anna | 782 Jup-78  Feb-7!  Jun-7t 308 Mer-74 2,75 .34 L343 2,83 3.4
ook 2 434 Jul-78  Mar-?  Jun-87 235 Bep-72 5.2 1,89 L2146 .79 5.0
Three Bile 1, 2 ¢ 715 Dec-78  MNov-47  Sep-70 285 May-74 &6 2,50 1.28% .74 HA
EYERABE {1949 - 1978) ' 2,17 1242 L7

HUMBER OF DATRPOINTS! 47 47 0

AVERABE {1977 and 1978) .69 1,293 2,117

NUMBER OF DATAPDINTS: £ 10 10

# Copstructpr=UELL
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TABLE 4,2: UNITS UNDER CONSTRUCTION, in December, 1978,

Unit Hame

Ban Onufre 2

San Onpfre 3
Susgquehanna |

Suzguehannz I

Beaver Yalley 2

Bailly Muclear !

Limerick {

Limerick 2

Ect.

L. Date of  Ectimated  Years  Years
isgued Estimate Cfpst  COD  to COD Elapsed
fpr-48  Sep-76 330 Jun-77 0,70

Jun-78 472 Jun-7%9  L09 1.7
Sep-48  Bep-74 496 Mey-7% 444

Har-78 413 May-7%  L17 380
Hav-70  Sep-7& 475 MNay-78 L6

Sep-78 632 Oct-79 108 2.90
May-78  Jun-76 364 Jan-79 L.ER

Sep-78 832 Jun-B0 LTS 2,258
Bec-70  Jun-76 423 Jun-77  LOO

Dec-78 S48 Jun-890 1,30 2,50
Feb-7t  Dec-76 381 Aug-73 L&

Har-78 447 Mar-79 1,06 1,22
fug-72  Dec-76 72 Apr-79 2,33

Sep-78 452 fpr-B0 1,38 1,753
Sep-72  Jun-7% 899 Gep-80 524

Har-77 BB2 Dec-8¢ 3,76 1,73
0ct-72 Sep-76 E3) Jan-?t AW

Mar-78 584 Jan-80 184 1,50
dan-73  Sep-7& 47T dun-7? 273

Dec-78 417 Jup-80 130 2.25
dap-73  Sep-Té 475 Mar-80 330

Dec-78 517 Mar-81 2. 2.28
Feb-73  Dec-7¢ 384 Feb-79 .17

Dec-78 549 Feb-B0 117 2,00
Fet-73  Dec-7& 384 Feb-80 317

Mar-78 549 Mer-81 3,00 L28
Har-73  Dec~76 £33 May-80  §.4!

Sep-78  47% Dec-80 2.I% 875
Nar-73  Dec-76 M Sep-B0 3.7C

Mar-78 1001 Bep-80 2,30 1,28
Jul-73  Dec~74 394 May-83 4,42

Dec-78 1150 Dec-83 10 2,00
8ep-73  Dec-~74  E8% Bep-79 L7

Sep-77  47% Sep-77 .09 0,73
Sep-7 Dec~76 400 Sep-80 3.73

Dec-78 530 Sep-80 1.7% 2,00
Oct-73  Jun~74 1210 Ort-B 533

Jun~77 1320 Oct-8f 4,33 1,04
8ct-73 Ber-76 9946 Jan-83  4.08

Jun~77 1480 Jan-83 5.8 2.3
Nov-73  Der-76 (032 Hov-80 3.92

Sep~78 1293 Feb-81 2.42 .75
Hov~-73  Sep-74 704 May-82 G5.&7

Sep~78 737 May-82 3.47 2,00
Nay-74  Sep-76 922 May-B2 5.47

Sep~78 1415 May-84 5,87 2,90
May~74  Dec-74 474 Mov-82 5.92

Dec-78 B850 Dec-84 4,08 2.00
dun-74  Jum-74 (212 fpr-83 46.43

Jun-77 1635 Apr-83 5.83 L.60
dun-74  Jun-74 539 Apr-8%  8.83

Jun-77 749 Apr-8% 7.83 1,00

Lost

Growth Progress
t

Hate Rate

14,50 -14.4%
5,50 99.%
15.4% I9.0%

780 4L
-1 858
16,40 33.2%

1.3% 5.
19.6%  50.0%
3L 14
L&Y 683X

8.87  100.3%

13,42

199.0%
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TRELE 4,2 UNITS UMDER CONSTRUCTION, in December, {978,

lnit Hase

-

Horth fnna 3

Horth Anna 4

Hillstone 3

Grand Bulf !

Grand Bulf 2

vvvvvv

Bellefonte 2

RS -21

Comanche Peal

3
41

-
28
x
o
K
]

HNF ¢
Brazidwagod !
Braidwood 2

Byron |

Byron 2

Clinton

Clinton

[}

Callamay 1
Callamay 2

Pale VYerde |

b

3

Ec¥

£.P.  Date of  Ectimasted  Years  Years
issued Eetimate Cost ([BD to COD Elapsed

Jun-74  Jun~74 629 fpr-80 5.83
Sep-78 138& MNov-84  4.17 4,25

Jun-74  Jup~74  G34 fdpr-8t 4,83
Dec-78 1297 MNev-87  4.%2 4,50

Jun-74  Jup~76 793 Qrt-82 4,34
fec-78 1954 Oct-84 5,84 2,50

Jul-74  Mar-76 653 Zpr-Bl 509
Mar-78 1042 0Oct-83 559 2.90

Jui-74  Har-76 427 Nov-BY 5,47
Mar-78 540 Sep-84 4.3 2.00

fug-74  Jun-76 998 May-82 5,72
Sep-78 1980 MNay-Bh 7,47 .25

Sep-74  Sep-7& 933 Jun-80 L7E
Bec-77 4174 fApr-81 333 125

Sep-74  Gep-76 775 Sep-43  7.00
' Dec-77 934 Jan-84 4.04 1,25

Hov-74  Bep-75 2530 May-B4 7,47
Jun-78 2890 Mav-B4 5.92 1L7%

Hov-74  Sep-75 813 Apr-81 4,38
Sep-78 {110 fOct-8¢  3.08 2.00

Dec-74  Sep-784 587 Jup-BO 373
Sen-78 792 Sep-81 3,00 2,00

Bec-74  Bep-74 387 Rar-80  31.7%
Sep-78 792 Jup-82 %.7% 2,00

Dec-74  Dec-74 470 Jan-BC  3.0B
Jun-77 B3 Jam-81 LE9 0,50

Dec-74  Dec-76 690 Jan-82 5,09
Jun-77 B30 Jap-83 5.%9 9,50

fug~7%  Dec-74 542 Jap-81 4,09
Mar-78 673 Jul-BYf 3.3 3.28

Bug~7%  Der-76 G427 Jup-Bl 4.5
Har-78 673 Jan-83 4.34 .22

Dec-75  Dec-7& 1057 GBep-8! 4,7
Mar-78 1164 Dec~82 4,78 1,25

Bec-75  Sep-7& 718 Oct-BL 5,48
Dec-78 902 Oct-81 2,84 2,75

Dec~78  Bep~75 4B Dri-82  4.08
Dec-78  A0Y Qct-32 3P4 2,28

Dec-73  Dec-78 454 Mar-Bl 4,25
Dec-78 984 Sep-81 2,75 2.00

Dec-75  Bep-76 489 Oct-82  4.08
Dec-78 624 Oct-82 3,84 2,25

Feb-74  Gep-7&6 825 Jup-8!1 4,75
Dec-78 1297 Dec-82 4,00 2,25

Feb-76  Sep-74 499 Jup-84 7,735
Bec-77 1059 Jun-B8 10,84 1.2%

Apr-76  Der-76 10B8 Jun-82 5.50
Bec-77 1122 Oct-82 4,83 .00

fpr-76  Dec-76 1297 fpr-87 10.33
Sep-78 1306 Apr-87 8.38 1.75

Nay-74  Dec-73 975 MNay-82 4,42
Sep-78 740 Kay-92  3.47 2.75

Lozt

Browth Progresc

Rate

0.41

Rate

-8.0%

35.4%

3.4

104, 1%

74,9

7,41

[ )

0,02
-1, 1%
-10, 5

84,71
133,21
0,04
100, 0%
100, 0
74,81
100,03
3.3
-220,41
86,73
100,03

79,91
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TABLE 4,2: UNITS UNDER CONSTRUCTION, in Decesher, 1973.

Unit Haze
Palg Yerde 2

Palp Yerde 3

Spabrook § & #

Seabrook 2 £ ##

River Bend

5t, Lucie 2
Hartsville 8-{
Harteville £-2
Hartzsville B!

Hartgville B-2

. RVERABES
Sisple:

¥eighted by years!

Est,
£.P, Date of Ectisated  Yeers  Yeers
iczued Estimate Cost  C0D  to €0D Elapoed

May-76  Dec-75 845 May-84 8.42
Sep~-78 398 May-84 5,47 2.7%

May-75  Mar-76 950 Jun-B& .30
Sep-78 702 Jun-8& 7.75 2,50

dJul-78  Der-76 &84 Hpv-Bt 4,92
Jun-78 (330 Dec-82 4,30 1,56

Jul-76  Dec-74 84 Nov-B3  4.72
Bar-78 980 Dec-B4 A.7% 1,25

Nar-77  Dec-77 1172 Gep~83 5.7%
Jun-78 1172 Sep-84 4,25 9,50

Pay-77  Jup-77 830 Hay-33 5.9
Bec-78 919 May-83 4.4l 1,50

Hay-77  Jun-77 602 Jun-83 6.09
Sep-78 433 Jun-83 4,7S 1,25

May-77  Jun-77 402 Jun-B4 7.0
Sep~78 853 Jun-84 .75 1,25

May-77  Jup-77 402 Dec-83 4,80
Sep-77 854 Der-83 4,25 4,25

May-77  Jun-77 402 Qec-84 7.3!
Sep-77  BS% Dec-88  7.I% 9.2%

May-77  Bep-77 988 Dec-8! 4,23
Der-78 1159 BHay-BY 4,42 125

May-77  Bep-77 1123 Jun-83 5,75
Sep-78 1318 May-B  &.47 1,00

May-77  Jun-77 830 May-83 G.92
Dec-78 19 May-83 4,42 150

Dec-77  Dec-77 336 Jan-8%  7.09
Bar-73 392 Jan-8% 4,84 9,28

Dec-77  Dec-77 336 Jan-87  9.09
Bar-78 392 Jan-87 8,84 4,25

Dec-77  Mar-77 336 Jan-89 11,82
Mar-78 392 Jan-89 10,83 .00

Jan-78  Sep-78 1297 Sep-80 2,00
Bec-78 {337 Dec-80 2,00 0.35

Feh-78  Mar-78 {410 Jun-84 4,25
Sep-78 1982 Jun-83 4,75 9,50
.1
70

HUMBER OF DATAPBINTS!

t Conctructor=UELL

£t Architect/Engineer=UELL

99.9%
100,04
106,03
100,02
106,67
-13.2%
-91.8%
100,07
10,04

106,08

100, 0%

42.2%
3.4
70



TAELE 4.3 UMITS WITH COMSTRUCTION FERMIT OR LIMITED WORK
IM DECEMEER,

Unit Mame
Seshrock 2

Davi=s—-Hesse
Davie—Hesze
Clinton 2
Tyrone 1
El%ﬁh Fos

4 3

m

Jea

)

n

-1

g
F3 e f o

-

o Merde =
hearon Harris 2
Shesron Haryris 3
Fklppu Bernd 2
Harris 4
Bailly 1
Yellow Creel 2
Forbed Fiver 1
Fhipps Bernd i
L
Yellow Creek |
Nmrt# frma 4
Cherglas
wheroyﬁe
Cherckes
Marbkls HllJ z
Yogtle 2
iver Rend 1
Fiver Bend &
Hartsville %'
Hartswville B-
=
2

L R e ‘J.!

]

Morth anna

Grand Gulf

WFFSE 4 '
South Texas 2
Hope Creeslk 2
Yogtle

Hope Cresk 1
Seabrook 1
Shearon Harrizs 1

AVERAGES
A&l Units
Sercond Units

Scurce:
Motest ++ = Second

Muclear Mews,
Unites,

cp/lua iss

[
iy
i

n
o o 1Y

% an £R ax &%

n

lwas
lwa:
cpe
cps
cpe
Cp:
cpl

il
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(FERCENT COMPLETE <= 123).

Dec-75
Dec-7o
Febk-74

sc-~77
Jul-73
Jul-72
Jan—-79
Jan—~7%
May—78
Bpr—7éa
Maw—~74
Jan—78
Jan—-78
Jan—~78
Jan—-73

May —
Moy —
Juld —~
Jarn—
A~
Moy —
Jul -~
De

o~
Der—~
Dec—
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Jurm -0
Jul-—-385
fpr—87
Maw—85

)...urv-—‘:?_:l
Jan—24
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Jan—8%
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et .
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Dec—~-34
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...n—-Q.ﬂ
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Sep-84
More—324
Sep-84
Dec—-32
Mar—-34
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Feb—-84
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TABLE 3.1: COST AND SHEDULE SLIPPAGE, Lompleted Plantz, with COD in 1979 and first half of 1980

fictuals £.7.  Date of Estimated
Unit Name foct COD  issued  Eetisate Cost  COD
Hatch 2 509 8Sep-79  Dec-72  Dec-72 330 Apr-78
firkansas 2 540 Mar-80  Dec-72  Jup~73 275 Det-74

AVERAGE (1947 - &/1980}
NUMBER OF DATAPDINTS:

AVERAGE (1979 - 4/1%80)
HUMBER OF DATAPOINTS:

---Hosinal---
fost  Myopia
Ratin Factor
1,54 1,085
.33 1,208
2,18 1,24
49 47
1,93 1.19
2 2

Duration
Ratin

vk

2.92

f.7¢
&1

1. 64

2



TABLE 5.2: UNMITS UNBER CONSTRUCTION in June, 1980,

Unit Ma=e
Biablo Canven |
Sequovah |

Sequgysh 2

Biablo Canven 2

Susgquehannz |
Susguehannz 2

Beaver Valley 2

Bailly Nucleer |
Ligerick |
Liserick 2

Yogtle |

Yogtle 2

Hine #ile Point 2

North fanz 3

Est,
£.h.  Date of Ectimated  Years  Yearc
issued Estimate Cost LBD o DD Elapsed

fpr-58  Jun-78 4672 Jun-77 L0
Mar-80 889 Jun-81 (.23 178

Hay-70  GSep-7B 432 Oci-79 108
Jup-79 632 Jun-80 1,00 9.75

May-70  Sep-78 432 Jun-BO0 1,73
Bep-77 442 Jun-8! L.75 164

Dec-74  Dec-78 348 Jun-80 1,50
Bec-79 721 dum-81 130 1,06

Bug-72  Sep-78 432 fpr-80 1.5
Zep-7% &84 Sep-80 1,00 109

Bep-72  Jun-73 392 Sep-80 5.2%
Jun-80 1283 Har-82 (.73 5.01

Qct-72 Mar-78 664 Jan-B80  1.84
Jun-80 1027 Apr-82 1.83 2,25

Jan-7 Dec-78  £17 Jun-80 1,50
Jun-80 720 May-B2 1,92 1.5

dan-73  Dec-78 417 Mar-81 2,28
Jun-80 720 Feb-83 2,47 1,39

Feb-73  Mar-78 549 Mar-81 .00
Jun-80 635 Gep-82 2,13 2,25

Mar-73  Bep-78 475 Dec-80 2,25
Mar-80 827 Jdun-8f 1,25 1,50

Mar-73  Mar-78 100! Sep-80 2,50
Jun-80 2392 Jan-83 2.78 2,25

Sep-73  8ep~77 475 Sep-79 2,00
Jun-80 1147 Jun-Bl L.00 .78

Sep-73  Dec-78  5BD Sep-B0 1.7
Jun-80 786 Jun-82 2,90 1,50

Qct-73 Jun-77 1320 Gct-8t 4,33
Mar-80 (824 Dec-B1 (.73 2.75

fet-73 Jun-77 1080 Jan-B3 5,58
Nar-80 1216 Jan-83 2,83 .78

Mov-73  Sep-78 1293 Feb-81 2,42
Sep-77 1407 Jan-82 2.4 1,90

How-73  Bep-78 787 MNay-B2 3.&7
dup-80 1682 fug-82 2,17 1,75

Hay-74  Sep-78 1415 May-84 5,47
Dec-7% 2024 May-B&  6.42 1,25

May-74  Dec-78 850 Dec-B4 4,04
Sep-79 1100 Jun-87 7,73 8.73

Jup~74  Jup-77 163% fpr-83 583
dun-79 1493 Apr-83  3.83 2.90

Jun-74  dun-77 949 fpr-81  7.83
Jun-7% 909 fApr-B85 5.83 2.9

Jun-74  Dec-77 1E37 Mov-B4  4.92
Jun-80 1746 May-85 4,92 2.5

Jun-74  Dec-78 1297 Kov-87 4,92
‘ Jun-80 988 Nov-87 7.42 1.3

dun-74  Dec-78 1934 Oct-84 5.84
Jup-B0 1933 Ort-84 4.34 1,50

Jul-74  Mar-78 1012 Qct-83 5.59
Sep-79 1428 fpr-86  4.39 1.50

Lozt

Browth Progrese

Rate

4.3

19.9%

T Y
JdsiA

4.0

5.7

Rate

-14.4%

19,6

0,9

~28. 1%

T MY

Sdada

85,71

93.%%

106, 0%

8.3

2. 7%

-60. 1%

~232.8%

109, 6%

100.0%

80.0%

99.9%

100.0%

-5&- 31

Conp
7.2
99.2
92,4
98.40
78.4
84,0
7.9
97.9
72.4
83.7
33
79.4
8t.3
93.4
g7
87
58
72
gt
a3
7.4
94,3
50,7
85.2
2.0
98,9
bz
73
44,0
8.4
3¢
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TABLE §.2¢ UMITS UMDER CONSTRUCTION in June, 1980,

Est, Lost
C.P. Date ot Estimated ears  Yearz  Growth Progress

Unit Naze issued Estisate Cost COD %o COD Elapses Rate flate
River Bend ! Bar-77  Jun-78 1172 Gep-84 4.2%

Rar-80 1479 Apr-84 4.0 178 22,8 123.%%
5t. Lucie 2 Bay-17 0 Dec-78 919 May-83 4.4

Jun-80 1100 May-83 2.9 1,59 12,70 99.9%
Holf Creek Hay-77  Mar-77 1929 dpr-83 4.08

Dec-79 1296 Apr-83 333 2,75 8.7 9%
Hartsville 8-1 Hay-77  Bep-78 853 Jup-83 4,75

Sep-77 1418 Jul-B&6 4.84 109 54,31 -208,51
Hartswille R-2 Hay-77  Sep-78 853 Jun-84 5,75

Sep-79 1418 Jul-87 7.84 1.0 58,31 -208.2%
Perry | May-77  Dec~73 1139 Hay-83 4.42

Jun-80 1701 May-84 3,92 1,50 9.8 3.2
Parry 2 May~77  Sep~78 1318 May-8% 4.67

Jun-Bf 2157 May-88 7.92 1,75 2 -TLE
5t, Lucie 2 Nay~77  Dec-78 919 May-83 4,42

Jun-80 1100 ‘May-B3  2.92 1,30 12,7 160,03
Harteviile B-! May-77  Bep-77 854 Dec-83 4,23

Sep-79 1418 Jun-8% 9.7¢ 2.00 28.9% -175.2%

Hartsville B-2 Hay-77  Sep-77 854 Dec-B4 7.2%
Sep-7% 1318 Jun-90 10,74 2,04 28.9% 1754

Cherokee | Dec-77  Mar-78 392 Jan-B%  &.83%
Mar-80 402 Jan-90 9,84 2.00 1.3 -149,.8%
Cherphee 2 Dec-77  Mar-78 392 Jan-87  4.84
Bar-80 402 Jan-92 11,84 2,00 1,31 -~149.8%
Cherckes 3 Bec-77  Mar-78 392 Jan-8% 10,85
Har-89 402 Jan-94 13.8% 2,00 13 -149,8)
Shearon Harrizs {  dan-78  Bec-77 1039 Nar-84 W20
Jun-B¢ 1708 Mar-8%5 4,73 2.5 6,27 80,08
Shearop Harrie 2 Jdan-7B Dec-77 1039 Har-B6  4.25
Jun-80 1208 Mar-88 4,75 2.50 5,21 80,00
Sharshae dan-78  Dec-78 1337 Dec-80 2,0%
Jup-80 1213 Feb-B3 2,47 1,50 -£,3% 44,8
Shearon Harric 3 Jdan-78  Dec-77 1039 Mar-90 12,25
Jun-80 1208 Mar-94 (5.74 2.3 6.2%  -40.0%
Shearon Herric 4 Jan-78 Dec-77 1039 Mar-88 10.28
Jun-80 (208 Mar-92 11.74 2,50 5,21 -40,0%
Phipps Bend ! dan-78  Sep~78 872 fug-84 3.72
‘ Sep-79 1340 Mar-87 7,50 1,00 85,13 -158.1%
Phipps Bend 2 Jan-78  Sep-78 872 Aug-B3 4.92
Jun-80 1440 May-94 13,92 1.75% 35,20 -400.0%
BNP 4 Feb-78  Sep~78 1982 Jup-8% 5,75
Nar-80 3084 Jun-88 -&25 1.5 RETE Y S 5 ¢ 4
Narble Hill | fpr-78  Jun-78 511 Qct-82 4,34
Jun~80 2001 Dec-84 4.3 2.00 97.7¢ -108.2%
Narble Hill 2 fpr-?8  Nar-79 818 Jan-84 4,84
Jun-30 1383 Dec-87 7.3 1.23 2,00 -212.2%
WP 3 fipr-78  Nar-79 1948 Dec-84 35.74
Sep~79 2256 Dec-84 5.28 4,50 35.80 100.9%
BHP 5 Apr-78  Mar-79 2224 Jup-86 T7.2%
Jun-B0 3705 Jun-87 7.00 1.25 30,2 0.3
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TABLE 5,20 UMITS UNDER CONSTRUCTION in June, 1930,

Est, Cost
C.P. Date of Estimated  Yearz  Years  Growth Progress %
igcyed Estimate fost €00 to COB Elapsed Rate flate Cos=p

——— -

Unit Hame

AVERAGES
Siaple: 1.83 19,7 -10.3%
Yeighted by years! - (.70 -0.%4
NUMBER OF DATAPOINTS! 77 17 77

¢ Constructor=UEXL
£¢ frehitect/Enginesr=HELD



TABLE 5.3: UNITS WITH CONSTRUCTION PERMIT OR LIMITED WORK AUTHORIZATIOM

IN DECEMBER, 1980 (PERCENT COMPLETE <= 15%).
% complete

Unit Mame cp/lwa issue date at 12/76
Seabrook 2 cp: Jul-76 7.7%
River Bend 2 cp: Sep-75 0.0%
Clinton 2 ' cp: Feb-76 0.0%
Cherckee 2 cp: Dec-77 C.0%
Cherokee 3 cp: Dec-77 0.0%
Callaway 2 cp: Apr-76 0.5%
Shearon Harris 3 cp: Jan-78 0.5%
Shearon Harris 4 cp: Jan-78 0.5%
Bailly 1 cp: May-74 1.0%
Shearon Harris 2 cp: Jan-78 3.0%
Yellow Creek 2 cp: Nov-78 3.0%
Vogtle 2 co: Jun-=74 4,45
Phipps Bend 2 cp: Jan-78 5.0%
Hartsville B-2 cp: May=77 7.0%
Morth Anna 3 cp: Jul-74 - 8.8%
PPSS S cp: Apr~78 9.0%
llarble Hill 2 cr: pr=78 11.0%
WPPSS 4 cp: Feb-78 15.0%
AVERAGES Feb-77 4,0%
Scurce: MNuclear News, February, 1981
Yotecg (11 Muclear Industry, January, 1981

Estimated
CoD

indef.
indef.
Jan-93
indef.
indef.
Mar-94
Mar-92
indef.
Mar-88
indef.
Jun=-88
indef.
indef.
Jun-29
Sep-87

-
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TARLE 5.4: PLANT CANCELATIONS:

Year of

Alan Barton 1 1977
Alan Barton 2

Douglas Point 1

Ft. Calhoun 2

South Dade 1

South Dade 2

Surry 3

Surry 4

Sears Island

Atlantic 1 1378
Atlantic 2

RBlue Hills 1

Blue Hills 2

Haven 2

Sundesert 1
Sundesert 2
PSE&C Co. unit 1
2gr&C Co., unit 2

Vi, L., Zimmer 2
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Forked River 1
Greenwvood 2
Creenwood 3
Baven 1
Jamesport 1
Jamesport 2
Montague 1
Montague 2
¥ew Haven 1
Hew Haven 2
North Anna 4
Sterling

Source: Atomic Industrial Forum,

Cancelation

1877-1980

Construction
Status

s S ——

order
order
order
order
order
order
cp

cp

order

order
order
order
order
order
order
order
order
crder
order

ted work auvth.
ted werk auvth.
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"Background Info"™, January, 1984.



Humber of Cancellationsa

Figure 5.1: Plant Cancellations:

With, ond Without Construction Permit
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Figure 5.2 NET NUCLEAR CRDERS
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- TABLE 4.1: COST AND SHEDULE SLIPPAGE, Coampleted Plants, with COD betwmeen July, 1980 and Dec. 1982

fctuals C.P. Date gof Ectiaated Eet, ---Npainal--- Duration 4
Urit Hame Lot L0D  issued  Estimste Cost COR Years  Cost Hyopia Ratio Cosp
tp 0D Ratie Fector 0 mmmeemees
Horth Anpa 2 532 Dec-30¢  Feb-7!  Sep~7t 19! Jun-75 373 79 L34 .47 7.8
Fariey 2 780 Jul-81  Aug-72  Mer-73 268 fpr-77 408 2.9 LIS 2.04 5.3
Sequoveh | 984 Jul-BY  May-70 Jum-70 187 Apr-74 3BT 527 LEE 2.39 3.9
Salem 2 ¢ 229 Oct-81 Sep-48 Der-h7 123 Mar-73 5,25 641 1423 2,84 0.4
Mchuire ¢ 904 Dec-8!  Feb-73  Bep-73 220 MNev-7¢ LI7 412 LIS 2.50 22.2
Sequoysh 2 623 Jun-92  Hay-70  Jup-70 187 fpr-74 LR3I LW .83 5.0
Lasalle ! 1336 0ct-82  Gep-73  Sep-73 430 Dec-78 5,23 LMt LM LT3 0.9
AVERABE {1749 - 12/1982) 2.4 L2 .79
HUNBER OF DATAPDINTS: . S &8
AYVERABE {7/1980 - 12/1782) ’ .99 L3R 2,5
HUMBER OF DATAPDINTS: : 7 7 7

¢ Conctructor=UEYC
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TABLE 6.2 URITS UMDER CDNSTRUCTION, in Decesber 1982

Est,

C.p.  Date of Ectimated  Years

Unit Naae iccued Ectiaate Cest (DD 1o COD
Biabio Canyop ! Apr-58  Mar-80  BBO Jun-81 1,25
Mar-82 1378 Jun-83 1.23

Ssquoyah I May-7¢  Sep-7% 442 Jum-8! 1,75
Dec-B0 1094 Jui-82 1,38

Dizblo Canyon 2 Dec-7¢  Dec-79 72 Jun-81 .50
Dec-82 1126 Jup-B4 1,50

Ferai 2 Sep-72  Jdun-80 1287 Mar-82 .75
Sep-82 234¢4 Nov-B3 L17

ligger | Dct-72  Jup-88 1027 Apr-82 1,33
8ep-82 1447 Jan-84 133

Hidiand ! Pec-72  Jun-76 740 Mar-82 5,7E
Har-82 1695 Jul-84 2,33

Nidiand 2 Dec-72  Jup-76 700 Mar-81 475
3ep-82 1495 Dec-83 1.25

Hatts Bar ¢ Jan-73  Jun-80 720 May-82 .92
5ep-B2 1597 MNov-B4 2,17

Hatts Bar 2 Jan-73  Jup-B¢ 720 Feb-83 2.47
5zp-82 1497 Dec-B5  3.IE

AcGuire 2 Feb-73  Jun-80 435 . Sep-82 2.25
Der-82 1049 Mar-84 1,25

Susmer | Mar-73  Mar-80 827 Jupn-81 1.2
Dec-82 1313 Oct-83 0,79

¥R 2 Bar-73  Jup-80 2392 Jan-§3 2.58
Jup-81 2784 Feb-84 2,47

Lazalle | Sep~73  dup-80 1197 Jup-Bl 10O
Dec-80 (184 Apr-82 1.33

Lz8alle 2 Sep~73  Jum-B0 786 Jup-82 2,00

Dec-Bt 1027 Qct-83 1,83
Oct-73  Mer-80 18234 Dec-B! 179
Dec-B2 2542 Drt-83  0.79

Fad -
San Onofre

-3

San Onotre 3 fct-73  Rar-80 12146 Jan-B3 2,83
Dec-82 1468 May-83 0.42
Suspushanna | How-73  Sep-77 (407 Jan-82 2.34
Dec-82 2252 May-83 0.37
Susoushanna 2 Hov-73  Jua-80 1082 dus-82 2.17
Jun-82 1598 HNov-84 2,42
Beaver Valley 2 May-74  Dec-77 2024 May-86 4,42
Bec-82 3074 May-8& 3.42
Bailly Wuclear ! May-74  Bep-79 1100 Jup-87 7.7%
Jun-8! (815 Jun-89 8,01
Lizerick ! dun-74  Jun-79 1893 fpr-83 3,83
Bec-82 2837 Apr-8% 2.33
Liserick 2 Jun-74  Jun-79 909 PApr-82  5.B3
Dec-82 3126 Oct-88 5.85
Yogtle | dun-74  Jun-80 1746 May-8% 492
Dec-B2 3722 Mar-87 4,28
Yogtle 2 Jun-74  Jun-B80 988 Hov-87 7.42
Dec-82 1476 Sep-BB 5.7%
Hine Mile Point 2 Jun-74  Jun-B0 1937 Oct-B4 4.34
Dec-82 4174 ODri-86 3,84

o=
.

wn
-0

Horth fAnna 3 Jul-74  Sep-79 1428 fpr-86
' Dec-82 4053 Oct-B9 4.84

Grouwth Progress
Rate

0.0

13.6%

9,61

-12,5

100.90%

-8

42.8%

0.0%

26.7%

86,52

Coap
99.2
9.8
84,9
96,9
7.9

9
7.4

92
938

98,25

Lod
wn

cn
o
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TRELE 5.2:

Hillctone 3
Grand Sulf !
Hope Cresh |
Watertforg 3
Bellsfonte |
Belletfonte 2
Coaznche Peak |
Coaanche Peak 2

Catazuba |

Clinton 2
Callaway |
Callaway 2

Paio Yerde |
Pala Verde 2
Pale Verde 3
Seabrook ! & ¢

Seabrogk 2 ¢

UNITS UMDER CONSTRUCTION, in Decesher 1982

Est,

C.P. Date ot Estimated  Vears  Yearc
issued Estizate Lost COD  to CDD Elapsed
fiug-74  Sep-78 1980 May-B& 7,47

Dec-82 3533 May-B36  3.42 4,25
Sep-74  Dec-77 1203 fpr-82 233

Sep-92 285 Dec-83 1.25 2,75
Hov-74  Jun-BO 4310 Dec-86 4,50

Dec-82 3780 Dec~-B5 4,00 2,30
Moy-74  Bep-79 1229 Fep-B7 2,42

Sep-82 2037 Jan-84 1,33 3.00
Dec-74  Sep-79 1001 Sep~83 400

Sep-82 2214 MNov-86 4,17 3.00
Dec-74  Bep-79 1001 Jun-84 4.7%

Sep-82 2214 Mov-37 .17 300
Dec-74  HMar-79 B30 Jun-Bf 2,28

Jun-82 1720 Jun-B4 2,06 3,28
Dec-74  Mar-79 830 Jun-83 4,23

Jun-82 17290 Jun-8%  3.00 3.25
fup-7%  Jun-88 754 Mar-84 3,73

fec-82 1800 Jun-8% 2.5 2,50
Aug-7%  Jun-88 734 Gep-BS 5,25

Bec-82 2000 Jun-87 4,30 2.8
fec~75  8ep-79 1208 Fsbh-B4 4.42

Bec-81 1784 Feb-84 2,17 2,25
Der-75  Bep-79 1208 Feb-88 4.42

Dec-BY 1717 Feb-86 4,17 2,23
Dec-7%  Jun-8¢ 2498 Jum-8% 500

Jun-81 3440 Jup-86 5,00 100
Dec-75  Jun-B¢ {545 Qci-83 8.3

Dec-B! 163F Qct-85  3.84 1,30
Dec-75  Jup-B0 1010 Oct-BE 8

fec-8f 1074 Oct-B6 4,84 150
Dec-75  Jun-80 1483 Oct-B3 3,33

Dec-8{ (433 Feb-88 2,17 LB
Dec-7%  Jup-80 922 Oct-84 434

Dec-B1 1093 Feb-85 347 150
Feb-75  Mar-84 1397 Dec-82 2,75

Jun-B2 {819 Gep-3% 2,25 2.5
Feb-76  Dec-77 1059 Jun-88 10.%!

Mar-82 2181 Jun-88 5.2% 4,25
fpr-76  Mar-80 1251 Oct-42  2.58

Dec-82 2850 Jun-85 2,30 2.75
fpr-76  Jup-80 1809 Jun-88  8.00

Har-81 1488 Apr-90 9.98 9.73%
May-7&6  Jun-80 1429 May-83 2,92

Nar-82 1670 May-83 .17 175
Hay-76  Jun-80 820 May-84 .92

Har-82 1136 May-84 2,17 1,73
May-7&  Jup-80 {123 Jdun-8&  4.00

Dec~B2 2474 Hay-86 3.42 2.3
Jui-76  Jun-B0 1493 Apr-83 2.83

Dec-BY 1735 Feb-84 2,17 1,50
Jul-76  Jun-80 {558 Feb-8% 4,47

Naw 01 1G98 Nau-RA 4.372 {1 84

Cost
Erowth Pragress
Rate fate
14,61 100,01
36,98 39.3%
-5 i 9L
8.7 32
3,30 -h8
0.3 -5
B L
24,21 18,31
AL, 49.9%
0.8 0.1
{9,044 99.%%
16,97 9.9
38,51 .01
.40 100,90
1,21 100,03
.71 7.8
12,00 77,81
12.4% 22,11
18.57 100,01
34,58 3.0
b.b% -134.5%
9.3 190,11
20.5% 100,13
37,08 103,31
10,80 44,21
TR R

Cozp
24.5
84,3
80
99
23.3
80,5
§9.5
93.9
&9
a!
48
84
8.8

26,4

a2,



TABLE 4.2: UNITS UMDER CDNSTRUCTION, in Decesber 1982

¥ Constructor=4ELL
¥ frchitect/Engineer=UELL

fet. fost
L.P, Date gf Estimated  Years  Years  Growth Progress
Unit Hasze izsued Estisste Cost  COD  to £OD Elapsed Rate Fate
River Bend | Mar-77  Rar-BO 1879 fpr-84  4.09
Sep-82 2474 Dec-85 3.23 2.50 16,7 334
dolf Cresk May-77  Dec-7% 129 fpr-83 3,33
Dec-82 2420 #pr-83% 2,33 3.00 2.1 3B
Hartoville 8-! Hay-77  Sep-79 1418 Jul-B&  4.34
Ssp-8f 3348 Mpr-91 9.5 2,00 4,01 -137.3%
Hartsville A-2 Hay-77  Sep-79 1418 Jui-87 7.84
Sep-8! 3348 fApr-92 10,39 2,90 .00 -137.5%
Perry | Hay-77  Jun-80 1700 Hay-84 .72
Sep-81 1884 Hav-84 2,87 1,25 8.5 100.0%
Perry 2 Hay-77  Jun-88 2137 May-88 7,92
Jun-81 [B0B Hay-88 4.72 100 -14.21 100,04
5t, Lucie 2 Hay-77  Jup-80 1100 May-83 2,92
Sep-82 1420 May-81 0,84 2.25 12,01 100,04
Cherakee | - Dec-77  Mar-80 402 Jan-90 9.8 '
Sep-80 729 Jdap-%0 9,34 0.50  224.8% 109,07
Cherokee 2 Dec-77  Mer-80 402 Jan-92 .34
Sep-80 729 dan-93 123 0.50 224,88 -94.%%
Cherpkee 3 Dec-77  Mar-8¢ 402 Jap-74 13,82
Sep-80  72% dan-9% 14,33 0.30  224,8%  -98.4%
Shearcn Harris | Jan-78  Jun-30 1208 Mar-8% 4,73
Dec-82 258c Har-86  3.I% 2.5 354 0.0
Shearon Harriz 2 Jan~78  Jun-BD 1208 Har-83  4.7%
. Dec-82 2023 Mar-%0 7.2 2,50 22.9%  -196,0%
Shorshas Jan-78  Jun-BO0 1243 Feb-83 2,47
Dec-82 3150 Dez-83  1.00 2,50 4641 66.8%
Phippe Hend Jan~78  Bep-79 440 Mar-87 1.50
Mar-81 2685 Feb-89 7.%3 150 51.5%  -28.%%
CH Feb-73  Mar-B0 3084 Jun-84 4.2%
Jun-81 4231 Jun-87  4.00 £,23 29,41 2011
Marble Hill | Bpr-78  Jun-B0 2001 Dec-8¢6 5,50
Sep-82 2728 Dec-84 4.2% 2,25 14,78 100,02
Markle Hill 2 fpr-78  Jun-80 1383 Dec-B7  7.E
Dec-82 2260 Jun-88 5.5 2.%0 2178 8004
LU fpr-78  Sep-77 2256 Dec-84 5,23
Jun-8% 3809 Dec-8& 5.30 1,75 RE PR T E 3
BHP 5 fpr-78  Jun-80 3795 Jun-87 7.00
Jun-8f 484% Dec-87 4.3 100 30,80 9.9
Yellow Lreek | How-78  Sep-79 1445 Hev-8%  &8.17
Sep-82 1938 (Qct-90  B.09 3.00 19.3%  -43.8%
Yeilow Creek 2 Hov-78  Sep-79 1445 4pr-88 4,59
Sep-8f 1938 fpr-88 439 2,00 15,81 1000
RVERABES:
Siaple 2,39 32,32 8.3
Heightsed by vears 25,34 L%
HUMBER OF DATAPBINTS: 73 3 73
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TABLE 6.3: UNITS WITH CONSTRUCTION PERMIT OR LIMITED WORK AUTHORIZATIONM
E <=3

I? DECEMBER, 1982 (PERCENT COMPLET 0%) .
% complete Estimated

Unit Name cp/lwa issue date at 12/76 COoD
Seabrook 2 cp: Jul-67 13.0% Mar-87
River Bend 2 cp Sep-75 0.0% indef.
Clinton 2 cp Feb-76 0.0% indef
Yellow Creek 2 cp: Nov-78 3.0% indef
Shearon Harris 2 cp: Jan-78 4,0% Mar-90
Vogtle 2 cp:” Jun-74 14.0% Sep-88
South Texas 2 cp: Dec-75 16.0% Jun-29
Cherokee 1 cp: Dec-77 18.0% indef.
Grand Gulf 2 cp: Sep-74 25.0% indef.
Marble Hill 2 cp: Apr-78 26.0% Jun-88%
Limerick 2 cp Jun-75 30.0% Oct-87
AVERAGES ,

A1l Units Jul-76 . 13.6%

Units With Schedule Jun-76 18.0% Dec-88

Scurce: Muclear Mews, February 1223
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Bailly Nuclear
Callaway 2
Shearon Harris
Shearon Harris
Bope Creek 2
Pilgrim 2

Allens Creek 1
Black Fox 1
Black Fox 2
Cherckee 2
Cherokee 3
Hartsville B-1
Hartsville B-2
Morth Anna 3
Pebble Springs
Pebple Springs
Perkins 1
Perkins 2
Perkins 3

Prhipps Rend 1
Phirps Bend 2
Vandalia

PR CS 4

DPEs 8
ZScurce: Atonic

PLANT CAMNCELATIONS:

Year of
Cancelation
1 1981
3
4
1982
1
2
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Status %
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§950

3,122
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APPENDIX B

COST AND SCHEDULE ESTIMATE HISTORIES

II.
ITI.
Iv.

Completed Plants

Incomplete Bechtel Plants
Incomplete Non-Bechtel Plants
Canceled Bechtel Plants

Canceled Non-Bechtel Plants

ANALYSIS AND INFERENCE, INCoSRESEARCH AND CONSULTING

to POST OFFICE SQUARE. SUITE 970 ~BOSTON. MASSACHUSETTS 02109 ~{617)542-0611
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Incoaplete Hon-Bechtel Plants

Ectiagtes
--------------- Est. ‘

Date of Tetal Years 1
init Naae Ectigate Cost £op  to COD Coaplete
Piablo Canyon t Mar-86 (54 Har-72 8,01 i
Diablo Canyen ! Dec-58 133 Jan-73 4.09 ]
Diablo Canyon ! Sep-49 202 dap-73 3.4 2.2
Diabla Canyen ! Mar-70 202 May-74 3.17 2
Dizblo Canyen | Sen-71 320 May-74 2.87 27.5
Biablo Canyen | Jun-72 320 Mar-7% 273 45,3
Dizblo Canyon ! Sep-73 320 Gep-7% .00 77.2
Dizble Lanyen ! Der-73 397 Sep-7% £.75 78,3
Bizkla Canyon | Dec-74 397 May-7s 1,42 90.¢&
Diable Canvon ! 8en-73 530 Aug-7s 9,92 9.4
Biablo Canven ! Jun-76 330 Jup-T4 0.00 97.8
Diable Canyen ! Sep-76 530 dun-77 0.75 98,5
Diszbin Canpyon ! Jun-77 472 dun-77 4.00 99.2
Disbla Canyon | Sep-77 472 Jun-78 0.75 99.2
Diabla Canyen Jup-78 472 Jun-79 1,00 99.2
Diablo Canyen ! Jun-79  BBO  Jun-79 8.00 99,2
Dizblo Canyen | Sep-79 880  Jun-80 0,75 9%.2

. Diablo Canven | _ Mar-80 880 Jun-8! 1,25 99.2
Diabla Canyen ! Sen-80 1051 Jun-8! 8,75 96,3
Biablo Canyon ! Mar-8f 1195 Jup-8{ 9.25 99.3
Diabla Canven | Jun-81 1229 Jun-8! 0.00 99.&
Diablo Canyen Sep-8f 1262  Jup-B2 2.7% 1.7
Diablg Canver | Mar-82 1378 Jun-83 .25 99,8
Diabia fanpyen 2 Dac-68 {31 Jul-74 5.8 9
Diablo Canyen 2 Sep-87 182 Jul-73 4.83 9
Bizhin Capven 2 Mar-7¢  1BZ  May-73 4.17 0
Bisblc Canyen 2 Sep-71 282 May-73 3,87 2,8
Bizbio Canyen 2 Jun-72 282 Mar-7% 3.7 9.9
Diable Canyon 2 Sep-73 282 Jun-78 2,75 3
Diable Canvon 2 Dec-74 422 Mar-77 2,28 30.2
Diablo Canyon 2 Sen-7%5 425 Aug-77 1,92 4.4
Diehlo Canyon 2 Jup-76 425 Jup~77 1,00 79
Diabie Canyen 2 dun-77  HE Jup-77 0.00 89,4
Diabla Capvon 2 Sep-77 548 Jun-78 0.75 99,9
Diable Canyen 2 Nar-73 248 Jup-79 1,22 3.5
fiable Canvon 2 Dec-78 S48 Jun-80 1,30 95,9
Diablo Lanvop 2 Jup-79 721 Jup-80 1,00 97.9
Dizble Capyon 2 Dec-7% 721 Jun-8! .50 97.9
Dizbio Canyen 2 Sep-80 841 Jun-82 1.75 88,1
Diable Canven 2 Mar-8! 986 Jun-82 1.23 9.2
Diablo Canyon 2 Jun-8f 1023 Jun-82 1,00 24,3
Diabla Canyon 2 Sep-81 1043  Jun-82 0.75 I
Diablo Canyon 2 Mar-82 {125  Jun-83 1,25 91.2
Diablo Canyor 2 Dec-82 1126 Jun-84 1.50 93
Beaver Valley 2 Dec-71 2% Mar-78 4,23 0
Beaver Valley 2 Mar-72 340 Mar-78 5.00 g
Beaver Yalley 2 Nar-73 360 Jun-79 8,28 ]
Beaver Yalley 2 Sep-73 39T Jun-79 375 9
Beaver Yalley 2  Mar-74 580 Jun-79 3.23 0
Beaver Yalley 2 Sep-74 485  Jun-81 5,73 9,93
Beaver Valley 2 Dec-74 483 fpr-8 5.34 0,05
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Incoaplete Non-Bechtel Plants

Unit Name
Beaver Valley
Beaver Yalley
Beaver Yalley
Beaver Valley
Beaver Yalley
Beaver Valley
Beaver Yalley
Beaver Yalley
Beaver Yalley
Beaver Yalley
Beaver Yalley
Beaver Valley
Beaver Yalley
Beaver Yalley
Beaver Vallay
Beaver Valley
Beilpfonte |

8sliefonte
Beliefonts
Beiiefonte
Bellefonte
Bellsfonte
Bellefonts
Bellefente
Bellefonte
Bellefente

Belletéont
Belleéonte

Bellstfonte
Bellefcnte
Bellizfonte
Beilefonte

B B P e M e e e e hee e s B pee S e B e b

Bellsfonts
Belletonte
Belizfonte
Beilefonte
Beliefante
Beilefonte
Bellafonte
Bellefonte
Bellafonte
Beilefonte
Beiletonte 2
Bellefonte 2
Braidwond |

Braidwopd |

3 M3 P33 3 PO 2 I g BRI RS

ra oo 3 3 B3 S PR3 M a3 P R P B2 B3 PO

Eetiaates

--------------- Est.
Bate of Total Years
Estimate Cost €6 to COD
Mar-75 794 ‘May-8! 6,17
Jun~73 7% fpr-84 5.84
Sep-73 799 fpr-g} 3.8
Dec-73 793 Apr-g! 3.33
Jun-78 927 May-2 592
Sap-74 922 May-82 3.87
Nar-77  93%  May-82 347
Jun-77 934 May-82 4,92
Dec-77 942 Hay-82 3,42
Jun-78 1010 May-82 3.92
Sep-78 1413 May-34 G.87
Sep-79 2024 May-84 4,87
Dec-79 2024 May-8&  4.32
Sep-80 2203 May-834 .87
Dec-8!1 2308 May-854 .42
Dec-82 3076 May-B4 3.42
Dec-70 NA O Jui-7? 6.9
Bec-7t 32 Jul-77 3.59
Dec~72 348  Sep-79 .75
Pec-73 348 Dec-79 .94
Sep-74 482  Dec-T9 e
Mer-75 482  Jup-80 3.28
Sen-75 387  Jun-80 375
Sep-77 632 Jun-B0 2,758
Dec-77 432 Jupn-80 2,30
Sep-78 792 Sep-~8! 3.00
Sen-79 1001 Sep-83 4,90
Dec-80 {839 Dec-8% 5,00
Sep~81 184 Jun-84 4,73
Nar-32 {749  Jup-8% 4,25
Jun-82 1749 Nov-34 4,42
Sep-82 2214 Mov-84 4,17
Pec-70 N& fpr-78 7.3

fec-71 312 dul-T7
Dec-72 348 Jun-80 7.5
Dec-73 348 Sep-80 5,78
Sep-74 482  Dec-79 5,25
Nar-7% 482 Mar-8i 5.01
Sep-76 387 Mar-8! 3,78
Sep~77 632 Mar-8f 2,75
Dec-77 4632 Mar-ft 2.9
Sep~78 792 Jun-82 3.78
Sep-79 1001  Jun-84 4,7%
Sep-80 1001 Sep-8% 8,00
Mar-81 {439 Sep-85 3.8t
Sep-8f 1854 Sep-84 5.00
Nar-82 {749 Jun-87 3.2%
Jup-82 1749  MNav~87 5.42
Sep-82 2214 MNov-87 517
Opc-72 501 Qct-79 5.34
Mar-73 317 Oct-79 5,59
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Incosplete MNon-Bechtel Plapts

init Name
Braidwood
Braidwood
Braidueed
Braiduoed
Braiduocd
Braidsond
Braidwood
Braidsced
Braiduood
Braidyood
8raiduccd
Brzidwacd
Braiduccd
Braidwacd
Braidweod
Braidwood
Braidwcos
Sraidweod
Brzidwond
Braidwood
Braidweod
Braidwond
Braidweod
Braidwood
Brziduood
Braidwped
Braiduood
Braidwocd
Braidseod
Braidwcod
Braidwend
Braidweed
Byron |
Byren
Byron

Byron

{

!
!
Byron !
Byron !
Byran !
Byron |
Byron !
Byran |
Byron |
Byron !
Byron |
Byron |
Byron |
Byren |
Byron |
Byron |
Byren |

PO a3 P3P pd B p3 B3 pd P2 b2 P 3 B3 b B see b aee 4= pee B g BT e B e b e S e

Estiaates

--------------- Est.

Date of Total Years
Ectisate Cest £ep  to €0D
Jun-73 517 Oct-80 7.74
Bep-73  E13 May-80 6.67
Jun-74 347 May-80 3,72
Sep-74 347 Oct-B! 7.09
Dec-74 A& Dcet-81 6,84
Sep-7% 418 QOct-8% 5.09
Mar-75 716 Qct-81 5.9
Sep-76 718 Qct-8i 5.08
Gep-77 829  [Oct-8¢ 4,08
Dec-78 902 fct-B 2,34
Jun-79 991 Qct-82 RIRE
Der-79 1141 Dct-83 3.84
Jun-80  138%  QOct-9S 5.3
Dec-80 1572 (Qct-8% 4,84
Dec-8! 1635 Oct-95 3.84
Dec-72 446 Ort-80 7.34
Rar-73 417 QOct-90 7.59
Jun-73 428 Mar-82 879
Sep-73 428 Gci-8i 8,09
Jus-74 417 Qct-81 7.34
3ep-74 417 Qct-42 .09
fec-74 442 {Qct-82 7.34
Mar-756 483 (Qct-82 5,59
Sep-7¢ 484 Qct-82 .08
8ep~77 319 Oct-82 2.08
Dec-78 400 Oct-82 3.8
Jun~77 479 Oct-83 §.34
Dec-79 747  Dct-B4 4.84
Jun-80 101} Qrt-8% 6,24
Dac-BS6  101E  Dri-BE 5.84
Dec-81 1076 Oci-B4 3,84
Mar-83 1276 (Qct-Bé 3,59
dun-7t 400 Det-78 7,34
Dez-71 400 Oct-79 7.84
Mar-72 400 Oct-74 6,39
Sep-72 444 May-79 6,47
Sep-73 444 May-80 &.67
Jun-74 337 May-84 .92
Sep-74 537  Oct-3¢ 8,09
Dec-74 550 Oct-80 3.84
Sep-7% S8l Qct-80 3.09
Mar-76 4883 Oct-80 4.59
Sep-76 444 Oct-80 4,08
fec-76 444 Mar-B8i 4.2
Sep-77 833 Mar-B1 3.3
fec-77 842  Sep-8! 3.75
Jec-78 984 Sep-B! 2.7
dun-79 {116 Bct-82 3.34
Dec~79 1148 QOct-82 2.84
Jun-80 1483 Oct-83 3.33
Dec-80 1481  Dct-B3 2,83
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Incoaplete Nen-Bechtel Plants

Estisates

. mmmemssmsseo——- Est,
Date of Total Years
Unit Haze Ectisate Cost £od  to COD
Byron | Dec-81 {43F Feb-84 2,17
Byron | Bar-83  197%  Jun-94 .23
Byron 2 Jun-7t 350 Bet~79 8.24
Byron 2 Dec-7{ 330 DOct-80 8.4
Byran 2 Mar-72 350 Qct-79 7.59
Byren 2 Jun~72 422 Har-BO 7.7%
Byron 2 - Sep-73 422 May-dl 7.67
Byron 2 dun-74 438 May-8! 8,92
Byron 2 Sep-74 428 Qct-82 .09
Byren 2 Bec-74 477 Dct-82 7.34
Byron 2 Sep-7% 478 {Qct-B2 7.09

Byron 2 Mar-74 487 Qci-82 5.5
Byron 2 Sep-7& 489 (Qct-82 .08
Byron 2 Sep-77 538 Qet-82 .08
Byron 2 Jec~78 424 Oct-92 3.84
Byron 2 Jun~7% 702 Oct-83 4,34
Byron 2 Dec-79 732 Qct-43 3.84
Byron 2 Jup-8¢ 922 Oct-84 4,34
Byran 2 Dec-86 924 Oct-84 384
Byron 2 Dec-81 1093 Feb-83 3.17
Carroll County ! Jun-74 480 Qct-82 8.34
Larroll County | Sep-73 48O Oct-84 10,09
Larroll Cpunty | Jun-75  B&O  (Oct-g84 9,34
Carroll County ! Dec~73  BAO  Qct-8% 3.84
Carroit County | Mar-76 920 Oct-8% 9.59
Carrall County | Dec-75 1080  Ort-83 8.84
Carroll County | Dec-78 2016 0Oct-88 9.84
Carroll County ! Jun-79 2239 Oct-90 1134
farroll County ! Dec-79  249%  Qet-92 12,84
Carrpll County ! Jun-80 2891 0ct-92 12,34
Carrol}l County ! Dec-B80 36946 Oct~93 12,84
farroll County | Bec-81 HA  Dct-93 11,84
Carroll County ! Har-82 KA XA A
Carrcil County 2 dun-74 350 fct-B3 9.34
Carrell County 2 Sep-74  5A0  Oct-B5 11,09
Carrell County 2 Jup-7% 480  Ort-85 10.34
Carroll County 2 Dec-7% 480  Oct-8% 10,84
Carroll County 2 Mar-76 730 Oct-86  10.59
Carroll County 2 Dec-76 780 Qci-86 9.84
Larroll County 2 Dec-78 {280 Oct-8%  10.84
Carrol! County 2 Jun~79  147%  Qct-91 12,34
Carroll County 2 Dec~7% 1724 Oct-93 13,04
‘Carroll County 2 Jup~80 1882 Oct-92 0 13.M
Larroll County 2 Jec-B0 2414 QOct-94 13,34
Larroll County 2 Dec-81 N& HA NA
Catawha | Jec-72 37 HA HA
{atawba | Mar-73 317 Mar-79 .99
£atawba § Jun-78 317 Jui-79 5.48
Latamba | Sep-74 498 Jan-8! 8.34
Catamba ! Dec-74 347 Jan-81 8.49
Latanba ! Nar-77 549 Jul-B8! 4,34
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Incoaplets Mon-Bechtel Plants

Unit Naae
Catanbas !
Catamba |
Latanba |
Catauba !
Catauba !
Catawba !
Latanba !
Latauba |
Latanbz |
Catauba 2
Catanba 2
Catauba 2
Catanba 2
Catauba 2
Catawba 2
Catawba 2
Catawba 2
Catanba 2
Catawhz 2
Catanba 2
Catanba 2
Catzyba 2
Latambz 2
Latawba 2
Latauwbs 2
Clintan !
Llinten !
Clinton !
Clinton ¢
Clinton !
Clinten !
{linton |
Clinton |
{linton |
Clipton !
Clinton |
Clinton |
Clinton |
Clintan
Clinton |
Clinton 2
Llinton 2
Clinton 2
Llinton 2
Clinton 2
Clinton 2
Clinton 2
{linton 2
Clinton 2
Feorai 2
Ferai 2

------------- -~ Est.

Date of Total Yeare
Ectimate Cost £od  ts COD
Nar-78 473 Jui-8! 3.34
Mar-7% 734 Jul-8! 2,34
Sep-79 754  Jul-83 3.83
Jun-80 734 Mar-84 3.7
Sep-80 1034 Mar-84 3.5
Har-81 1359  Har-84 3,00
Jec-8! 1341 Mar-84 2,28
Jun-82 {381 Jup-8S 3.00
Dec~82 1800  Jun-8% 2,50
fer-72 317 Rar-80 7.28
Jun-74 317 May-40 3.92
Sep~74 498 Jan-B2 7.34
Dec-74  E42  Jan-B2 7.09
Dec-76 342 Jun-f3 4,50
Mar-77 449 dan-83 G.84
Nar-78 573 Jen-B3 4,84
Mar-77 734 Jan-83 3.84
Bep-79 734 Jan-8% Te34
Dec-79 734 Jan-83 .09
Jup-80 NA  Sep-8 5.25
Sep-30 1034 Sep-8% 5.00
Har-81 1159 Gen-£% 4,34
Dec-81 1547  Sen-f% 3,73
Jun-82 1367  Jun-97 .00
Der-~82 2100 Jun-47 4,30
Sep-73 404  Jun-B9 5,75
Dac-73 35 Jun-80 8,50
Bec~74 381 Jup-B! £,
Dec-7% 705 Jun-8 5,50
Sep-75 825 Jun-8i 4,75
Mar-77 822 Dec-8i 4,74
Dec-77 1081 Dec-8i 4,00
Bar-78 {220 Dec-82 4,75
Dec-78 {297 Dec-82 4,00
Mar-80 1397  Dec-82 .75
fec-8¢ 1742 Sep-83 .73
Mar-82 N4 Sep-83 1,30
Jus-82 1819 Sep-84 2,38
Mar-83 2181  Sep-84 1Lt
Jun-83 7868  Hov-85 2.42
Sep~73 358 Jun-82 8.7%
Dec-73 367 Jun-83 2.30
Dec-74 487  Jun-43 9.3t
Dec-73 504 Jun-84 8.3
Sep~-76  49%  Jun-84 7.73
Mar-77 699 Jun-B8  11.24
fec-77 1059 Jup-88 10,51
Mar-82 2181 Jun-R8 8.25
Mar-83 M4  Jun-88 G268
Mar-8% 221 Feb-74 4,93
Nar-70 250 Feb-74 .93

H
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Incoaplete Non-Bechtel Plants

Ectizates

--------------- Est.

Bate of Total Years

Unit Naze Estiaate Cost £y to COD
Ferai 2 Sep-70 239 Feb-74 .42
Ferai 2 Jun-71 328 Feb-73 3,87
Ferai 2 Bec-7t 328 Oct-73 3.84
Fer=i 2 Bar-72 409 Dct-73 3.5
Fersi 2 Jun=72 409 Aor-74 3.84
Ferei 2 Jec-72 439 Aug-74 3.47
Ferzi 2 Sep-73 300 Apr-77 3.58
Fersi 2 Dec-73 301 Apr-77 333
Ferai 2 Jun-74 300 fpr-78 3,84
Ferzi 2 Sep~74 301 Apr-79 4,58
Ferai 2 Jun-7% B899  Sep-80 3,24
Fersi 2 Nar-77 882 Dec-8% 3.74
Ferai 2 Mar-79 973 Dec-90 7.7¢
Fersi 2 Jun-7% 973 Har-82 2,73
Ferai 2 Jun-80 1283 Mar-92 1,73
Ferai 2 Sep-80 1800 Noy-83 347
Fersi 2 ¥ar-31 1800  HNov-83 2,47
Ferai 2 Jun-81 1948  Nov-83 2.42
Forsi 2 Sep-81 1994 MNov-83 .17
Ferai 2 Sep-82 2346  Hov-83 £17
Farsi 2 Jun-83 2494 Jul-84 1,08
Harteville A-i Mar-73 373,53 Dec-80 1.78
Hartzville A-1 Dec-74 401  DBec-80 6,01
Hartewille A-{ Sep-75 401  Dec-8{ 8.2
Harteville #-! Jun-76 401 Feb-83 8,47
Harteville &-! Sep-7& 02 Feb-B83 5,42
Hartsville 4-! Dec-74 402 Feb-83 5.17
Harteville &-1 Jun-77 402 Jun-83 8,00
Hartzville A-! Sep-77 834 dun-83 3.7%
Harteville A-1 Sep-78 833 Jup-83 4,75
Hartsville &~! Sep-79 {418 Jul-8% 4,84
Harteville A-1 Dec-80 M Jul-88 7.59
Hartsville A~ Mar-81 1973 Jul-88 7.34
Hartcviile A-1 Sep-81 3348 fpr-9i 2.59
Harteville -2 Mar-73 379 Dec-8l 8.75
Hartzville 8-2 Jun-74 WA Dec-81 7.51
Hartsville A-2 Sep-7% &0t Dec-82 7.2%
Hartsville 4-2 dup-75 501 Feb-84 7.87
Hartsville A-2 Sep-7¢ 402 Feb-84 7.42
Harteville A-2 Dec-74 402 Fab-B4 .17
Hartzville 4-2 Jun-77 402 Jun-84 7.01
Hartsville &2 Sep-77 854 Jup-B4 8,75
Hartsville A-2 Sep-7@ 4253 Jun-84 575
Harteville A-2 Sep-79 1418 Jul-87 7.84
Hartzville A-2 Dec-89 N Jul-87 .58
Hartsville A-2 Nar-81 1973 Apr-8% 8.0¢9
Harteville A-2 Sep-8l 3368 Apr-92 10,39
LaSalle 2 ' Jun-70 300 Oct-7a 4,34
LaBaile 2 Sep-71 300 May-78 4,47
LaBalle 2 Dec-7t 300 Sep-78 8.7
LaBalle 2 Sep-72 330 Sep-78 .90

»e

— e
b B2 B
-
LACTIN (N I &S I e )

(o)
(=9
v T

&

e
b

.
e LN

47.4
HA
43
43
48

18.7

81.3

79.4

19.4
A

-~ 3 o
o~ M3~

Al e I D D D O

Lod ooy A g e
4 oy > e ML

<>

<> o> D

~a
g

S O O D>



Incozplete Non-Bechiel P

Unit Na=e
LaSalle
La8alle
Lagalle
LaSalle
LaSalle
LaBalle
L3Balle
Lagalls
Latalle
LaSalle
LaSalle
LaBalle
LaBalle
LaSalle
LaSalle
Latalle
La8alle
Narble Hill
Nartle Hill
Marble Hill
Marble Hill
Marble Hill
Marble Hill
Narble Hill
Marbla Hill
Marble Hill
Rarbie Hill
Narble Hill
Marble Hill
Marble Hill
Marhle Hill
Marble Hill
Narbls Hill
Marble Hill
Nerble Hill
Marbls Hill
Narbls Hill
Narhle Hill
Marble Hill
Narble Hill
Marble Hill
Marble Hill
Marble Hill
Narble Hill
Marple Hill
Narble Hill
Marble Hill
Marble Hill
McGuire
Nctuire
NcBuire
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Estizates

--------------- Est.

Date of Tatal Years
Estimate (Cost oD to COD
. Mar-73 330 Mer-79 5.00
Jun-73 330 Qct-79 5.34
Sep~73 343 May-79 3.47
Sep-74 343 Qct-79 3.08
Dec-74 3538 Oct-79 4,84
Sep-75 399 {Qct-79 4,08
Dec-76 400  Sep~80 3.7%
Sep-77 513 Sep-80 3.00
fec-78 380 Sep-0 1. 7%
Jun-77 729 Dec-g! .30
Dec-79 479 Dec-8l 2.00
Jun-20 786 Jun-B2 2.00
Dec-80 874  Dec-82 2,00
Mar-8! 874 Jun-83 2.25
Jec-81 1027 Oct-83 1,83
Jun-82 1026 (Oct-€3 1,33
Har-82 1018 fpr-84 1.09
Dec-74 800 Jup-83 8.%0
Jun-7%3 744 Jup-82 7.04
Jun-7& 791 Jun-82 £.00
Sep-76  B1f Jun-82 5.75
Dec-74 416 Jun-82 5.90
Mar-77 463 Jun-82 .2
Jun-77 05 Jun-B82 5,00
Sep~-77 306  Jun-82 3,72
Dec-77 51! Sep-82 4.75
Jun-78 St Oct-82 4,34
Mar-79 989 A A
Jun-79 989 Qct-82 3.3
Jun-80 2001  Dec-8% 8,50
Sep-80 2304 Dec-85 2.23
Sep-82 2725 Der-8¢ 4,22
Dec-74 400  Jun-84 9.3
Jun-7% 520 Jun-84 9.04
Jun-76 470 Jun-84 8,01
8ep-76 473 Jun-84 7.7%
Dec-76  3B5  Jun-84 7.50

Nar-77 317 Jun-84 7.2
Jun~77 346 Jun-84 7.01
Dec-~77 353 Jun-84 8.50
Bar-78 333  Jan-84 3.84
Mar-79 818 Jan-B84 4,84
Jun-80 1383  Dec-%7 7.50
Sep~81 1730 Dec-87 5,28
Dec-8f 1333 Dec-87 8.00
Jun-82 {730 Dec-87 5.50
Sep-82 2250 Dec-87  5.2E
Dec-82 2250  Jun-B88 3.30
Sep-70 179 Nov-74 4.17
Nar-71 179 Nar-77 4.01
Sep~71 220 Mar-77 .30
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B-27
Inceaplete Non-Bechiel Plants

Ectimates
--------------- Est. '

Jate of Tatal Years I
Unit Name Estimate Cost €6 to COD Complete
McBuire 2 Sep-73 220 Sep-77 4,00 t6.4
HcBuire 2 Jun-74 220 Mov-77 3.42 27.7
NcBuirs 2 Sep-74 383 Jan-79 4.34 29.¢
AcBuira 2 Dec-74 384 Jap-79% 4.09 35,2
NcBuire 2 Jun-76 384  May-79 2.92 23,9
BcSuire 2 Pec-76 334 Feb-B0 347 5.8
McBuire 2 Mar-77 464 Jan-80 2.84 20,1
NcEuire 2 Sep~77  46& Mar-8 3,30 1]
Meuire 2 Mar-78 349  Mar-8! 3.00 !
Neuire 2 Har-77 435 Mar-Bi 2,00 38
Nefuire 2 Sep-79  43%  Apr-82 2,58 &7
NeBuire 2 dun-B) 4353 Sep~B2 2,25 83
MrBuire 2 Sep-80 745 Sep-R2 2.00 a9
Mctuire 2 Mar-8f  92%  Jun-83 2.25 94,2
NcBuire 2 Dec-81 1939 QOct-83 .83 3.7
McGuire 2 Sep-82 {059  Mar-B4 .30 97.2
McBuire 2 Dez-82 1049 Mar-84 {25 98
Millstone 3 Nar-74 442 May-79 5.17 0
Millstope 3 Mar-7% 793 Hov-79 4,47 .8
Millstone 3 Dec-7% 793 May-82 .42 7.7
Millstope 3 Jup-76 998 Nay-82 3,92 9.9
Millstene 2 Bar-77 1173 May-82 517 12.3
Nillstape 3 Dec-77 1173 May-B& 8.42 18,3
Millstope 3 Sep-78 1980 May-84 7.87 24,3
Millstone 3 Dec-80 2571 Nav-84 5.42 333
Millstope 3 Dec-81 2577  May-B4 4,42 3
Milletone 3 Jez-82 3537 Mav-B4 .42 50,3
Mine Mile Paint 2 Dec-7 370 Jui-78 £.29 %
Nine Mile Point 2 Sen~72 370 Mev-78 5,17 4
Nine Mile Point 2 fec-737 802  Nov-78 4,92 0
Nine Mile Pazint 2 Har-74 609 Mzy-77 517 9
Mine Mile Point 2 Har-7% 749 Qct-82 7.59 {
Nine Mile Fpint 2 Jup~76 793 QOct-82 5,34 1.4
Nine ¥ile Paint 2 Nar-77 1107 Qct-82 3.5 9.5
Nine Mile Point 2 dun~77 1185 Qct-B2 2.3 12,7
Nine Mile Point 2 Dec~77 1503 QOct-83 584 17,5
Hine Mile Point 2 Dec-78 1954 Oct-84 5.34 24.1
Nine Mile Point 2 Mar-80 1943 Ort-84 4.59 37
Nine Mils Point 2 Jun-80 1933 Oct-84 4.4 31.7
Hine Mile Ppint 2 Dec-80 3412 QOct-8% 3.84 29.3
Hine Mils Point 2 Nar-81 3727  Oci-Bs 5.59 27.7
Nine Mila Point 2 Dec-82 4174  Oct-84 3.84 38.7
Lomanche Peak | Mar-74 335 Jan-80 5.84 9
Cosanche Peak | Dec-7¢  4%¢  Jan-R0 3.08 40
Losanche Peak | Nar-77 490 Jan-8 3.84 37
Comanche Peak | Jun-77 830 Jan-8 3.59 39
Comanche Peak | Mar-79 838 Jun-81 .25 48.8
Cosanche Peak | Pec-8¢ 1118  Jun-8! 9.50 8
Comanche Peak | Mar-81 1118 Jun-82 1,23 88
Coaanche Peak | Jun-82 1720 Jun-84 2.00 9
Losanche Peak 2 Bar-74 338 Jan-B2 7.84 it



Incomplete Nen-Bechte! Plants

Estimates

--------------- £st,
Date of Total Years
Unit Nase Ectimate [ost £e8b  to COD
Lomanche Peak 2 Oec~76 490 Jan-82 5.09
{oaanche Peak 2 Mar-77 690 Der-82 3.76
Comanche Peak 2 Jug~77 850 Jan-83 3.3
Cosanche Peak 2 Mar-7% 830 Jun-83 4,25
Comanche Pesk 2 Sep-80 {118 Dec-82 2,25
Comanche Peak 2 Nar-81 1118 Jun-84 3.28
Cosanche Peak 2 Jun-82 {720 Jun-~83 .09
Perry | Mar-74 817 dun~79 5.23
Perry | Jec-74 476 Jun-79 4,30
Parry | Nar-7% 676  Jun-80 3.26
Perry | dun-73 773 Jun-89 .01
Perry | fep-7& 1006 Dec-8! 3.25
Perry | Mar-77 1011 Dec-8! 4,76
Perry | Sep-77 988 Dec-B{ 4,28
Perry | Jec-78 1139 May-83 4,42
Perry | Mar-79 1185 May-23 3.17
Perry | Jun-79 1187 May-83 3.92
Perry | Jup-80 {731 May-B4 3.92
Perry | Mar-81 1710 May-84 347
Perry | Sep-8! 1884  May-84 2.87
Perry | Mar-83 2647 May-B3 .17
Perry 2 Mar-74 817 Jun-80 8.28
Perry 2 fec-74 476  Jun-80 3,50
Perry 2 Bar-73 476  fpr-82 7.09
Perry 2 Jun-7% 774 fpr-f2 5.84
Perry 2 Sep-76 1006  Jup~83 8,75
Perry 2 Mar-77 1041  Jun-83 8,23
Perry 1 Sep-77 1122 Jup-83 3.7
Perry 2 Sep-78 1318 May-83% 8,87
Perry 2 Mar-7% {367  May-83 &,17
Parry 2 Jup-79 1330 May-85 5.9
Perry 2 . Jun-80 2157  May-98 7.92
Perry 2 Nar-81 2179 Kay-48 7.47
Perrv 2 Jun-8f 1808  May-B8 6.92
Perry 2 Nar-83 2436 May-88 347

River Bend ! Bar-73 390 Qct-79 8.5
River Bend | Jun~73 374 Feb-8D 6,87
River Bend | Har-74 376 Sep-80 8.31
River Bend | Jun-74 541 Gep-80 5.28
River Bend | Nar-7% 541 Gep-Bi .ol
River Bend ! Dec-76 934 Gep-il 4,73
River Bend | Mar-77 934  Sep~83 4.5
River Bend | Dec-77 1172 Gep-83 3.7
River Bend | Jup-78 1172 Gep-84 4.25
River Beng ! Sep-79 11727 Apr-93 4.29
River Bend 1 Nar-80 1479 Apr-84 4,09
Piver Bend ! Sep-90 2273 Apr-84 3.38
River Bend | Sep-81 2273 fpr-84 2.38
River Bend ! Dec-8] 3543  Dec-83 4,09
River Bend ! Sep-82 2474  Dec-83 3.25
River Bend 2 Mar-73 344 Sep-8% .31

1
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Incoaplete Hon-Bechtel flants

Unit Naze
River Bend
River Rend

River Ben
River Ber
River Ben
River Ben
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River Bend

Seabrook
Spabrock
Seabrook
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Sesbrock
Spabrook
Seabraok
Seahrook
Seabrogk
Seabrook
Sesbrack
Seabronk
Seabrogk
Seabrook
Sezhrogk
Seahrook
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Seabronk
Seabrook
Seabrook
Seabrook
Seabrook
Seabrook

Shearpn Harris |
Shesron Harris |
Shearan Harris |
Shearop Harris |
Shearon Harris |
Shearon Harris !
Shearon Harris |
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Estizates

--------------- Ect.

Datz of Taotal Years
Estimate (Cost £ te COD
Mar-74 344  Gep-22 8.3t
Jup-74 478 Sep-R2 8.2%
Mar-75 478  Sep-83 8.4
Dec-73 478  Sep~-83 .78
Har-77 478  Bep-8% St
Dec-77 848 Sep-f5 7.74
Har-79 848 N& N&
San-48 Ha o Qct-74 6.08
Dec-48 120 QOct-74 5.4
Mar-5% 186 Qct-74 .39
Sep~4% 185 May-7S 5,47
Jup-73 HA  Nev-79 5.42
Sep-73 946 Hgy-79 5,17
Bar-74 473 MNoy-79 3.87
Dec-74 523 Mov-79 4,97
Mar-73  3B3  Nov-80 3.48
Ner-75  S8%  Jun-8! 5,28
Jun-74  38%  MNov-R! 2.42
fec-76 &84  Nov-8! 4,92
Dec-77 1372 Dec-B2 5.00
Jun-78 1340  Dec-82 4,50
Nar-79 1497 Apr-83 4,09
Jun-79 1294 Apr-83 3.84
Nar-80 1400 fApr-83 3.08
Jun-80 1493 Apr-83 2.83
‘Mar-81 798  Feb-B4 2.92
Dec-81 1735 Feb-g4 2,47
Nar-83 2340  Dec-~84 {.76
Sep-73 N Nov-7¢ 6.17
Mar-74 473 MNov-79 . 5.47
Dec-74 323 Nov-8l .92
Mar-7% A% Nov-82 7.48
Nar-76 385 Jun-33 7,28
Jun-748 80 MNev-83 7.42
fec-76  4B4  Mow-83 5.72
Bec-77 825 Dec-B84 7.0
Mar~78 980 Dar-84 £.74
Nar-7% 1084  Feh-BE 5.93
Jun-79 1287  Feb-8% 3.58
Mar-80 {490 Feh-85 4,93
Jun-80 1538 Feb-83 4,587
Nar-81 1743 May-B% 3.47
Jec-81 1825 May-84 3,42
Nar-83 2709 Jul-47 4,34
Jun~7! 234 Mar-77 3.75%
Dec-7t 247  Mar-77 3,28
Dec-72 274 Mar-78 3.25
Sep-73 331 Mar-78 4,50
fec-73 419 Qet-79 3.84
Jun-74 5§33  Mar-81 8,738
Sep-74 502 Mar-81 .50
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B-30

Incoepliete Non-Bechtel Plants

Estisates

--------------- Est.
Bate of Total Years 1
Unit Hase Ectimate Cost £0D  to COD Coaplete
Shearon Harris | Jec-74 317 Har-81 5,28 .5
Shearon Harris | Jup-73 730 Mar-84 8.7 1.7
Shearon Harris | Dec-75 901 Mar-B4 8,23 {.7
Shearon Harris ! Dec-76 9856 HMar-84 7.23 1.7
Shearon Harris | Dec-77 1039 Mar-84 8,25 .7
Shearop Harris ! Dec-7% {208 Mar-84 4,23 18.5
Shearon Harris | Jun-80 1208  Mar-83 3,75 32.8
Shearon Harris | Dec-80 1429  Sep-83 4,73 i
Shearap Harris | Sep-81 1630  Sep-8% 4,00 74
Shearop Harrie | Mar-82 1882  Sep-8% 3,8 it
Shearon Harris | Sep-82 1882 Mar-85 3.50 7
Shearon Harric | Dec-82 2386  Mar-84 3.25 74
Shearon Harris 2 Jup-7t 234 Jun-78 3.75 i}
Shearon Harris 2 Dec-71 247  Jun-78 3.28 !
Shearon Harris 2 Dec-72 274 HMar-79 3.28 9
Shearon Harrie 2 Bep-73 331 Mar-79 4,50 4
Shearon Harris 2 fec~73 419 Mar-80 3.54 9
Shearan Harris ? Jun-74  Si3 Jun-82 8.7% |

Shearon Harris 2 Sep~74 502 Jun-82 7.7%

Shearon Harris 2 fec-74 513 Jun~82 7,30
Shearan Harris 2 Jun-72 730 Mar-84 8.74 .7
Shearon Harris 2 Dec-7% 994 HMar-B6 8,25 .7
Shearon Harris 2 fec-76 986 Mar-94 7.2% .7
Shearen Harris 2 Dec-77 1039 Mar-8% £.25 1.7
Shearon Hzrrig 2 Dec-79 1208 RMar-87 4,28 3
Shearon Harris 2 Jup-80 {208  Mar-88 4.7 3.7
Shearon Harris 2 Dec-80 1429 Mar-88 3.7% 37
Shezrop Harris 2 Sep-8!  {£30  Mar-89 4,00 4
Shearon Harris 2 Mar-82 {882  Mar-89 3.2 ]
Shearop Harrig 2 Sep-82 1882 Mar-99 3.50 i
Shearon Harris 2 Dec-82 2023 Mar-9%0 7.25 4
Shorehaa Mer-57 105 May-73 5.17 g
Sherehaa Jun-48 HA  May-73 4,92 ]
Shorehas Bar-49 182 May-75 6.17 0.8
Shorehaa Nar-70 218 May-73 17 0.5
Shorehaa Dec-7t 309 fpr-77 .34 1
Shorehar Jun-72 399 May-77 .92 1.8
Shorehaa Mar-73 M9 Jul-77 4,34 1.5
Shorzhaa . Dec-73 461 Jul-77 3.8 )
Shorehaa Nar~-74 481 May-78 4,17 13
Sharehaa Sep-74 895 May-78 3,67 0
Sherehas Sep-75 493  Sep-78 3.00 43
Shorehaa Dec-75 495 May-7% 3.42 47
Shorehaa Jun-76 369 May-79 2.%2 35
Shorehaa Sep-77 1188  Sep-80 3.00 §2
Shorehaa 8ep-78 1297 Sep-80 2.00 73
Shorehas Jec-78 1337  Dec-80 2.00 73
Shorehas Jun-79 1381 May-81 1.92 80
Shorehas Jun-80 1213 Fep-83 2.87 85.3
Shorehas Ssp-B0 2213 Feb-83 2.42 a8
Shorshas Dec-80 NA  Mar-83 2.2 90



.

Incosplete Hon-Bezhtel Plants

Ectimates

--------------- Est.

Date of Total Years

Unit Mase Estimate Cost £00  teo COD
Shorehaa Har-82 2493 Mar-83 .09
Sharehas Sep-82 2724 Sep-83 .90
Shor ehaa Dec-82 3150 Dec-83  1.00
St, Lucie 2 Dec-72 340 Qct-78 3.84
§t. lucie 2 Har-73 360 Dec-79 8,76
§t, Lucie 2 Har-74 360 Dec-90 £.76
8t. tucie 2 Jun-74 340 Dec-79 .30
St, Lucie 2 Dec-74 537 Dec-79 3.00
St. Lucie 2 Sep-7% 5§37 Dec-8¢ 5.28
8t. Lucie 2 Dec-75 420 Dec-89 2.01
St, Lucie 2 Sep-76 610 Dec-92 6.23
8t. tucie 2 Dec-74 830 Dec-82 4.00
8, lLucie 2 Jun-77 850 May-a3 3.92
§t. lucie 2 Sep-78 845 May-83 4,47
§t. Lucie 2 Dec-78 919 May-83 4.42
St. Lucie 2 Jun-80 1100 May-B3 2.72
St, Lucie 2 Jun-82 1270 May-83 0,92
St. tucie 2 Sep-82 {420  May-83 J.86
§t. Lucie 2 Mar-83 1420 Jul-83 0.33
Surry 3 Nar-74 N Jun-80 6.24
Surry 3 Jun-74 323 Mar-80 375
Surry 3 Sep-74 528 Dec-89 5.25%
Surry 3 Jec-74 5328 HMay-83 8.42
Surry 3 Nar-72 728 May-83 8.17
Surry 3 Jup-7% 781 May-43 7.92
Surry 3 Mar-76 781 Jun~B&  10.24
Surry 3 Jun-74 1074 Apr-8% 9.84
Surry 4 Har-74 254 Jun-8! 7.2%
Surry 4 Jup-74 3227 Mar-8! 6,75
Surry 4 Sep-74 322 Dec-8! 7,25
Surry 4 Dec-74 322 May-84 9,42
Surry 4 Mar-75 306 May-84 2.18
Surry 4 Jun-7% B May-84 8.92
Surry 4 Mar-76 20 Jun-87  {1.24
Surry 4 Jun-76 745 #pr-87  10.84

Watertord 3 Sep-70 230 dan-77 8,3
Waterford 3 dep-71 289  Jap-77 .34

Waterford 3 8ep-72 350  Jan-77 4.3
Haterford 3 Nar-73 330 Gct-77 4,29
Waterford 3 Bec-73 A% Jun-79 .50
Naterford 3 dun-74 443 Jun-80 8.01
¥aterford 3 Dec-74 710 Jun-80 5.30
Naterford 3 Dec-75 710 Apr-g{ 3.34
Waterford 3 Sep-76 813 Apr-8f 4,3
Waterford 3 Sep-78 1110 Oct-Bl 3.08
Waterford 3 Sep-7¢ 1229 Feb-82 2.42
Naterfard 3 Sep-80 1229  Mar-83 2.3
Waterford 3 Dec-80 {487 Mar-83 2.23
Naterford 3 Mar-82 1808 Jul-33 1,33
Waterford 3 Sep-82 2057 Jan-84 1.33
Watisg Bar ! Dec-70 NA  Aug-75 S.47
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Incozplete Hon-Bechtel Plants

Ectizates

-------------- Est.
Bate of Total Years
Unit Haze Ectimate Cost Cod  to COD
Hip 3 Mar-77 1948  [Dec-84 3.74
WP 3 Sep~79 2256 Dec-84 .28
MNP 3 Ben-80 3130  Jup-8% 5.73
BHP 3 Jun-8f 3809  Dec-Bb 3.50
Yeliow Cresk ! Mar-73 929  fpr-83 8.09
Yellow Creek | Sep-75 929 Jun-83 7.7%
Yellow Cresk | Mar-76 929 Jup-83 7.2%
Yellow frest | dun-7& 929 Mar-8% B.7%
Yellaw Lresk | Sep-77 1048  Mar-83 7.30
Yellow Creek Jun~78 1048  May-f3 £.92
Yellow Creek | §ep~72 {172 May-8% 8,57
Yellow Cresk | Sep-79 1443 Nev-8% §.17
Yellow Creek | Dec-80 1384 Apr-88 7.%4
Yellow Creek ! Mar-81 1243 Apr-28 7.89
Yellow Cresk | Sep-81 1938 Oct-90 9,09
Yellow Creek Nar-82 A A KA
Yellow Creek ! Sep-d2 1938 Qct-90 8.09
Yellow Creel 2 Mar-73 929 Apr-84 9.09
Yellow Creek 2 Sep-75 929 Jun-84 8,74
Yeliow Lreey 2 dun-7& 919 Mar-Rh 9.7%
Yellow Creet 2 Sep~77 1048 Mar-8¢ 8.30
Yellow Creek 2 dup~78 1048 May-3% 7.72
Yellow Creel 2 Sep~78 1172 Mar-85 7,20
Yalloy Creek 2 Sep~79  144%  Apr-o8 8.9
Yelloy Creek 2 Dec-80 1384 dpr-98 7,34
Yeliow Creek 2 Mar-81 1243 Apr-88 7.09
Yellow Creek 2 Sep-81 1938  Apr-28 5,39
Yellow Creek 2 Har-82 NG Gpr-88 £.09

Yellow Creed 2 Sep-82 1933
limmer | Dec-&9 199 Jan-73 3,09
ligser | Mar-70 219 Jan-73 4,84
limmer | Sep-70 275 Jan-7% 4,34
Timaer Sep-7! 288 Bet-74 3.09
lismer | fec~72 31 Aug-77 4,47
Tinmer | Sep-74 434 Jan-79 4,34
limmer | Dec-73 502 Jan-79 3.49
lizper | Sep-76 331 Jan-79 2,33
Tizger | Gep-77 331 Jui-78 1,83
lisger | Mar-78 &4 Jan-89 1.84
Zisger | Jun-79 830 Jan-81 {.539
lisger | Har-80 830 Fed~82 1.92
Iismer | Jup-8¢ 1027 Apr-82 1.83
lianer | fec-81 1258 Jan-83 1.08
Tiammer | Mar-82 1288  Jun~83 . LI
lizmer | Jun-82 1238 - Dec-83 1,39
limger ! Sep~82 1847 Jan-84 1.33
limser | Dec-82 1467 KA A
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Canceled Bechtm! Plants

Ectisates

--------------- Est.

Bate of Total Yeare

init Hase Ectisate Cost LoD to COD
Callaway 2 Jup-74 803 fpr-G3 8.84
Callamay 2 Dec-74 863 fpr-83 8.34
Callaway 2 Mar-76 739 Apr-83 7.09
Callaway 2 Dec-75 1297 Apr-87  10.34
Callaway 2 Jun~77 1297 Apr-87 9.84
Callamay ? Dec-77 1288 fpr-87 9.34
Callaway 2 Sep-78 1306  fpr-87 8,58
Lallaway 2 Mar-80 1509 Apr-87 7.99
Callamay 2 Jun-80 1409 Jun-38 8.0!
fallaway 2 Dec-80 1488  fpr-88 7,34
Callamay 2 Mar-8! 1888  fpr-9¢0 9.09
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B-35

Lanceled Non-Bechtel Plants

stisates

--------------- Est.

Date of Total Years 1
Unit MNaze Eetizate Cost gop  to COD Coaplete
Bailly Muclear ! Mar-57 113 Dec-72 5.7 KA
Bailly Muclear | Har-70 141 Feb-74 3.93 NA
Bailly Nuclear | Sep-70 140  Feb-75 5.42 HA
Bailly Muclear | Jun=72 244 Jun-77 3,08 0
Baiily Muclear ! Sen-74 M7 Jup-77 2,75 9,5
Bailly Muclear ! Sep-73 M7 Jup-9% 19.74 8.3
Bailly Muclear ! Mar-76 447  Jun-8% 9.24 0.5
Bailly Muclear Sep-74 474  Jun-B% 8.7% 9.5
Bailly Huclear ! Dec-76 474 Mov-82 5.92 0.3
Bailly Muciear ! Mar-77 703 MNov-82 S.67 0.5
Bailly Muclear | Sep-77 705 Dec-82 5.25 0.3
Bailly Nuclear | Dec-77 703 Jun-B4 8,20 0.5
Bailly Huclear ! Mar-78 830 Jun-84 5.2 0.3
Bailly Muclear ! Dec-78 850  [Qec-84 §.01 0.3
Bailly Ruclear | Sep-79 1100  Jun-87 7.73 0.3
Bailly Muclesr | Dec-80 {100  Jun-£9 8.30 9.3
Bailly Huclear ! Jun-81 1813 Jup-39 8.91 2.5
Eherokee | Sen-73 N Jar-8! 7.34 ]
Cherokee ! Nar-74 NA  Sep-82 8.3! 9
Chergkee | Jup-74 NA o Jap-82 7.59 9
Cherokee | Sep-74 248 Jan-84 9.3 HA
Cherckes ! Dec-74 282  Jan-B4 9.09 0
Cherckes ! Dec-7% 282 Jan-4% 7,09 9
Cherokee ! Mar-76 242 Jan-84 7.84 9
{herokee ! Mar-77 336 dan-84 5,84 0.3
Cherokee | fec-77 336 Jan-83 7.09% !
Chergkes | Mar-=78 392 Jap-8% £.84 {
Cherckes | Mar-79 402 Jan-BS 3.84 4
Cherokes | Jun~79 402 Jan-87 7,59 5
Cherokes | Mar-80 402 Jan-90 9,84 1¥]
Cherokee | Bep-30 729  Jan-90 9,34 7
Cherokese 2 Mar-74 N8 Sep-83 9,38 9
Cherokee 1 Jun-74 NA Apr-33 8,34 9
Cherokee 2 Sep~74 248 Jan-86 1LV g
Chergkee 2 Jec~74 282  Jan-Bb 11,09 9
Cherokee 2 Dec-7% 282 Jan-87 11,09 !
Cherokee 2 Mar-76 252 Jan-86 9.84 9
{herckee 2 Mar~77 336 Jul-8& 9.34 0.5
Cherokee 2 Dec-77 336 Jan-87 9.09 {
Cherakee 2 Mar-78 ~ 392 Jan-87 8.84 2
Eherokee 2 Nar-79 402  Jan-87 7.84 4
Cherckee 2 Jun-79 442 Jan-99 2.5% 3
Lherakee 2 Mar-80 402 Jan-92  i1.B4 t
Cherokee 2 Sep-80 7219  dan-93 12,34 !
Cherokee 3 Mar-74 NA  Sep-84 10,31 9
Cherokee 3 Sep-74 248 Jan-88  {3.34 8
Cherpkee 3 Dec-74 262 Jan-88 13.09 9
Cherokee 3 Dec-73 262 Jan-89 13,14 ¢
Chergkee 3§ Mar-76 252 Jan-88  11.84 4
Cherckes 3 Dec-76 262 Jun-89 {2,531 0.3
Cherckes 3 Har-77 336 Jan-89  11.83 9,3



—,

fanceled Hon-Bechtel Plants

Estizates
------------ Est,
Date of Total Years
Unit Mame Estisate Cast £o)  te COD
Cherokee 3 Nar-78 392 Jan-89 10,83
Cherpkes 3 Har-79 402 Jap-89 9.8%
Cherckee 3 Jun-79 402 Jan~%! 11,59
Cherokee 3 Nar-80 402 Jan-94 13.85
Cherokee 3 Sep-80 729 Jam-%3 14,34
Forked River ! Nar-73 894 May-22 7.47
Ferked River | Dec-76 894 May-83 .42
Forked River | Jup-78  B94  Dec-B3 .20
Forked River | Dec-78 1130 Dec-83 .00
Harteville B-! Mar-73 379 Jun-84 8.2
Hartsville -} Dec-74 401  Jun-81 8,30
Hartsville B-! Sep-78 401  Jun-82 8,73
Hartsville B-{ Jun-76 401 Aug-83 .17
Harteville B-| Sep-76 402 Rug-83 4.92 -
Harteville 8-{ Jun-77 402 Dec-83 8,50
Hartsville B-1 Sep-77 834  Dec-83 §.25
Hartsville 3-! Sep~79 1418 Jun-89 9.75
Harteville B-2 Nar-73 379 dun-B82 9.25
Hartsville 3-2 Jup~74 378 Jun-62 8,01
Harteyille §-2 Sep-74 379 Jup-82 7,78
Hartgville 8-2 Bep~7%  &0¢ Jun-83 7,75
Hartsville B-2 Jun-76 01 Aug-84 8.17
Hartsyille B~2 Jun-77 402 Dec-84 7,51
Hartsville B~ Sep~77 834 Dec-B4 7,23
Hartcville B-2 Sep-79 {418  Jun-20 {0,748
Shearen Harris 3 dup-71 233 Mar-77 573
Shearon Harris 3 Sep-71 246 Mar-77 .50
Shezron Harris 3 Dec-72 274 Mar-78 5,22
Shearaon Harris 3 Sep-73 331 Mar-74 4,50
Shearon Harris 3 lec-73 419 Gct-79 5.84
Shearop Harris 3 Jun-74  §13  Mar-8! 8,75
Shearon Harris 3 Bec-77  103%  Mar-90 12,23
Shearop Harric 3 lec-79 1208  Mar-91 11.25
Shearep Harris 3 Jun-80 1208 Mar-94 13.75
Shearon Harris 4 Bec-77 1037 Mar-88 10,28
Shearon Harris 4 Dec-79 1208 Mar-89 9,22
Shezren Harris 4 Jun-80 1208  Mar-92 11.7¢
Horth Amna 3 Nar-73 335 Apr-77 4,09
North Anna 3 Sep~73 338 Dec-77 4,23
North anpa 3 Dec-73 389 Dec-77 4.00 7
Horth Anna 3 Nar-74 396 Mar-78 4,09
North Anna. 3 Jun-74 394 Dec-78 4,30
Narth Anna 3 T Dec-74 432  Jun-80 5.30
North Anna 3 Mer-73 512 Dec-80 5.74
North Anna 3 Dec-75 312 Rpr-8! 3.34
North Arna 3 Mar-76 633 fpr-8{ 3.09
North #nna 3 Mar-77 818 Apr-82 3.09
North Anpa 3 Sep~77 818 May-82 4,67
North fnna 3 Dec-77 818 (Qct-83 2.84
North #dnna 3 Nar-78 1042 Qct-83 5.59
North Anna 3 Mar-7% 1012 Apr-84 7.09
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Canceled Non-Bechtel Plants

Ectimates
-------------- Est.

Date of Total Years 1

Unit Name Ectizate Cost £ap  to COD foaplete
Nerth Anna 3 Sep-79 1428 Apr-84 8.59 7
North Annz 3 Dec-80 N Oct-R9 8.84 7
Narth Annz 3 Rar-81 2175 Oct-89 8.39 7
North dnna 3 Dec-82 4053  Qct-89 5.84 8
North Anna 4 Mar-73 252 fpr-78 3.09 0.5
North Brpa 4 Sep-73 282 Jun-78 4,73 2
North Anna 4 Dec-73 268 Jun-78 1,50 2
North Anns 4 Har-74 281 Dec-79¢ 3,78 1.h
North &nna 4 Jup-74 281 HMar-7%9 4,73 1.8
Harth &nnz 4 Sep-74 281 Jec-79 3.25 1.7
Nerth fnpz 4 Bec~-74 295 Dec-80 8.0t 1.7
Horth Annaz 4 Mar-75 347 Jui-8! 8.34 2
Nerth Anna 4 Dec-78 347  Nov-8! §.92 .4
North Anna 4 Nar-76 423 Mov-8l 5.47 1.6
Horth Anne 4 Rar-77 358 May-al §.17 3.5
North Anna 4 Sep~77  36B  Jun-83 3.7% 37
North Annz 4 Dec-77 348 Sep-~84 6,76 ki
North Anna 4 Mar-78 &40 Sen-84 6,51 3.7
North fnna 4 Mar-79 480 fpr-87 8.09 3.7
Horth Annz 4 Sep-7% 936 fpr-87 7.39 3.7
Phipps Bend ! Mar-75 780  fpr-82 7.08 4
Phipps Send ! Jun-73 780 Apr-82 b.84 b
Phipps Bend | Sep-7% 780 Mar-83 1.5 4
Phipps Hend ! Dec-75 780 Mar-83 7,35 {
fhippe Bend | Jun-76 780 Apr-B4 7.84 0
Phipps Bend | Gep-77 8756 ppr-84 £.59 ¢
Phippe Bend Dec-77 876 Aug-84 8,67 g
Phipps Bend | Sep-78 872 Aup-84 .92 {
Phipps Bend | Sep-79 1440  Mar-47 7.5 7
Phipps Bend ! Dec-80 1440 Feb-89 8.8 14
Phipne Bend ! Mar-81 268% feb-89 .72 29
Phippe Rend ! Sep-81 2883 fpr-94 12,39 25
Phipps Bend | Bec-82 N fpr-9d 1LLH 2
Phipps Bend 2 Mar-75 730 fpr-83 8.09 HA
Phipps Bend 2 Sep-7% 780 Har-B4 8,28 9
Phipps Bend 2 Jup-78 780 Apr-83 8.34 HA
Phinps Bend 2 Sep-77 876  fpr-8% 9
. Phipps Bend 2 Dec-77 876  Aug-83 7.87 ]
Phigps Bend 2 Sep-78 872  Aug~8S 9
Phipps Bend 2 Sep-77 1440 fAug-89 9.72 {
Phipps Bend 2 Jun-80 1440 May-¥4 13,92 4
Phipps Bend 2 . Dec-80 1440  Aug~89 8.57 RA
Phipps Bend 2 Dec-82 NA HA NA 3
NP 4 Sep-74 NA  Jun-82 7.73 KA
MNP 4 Dec-74 NA  Mar-82 7.23 0
NP 4 Jup-73 436 Mar-82 8,73 ]
WP 4 Jun-74 1093 MNar-82 3.7% 0.3
e 4 Dec-76 1095 Mar-83 8,25 0.8
WP 3 Nar-77 1003 Mar-83 8,90 1.3
WP 4 Jun-77 1232 Mar-83 5.73 1.4
KNP 4 Dec-77 12327 Jun-84 8,30 2.3



Canceled Non-Bechtel Plants

Estimates

--------------- Est.

Date of Total Years

Unit Haze Estimate Cost gop  tp COD
HNP 4 Mar-78 1610  Jun-84 8,24
NP 4 Sep-78 1982 Jun-83 8.73
NP 4 Bar-79 2302  Jun-83 8.25
WNP 4 Dec-79 3348 Jun-84 8,20
HNP 4 Mar-80 3086 Jun-85 8,28
HNP 4 Jun-81 4281 Jun-87 8,00
HNP 3 Har-74 NA  Mar-83 2,01
WP S Jun-75 4393 Mar-83 7.7
HNP S Har-76 1271 Apr-84 8.09
BNP 5 Sep-7& 1271  Mov-84 8.17
HNF 3 Dec-75 1189 Jan-8S 8,09
BHP S Nar-77 {470 Feb-83 7.93
HHP 5 Sep~77 1470 Mar-8% 7.50
NP S Dec-77 1470 Jul-8% 7,59
MNP Mar-78 1887 Jul-835 7.34
HNP 2 Mar-79 2224  Jun-86 7.2
BHF 5 " Sep-79 2493 Jun-B4 6,75
HNP 3 Jun-80 3705 Jun-87 7.00
BNP 3 Sep-80 3420  Jun-B7 8.73
HNP 5 Jun-81 4845 Dec-87 .30
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ENTRAL MAINE POWER

is portion of

oy

What materials did you review in preparing t
your testimony?

We were avle to obtain some of Central Maine Power's
(CMP) responses to Data Requests from Louise McCarren in a
CMP rate case before the Maine Public Utilities Commission,
docketed as FC #2322. Apparently, there was no official
forecast document, but one of the responses is to the
guestion

"Please state the methodology used,

including all the variables cofsidered. . .

(and) a detailed account of the statistical
techniques. used to assurs the accuracy of

n"

the growth projections. . ." (1lVLM=~7)

«

The responses to this question and follow~-up questions
appear to present CMP's best explanaticn of its
methodology. The forecast peaks coincide with those in the
1978 NEPOOL Load and Capacity Report.

Please describe the CMP forecast methodology?

The sales forecast is composed. of Residential,
Commercial, Industrial, and Othér Sales. Sales in‘each
category are then allocated between months. Losses and
Company Use are added to each month's sales to determine

territory output, which is multiplied by a monthly load

factor to determine monthly peak.



Q: Do you have any general comments on the 'sales forecast?
A: Yes. Considering the size and forecast growth rate of
CMP, the sales forecast is wholly inadequate, As CMP

stated:

In summary, the basis for the forecast is a
computer program which produces a forecast
of monthly sales, net for load energy and
peak loads. The key variables input to the
program are as follows:

Residential nonseasonal customers;

Nonseasonal subclass saturation rates;

Residential seasonal customers;

Residential customer average usage by
subclass; _ -

. Commercial sales growth rate;

Industrial sales growth rate;

Other sales growth rate;

Lost and Unaccounted For growth rate;

Other Company Use Factors; and

. Monthly Load Factors.

W

WO o~ Ul
o -
.

In other words, CMP is only really interested in what
happens after the sales forecast is developed. The sales
forecast shows the result of this neglect. CMP indicates
that "Ordinary least sguare (sic) regreésion,analysié is
the statistical tachnigue which is put to greatest use.
This technique is obviouslyvinadequate for most purposes:
in any case, we cannot determine any situations in which
CMP actually used linear regression. The lack of detail
and disaggregation in the various classes and the absence
of a formal forecast document are also indicative of CMP's

cavalier attitude towards forecasting.
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It is also intaressting that Dr. Joel Brainard of the
Brookhaven National Labocratory reviewed CMP's forecast for
the rate case mentioned acove and testified that ", . ., if
you use the company's data and their methodology, you will
not get the numbers they claim you'll get., . . The error in
some cases is quite large.” Our review confirmed this
finding in several cases.

Please describe the Residential forecast methodology?

The Residential class 1is divided into five subclasses:
general, waterheating, spaceheating, all—electr;c, and
seasonal. A Maine population projection was multiéled by
CMP's fraction of state porulation and divided by a
projection of household size to yield households in CMP's
territory. Since CMP apparently uses data on consumpcion
per dwelling, rather than consumption per customer ( a
pPeculiar approach, which must cause some data problems),
they then presumably scaled the household count upward to
include vacant units. Unfortunately, CMP says they
"divided by one plus. . . the vacancy rate", when they
should have intended to divide by one minus the vacancy
rate., It is not clear what in fact they did.

CMP then seems to have determined the number of new
"customers" (actually dwellings, since some 11% were

assumed to be vacant) in each year and to have apportioned

them between the four non-seasonal subclasses by use of
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utterly undocumented, and very high, penetration rates for
electric space and waterheatiné. In addition, the seasonal’
customer class is increased by 300 customers annually.

Each subclass "customer" number is then multiplied by
an average consumption per dwelling. These average
consumptions must capture the effects of dwelling type,
dwelling size, family size, appliance saturations (other
than space and water heating), average appliancs
consumption, efficiency standards, retrofitting of
insulation, woodburning, building design, and electricity
price. ©None of these factors was explicitly considered.

In fact, average consumption for non-~-seasonal space-
heating and all-electric customers was simply projected to
increase at 140 KWH annually, presumably based on some data
from the late 1960's, when average consumption was rising.
Since 1972, average consumption for these two classes has
actually fallen by an average of 718 KWH annually; a linear
time trend on this period would predict declines of 5388 KWH
annually. Of course, no historical trend can capture
future appliance efficiency and the like.

Similarly, General Residential customers' average
consumption was assumed to increase at an amazing 200 KWH
annually, waterheating customers at 190 KWH annually, and

seasonal customers at 100 KWH per year., While we do not

have historical data for these subclasses, it is unlikely
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that appliance penetrations could counter-balance greater
appliance efficiency, insulation retrofit on water heaters
and pipes, and all the other conservation measures
available to residential customers, so as to produce these
large increases. Of course, since CMP has no saturation
data for most appliances, it would be difficult to model
these effects in detail.
Please describe the commercial methodology?

Based on an analysis of nistorical data, CMP claims
that 3.4% annual long-tsrm growth in Maine nonmanufacturing
employment is "appropriate". We have not seen the da;a

formance in other sectors, CMP's

[ind

they used; given their pe
credibility in determining "appropriate” growth is not high.

CMP then multiplied Maine nonmanufacturing emplovment
by KWH per employee to vield Maine commercial sales. The
KWH per employee figure is said to bhe based on a time
trend; CMP provides no details, as usual. In any case,
this factor increases at 250 KWE/employee/year in most
forecast years, and occasionally at 240 KWH/year,

Even 1if CMP's projection of sales per employee is
based on a perceived trend, it is apt to be incorrect for
three important reasons. First of all, commercial sales
and nonmanufacturing employment have not nistorically
referred to the same establishments., CMP apparently used

sales to certain rate classes as a proxy for commercial



sales until 1975, at which time they reclassified sales on
the basis of SIC. This reclassification may have moved
many large commercial customers (e.g., shopping centers)
into the commercial class for the first time, dramatically
inflating the sales-to-employee ratio and distorting
historic trends, which may have already been affected by
classification problems. Secondly, no correction has been
made in the historical trend to reflect higher electric
prices, equipment efficiency, or improved building design.
Indeed, given CMP's predilections, the forecast growth may
exceed historic rates. Third,.CMP does not disaggresgate
commercial sales in any way, elther in historic data or in
the forecast.

CMP determined its share of Maine commercial sales by
use of the equation:

GWHC ={.801 * cwHM|-45.2
—

where GWHC is CMP commercial sales in GWH

GWEM is Maine commercial sales in GWEH
Obviously, this formulation will increase CMP's share of
Maine sales over time. We have no information as %o how
CMP chose this peculiar function, nor from what data (if
any) 1t is derived, nor whether the other Malne utilities
are projecting corresponding decreases in their share of

total commercial sales,
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Finally, CMP's methodology does not seem to produce
its commercial forecast, perhaps becauss of further
reclassifications in 1978. But even the growth rates are
not taken from the methodology, CMP holds growth constant
at 7.0% from 1983 to 1990, when the methodology should
produczs steadily declining growth, due to the linear growth
in sales/employee and the asymptotic nature of the CMP
fraction equation., CMP's methodology vields a 5.4% growth
rate in 1990, for example, rather thap the 7.0% CMP uses.
In fact, it appears that CMP used a.higher growth rate than

the methodology would produce in every forecast vear.

Please describe the industrial sales forecast methodology?
Industrial sales are forecast as a whole, without anv

disaggregation by industrial tvpe, such as SIC code. CMP

forecasts 17.7% growth in industrial sales in 1977,

followed by a constant (if sloppily calculated) 4.0% growth

)—-‘4
o3
’-—.I

thereafter, until 129C. CMP claims that "the industr
sales growth rate is based on the long term trend exhibited
between 1963 and 197S." This long term trend was dctuaily
3.0% annual growth., In the longer tarm, 1965-1%377, CMP
industrial sales grew at 2.6%, which slowed to 2.5% from
1969 to 1877, to 2.1% since 1972, and 1.0% since 1974. How
a 17.7% jump and long term 4.0% growth can be "based on"
these historic trends is not at all clear. No effort is
made to incorporate electricity price or national or local

industrial output into the forecast.
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Please describe the Other sales forecast?

Other sales is projected to grow at 5% annually from

1978 to 1990. This growth appears to be chosen to

approximate the overall forecast growth in the major

classes. However, these sales have historically fluctuated

with no real pattern: since 1966, other sales have grown at

a compound rate of 1.6% annually, but they have fallen

since 1973 at -5.5%. Almost any moderate growth rate,

ositive or negative, could be supported in some fashion by

G

this erratic record, but not one as high as 5%. Zero

growth might be the most reasonable assumption.

Does this conclude your testimony on the CMP forecast?

Yes,
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NEPOQOL MODEL

Q:

What materials have you reviewed in preparing this portion

of your testimony?

Until recently, we had available only the Report on a

Model for Long-Range Forecasting of Electric Energv and

Demand to the New England Power Pool bv NEPQOL Load

Forecasting Task Force and Battelle-Columbus (6/30/77),
hereinafter referrea to as "the Report”. Our requests for
further informatfon, both through the EUA forecast case
(EFSC 78-33) and through an ongaing investigation into
Boston Edison's construction program (DPU 19494/Phase Ii)
had been unsuccessful.

In the latter case, we recently received, through
cross-examination of Mr. Bourcier, copies of partial output
from the runs of the model which produced the NEPOOL
forecast, forty five "Model Documentations” which revise

and supplement the Report, and other information which Mr.

Bourcier supplied orally. As of the time this testimony

~was written, no response to our discovery on BECO in this

case had been received.

Do you have any special reservations about resviewing the

NEPOOL model based on the documentation available to you?
Yes, Both the Report and the Documentation raise

almost as many cuestions as they answer, due to the nature

and style of the documents:



P

Many relationships are estimated from
data which are not provided. .In many
cases, the exclusion of the data is
understandable, considering its bulk,
but makes discovery even more important
than in relatively self-contained
forecasts.,

Selected functional forms are
presented, without the rejected
alternatives, a discussion of the
criteria for choice, or goodness-of-fit
measures.

Scme important inputs arce user
specified, and are therefore not
presented in the Report.

At this writing, only partial results
of the Model are available. Such
important intermediate results as sales
by end use, apvliance penetrations,
appliance saturations, labor force
participation rates, and value added
have not been reported.

Several important sources on which the
model is based are unpublished
NEPOOL/Battelle products, testimony in
other cases, comments made in panel
discussions at industry conferences,
and the like., Considering the
sophistication of the NEPOOL model,
these omissions prevent any thorough
review of the model.

Please describe the structure of the model.

Conceptually, the NEPOOL model is divided into seven

major sections:

1.

The demographic submodule, in which
vopulation, migration, and labor force
participation are determined;

The employment submodule, in which

employment by industry tyre is
determined; '
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An interface between the economic/demo-
graphic module and the power module,
which sets household number, housing
type mix, and income distribution;

The residential power submodule, which
determines appliance saturations and
averade use patterns;

The industrial power submodule which
determines value added and KWH/ value
added for each SIC;

The commercial power submodule, which
determines base load coasumption per
emplovee, saturation of electric spacs
heating and cooling, and weather
sensitive load for each commercial

category; and

The miscellanecus power submodule,
which forecasts such uses as street
lighting, agriculture, mining,
railroads, utility use, and losses.

We will attempt to review briefly a sampling of the

deficiencies in each section.

Q: Please discuss the deficiencies in the demographic

submodule,

A

[X)

The migration equations have some seriocus flaws.

Migration rates are postulated as a linear function of the

“differential between local and national unemployment.

Rather than estimating these relationships cover time for

each stats, NEPOOL estimates across the New England states

for the period 1960 to 1970. What is really being

measured,

Vermont,

then, is the ztitractiveness of Massachusetts, or

relative to the rast of the country in the 1960's,

-17-



rather than the effects of changing unemplofment

rates, This "cross-sectional fallacy" can be quite
dangerous; Figure I illustrates how even the sign of the
cross-sectional relationship can be different from that of
the relationship which holds for each state. Furthermore,
due to the nature of the estimation procedure, neither
national unemployment nor time-dependent changes can
directly effect the migration rate.

Other problems appear in the migration section.
NEPCOL admits that wages influence migration, but wages do
not appear as a variable in forecasting migration.
Similarly, NEPOOL recognizes that schooling influences
migration, yet no attempt was made to identify the impact
of expansion of higher education in Massachusetts in the
1960's, which certainly attracted more out of state
students in 1970 than a decade earlier. ©No significance
tests are cffered for the eguations; it is not clear that
the relations are not simply artifacts of chance. The

statistical tests which are provided by NEPOOL indicate

"that much of the variation in the data is not explained by

the equations. Pinally, NEPOOL corrects the equation for
young males to take out the effects of the military draft

hat the countervailing effect

cr

in 1970; it does not apvear
of either the Cold War military activity of 1960 or the
function of colleges for draft avoidance in 1970 was

similarly factored out.
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The sensitivity analyses performed on the migration
equations are émbiguously explaihed in the Report., It is
unclear whether the slope coefficients were changed in
absolute value or actual level:; whether the intercepts, the
means, or some other point was held‘constant when the
slopes were lncreased; and what NEPOOL actually did when it
"dropped the error term". 1In- any case, the eqguations have
been revised but no new sensitivity tests were reported.

Do similar errors occur in the estimation of labor force
participation rates?

Yes. This rate (LFPR) is estimated for each age/sex
group as a linear function of jobs per capita and/or of
time. Even though data from the years 1960 and 13970 are
used, the presence of the time variable probably results in
the jobs per capita variable capturing primarily
differences between statss, just as the migration egquations
do. For various cohorts, one or both variables are
omitted; no reasons are offerasd for these differences.

Finally, having gone to the trouble of estimating some

‘aporoximation of New England labor forces participation

functions, NEPOOL tacks on two time trends based on
national projections. It seems, that the aprlication of
these trends either double counts the effects NEPOOL has

attempted to measure directly or eliminates the need for

the direct estimation process. 1In short, it is impossible
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A

Q

to determine from the documentation how NEPOOL's LFPR
equations were really derived and whether that derivation
is reasonable.

How is employment forecastea'by NEPOOL?

Non-manufacturing employment is forecast as a ratio to
state population. Manufacturing employment is forecasted
by multiplying exogenous forecasts of national employment
growth rates (by SIC) by a "cost index multiplier” to
account for differences in local and national costs.

Is the non-manufacturing employment growth forecast
reasonable?

No. It has two serious problems. First, NEPOOL
assumes that all non-manufacturing employment serves local
population; in fact, much non-manufacturing employment may
be serving businesses and/or serving customers outside the
state (e.g., Massachusetts' hcspitals and universities,
Connecticut's insurance firms, and considerable portions of
various states' agriculturs and tourism). Second, NEPCOL
is apvarently projecting non-manufacturing employment per
capita in each sector in each state to grow at national
rates, despite historic tendencies, in several cases, to
grow more slowly and £all more rapidly than the naticnal
average, Unfortunately, NEPOOL;S documentation on this
point 1s so vague that it is not possible to determine

exactly how this projection is performed.
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What comments do you have on the cost index multiplier for
manufacturing employment?

First, NEPOOL's equations imply the relationships
listed in Table I infra. For exaﬁple, if national growth
is negative and costs are much lower locally, then the
faster national employment falls, the faster local
employment grows. This relationship is definitely counter-
intuitive.

In addition, NEPOOL provides no documentation for the
three complex cost index multiplier curves which it uses
for various states. The multipliers often produce worse
backcasts than the national growth rates alone.

Are the cost comparisons on which the cost index
multipliers operate performed in a reasonable manner?

Each SIC's costs are divided into fractions for labor,
transportation, taxes, energy and others. For each
fraction, a local-to-national cost ratio is derived.
Problems arise in all five areas.

With respect to labor costs (RLC), the major. problems

. arise with resvect to an egquation which adjusts RLC as a
o I J

function of local



Local to
VNational

Cost Ratio

over 1

1.07 to 1.08

.92 to

under

.08

.93
.92
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TABLE I

Relationship between Local Growth

and National Growth if

NG O

LG . 1NG

it
(o]

LG
2NG

LG 2.1NG

-23=-

NG
LG
LG
LG

LG

2.1NG

2NG

-.1NG



(@)

L9

e

1

and national unemployment rates. There is no documentation
of this equation,’an@ NEPCOL has apparently never tested
it. Yet this equation will adjust labor costs downward in
the forecast period. Furthermore, NEPOOL adjusts RLC more
rapidly when RLC <l (local costs are cheaper than national
costs) than when RLC) 1. NEPOOL's reasoning on this matter
is opaque.

With respect to transportation costs, the major
problems concern measurement of distances. While the
measurements of distance from New England to other regions
are somewhat crude, the real proplem arises within New
England. NEPOOL assumes that all shipments from any part
of a state originate at the state employment centroid and
terminate at the New England employment céntroid. This
will tend to underestimate transportation costs within New
England, as illustrated in Figure II, infra.

Are taxes measured better than transportation costs?

No, they are very poorly measured. Utility taxes,
which probably affect few industrial customers directly,
-are included in the measurs, as are insurance Eaxes, only a
portion of which are paid bv manufacturing firms. But real
estate taxes, which may ke very‘important costs, are
excluded, It may not be possible to accurately méasure tax

costs to business; it is not clear that a bad measure is

more useful than none.
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FIGURE  II

Destination

DU'Jtiﬂ&tiOnS Centroid

200 mi. .

100 mi

~

100 mi
Origins O 10— - 0,
Origin

Centroid

‘SUPPOSE::

Shipments originate egually from 0, and 0,
Shipments from each origin are equally divided between D, and L

THEN:

Average shipment length = 1/2 x 100mi + 1/2 x V3 % lOOmi.= 1z

BUT
Diztance between centroids = /3 x 100mi =" 86.6mi.
2
Figurs II: Why centroids are pcor measures of distance when

regions are close together.
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Are there any further problems in the economic submodule?

There is one potentially quite serious generic
problem, NEPOOL does not seem to have maintained
consistency of the internal forecast with the exogenous
forecast which drives it. It is not clear that projections
of LFPR, or man-hours per employee, or productivity, of
wage rates, or energy costs in the NEPOOL model are
compatible with the'values Wharton Economic Forecasting
Associates uses. For example, suppose that WEFA is
projecting that low rates of labor productivity growth,
shorter weeks, low wages, and high energy costs will
generate large employment. If NEPOOL then takes that large
employment growth and assumes higher wages, cheaper energy,
longer weeks, and higher productivity, the demand forecast
will be directly inflated by the lack of consistency.

In fact, in some cases NEPOOL‘S forecasting may be
internally inconsistent, as well, For the manufackuring
employment forecast, wage rates are projected to fall

compared to national levels, while for determining personal

income (and residential eleciric use) they are projected to

rise at historic national rates.
Are appliance saturations projected in a reasonable manner
in the residential pcwer submodule?

Most apoliance saturations are forecast as functions

of household inccme; this is generally a good approach,
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.although family size probably should be included for

several appliances. However, the saturation functions

suffer from several errors:

i 1. No distinction is drawn between new
market penetration and old market
conversions or acguisitions; this may
be a serious deficiency for central air
conditioning and electric ranges.

: 2. An income relation is improperly used
% as though it were an appliance price
relation.

3. The effects of electric price and
service costs on effective appliance
price are neglected.

4, NEPOOL assumes that real appliance
prices will fall rapidly although the
g most recent data available indicates
! that real prices are rising.

i 5. Prices of electricity and alternative
1‘ ' fuels are not incorporated in any way;
' increasing electric costs may

counteract the effects of the falling
real price of appliances which NEPOOL

- incorporates.

v 6. The saturation functions are applied to
apoliances for which the measured price

) and/or income ars not particularly

| relevant to purchase decisions.

’ . For example, electric penetration of the range and

drver markets will primarily respond to relative fuel

d prices and efficiencies, to space heating fuel, and, for

r ranges, to performance. Income should not affect fuel

choice, and if falling arpliance price has any effect, it

-4

i would be to reduce the slight capital cost advantage some

=28 -



'electric versions enjoy over their gas counterparts.
Furthermore, NEPOOL assumes, without any supporting data c:x
analysis, and often in contradiction to available evidence,
very high penetrations of dishwashers and room air
conditioners in new construction; increases in total
refrigerators saturation; accelerated increases in the
ratio of frost-free to standard refrigerators; and constant
shares of controlled waterheating.

Electric space heating peﬁet:ations are forecast by
use of an equation that incorporates electric and oil
heating capital and operating costs, promotion by the
utility, fraction of housing that is single family, and
degree of urbanization. Unfortunately, NEPOOL's model
incorrectly measures fuel costs (both in the estimation of
the model and in forecasting) and some capital costs,
inadequately models the acdvantage of gas heat over oil
heat, explains very little of the observed variation in
data, ignores demolitions (which inflate penetration ratss;
and is improperly adjustsd by state. For example, the

quation was estimated on the basis of data from thirty-two

D

til

[

ties around the country; since heat pumps are very

[

pogular in some warm arezas, NEPCOL's cost ccmparisons may

ed, Prchlems are also evident in the

T

be seriously tain
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ive Zfu
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fu
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estimate of alter 1 cost: gas 1s not even

)

ernative for New Zngland, and new
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furnace efficiency is assumed to be constant from 1966 on.
NEPQOCL also gives no hint of how the variables (moét
importantly, electric price) are forecast; in the case of
electric price, the effect of rate reform and elimination’
of promotional rates should also be considered.

Are NEPOOL's pfojections of average annual use per
appliance reasonable?

Curiously, the Report and Documentations do not
provide this information. NEPOOL provides only "connected
load" for each appliance, waich is multiplied by a
fraction, P (which varies over the days of the week, the
seasons, the time of day, between appliances, and in scme
cases with temperature) to determine hourly demand. The
annual sum of these F's then determines use pef arpliance.
Even in the absence of this information, however, several
shortcomings are evident.

NEPQOL has determined a relationship between family
size and the annual use by ranges, refrigerators, dryers
and water heaters. But this relationship is only applied
to determine 1970 consumption, despite the fact that
housshold size is projectzad to fall over time. No familw
~size adjustment is calculzt=ad for other appliancss, nor
does famll] size affect ths distribution of housing tvzes,
which is held constant. Thils error inflates space

conditioning use.
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Electric water heater consumption increases with
dishwasher saturation, but Eoes not respond to diéhwasher
or clothes washer efficiencv improvements, which should
have a substantial effect on average consumption.,
Apvaresntly, NEPOOL does not understand the sources of
anticipated efficiency improvement,

Average use by refrigerators, freezers, dishwashers,
and dryers are projected to increase by as much as 2%
annually. These figures are based on trends in the 196Q°'s
in California, in a time ¢f falling electric prices. They
are simply irrelevant to NE2OOL's forecast for the 1980's.
In addition, since dishwasher and dryer efficiency targets
are formulated on a per-locad basis, these trends mavy imply

that the targets will not be met and that efficiency”
may actually decline.

NEPOOL does not apply the DOE efficiency standardés so
that refrigerators and frsezers each comply as a class.
NEPCOL recognizes separate frost-free and standard versions

cts a greater saturation ci

®

of both appliances, and grod

frost-free refrigerators ({(tze forecast split for freszers

)
4]
8
14

is not specified). 1If the =fficiency improvement
applied to the two versions saparately, NEPOOL would zczin

be predicting that the entire apoliance class will not

-



In addition, NEPOOL simply ignores the probgble
enactment of residential a?pliance efficiency standards
beyond the current DOE targets and the inevitable effects
of building code changes on electfic use by space
conditioning and water heating.

Based on "remarks" and "testimony” by NERA personnel,
NEPOOL makes a number of peculiar assumptions. They
assumed unrealistically high (up to =1.2) short-run price
elasticities for several appliances, and rather low (as low
ass -0.5) long-run elasticities for other appliances.

Use by refrigerators, freezers, and televisiocons is
amazingly assumed to exhibit no price elasticity at all.
The elasticities were arbitrarily manipulated to yield
aggregate residential sales in the calibration period.

Use in the miscellaneous category is predicted with

the formula:

M= (.067 * £t + 1.836) * ¥ * (,996 +,032 t) * M70 + C
where M = miscellaneous appliance use per household
Y = personal income per household
M70 = miscellaneous use in 1970
t = year-1970
C = constant

h

The first factor is NEPOOL's perceived time trend for
apoliance expenditures as a fraction of income in the

period 1960-1973, which is extrapolated out indefinitely.
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normal manner (e.g., by the CPI) and then added a 4.3%
growth in appliance sales (due to an assumed falling
appliance price) which was already captured in the trend.
Again, NEPOOL's failure to document the model precludes
adequate review. In any case, NEPOOL's projections of
falling appliance prices are improper.

As a result of its triple trending (time, income, and
appliance price) miscellaneous appliance use is expected by
NEPOOL to increase over three times as fast as overall
residential use from 1976 to 1990, at least for some states
(not all the datz has been made available).

Are there errors in NEPOOL's handling of the interaction of
appliances?

Yes, in ét least two cases. Mr. Bourcier acknowledged
one ssrious error which understates the reduction in range
use due to increasing saturation of efficient microwave
ovens. In addition, it does not appear that the model
projects the net energy savings due to microwave ovens that
the Report indicated werzs appropriate.

The effects of wood stoves on electric space heating
use are incorporated for only two states; even in these
states, the effects of wood stoves are held constant after

19783.
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How does NEPCOL initialize its 1970 appliance consumption

figures?

NEPOOL found that 1970 residgntial consumption was
overforecast by the model. NEPQOL therefore adjusted
downward the average connected loads for most appliances,
by a state-specific factor of 3.4% to 22.1%. Miscellaneous
use, air conditicning and heating are excluded from the
adjustment on the basis that "they were originally N.E.
values." 1In fact, miscellaneous use is based solely on
data from Connecticut, the state for which the adjustment
is smallest, Large portions of.the errors in other states'’
backcasts may result from differences in miscellaneous
consumption from the 200 Connecticut customers from whom
the miscellaneous data was extrapolated.

Window air conditioning usage appears to be based on
Ohio and Baltimore data and on 1977 estimates by BECO and
Northeast Utilities (Dccumentation 13). None of these

sources used any New England consumption data, although New

England cooling degree days are considered. Electric

" heating consumption is based on 169 all-electric homes

(perhaps of

identical size and vintage) in Amherst, Massachusetts
(Repor%t, . G-17). Perhaps the 22.1% error for Maine
results from an overestimate of average heating consumption

in that state based solely on the Amherst sample and

weather.
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Since it is the unadjusted uses, miscellaneous and
space conditioning, which.grow fastest in the forecast,
NEPOOL's improper exclusion of these uses from the 1970
adjustment increase the overall forecast growth rate.
Is the NEPOOL industrial suktmodule any better than the
residential submodule?

No. The same problems in documentation exist,
compeounded by peculiar formulations, internal

contradictions, and outricht inaccuracies. There does not

appear to be a single measure of goodness-of-£fit or

- significance reported in the entire industrial submodule,

for example.

Please describe the industrial submodule,.

NEPOOL first divides the industrial employment (an

output of the economic mccéel) into production and

non-production employees. To derive KWH sales, the

production emplovment in each SIC in each state is then

multiplied by annual man Lhours per employee, value added

per man hour, and EKWH per dollar of value added.

Please describe NEPOOL's forecast of production employment?

It seems that rather t=z=an model the ratio of

EPCCL

2

production to non-producticn employess directly,

e

1

g

chose to forecast the crowitz rate in value added

emplovee for each class ard then back out the ratio.

is a roundabout approach, znd NEPCOL reallv does not



explain why it is used. Even NEPQOL became confused by
this section of the module: ‘on p. H-2 the Report says that
tﬁé ratio increases if the production productivity growth
rate is less than the non-production productivity growth
rate (which is true), while on p. E~4 the Report claims th
exact opposite. Furthermore, since the non-production
employee productivity projections are based on New England
data (from unspecified source and years) and the production
employee productivity projecéions are from state data, the
data seems to be incommensdrate. Finally, NEPOOL's
manipulation of the value-added;per-producﬁion—employee
trending also affects the validity of the ratio.

Please describe NEPOOL's projection of annual man-hours per.
employee.

This factor has been fzlling since 1970, yet NEPOOL
arbitrarily assumes that it started increasing in 1977. 1In
addition, it is not clear whether the national employment
forecasts utilized by NE?COp use the same man-nour
assumptions, and whether tﬁé data was appropriately
selected, On the latter point, NEPCOL indicates that only
"selected observations” were used in establishing the hours

lovee ratio; it is not clear whether thils selecticn

g
]
"
M

o

-

e}

m

ffected other gportions of the czlibration process. In anv

fu

case, the sudden increase in man-hours inflates the

industrial forecast,
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Please describe NEPOOL's forecast of value added per
man-nour.

NEPOOL uses two models for VAMH. Model 1 is a
constant and Model 2 is an exponential growth rate. NEPCCL
provides no documentation for their choice of model for
each SIC for each states (plus New England and totals). 1In
fact, the New England relationships, to which the states
are assumed to converge, are not even provided in the

documentation.

How does NEPOOL forecast the ratlio of KWH sales per dollar

of value added?

NEPOOQL derived their electric intensity trends for
some sort of backcast and calibration procedure, involving

the estimation of two trend factors. NEPQOOL does not

provide:
any rationale for the double trending,

any description of the estimation
any explanation of ths level of aggregation
e , .

any descriotion of %the data, such as its
source or comprehensiveness,

any data,
any of the estimated t-ands, or

-of-fit or of

ss
of the eguations

anvy indication of g
statistical signif

utilized.
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Is price elasticity handled properly in the commercial
sector?

No. While the short-run elasticity is reasonable
(-.2), the long-run elasticity of =-1.0 is somewhat low, as
NEPOOL admits. NEPOOL claims that this is _appropriate,'
"since the selection of electricity for heating and cooling
1s treated separately through the saturation functions."
But the heating saturation functions are based on upward
time trends from the period 1966-1975, which captures the
effects of falling prices, and the air conditioning
"trends” are not documented at all. (Furthermore, the
saturation rates are not corrected for commercial
construction rates, which are probably important
determinants). Therefore, the saturation trends should be
discarded and the long-run elasticity increased to reflect
reality.

Another problem occurs in the commercial air
conditioning saturation forecasis. Saturations in 1970 are
estimated on the basis of numbers of customers with air
conditioning, rather than the number of employees in air
conditioned commercial space. Since large commercial

customers - large office towers, large stores, shopping

[sH]

malls - are alrezady air conditioned, the fraction of air
conditioned svace (or emploveses) probably far exceeds the
fraction of air conditioned customers. Therefore, NEPOOL

is overestimating the potential for expansion.
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Are there any other problems with the NEPOOL demand

- forecast wnich transcend individual submodules?

At least two such problems are evident in the
forecést. First, NEPOOL uses a rather low electric -price
forecast which is completely undocumented. Second, NEPQOOL
completely neglects the possibility of reforms in utility
rates and operation, such as the establishment of time-of
use rates, marginal cost pricing, fair backup and purchased
power rates (for cogenerators and other power producers),
load management, and utility conservation programs (e.g.,
voltage regulation, energy efficdiency audits and
consulting, changes in conditions of service).

Do the results generated by the NEPQOL model confirm the
existence of the problems you have discussed?

Yes. The model was calibrated on the 1970-1976 period
and therefore generally fits well in that period. BHowever,
NEPOOL's backcasts for sales growth in 1976 and 1977 (where
available) exceed actual growth for each of the major

customer classes. Similarly, the model overforecast growkh

" in total output bv 1.4 percentage points in 1976, bv 4.1

points in 1977 and 3.3 points in 1978. 1If the average
post-calibration error <ontinues in the NEPOOL forecast,
output will rise at 0.4% in the 1978-89 period, to a total

of only 86520 GWH in 198¢, which 1s 363% less than the

[

)
th

¢ year and only about 4.5% larger
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NEPQOQOL forecast fo

than 1978 output.
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- Peak growth rates were also overstated in both 1977 an
1978 by 3.5 percentage points, If this error continues in
the rest of the forecast period, peak demand will grow at
0.3%, to a peak of 16019 MW in 1989. With existing
capacity (minus scheduled retirements and retirements of
all capacity now in deactivated reserve), currently planned
purchases, and the capacity now under construction, New
England would have a reserve marcin of 54% in 1989,

Please summarize the NEPOOL forecast.

NEPQOL appears to have created a model with numerous
unjustified growth~producing assumptions including most of
the factors mentioned above., NEPOOL then utilized high
short-run elasticities and large commercial conservation
corrections to neutralize this excessive growth in the
calibration period. Once the calibration period ends, the
mocdel grows much toco rapidly. Continuation of the infated
trends, coupled with new growth-producing assumptions and
errors, will produce inflated forecasts.

Does this conclude your testimony on the NEPOOL demand

* forecast?

Yes,
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