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H. Need for Power

The Board admitted as hearing issues the following con-
tentions related to the need for the Pilgrim 2 facility.-

Commonwealth Contention 6

The need for the electrical generating capacity
of Pilgrim 2 has not been properly established
because the Applicants have not developed a
model adequately considering the effects of

the following on demand:

(a) Voluntary curtailment of consumption
electricity by the public;

(b) Elasticity of demand;
(c) Peak load pricing to flatten demand; and
(d) New standards for improved building

insulation, hearing, lighting and air
conditioning.

Cleeton Contention H

Applicants and Staff have not adequately
demonstrated the need for additional power in
that the projected needs are inaccurate and
conservation has not been seriously examined.

Ford Contention M

The Applicants have not adequately demonstrated
the need for the Pilgrim 2 facility.

Background

These issues were fully heard during an earlier phase of
this proceeding and the evidentiary record concerning the

issue was closed on July 1, 1977. Tr. 8804, 8805. Based

Board Memorandum and Order (February 18, 1975) at 6, 15
and 16.
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upon that record the issues were fully briefed by all

*
parties.—/ In the Partial Initial Decision Regarding Request

Limited Work Authorization dated November 30, 1977 the

Board elected not to rule on the issues at that time
but to reserve that ruling for a later decision.
Following the close of the record in 1977 the Commonwealth

twice, and the Cleetons once, moved to supplement the record

* &
on the issue of nged for power.— Each of the motions

*/ Applicants' Proposed Findings of Fact and Conclusions of Law

4 to Authorize the Issuance of a Limited Work Authorization in
the Form of a Partial Initial Decision on Environmental and
Site Suitability Matters (July 25, 1977), pp. 63-92, para-
graphs 114-184; Commonwealth of Massachusetts' Proposed Find-
ings of Fact and Conclusions of Law Corresponding to Applicants’
Request for a Limited Work Authorization (August 10, 1977),
pp. 1-22, paraaraphs 2-50; Intervenor Cleetons' Proposed
Findings of Fact and Conclusions of Law Corresponding to
Applicants' Request for a Limited Work Authorization (August
19, 1977), po. 1, paragraph 3; Nuclear Regulatory Commission
Staff's Proposed Findings of Fact and Conclusions of Law to
Authorize the Issuance of a Limited Work Authorization in
the Form of a Partial Initial Decision on Environmental and
Site Suitability Matters (August 15, 1977), pp. 34-50, para-
graphs 78-131; Applicants' Reply to Proposed Findings of Fact
and Conclusions of Law on Environmental and Site Suitability
Matters of Intervenor Commonwealth of Massachusetts (August
22, 1979), pp. 2-21.

**/ Commonwealth of Massachusetts' Motion to Supplement the

~  Hearing Record (April 28, 1978); Second Motion of the
Commonwealth of Massachusetts to Supplement the Hearing
Record on the "Need for Power" Issue (April 4, 1979);
Cleetons' Motion #3: That the Board Order that the
Hearing Record be Re-opened with Respect to the Issue
of Need for Power and that Updated Testimony be Filed
Thereon (January 25, 1979).




adverted generally to the passage of time since the
close of the hearing record and the development of new
~r updated load and capacity forecasts. The Common-

wealth's first motion and the Cleetons' motion were

o
denied by the Board,—/ however, the Commonwealth's

second motion was subsequently allowed and the Appli-
cants were directed ‘o supply copies of the most recent
long-range energy and acmand forecasts of Boston

Edison Company and the New England Power Pool (NEPOOL)
and all parties were allowed to submit further testimony

) * *
on the issue of need for power.—

Principally because of the time intervals since the
commencement of evidentiary hearings and consequent de-
ferrals in the scheduled in-service date of the unit,

the Applicants and the Staff have, in effect, made three
separate presentations in support of the need for Pilgrim
2. The first such presentations were made in 1975 and
were based upon the then current NEPOOL load and capacity
projection dated April 1, 1975 and were in support of a
projected 1982 in-service date. The second set of
presentations were made in 1977 and were based upon the
then current NEPOOL load and capacity projections dated
January 1, 1977 and were in support of a projected 1984
in-service date. The final presentations were made in

July and August of 1979 and were based upon NEPOOL load and

Order (March 14, 1979).

Order (May 9, 1979).




capacity projections issued on April 1, 1979 and were

in support of a projected in-service date of December,

1985.

Prior to the initial close of the record in July, 1977,
the Commonwealth had introduced evidence on the issue

of need for power by witnesses Hendrik Houthakker, Tr.
2329-2456, Carl Stein, Tr. 3297-3406, 3425-3517, Jchn H.
Neely, Tr. 3518-3542, 3550-3646, Henry Lee and Paul F.
Levy, Tr. 4959-5075, and Nancy A. Boxer, Tr. 8583-8787;
and had also conducted extensive cross-examination of

witnesses provided by the Staff and the Applicants.

Prior to July 1, 1977 the Staff had introduced the FES
containing the Staff asesssment of the need for the
facility, FES, following Tr. 897, pp. 8-1 through #£-15,
and Section 11.1.8, pp. 11-21 to 11-23; the Staff Respon-
ses to Comments on the FES revisions required by the with-
drawal cof Pilgrim Unit 3, Staff Responses to Comments, post
Tr. 897, pp. 4-9, 14-15; as well as the supplemental
testimony of witnesses Hugh L. Thompson, Tr. 2939-3099,
and Daryl A. Nash, Tr. 3102-3280. Due to the deferral in
the schedule for Pilgrim Unit 2 from 1982 to 1984 and to
the lapse of time between the original presentation of
evidence on need for power and the July, 1977 close of

the record, the Staff also produced witnesses Sidney Feld
and Daryl Nash to present additional evidence to update

the record on forecasting and the need for the facility.

Tr. 8146-8196. 1852 2/0
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The Applicants prior to July 1, 1977 had introduced the
Applicants' Environmental Report (ER) containing its
evaluation of the need for the facility Applicants'

Exhibit 1-K, ER, Vol. I, Ch. 1, pp. 1-1 through 1-36,

and had presented a panel of witnesses. Tr. 2630-2926.:/

Also as a result of the deferral of Pilgrim Unit 2 from
1982 to 1984 and the time lapse between the presentation
of evidence on need for power and the close of the
record in July, 1977, the Applicants had introduced a
panel of witnesses to update the record with respect to
the Applicants' assessment of the need for the facility.

Tr. 7865-7988, 8000-8144, 8566-8582.::/

The Applicants' first panel of witnesses on the subject
of need for power consisted of: John H. Ferguson, then
Director, Rate Research and Forecasting Department, Boston
Edison Company (BECo); Dorald V. Bourcier, then Senior
Load Analyst, New England Power Planning; Abraham Gerber,
Vice President, National Economic Research Associates,
Inc. (NERA); Louis A. Guth, Vice President, NERA; Moshe
Weiss, Senior Consultant, NERA; Kenneth O. Sten, then
Manager, Research and Planning Department, BECo; and
Benjamin H. Weiner, Vice President - Power Supply Ad-
ministration, BECo.

The Applicants' second panel of witnesses consisted of:
Robert O. Bigelow, Vice President and Director of

Planning and Power Suprly, New England Power Service
Company and member of _ne NEPOOL Planning Committee;
Stephen J. Sweeney, tnen Vice President, Steam Operations,
Environmental Affairs, Planning and Research Organization,
BECo; Cameron H. Daley, Manager, Research and Planning
Department, BECo; Louis A. Guth, NERA; Moshe Weiss,

NERA; and Abraham Gerber, NERA.




Following the reopening of the record on the issue of

need for power, the Applicants presented the testimony

of two panels of witnesses.:/ Tr. 10,427-10,481, 10,730~

10,947, 11,356-11,417. The Applicants also introduced
into evidence three documents containing the most recent
NEPOOL load and capacity projections as well as a descrip-
tion of the methodology employed in making the NEPOOL

* *
forecast.— Tr. 10,740.

At the reopened hearings the Staff presented the testimony
of witnesses, Dr. Sidney Feld, Economist, Cost-Benefit
Analysis Branch, NRC, Tr. 10,499-10,648, 11,320-11,345, and
following Tr. 10,651, and Dr. Wen S. Chern, Economist

and Group Leader, Energy Demand Analysis Group, Enerygy

Applicants' Revised Supplemental Testimony on Need for
Pilgrim 2, following Tr. 10,430. Panel 1 consisted of
Benjamin H. Weiner, Vice President-Power Supply Adminis-
tration, Boston Edison Company (BECo); Philip A. Legrow,
Generation Planning Engineer, BECo; Donald V. Bourcier,
Chief of Load Forecasting, New England Power Planning;
and Arthur W. Barstow, Manager of Generation Planning,
New England Power Planning. (Although Mr. Barstow was
nominally a member of the panel, because of schedule
conflicts his testimony was presented separately.)

Panel 2 consisted of F. Cort Turner, Vice-President
Arthur D. Little, Inc. (ADL); Nigel Godley, Manager-
Energy Economics Section, ADL; and David Hanna, Economics
Section, ADL.

Applicants' Exh. 20-A, "NEPOOL Forecast for New England,
1978-1989," dated 3/1/79; Applicants' Exh. 20-B, "Report
of the NEPOOL Model-Based Forecast of New England Electric
Energy and Peak Load, 1979-1989," dated March 1, 1979;
Applicants' Exh. 20-C, "New England Load and Capacity
Report, 1978-1989," dated April 1, 1979.




Division, Oak Ridge National Laboratory (ORNL). Tr.
11,231-11,345, following Tr. 11,352. The Staff also
introduced into evidence one document which contained
a description of the forecasting methodology employed

*
by the Staff's witnesses.-/ Pr. 11,234.

Following the reopening of the record on the issue of
need for power, the Governor's Massachusetts Office of
Energy Resources (MOER) petitioned the Board to parti-

cipate in the proceeding as an interested state agency

**
"on the issue of need for power."——/ This petition

was approved by the Board pursuant to Section 2.715(c)

of the Commission's Rules of Practice.:::/ At the re-
opened hearings MOER presented the testimony of witnesses
John G. Buckley, Vice President and Director, Northeast
Petroleum Industries, Inc., Tr. 10,370-10,426, and follow-
ing Tr. 10,947 and Joseph S. Fitzpatrick, Director, Massa-
chusetts Office of Energy Resources. Tr. 10,656-10,729,

and following 10,947.

At the reopened hearings the Commonwealth presented the

testimony of one panel of witnesses consisting of two

Staff Exh. 60, "Regional Econometric Model for Forecasting
Electricity Demand by Sector and by State," by W.S. Chern,
R.E. Just, B.D. Holcomb and H.D. Nguyen, NUREG/CR-0250.

Petition of the Governor's Massachusetts Office of Energy
Resources for Leave to Participate as an Interested State
Agency or in Lieu Thereof to Make a Limited Appearance
(May 23, 1979).

*%*%*/ Order (June 7, 1979). g ] T




individuals, Paul L. Chernick and Susan C. Geller, each
of whom is employed by the Massachusetts Attorney General

as a Utility Rate Analyst. Tr. 10,952-11,201, and follow-
ing 11,224.

In dealing with the question of need for power, the Appeal
Board has recognized that the process of load forecasting
involves substantial margins of uncertainty and is at
least as much art as science, due in no small part to

the fact that nobody has yet learned to predict the future

with a high degree of certainty. Niagara Mohawk Power

Corp., (Nine Mile Point Nuclear Station, Unit 2), ALAB-
264, 1 NRC 347, 365-366 (April 18, 1975). See Tennessee

Valley Authority (Hartsville Nuclear Units 1A, 2A, 1B and

2B) , ALAB-367, 5 NRC 92, 95 (January 25, 1977)).

The inherent uncertainties in load forecasting particularly
affect an electric utility and bear upon the reasonable-
ness of conservative planning to meet the higher level

of demand within the range of load forecasts. 1In this
connection the Appeal Board has observed:

"Given the legal responsibilities imposed upon

a public utility to provide at all times adequate
reliable service - and the severe consequences
which may attend upon a failure to discharge

that responsibility - the most that can be
required is that the forecast be a reasonable

one in the light of what is ascertainable at

the time made." Kansas Gas & Electric Co. et

al, (Wolf Creek Generating Station, Unit 1),
ALAB-462, 7 NRC 320, 328 (March 9, 1978).
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The Appeal Board has further held:

"Being legally obligated to meet reserve
margin requirements any uiility company
must be expected to forecast load demands
conservatively - i.e., favor the high
side of such predictions, to ensure that
it is always prepared for unexpectedly
high demands. We find nothing untoward
in this attitude." Niagara Mohawk Power
Corp., (Nine Mile Point Nuclear Station
Unit 2), ALAB-264, 1 NRC 347, 366 (April
18, 1975),

The Commission, ruling on a related issue, has recently

observed:

"The Nine Mile Point rule recognizes that
every prediction has an associated uncertainty
and that long-range forecasts of this type are
especially uncertain in that they are affected
by trends in usage, increasing rates, demo-
graphic changes, industrial growth or decline,
the general state of industrial growth or
decline, the general state of the economy,
etc. These factors exist even beyond the
uncertainty that inheres to demand forecasts:
assumptions on continued use from historical
data, range of years considered, the area
considered, extrapolations from usage in
residential, commercial, and industrial
sectors, etc." Carolina Power & Light Co.
(Shearon Harris Nuclear Power Plant), CLI-

79- , 9 NRC ___ (May 2, 1979).

It is also settled that a "need for power" may be found

not only on the basis that a facility is demonstrated to

be necessary to provide capacity without which expected
power needs cannot be met, but also on the concept of
"substitution,"” i.e., that a nuclear facility is "needed"
in order to substitute operation of it for plants fired by
fossil fuel which may be in short supply or better utilized
for other purposes. ALAB-264, supra, 1 NRC at 353-54;

Public Service Company of New Hampshire, (Seabrook Station,

Units 1 and 2), ALAB-422, 6 NRC 33, 95-99 (July 26, 1977).

t ¢L) 9278
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In particular, the Appeal Board has specifically upheld
the use of the "substitution" thecry in the context of
the somewhat unique situation in New England involving
other nuclear units which are part of the same overall
load and rcapacity plan as is Pilgrim 2. 7The Appeal
Board has expressly found the substitution thesory con-
sistent not only with statutes designed to encourage
conservation and other alternativzs but 2lso consistent

with public policy calling for a reduction in the import

of foreign oil. Id. at 98-99. More recently, statutes

have been enacted as a part of the National Energy Act,
such as the Powerplant and Industrial Fuel Use Act of
1978, P.L. 96-620, 92 Stat. 3289, et seq., expressly
calling for the substitution of coal or other alternate
energy sources, including uranium, for o0il in electric power-
plants and major fuel-burning installations. President
Carter's energy message to the nation of July 15, 1979
further emphasized the importance of these objectives and
further set forth the goals that the overall usage of
imported o0il in the United States be cut by one half over
the next decade and, more fundamentally, that the nation's
utilities cut their massive use of o0il by 50% within the
same time period and switch to other fuels. Congressional

Record-House, H. 5924, July 16, 1979,
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Pilgrim Unit 2 will be jointly owned by Boston Edison

Company, and thirteen other investor or consume. owned

utilities located throughout New England. Supra. para. 1l.

In this connection the concept of a specific service

area is of minor importance in New England. Of more
importance is the Applicants' membership in the New
England Power Pool (NEPOOL). Regional load forecasting

is performed by NEPLAN, a division of NEPOOL. NEPLAN
also forecasts the type of generating capacity needed.
NEPOOL provides for coordinated power supply planning,
central dispatching, construction, operation and main-
tenance scheduling o. electric power generation and
transmission facilities of the participating companies
throughout New England to provide for enhanced reliability
and economy of the electric power supply in New England.
The participation in New England includes 42 utilities
serving over 95% of the New England load. NEPOOL also
provides for regional interconnection and operating
arrangements with utilities and power pools outside

New England. The Northeast Power Coordinating Council,
which also includes New York and Ontario, is the Regional
Reliability Council with jurisdiction over NEPOOL. FES,
§8.1; ER, §1.1, Applicants' Exh. 20-A, "NEPOOL Forecast

for New England, 1979-1989," Introduction, p. 1.




The Applicants have presented evidence to establish

the need for Pilgrim Unit 2 on three fundamental

bases. The first such basis is to provide adequate
generating capacity to meet the forecasted power needs
in New England, including therein a sufficient reserve
margin to assure adequate reliability levels. The
second is economic, in that significant cost savings
will accrue to New England electricity consumers from
the installation of Pilgrim Unit 2 as scheduled, even
if forecasted growth rates do not materialize and the
Unit is not required for reliability reasons until a
later date. The third is the reduction in dependence
on (imported ) oil for electrical generation and the
furtherance thereby of national, regional and statewide
energy policies and goals. Applicants' witness Weiner,

p. 3, following Tr. 10,430.

2. Reliability Requirements

The Applicants' scheduling of Pilgrim Unit 2 is based
upon load and capacity forecasts and projections of re-
quired reserves and developed by the NEPLAN staff under
the direction of the NEPOOL Planning Committee. The New
England Load and Capacity Report, dated April 1, 1979,
contains forecasts of peak loads and projected generating

capabilities for the period through the winter of 1989/90.

Applicants' Exh. 20-C, "New England Load and Capacity

Report, 1978-1989",




NEPOOL's required levels of generating capacity

reserves are based upon a generation reliability
criterion so as to assure that it will be unnecessary

to physically disconnect customers more frequently

than once in ten years. Utilizing this criterion

along with NEPOOL's projected loads and the amounts

and types of capacity available to meet those loads,
recent reliability studies indicate that generating
reserves in the order of 23% to 28% of peak load will

be required in the 1985 to 1989 time period. Applicants’

witness Barstow, pp. 10-13, following Tr. 10,430.

The most current WEPOOL forecast of peak load for the

winter peak of 1984/85 is 20,668 megawatts (MW), for

1985/86 is 21,502 Mw, for 1986/87 is 22,267 MW, for 1987/

88 is 22,989 Mw, for 1988/89 is 23,595 MW and for 1989/90

is 24,120 MW. These figures reflect a projected 3.8%
compound annual growth rate over the next decade.
Applicants' witness Weiner, p. 9, and Exhibit NP-35, follow-

ing Tr. 10,430.

The present NEPOOL long-range plan, as contained in the
Load and Capacity Report, calls for the addition of
approximately 8,000 megawatts of NEPOOL-planned

generating capacity through December of 1989. Applicants'




Exh. 20-C, "New England Load and Capacity Report, 1978-
1989," pp. 48-50. Since the publication of the Load and
Capacity Report, two of the units scheduled therein, i.e.,

NEPCO Units 1 and 2, have been either eliminated or delayed

to points in time entirely outside of the forecast period.

Applicants' witness Weiner, Tr. 10,734-10,736.

With correction for the deferral of the NEPCO units,

NEPOOL capability for the winter peak in 1984/85 is pro-
jected to be 23,768 Mw,for 1985/86 is 25,869 MW, for 1986/87
is 26,804 Mw, for 1987/88 is 27,271 MW, for 1988/89 is
27,272 MW and for 1989/90 is 27,274 MW. These projected
capabilities assume the addition of two Stony Brook units
(total 510 MW) in 1981 and 1982, Seabrook Unit 1 (1150 MW)
in April, 1983, Seabrook Unit 2 (1150 MW) in February,
1985, Pilgrim Unit 2 (1150 MW) in December, 1985, Millstone
Unit 3 (1150 MW) in May, 1986, and Sears Island (568 MW)

in November, 1987. Applicants' witness Weiner, p. 10,

and Exhs. NP-34, NP-35, following Tr. 10,430; Tr. 10,734~

10,736.

Although the published load and capacity schedule projects

the operation of a number of new units over the next decade,
it is highly unlikely that all of these units will be avail-
able as planned The delay in NEPCO Units 1 and 2 has already

been referred to, supra, para. 415 and the Sears Island unit
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has alsv run into significant opposition. Applicants'
witness Weiner, p. 10, following Tr. 10,430; Staff
witness Feld, Tr. 10,540-10,541. Indeed, Pilgrim Unit

2 is itself on an extremely tight schedule, as are Stony

Brook and Seabrook. Applicants' witness Weiner, Tr.

10,901-10,902.

Projected generating reserve margins given in the current
NEPOOL load and capacity forecast (exluding NEPCO Units

1 and 2) are 15.0% for 1984/85, 20.3% for 1985/86, 20.4%
for 1986/87, 18.6% for 1987/88, 15.6% for 1988/89 and
13.1% for 1989/90. Without Pilgrim 2 installed in
December, 1985, the reserve levels would drop to 15.0%

in 1985/86, 15.2% in 1986/87 and 13.6% in 1987/88.
Applicants' witness Weiner, Exh. NP-35, following Tr.

10,430, Tr. 10,734-10,736.

Given the current NEPOOL forecast, the New England reserve
margin will be at or below minimum desired levels by
1984/85 thus Pilgrim 2 is clearly needed by the scheduled
December, 1985 in-service date. Delays in Pilgrim 2 or

in other units beyond this date would further reduce the
level of reserves which are already projected at or

below the minimum estimated recommended level of 23%.

Applicants' witness Weiner, p. 10, following Tr. 10,430;

Staff witness Feld, p. 5, following Tr. 10,65..




The Staff has also reviewed the NEPOOL load forecast and
capacity plans and has concluded that from NEPOOL's
perspective, based upon a minimum reserve margin of 23%,
Pilgrim Unit 2 will be needed by 1985. Staff witness Feld,

p. 5, following Tr. 10,651.

Staff witness Feld also reviewed earlier NEPOOL load and capa-

city projections which had been prepared in previous years.

On the basis of those projections the Staff had concluded

in testimony presented in 1977 that Pilgrim Unit 2 would

be needed by the winter of 1985, which at that time was

one year later than the Applicants' proposed in-service
date. Staff witnesses Feld and Nash, p. 11, following

Tr. 8150. Dr. Feld noted that the forecasted peak demand
growth rate had been reduced from 5.4% per annum at that
time to 3.8% per annum at present with a resultant im-

pact of lowering the forecasted 1985/86 peak by approximately
2300 MW. At the same time Dr. Feld noted that Pilgrim Unit
2 was officially delayed by approximately a year and a

half, bringing it to its present December, 1985 projected
in-service date, while other planned capacity for 1985/86
was reduced by approximately 2650 MW through various delays,
size reductions, retirements and re-ratings. Staff witness
Feld, pp. 2-5, following Tr. 10,651. Consequently, the
reductions in peak load growth have been more than offset

by delays in Pilgrim Unit 1 and other NEPOOL planned units.
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Independent of its assessment of the load forecasting
efforts of NEPOOL, the Staff has also developed a fore-
casting capability based upon a regional econometric
forecasting model developed by the Oak Ridge National
Laboratory {(ORNL). The n>del has been utilized by the
Staff to develop its own forecast of electricity demand
for New England. Staff witness Feld, p. 6, following

Tr. 10,651.

Utilizing the ORNL model, a range of peak demand forecasts
for New England over the next decade was established. At
the low end of the range the ORNL mcdel f-recasts a peak
demand growth rate of 2.7%; at the high end the forecast

is for a growth rate of 4.1% and the base case is for a
growth rate of 3.4%. The Staff's view is that t.e entire
range represents a reasonable index of future growth. Staff

witneses Feld, pp. 6-8, following 1r. 10,651.

Utilizing NEPOOL's capability projections and exluding the

two NEPCO units as well as Pilgrim 2, the generating reserve
margins in New England under the ORNL model base case scenario
are 26.7% in 1985/86, 27.2% in 1986/87, 25.2% in 1987/88,
21.1% in 1988/89, 17.1% in 1989/90, 13.3% in 1990/91 and 9.6%
in 1991/92. Under the low growth rate scenario the reserve
margins are 33.8% in 1985/86, 35.2% in 1986/87, 34.0% in
1987/88, 30.5% in 1988/89, 27.1% in 1989/90, 23.7% in 1990/91,
and 20.5% in 1991/92, Using the high growth rate scenario the
reserve margins are 20.0% in 1985/86, 19.7% in 1986/87, 17.1%

in 1987/88, 12.4% in 1988/89, 8.0% in 1989/90, 3.8% in 1990/91

and less than 0% in 1991/92. Using these ORNL model figures

7R 2
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the Staff concluded that need for Pilgrim Unit 2 for relia-
bility purposes would occur under the base case scenario by the
winter of 1988/89; that under the high growth rate scenario such
need would occur by the winter of 1985/86; and that under the
low growth rate scenario such need would not occur until

the winter of 1991/92. Based upon the Staff's review of

these figures, the Staff concluded that it would not be
imprudent to maintain Pilgrim Unit 2 on its December, 1985

schedule. Staff witness Feld, pp. 7-9, following Tr. 1l0,651.

Contenticns of the intervenors Commonwealth and the Cleetons
have gquestioned the adequacy and accuracy of the load fore-
casts in the light of the forecasting methodology employed
and, in particular, because of the inadequate consideration

of the effects of conservation, demand elasticity, peak

load pricing and new building standards on the growth rate

in electric power consumption. Commonwealth Contention 6 and
Cleeton Contention H, supra, para. 395. Additional criticisms
of the forecasting methodologies of both NEPOOL and the Staff
were presented in the testimony of Commonwealth witnesses
Chernick and Geller, following Tr. 11,224, as well as in the

cross-examination of the Applicants' and Staff's witnesses.

Load forecasting for NEPOOL is performed by NEPLAN under
the direction of NEPOOL Planning Committee. Within NEPLAN
is establishe¢ the NEPOOL Load Forecasting Task Force,

having members from utilities representing each of the
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New England states and chaired by NEPLAN's Chief of

Load Forecasting. The Task Force has been responsible

for the development over the past several years of a long-
term electric energy and peak load forecast for New England
using an economic model (the "NEPOOL Model") which is the
basis for the current NEPOOL forecast. Applicants' Exh.
20-B, "Report of the NEPOOL Load Forecastirg Task Force

on the NEPOOL Model-Based Forecast cf New Englard Electric
Energy and Peak Load, 1979-1989", p. 1; Applicants' witness

Bourcier, pp. 4-6, following Tr. 10,430.

Applicants' witness Donald V. Bourcier, who presented
testimony on two separate occasions concerning the NEPOOL
load forecast (folloiwng Tr. 2647; following Tr. 10,430),
is NEPLAN's Chief of Load Forecasting and is responsible
for preparing forecasts of long range electric energy and
peak demands for the six state New England region as well
as chairing the Load Forecasting Task Force. Mr. Bourcier
holds Bachelor's and Master's Degrees in, respectively,

Economics and Resource Economics and has had extensive exper-

ience over the past thirteen years as a statistical economist

and in the field of forecasting both for utility load forecasts

and for other private industry. Since October, 1972 he has
worked for NEPLAN developing and applying methodology for
forecasting electric energy and peak demand. Applicants'

witness Bourcier, pp. 4-6, following Tr. 10,430.
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Prior to the 1979 NEPOOL load forecast, NEPOOL had fore-
cast peak loads by the addition of member companies'
peak load forecasts, such as Boston Edison Company's,
with adjustments for losses and diversity. This method
historically had been quite accurate until 1973.

Applicants' witness Bourcier, pp. 32-34, following Tr. 2647.

The current NEPOOL forecast, Applicants' Exh. 20-A, NEPOOL
Forecast for New England, 1979-1989, represents the first
usage by NEPOOL of the NEPOOL Model and represents a sub-
stantial departure from the prior "sum of the individual
companies' forecasts" methodology. Consequently, the
forecasts of individual companies, such as Boston Edison
Company, are no longer of any particular relevance in
determining the NEPOOL forecast. Applicants witness

Bourcier, Tr. 10,803-10,804.

The NEPOOL Model for long-range forecasting of electric
energy and demand is a dynamic simulation mcdel composed
of two major sectors: an economic/demographic sector,

and a power sector. A detailed description of the model

is beyond the scope of these findings; however, basically

the model develops its forecasts by examining the end-use
components of load. It is composed of several discrete
modules and submodules which are utilized to forecast such
basic variables as population, employment and household

income. The model is driven by national employment growth




-281-

rates developed by Wharton Econometric Forecasting
Associates. Total electric usage is determined by
summing the usages in the residential, industrial (manu-
facturing), commercial (non-manufacturing) and miscel-
laneous classes. Seasonal peak loads are forecasted by
specifying a long term peak temperature profile for day-
type and month, and then summing the forecasted load for
each of some 50 end-use components, for each hour of the
day. Annual load factor is calculated directly from
forecasted energy (including line losses and forecasted
peak load). Applicants' Exh. 20-A, NEPOOL Forecast for
New England, 1979-1989, pp. 2-3. Detailed results of the
development, calibration and testing of the NEPOOL model and
explanations of the assumptions and data used are con-
tained in summary form in the "Report of the NEPOOL Load
Forecasting Task Force on the NEPOOL Model-Based Forecast
of New England Electric Energy and Peak Load, 1979-1989".

Applicants' Exh. 20-B.

Although much of the Commonwealth's previous testimony

and criticism is of little relevance, inasmuch as it was
directed at perceived deficiencies in the prior forecasting
methodology, a certain portion of that testimony may
nevertheless be deemed relevant to the present forecast

and will be referred to briefly.
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The Commonwealth presented witness John Neely whose
testimony questioned the adequacy and accuracy of the
Applicants' forecasting methcdology, and recommended con-
sideraticn of factors related to econometric modeling.
The essence of Mr. Neely's testimony was to recommend

to the Board that it not accept the Applicants' forecast
without confirmatory results of such analyses. Common-
wealth witness Neely, pp. 2-3, 9-11, following Tr. 3542.
Neely further testified that he did not have a methodology
that could be considered accurate, or even best.
Commonwealth witness Neely, p. 3, following Tr. 3542;

Tr. 3614. The essence of Mr. Neely's criticism

has now been dealt with given the present NEPOOL Model-

based forecast.

The Commonwealth also introduced Dr. Hendrik Houthakker who
presented testimony on the econometric model mechanism for
accounting for price elasticity of demand. Dr. Houthakker
testified that demand for electric power will be sensitive

to price and, therefore, projections of demand for electric
power must take into account explicit assumptions concerning
the price of electric power. He further presented an econo-
metric equation that demonstrated price and income elasticities
for residential electricity sales in New England which showed
that increases in marginal prices would lead to a decrease

in sales and that increases in real income would lead to

increases in sales. Commonwealth witness Houthakker, p. 2,
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following Tr. 2330; Tr. 2330-2332, 2339, 2455.

Dr. Houthakker further indicated, hcwever, that he did
not purport to have a completely defined load forecast
and that the "main purpose" of his study was "to show
that consumption of electric power, by residences, is
sensitive to the prices charged." He further noted that
"these projections are based on assumptions which I don't
claim to be realistic." Tr. 2374. 1In response to a
question whethe:, as a utility company, he would rely on
his econometric equation to make demand forecasts, he
responded, "Certainly not." Tr. 2386. Again,

the essence of Dr. Houthakker's testimony has been dealt

with given the present NEPOOL forecast methodology.

Commonwealth witness Paul Chernick is employed as a

Utility Rate Analyst by the Attorney General of the
Commonwealth of Massachusetts. He holds a Bachelor's

and a Master's degree, the latter in the field of Technology
and Policy, received in 1978. Commonwealth witness Chernick,
p. 1, following Tr. 11,224. 1In his present employment,

which represents his first full-time employment since leaving
school, Tr. 10,972, a substantial portion of the witness'
time, on the order of about 40%, has been spent in developing
criticisms of utility forecasts and cross-examination of

utility witnesses who might be presenting such forecasts

before regulatory agencies. Tr. 10,98l1. The witness
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acknowledged that he neither held himself out to be a
professional economist, statistician, econometrist, or
demographer, Tr. 10,969-10,970, nor did he have, prior
to his present employment, any experience or involvement
with electric utility long range forecasting. Tr. 10,982.
The witness also conceded that he had never prepared

or assisted in the preparation of a long range electric
energy or demand forecast (Tr. 10,984, 11,104) nor had he

ever been involved in defending such a forecast (10,985).

Commonwealth witness Susan Geller is also employed by the
Attorney General as a Utility Rate Analyst. She holds a
Bachelor's degree in Economics and a Master's degree in
Public Policy and is presently pursuing a Ph.D. in the
same field. Commonwealth witness Geller, pp. 2-3, follow-

ing Tr. 11,224. She considers herself to be trained in the

field of public policy with a "working knowledge of the

tools used in doing policy analysis." Tr. 10,971. Ms.
Geller's experience is similar to that of Chernick and she
joined in the responses of Mr. Chernick to most of the
guestions regarding the duties of her position and her lack
of prior experience in the field of long range electric
energy or demand forecasting. Tr. 10,972, 10,973, 10,980,

10,982, 10,985, 11,104.

)
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The Commonwealth's Chernick-Geller testimony contains a

lengthy list of criticisms of the NEPOOL Model finding

"serious error" in each basic module and in virtually

*
every specification contained therein.—/ Commonwealth

witnesses Chernick and Geller, pp. 15-45, following Tr.
11,224. Witness Chernick summarized these errors as
principally being in the categories of inadequate docu-
mentation and modeling errors arising from the use of

incorrect concepts and incorrect values. Tr. 10,968~

10,969.

Both witnesses agreed that the process of electric load
forecasting is a combination of art and science and in-
volves a fair degree of judgment on the part of the fore-
caster. Tr. 10,986. Witness Chernick further agreed that
there probably never would be a forecast which he and

Ms. Geller couldn't criticize on one basis or another,

Tr. 19,986-10,987, and that the NEPOOL forecast was no

exception to this general rule. Tr. 10,989.

Although the Commonwealth testimony was presented as joirt
testimony of witnesses Paul Chernick and Susan Geller, it
appeared as a result of cross-examination that the entire
responsibility for the criticisms of the NEPOOL forecas‘ lies
with Mr. Chernick while principal responsibility for criticisms
of the ORNL forecast lies with Ms. Geller, Tr. 10,990, 11,180~
11,181, however, citations herein to the joint testimoiy will
be attributed to both witnesses.




In response to questioning as to whether the NEPOOL

Model was a "good" model or a "bad" model or whether it
represented the "state of the art" in load forecas* g,
witness Chernick testified that he believed the moael to
be a bad model and not to represent the state of the art.
Tr. 11,075-11,076. Further questioning revealed, however,
that the witness never had seen or reviewed a model which
he considered to be a good model, although he did recall
that there was one model which he may have seen which was
in fact a better model than the NEPOOL Model but he hadn't
gone into it in enough detail. Tr. 11,075-11,077.

Witness Geller, based upon what she had read of witness
Chernick's testimony, also believe the NEPOOL Model to be

a bad model. Tr. 11,078.

One of the basic criticisms of the NEPOOL Model raised by
witness Chernick was that of inadequate documentation and
further that much basic material which he desired to re-
view remained unreported or unpublished. Commonwealth
witness Chernick pp. 15-16, following Tr. 11,224; Tr.
10,968. As noted by the witness at the outset of his
testimony, however, he could not necessarily be sure that
this lack of documentation was due to the non-existence
of such documentation as opposed to the fact that he had
not seen the documentation. Tr. 10,958, 10,960-10,961.

While the witness felt that this was in large measure due
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to an inadequate opportunity to review the large amount
of data supplied in response to the "very limited" set
of interrogatories he had prepared concerning the NEPOOL
Model (Tr. 10,991), the witness nevertheless acknowledged
that he had in his possession the basic report on the
model since the Fall of 1978, that he had received the
Applicants' thy 2 exhibits based upon the model (i.e.,
Applicants' Exhs. 20-A, 20-B and 20-C) shortly after
they were published early in 1979, that he had received
a series of some forty-five documentations on the model

\ in May of 1979 and that he had also sat in on four days
of cross-examination of Applicants' witness Bourcier by
counsel for the Commonwealth in May of 1979 in another

N proceeding dealing with the NEPOOL Model. Tr. 10,991-

10,995.

459. The witnesses al-o raised a number of alleged modeling
errors ir vavious sectors of the model, not all of which
can possibly be dealt with herein. The inability of the
Board to deal with each and every criticism is in large
measure due to the scattershot nature of the criticisms

’ and the conspicuous failure of the witnesses to document
or otherwise quantify the effect of their criticisms in

terms of the forecast results.

441, An example of the witnesses' approach was their discussion

of so-called "cross-sectional fallacy." Commonwealth

1

1 557 2935
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witnesses Chernick and Geller, pp. 17-20, following

Tr. 11,224, 1In response to lengthy cross-examination

Tr. 10,995-11,001; 11,109-11,112; 11,150-11,157; 11,167~
11,173, caused in no small part by the fact that to
demonstrate the "cross-sectional fallacy" the witness
constructed a figure model (Commonwealth witnesses Chernick
and Geller, p. 19, following Tr. 11,224) which confused
more than it clarified, witness Chernick acknowledged that
the model was not based on data which would support the
existence and effect of the fallacy, but was hypothetically
plotted to be illustrative of what "could have" happened.

Tr. 10,997-10,999.

Other errors raised by the witnesses in their prepared
testimony raised questions as to whether the witnesses

had just misunderstood the model and supporting documen-
tation or whether they had, in fact, even asked NEPOOL

for the supporting documentation or reasoning. An example
of the latter was Mr. Chernick's admitted failure to request
data of NEPOOL which would support his "cross-sectional
fallacy" argument. Tr. 11,000-11,002. Other examples

of possible misunderstandings, or, at the very least, of
differences in interpretation, included statements made

by the witnesses with respect to non-manufacturing employ-
ment growth, Tr, 11,004-11,007, with respect to DOE
efficiency standards, Tr. 11,012-11,016, and with

respect to miscellaneous use per household. Tr. 11,032-

£ )
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11,044. The existence of the problem was acknowledged
by witness Chernick on cross-examination. Tr. 11,039-

11,040.

While each individual problem the witnesses had with the
NEPOOL Model cannot be discussed in detail, it is clear
that the various allegations of the witnesses raise, in
turn, the same sort of questions as the witnesses raise
concerning the NEPOOL Model. The witnesses repeatedly
score the NEPOOL Model because of an asserted lack of
underlying data or because it is contrary to some other
data of which the witnesses claim to be aware, however,
their criticisms are unaccompanied by any documentation.
For example, the witnesses criticize the NEPOOL Model
because it failed somehow to account for "Coid War
military activity" and the use of colleges for "draft
avoidance." Commonwealth witnesses Chernick and Geller,
p. 18, following Tr. 11,224, h"owever, on cross-examination
witness Chernick indicated that he had no data or docu-

mentation for that effect either. Tr. 11,003-11,004.

Other examples abound. See, e.g., Tr. 11,010; Tr. 11,052;

Tr. 11,176.

Further, both on an individual and an overall basis, the
witnesses assiduously avoided any quantification of the
effect on the forecast of the various errors they alleged.

Tr. 11,158-11,160. In response to Board questioning, the
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only quantification of effect of any kind identified by
the witnesses (i.e., the effect of discount rate) in fact,
had nothing to do with the forecast. Tr. 11,159-11,160.
Witness Chernick acknowledged that, while many of the
alleged "errors" found by the Commonwealth had the effect
of overstating demand, many might have an indeterminate
effect and still others might understate demand. Tr.
11,106-11,107. The "cross-sectional fallacy" was identified
as an example of an "error" which might in fact operate

in either direction. Tr. 11,109-11,110. On cross-
examination it developed that one error, identified as
"serious" turned out to have projected effects only of

the order of nine megawatts, out of 24,000 MW projected
at the end of the forecast period. Tr. 11,025-11,027.
Other errors remained unquantified and the direction of

their effect, if any, remained uncertain.

In response to questioning by the Board as to what the
proper load forecast should be for New England, witness
Chernick announced that it was his belief that the
appropriate growth rate was approximately one percent
annual growth rate in peak demand over the next decade.

Tr. 11,162. Witness Chernick further explained that this
estimate represented his own "realistic expectation for
growth" and was not derived by starting with any particular

model and making refinements to that model. Tr. 11,163.
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On further examination of witness Chernick concerning his
one percent forecast, the witness indicated that he had

a 95% level of confidence that the actual growth rate would
lie between minus .5% and plus 2.5%. Tr. 11,192-11,193.
The witness described his methodology as "entirely subjective".
Tr. 11,193. Given the contentions of the Commonwealth
relative to alleged methodological errors in the Applicants'
forecasts as well as the testimony presented by other
Commonwealth witnesses on adequate and defensible forecast
methodology, the Board is not inclined to place much weight

on a "forecast" such as that offered by Mr. Chernick.

Another of the particular problems raised by the Commonwealth

and by the Cleetons in their respective contentions was
that of alleged inadequate consideration of conservation
in the Applicants' forecast. Supra, para. 394. The issue
was raised initially with forecasts presented by the
Applicants in 1975 and 1977, Commonwealth witness Stein,
following Tr. 3299; Applicants' witness Weiss, pp. 81-104,
fecllowing Tr. 2647, and pp. 42-49, following Tr. 7927;
Staff witness Thompson, following Tr. 2967, and was sub-
sequently raised again with respect to the NEPOOL Model-
based forecast through the testimony of Commonwealth
witness Chernick and Geller, following Tr. 11,224 and

cross-examination of the Applicants' witnesses.




The contribution of conservation to reducing electric
demand growth can logically be disassociated into price-
induced and non-price-induced conservation. Applicants’'
witness Weiss, pp. 94-85, 102-104, fecllowing Tr. 2647;
Applicants' witness Bourcier, Tr. 10,830; Staff witness
Thompson, p. 5, following Tr. 2967. The effects of
price-induced conservation may be dealt with in an econo-
metric model by way of the price elasticities for electri-
city. Applicants' witness Weiss, pp. 86-87, following

Tr. 2647, and p. 49, following Tr. 7927, However, it is
also necessary in such a model to deal with the effect of
price-induced substitution of electricity for other fuels.
Applicants' witness Weiss, p. 82, 87-89, 103-104, follow-
ing Tr. 2647, and pp. 43-44, following Tr. 7927; Applicants'
witness Bourcier, Tr. 10,822-10,823. The effects of non-
price-induced conservation are, however, much more difficult
to assess in that they depend upon a level of governmental
action which may not yet be established. Applicants'
witness Weiss, pp. 44-45, 49, following Tr. 7927. Even
where such governmental actions could be assessed it may
not in fact be possible to distinguish between that con-
servation which occurred due to the governmental action
and that which occurred due to simple economic or price

effects. Applicants' witness Bourcier, Tr. 10,829.

155




The NEPOOL Model does in fact contain specific assumpticns
relative to conservation in all classes of service during
the forecast period. Federal appliance efficiency goals
have been included as well as the effects of wood burning
stoves in two of the states (New Hampshire and Maine)
where sufficient data exists to permit their recognition.
In other classes conservation effects are implicitly
captured in the historic data base involving both pre-
and post- oil embargo years. In addition, electricity
price effects are explicitly recognized thorugh the use
of short- and long-run price elasticities. Applicants'
Exh. 20-B, Report of the NEPOOL Load Forecasting Task

Force on the NEPOOL Model-Based Forecast of New England

Electric Energy and Peak Load, 1979-1989, pp. 14-15.

Commonwealth witness Stein presented an assessment of the
potential for energy conservation in the event of
implementation of conservation measures applied to build-
ings. Utilizing his estimate of potential energy reduction
per building and his estimates of the number of residential
buildings and the "effective" commercial stock of building
in the year 2000, the witness arrived at the conclusion
that the residential and commercial categories of use will
decline by 7.5% from 1975 to the year 2000. Commonwealth
witness Stein, pp. 1-4, following Tr. 3299. This method-

ology implicitly assumes that there will be no additional
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applications of electricity in residential and commercial
use, no increase in the saturation of any electric
applicance or service, and no substitution of electricity
for other energy sources. Witness Stein provides no
assessment of the rate at which, or the lik=1ihood that,
the changes he describes will be introduced, stating that
"[i]t is not the intension [sic] to evaluate strategies

for promoting their introduction" and relying upon the
assertion that "economic governmental and social pressures
will effect the changes sought." Commonwealth witness
Stein, p. 8, following Tr. 3299. Given that witness
Stein's estimates were made with respect to a now outdated
forecast and given the imponderable nature of the pressures
relied upon by Mr. Stein to effect the changes he fore-
sees, it is difficult to apply his testimony to the present

NEPOOL forecast.

The prepared testimony of witnesses Chernick and Geller
contained a number of assertions relating to the inadequate
consideration of conservation in the NEPOOL Model-based
forecast. Principally, these concerns were with the
application of DOE appliance efficiency standards,

potential price-induced substitution of fuels, govern-

mentally-mandated building and lighting codes and temperature

restrictions, potential commercial cogneration, revised
rate structures, including potential time of use rates,
and load management. Commonwealth witnesses Chernick and

Geller, pp. 29-30, 31-32, 43, 44, following Tr. 11,224.
1552 50
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As with the remainder of their criticisms of the NEPOOL
forecast, the witnesses neither quantify the impact of
tre identified conservation measures, nor in most cases
do they indicate precisely how or when the measures they

identify will be implemented.

At least some of the areas of concern (e.~., building
temperature controls and appliance efficiency standards)
were taken into consideration by the NEPOOL Model, al-
though there are apparently significant differences in
interpretation of their meaning or application within an
econometric model. Applicants' witness Bourcier, Tr.
10,829-10,830, 1C,836-10,838. Other conservation areas
raised by the Commonwealth witnesses such as potential
substitution effects of natural gas for electricity were
also considered in formulating the model; however, they
were rejected by NEPOOL as not statistically significant
in influencing electric use. Applicants' witness Bourcier,

Tr. 10,823-10,824.

Mr. Bourcier conceded that the NEPOOL Model-based fore-
cast did not take into consideration the potential impact
of time of use rates, or peak load pricing. Applicants'
witness Bourcier, Tr. 10,775, however, this was based
upon several very good reasons, including the absence

of any completed studies which can be used to derive an
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hourly price elasticity for use in the forecast as well
as a large area of unknowns as to whether such rates can
even be offered in an economic sense by utilities and
the form which such rates might take. Applicants'

witness Bourcier, Tr. 10,775-10,776.

In addition, the implementation of peak load pricing of
necessity would require state public utility commission
actions (Staff witness Nash, Tr. 3243) and would intrc uce
difficult rate design considerations. Applicants' witness
Guth (Supplemental), p. 7, following Tr. 2647. The

effect of peak load pricing would be slow in any event,
due to physical system requirements for metering and the
design and installation of equipment designed to take ad-
vantage of off-peak power. Applicants' witness Ferguson,
p. 32, following Tr. 2647; Applicants' witness Guth
(Supplemental), pp. 6-7, following Tr. 2647; Staff witness

Nash. Tr. 3243-3244.

Furthermore, it is likely that peak load pricing would

not reduce the need, but might even increase the need for
Pilgrim Unit 2 since the economic principle of peak load
pricing would act both to reduce peak demand and to in-
crease off-peak demand. The effect is not limited to
moving on-peak use to off-peak use (which would improve

the load factor and, therefore, justify a larger percentage

of total capacity as base-load as well as increase required
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reserves) but also by potentially encouraging an in-
creased off-peak use due to the price elasticity effects
of the lower cost of off-peak consumption. Applicants’'
witness Guth (Supplemental), pp. 6-8, following Tr. 2647;
Applicants' witnesses Ferguson, p. 32, following Tr. 2647,
Bigelow, Tr. 7966-7968, 7974-7978, and Weiss, Tr. 8046,
8115-8117; Staff witness Nash, p. 23, following Tr. 3110;

Staff witness Feld, Tr. 11,322-11,323.

The ORNL model which was utilized by the Staff is a
regional econometric forecasting model which forecasts
electricity demand and price. The model utilizes a
system of simultaneous equations employing a number of
key input assumptions including growth rate in population,

residential, commercial and industrial customers, real per

capita income, value added in manufacturing and fuel prices.

Varying the fuel price assumptions from the base case per-
mits the creation of a high price and a low price scenario
in order to establish a range of projected energy growth
rates. Conversion of the energy growth rate to a peak
load projection is accomplished assuming a constant system
load factor. Staff witness Feld, pp. 6-7, following Tr.

10,651.

The ORNL model has been developed by a highly qualified
group of economists and other professionals under the

leadership of Dr. Wen S. Chern at ORNL. Professional




qualifications of Wen S. Chern, following Tr. 11,352.

The present model which has been under development under
the sponsorship of the Nuclear Regulatory Commission since
May of 1976 represents essentially a second generation
model which has undergone a process of constant testing,
redevelopment and improvement over previous modeling
efforts, including the methodologies of other academicians
and authorities in the field of econometric modeling.f
Staff witness Chern, Tr. 11,234-11,238. During the de-

velopment of the model on the order of approximately two

hundred equations or specifications were tested. Staff

witness Chern, Tr. 11,322-11,323. The model has undergone

extensive peer review in a number of conferences and pro-
fessional journals. Staff witness Chern, Tr. 11,237.

In addition, the model has also undergone an extensive
process of validation based upon historical data for the
period 1955 to 1974 and tested against data for 1975 and
1976. Staff witness Chern, Tr. 11,302-11,308

The Commonwealth presented testimony critical of several
aspects of the ORNL model by witnesses Chernick and Geller.

Problems raised with the methodology included alleged

Including therein Commonwealth witness Dr. Hendrik Houthakker,
with apologies for the misspelling of his name. Tr. 11,236,
24:485; 11,270,




improper modelling of average price per kwh, inadequate
documentation of the model specifications chosen by ORNL,
problems of estimation and interpretation of certain of

the independent variables, and projections of total average
electric cost that are too low. In addition, the witnesses
felt that industrial price elasticities were far too low,
conservation was inadequately treated and the energy fore-
cast was improperly converted to a peak demand forecast.
Commonwealth witnesses Chernick and Geller, pp. 5-14,
Following Tr. 11,224. As with the criticisms which were
raised with the NEPOOL Model, the Board finds it extremely
difficult to e¢xamine and evaluate criticisms of this nature
absent some quantification of the effect on the forecast

or other characterization of the relative importance and

significance of the alleged error.

One of the problems raised with the ORNL model, which tue
witnesses felt "called into gquestion the validity of the
entire industrial forecast" was the selection of industrial
price elasticities for New England which were felt to be

far too low. Commonwealth witnesses Chernick and Geller,

p. 12, following Tr. 11,224. When asked on cross-examination

by the Board for their basis for this criticism, the

witnesses indicated that this was based upon their general

knowledge of the literature in the field; however, they

were not aware of any actual data relative to industrial




price elasticity in New England, Tr. 11,175-11,176.

Dr. Chern was alsc cross-examined closely on this subject

by the Commonwealth and the Board and, while recognizing

that the value was low, Dr. Chern indicated that it was
based on actual observed industrial response to the

price of electricity and it was indeed the value he
considered appropriate given the nature of the industrial
sector in New England as compared to the rest of the
nation and the high potential for interfuel substitution.

Staff witness Chern, Tr. 11,265-11,274, 11,317-11,319.

The Commonwealth criticised the ORNL model for its

asserted failure to adequately consider natural gas as a
substitute fuel. Commonwealth witnesses Chernick and
Geller, pp. 9-11, following Tr. 11,224. When questioned

on the subject, Dr. Chern confirmed that, in fact, the
model was tried using various natural gas variables;
however, they were not found to be statistically signifcant.

Staff witness Chern, Tr. 11,257.

Still another of the problems raised by the Commonwealth
pertained to the fact that the ORNL model projected de-
clining profit margins which were felt to be implausible.
Commonwealth witnesses Chernick and Geller, p. 7, follow-
ing Tr. 11,224. On cross-examination Dr. Chern agreed

that profit margins did decline under the model; however,




he further pointed out that the model was not designed to

determine profit margins. Staff witness Chern, Tr. 11,261.

None of the criticisms of the ORNL model raised by the
Commonwealth witnesses were quantified. On cross-
examination by the Board, Commonwealth witness Geller
was asked for the effect of the problems she had raised
on the model's peak load forecast for New England. She

stated that in her opinion the equations in the model "don't

make any sense" and "[blasically the model isn't good"

and she was unable to determine what correction would

be appropriate to the forecast value. Tr. 11,165. Given
the qualifications of Dr. Chern and the national reputation
of the Oak Ridge National Laboratory and the extent of the
development, testing and review of the ORNL model, the
Board finds it difficult to accept such sweeping criticism

without qualifications, documentation or elaboration.

The principal testimony concerning appropriate reserve
levels was presented by Applicants' witness Arthur W.
Barstow, who testified that, given the anticipated loads
and capacities during the late 1980's, the appropriate
reserve margin in order to maintain an adequate level of
system reliablity was between 23% and 28%. Applicants'
witness Barstow, pp. 10-14, following Tr. 10,430, On

cross-examination, Mr. Barstow noted that the upper level
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of 28% might possibly be lowered to 26% or 26.5%
as a result of the deferral of the NEPCO units,
although he did not expect any effect on the lower level

of 23%. Tr. 11,410-11,412. The figure of 23% was there-

fore used as representing a minimum desired level of

reserves both by the Applicants and the Staff. Applicants'
witness Weiner, p. 9, Exh. NP-36, following Tr. 10,430;

Staff witness Feld, p. 3, following Tr. 10,651.

Staff witness Dr. Sidney Feld independently evaluated the
reasonableness of use of a 23% planning reserve margin by
NEPOOL. Dr. Feld noted approvingly of the fact that
NEPOOL used a one day in ten year loss of load calculation
in deriving its figures. He also noted that the Federal
Power Commission had recognized that such a calculation
typically corresponded to a reserve margin of 15% to 25%
and that the FPC further had recommended that five to ten
percent additional should be added for purposes of long
range planning in order to account for contingencies of
potentially faster growth or unanticipated problems in
bringing new units on line, Finally, Dr. Feld noted that
the Staff only utilized the lower end of the range suggested
by NEPOOL's studies with the result that he believed the
use of a 23% reserve figure to be reasonable under the

circumstances. Staff witness Feld, Tr. 10,511-10,514.
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The intervenors oss-examined but presented no direct
testimony concerning the projected required level of
reserves.

Ci questicning by the Board, Mr. Barstow pointed out

that the increased sophistication of loss of load
probability calculations together with the different
sizes and generation and reliability characteristics

of newer units has caused the industry to move away irom
reserve requirements fixed simply as a percentage of the
available capacity. Tr. 11,409-11,410. One of the
principal factors identified affecting required reserves
was the number, size and timing of new nuclear units,
given the fact that large immature units tend to raise
required reserves markedly. Tr. 1i,3%92. The fact that
beginning in 1983 and thereafter in close progression
there were projected several new large nuclear units, in-
dicated to the witness that there would be a significant
impact on reserves. Tr. 11,392-11, 395, 11,411-11,412.
The fact that NEPCO Units 1 and 2 were postponed wjuld
probably lower the upper range from 28% by one or :wo
percentage points but would not affect the lower range.
Tr. 11,394-11,412. The other significant factor ‘.dentified
by Mr. Barstow included the inpact of the new NEP )OL Model-
based forecast which tends to require a higher reerve

margin than previous forecasts. Tr, 11,393, 11, 395,




Part of the reason for this latter effect is the pro-

jected increase in load factor over the next decade, see

Applicants' witness Bourcier, Exh. NP-33, following Tr.
10,430 and, as was noted by Dr. Feld, such an increasing
load factor would have the effect of increasing the re-
gquired reserve margin. Staff witness Feld, Tr. 10,647~

10,648, 11,32--11,324.

The Board finds that both the NEPOOL model and the ORNL
model are reasonable forecasting methodologies which appear
to represent the state of the art in forecasting efforts:
The Board takes particular note of the Commonwealth witnesses'
inability to quantify the criticisms they have raised or

to document and of their alternative formulations. While
not finding that the witnesses are unqualified to offer
criticisms of long range forecasting models, the Board
nevertheless finds that both witnesses lack essential fore-
casting exper.ence as well as the perspective which might
be gained from actually preparing or defending a forecast
instead of striving for an unrealistic level of ideological
purity in forecasts prepared by others. The Board has

thus placed significantly greater weight upon the testimony
of Mr. Bourcier and the work of the NEPOOL Load Forecasting
Task Force and the testimony of Dr. Chern and Dr. Feld and

the work of the Oak Ridge National Laboratory. While
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giving note to the criticisms by the Commonwealth with
the methodologies, the Board is unable to accept on the
record before us that the questions raised are as far

reaching as suggested by Mr. Chernick and Ms. Geller.

The Board does not find it necessary to attempt to select
between the NEPOOL end-use and ‘»= ORNL econometric models

but instead finds that despite their essentially

different formulations they are in actuality confirmatory

of each other in establishing a reasonable projection of

future electric energy and peak demand in New England.

The Board notes that neither the capacity projections nor
the anticipated reserve margins were seriously contested
by the intervenors and accepts the projections of those

quantities presented by the Applicants.

Given the acknowledged delay in the NEPCO units and the
prospect of further delays in other units, together with
the prospect under several of the forecast scenarios of
reserve levels dropping to under 10% in the late 1980's
and further given NEPOOL and Staff projections which show
reserve levels dropping to below minimum desired levels
even before the scheduled in-service date, the Board finds,
on the basis of reliabilitv requirements of the NEPOOL
system, that there is a need for power from a unit cf the

general size and type of Pilgrim Unit 2, and that




December, 1985 is a reasonable in-service date for the
unit. In making this finding, the Board is fully cognizant
of the fact that the probabilities of attaining a

December, 1985 in-service date are vanishingly small, given
the passage of time to date and yet to occur before these

proceedings are completed and construction begun.

3. Economic Advantage of Early Installation

Even if growth in electricity demand over the next

decade were such that Pilgrim 2 were not strictly required
as presently scheduled in December, 1985 for reliability
purposes, it may nevertheless be economic to install
Pilgrim 2 as scheduled. As an alternative basis for the
Board to conclude that Pilgrim 2 is appropriately scheduled
to commence operation in December, 1985 both the Applicants

and the Staff prepared analyses to demonstrate the economics

of an early installation of Pilgrim 2 apart from reliability

purposes. Applicants' witnesses Weiner and Legrow, pp.
3-4, 15-19, Exhs. NP-37, NP-39, NP-41, following Tr. 10,430;

Staff witness Feld, pp. 10-22, following Tr. 10,651.

The Applicants' analysis consisted of a comparison of

the costs of installation of Pilgrim 2 in 1985 as opposed

to 1988 (actually year-end 1985 and 1988) for three different
assumed load growths - 3.8%, 3.4% and 3.0%. The comparison

included both capital cost and fuel cost effects resulting




from the two in-service dates. The annual differences

in cost were then summed on a present worth basis using
Boston Edison Company's marginal cost of money over the
expected life of the unit to determine the savings which
would result from an earlier installation. The capital
cost effects begin with the differing capital costs of
Pilgrim 2 depending upon the year in which it is installed
to which is applied the annual capital recovery, income
tax, property tax, investment tax credit and other carry-
ing charges beginning with the respective in-service date
and continuing over the life of the unit. The fuel cost
effects result from the displacement of more expensive
oil-fired generation and are derived using a computerized
production costing program which simulates the loads,
capacities and dispatching of the interconnected New
England generating system. In performing the analysis

a number of assumptions, including various estimates and
forecasts of future costs, escalation rates and power
plant performance characteristics were employed.
Applicants' witnesses Weiner and Legrow, pp. 15-19,

following Tr. 10,430.

Based upon this anslysis the installation of Pilgrim 2
in 1985 as opposed to 1988 is shown to result in approxi-
mately $1.4 billion worth of savings (1986 present value)

over the life of the unit assuming a load growth rate of
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3.8% as forecast by NEPOOL. Utilizing 3.4% load growth
as forecast by the ORNL model "base case" the savings
would amount to approximately $1.1 billion, while at

3.0% load growth the savings would be approximately

$1.05 billion. Applicants' witnesses Weiner and Legrow,

Exhs. NP-37, NP-39, NP-41, following Tr. 10,430.

Similar studies done by NEPOOL have consistently shown
the same result -- that the early installation of nuclear
base~-load capacity, as would occur if such capacity were
constructed based upon a projected high load growth

which failed to materialize, results in substantial cost
savings, where the system is far from its most economic
generation mix, as is the case in New England. Those
savings are largely attributable to the early installation
of nuclear capacity which enables the substitution of
nuclear-supplied energy for the more costly fossil-
supplied energy. Applicants' witness Barstow, pp. 14-15

following Tr. 10,430, Tr. 11,414-11,415, 11,402-11,406.

The Staff's analysis of the economic benefits associated
with the early installation of Pilgrim 2 was similar to
that of the Applicants, although it was simplified in
order to avoid the use of a production costing program
and it employed a number of differing assumptions which

led to different dollar figures for the resulting savings.




The key assumptions identified by the Staff included the
nrojected nuclear capacity factor, the projected price of
0il, the nuclear capital cost and the capital cost escala-
tion rate. In addition the Staff performed sensitivity
analyses for many of these key assumptions in order to
determine the effect of various changes in assumptions.
staff wi*ness Feld, pp. 10-12, following Tr. 10,651.

The Staff's analysis showed total savings (1986 present
worth) accruing to the operation of Pilgrim 2 in 1985 as
opposed to 1988 of $148 million for its base case. Sensi-
tivity studies in which key assumptions were varied showed

total savings which varied from $34.8 million to $357.9

million with one case (out of the eight reported) showing

no savings and a net cost of $130.7 million. Based upon
these sensitivity studies the Staff concluded that an
economic advantage will most likely occur with early
construction but that the magnitude of the savings is
highly uncertain. Staff witness Feld, p. 22, following

Tr. 10,651.

As noted previously, the Staff identified the cost of

oil, nuclear capacity factors, nuclear plant capital

costs and capital cost escalation rates as the key assump-
tions in their analysis. Similarly, the Applicants'

witness Legrow identified oil costs, followed by nuclear




capital costs and nuclear capacity factors as the key

assumptions in the Applicants' anslysis. Applicants'
witness Legrow, Tr. 10,786. The Commcnwealth through
cross-examination and through the testimony of witnesses
Chernick and Geller presented a number of criticisms of

these assumptions and others.

One of the key assumptions in the analysis of the economic
benefits accruing to the early installation of Pilgrim Unit
2 relates to the projected future price of oil. Staff

witness Feld, pp. 12, 16-17, 22, following Tr. 10,651l.

Testimony concerning the projected future price of oil was
presented by the Applicants consisting of a panel of
witnesses from Arthur D. Little, Inc. (ADL). Their
testimony described a series of o0il price forecasts per-
formed for Boston Edison Company. Applicants' witnesses
Turner, Godley and Hanna, following Tr. 10,430. A Delphi
technique was employed by ADL in its forecast in order to
sound out the judgments and opinions of a panel of experts
in order to arrive at a consensus view. Basically, the
technique consisted of a series of questions and answers
whereby the individual panelists, in this case a group of
ADL staff oil experts located thorughout the world, were
asked to record their views on future price levels as well

as various factors du¢ ~d likely to affect price levels.




These responses were then coordinated and assembled

into a consensus outlook. During subsequent rounds the
panel participants were then exposed to the ccnsensus
views and permitted to alter their earlier responses if
they deemed it appropriate. Applicants' witnesses Turner,

Godley and Hanna, p. 8, fellowing Tr. 10,430, Tr. 10,436~
10,438.

The price of delivered fuel oil contains a number of
elements including the acquisition of crude oil, trans-
portation to refineries, refining, delivery and distribu-
tion as well as taxes and regulatory costs, however the
dominant element (approximately 85%) is the cost of the
crude 0il. International crude o0il prices are largely

set based upon Arabian Light "marker crude o0il." Since
most fuel o0il in New England is imported, Arabian Light
marker crude was selected as the basis for the price fore-
cast; to this was added projected refining, transportation
and tax costs. Applicants' witnesses Turner, Godley and

Hanna, pp. 2-5, following Tr. 10,430.

The price of international crude oil is largely politically
determined and thus any projection contains a high degree
of uncertainty. In addition, political developments in

the Middle East, such as the recent Iranian revolution,
have the capacity to cause disruptions in supplies and

thus trigger dramatic upward revisions in prices. Discovery
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of other non-OPEC supplies together with increased
conservation and availability of alternative fuels
will have a moderating impact on o0il prices. The
consensus view which developed was thus a series of
sharp upward price movements triggered by supply
disruptions or bottlenecks which would be followed

by periods of consolidation in which there was little
price movement outside of inflation. Applicants'
witnesses Turner, Godley and Hanna, Panel 2, pp. 7-10,

following Tr. 10,430.

The ADL Delphi forecast produced a reference case for
delivered fuel oil of various types along with a plus
and minus 70% and 95% confidence interval representing
a range of uncertainty around the reference case.
Selecting 1% Sulfer Residual the ADL reference case
forecasts (in 1979 constant dollars) a price for 1980
of $3.06 per Million BTU, for 1985 of $4.29 per Million
BTU, for 1990 of $5.03 per Million BTU and for 2000 of
$6.15 per Million BTU. Applicants' witnesses Turner,
Godley and Hanna, Panel 2, pp. 13-15, following Tr.

10,430.

Converting these figures to dollars per barrel in current

dollars, using 6.287 Million BTU's per barrel, see, Staff

witness Feld, p. 17, following Tr. 10,651, and assuming




6% general inflation, see Applicants' witness Legrow,

Exh. NP-43, following Tr. 10,430, gives a per barrel cost
of $20.39 in 1980, with the plus or minus 70% confidence
interval range of $17.39 to $33.72. The corresponding
cost in 1985 is $38.26 with a 70% confidence interval
range of $27.91 to $47.53; the corresponding cost in

1990 is $60.03 with a 70% confidence interval range of
$45.47 to $76.38; and the corresponding cost in 2000

is $131.44 with a 70% confidence interval range of

$95.32 to $170.56.

Also presenting testimony on the projected future cost

of o0il was John G. Buckley on behalf of MOER. Mr. Buckley
is a Vice President and Director of Northeast Petroleum
Industries, Inc. He holds an undergraduate degree in
Government and a Master's degree in Economics. He has

had business responsibilities in the world cxude o0il
market for over a decade. He currently serves as Chair-
man of the Fuel 0il Marketing Advisory Committee to the
Department of Energy. MOER witness Buckley, p. 3, follow-

ing Tr. 10,947.

Mr. Buckley on the basis of his training and experience

was of the opinion that imported crude o0il prices of

about $22.50 per barrel would take place by the end of

the summer of 1979 with inflation thereafter of 8-10% which

would result in world prices of $37 to $40 per barrel by
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1985 or 1986. The witness noted that this assumed no
drastic real increases such as those experienced in
1979 and no supply interruptions. MOER witness

Buckley, pp. 6-7, following Tr. 10,947.

485. Mr. Buckley further commented upon the price projections

|

produced by ADL to the effect that those price projections
were conservative and that their reference case should

be advanced at least four years to recognize those de-

velopments. MOER witness Buckley, pp. 8-9, following
Tr. 10,947.
486. Although some confusion developed as a result of cross-

examination which attempted to elicit from Mr. Buckley

and th ADL witness who had the higher forecast (MOER
witness Buckley, Tr. 10,373-10,376; Applicants' witnesses
Turner, Godley and Hanna, Tr. 10,448-10,449, 10,456-10,457),
both the Applicants' witnesses and Mr. Buckley appear to
agree on the approximate current dollar price for imported
crude oil in 1985 of nearly $40 per barrel. Further, they
appear to be by and large in agreement over the large
effect of political instability in the Middle East region.
Applicants' witnesses Turner, Godley and Hanna, pp. 5-8,
follewing Tr. 10,430; MOER witness Buckley, pp. 4-7,

following Tr. 947, Tr. 10,403-10,405.

487, The Staff utilized in its analysis o0il price estimates

prepared by the U.S. Department of Energy. The DOE estimates




were contained in an as-yet-unpublished annual report

for 1978 and were expressed in 1978 dollars. The Staff
then escalated these estimates at 5% per year to account
for general inflation and to obtain estimates for 1985
and 1990 in current dollars. The DOE estimate included

a low, medium and high range. In 1985 the medium range
price for delivered residual was $22.70 per barrel and in
1990 the medium range price was $35.00 per barrel.

Staff witness Feld, pp. 16-17, following Tr. 10,651.

Dr. Feld acknowledge on cross-examination that the DOE
forecast used by the Staff considerably understates the
future price of oil. He testified that the DOE forecast

was prepared before the Iranian situation and is already

far too low given that in 1979 there exists a $22 per

barrel price in 1979 dollars while the forecast shows
that price in current dollars not being reached until

1985. Staff witness Feld, Tr. 10,616-10,617.

The Staff performed sensitivity studies to determine the
effect of a change in the forecasted future price of oil
on the economics of an early installation of Pilgrim 2.
These sensitivity studies showed that, as compared to
base case savings of $148.1 million using the reference
case with the DOE medium price forecast, use of the DOE

low price forecast produced lesser savings in the amount
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of $115.1 million and use of the high price forecast
produced savings of $357.9 million. The DOE high pro-
jection showed residual oil prices of $32.10 per barrel
in 1985 (in 1985 dollars and $44.21 per Larrel in 1990
(in 1990 dollars). Staff witness Feld, pp. 17, 22,

following Tr. 10,651.

Of the three oil price forecasts presented (i.e., by

ADL, DOE and MOER witness Buckley) all predict significant
0il price increases in the years to come. The lowest of
the three is the DOE forecast, however this predated many
of the most recent developments and was acknowledged to
be too low. Even the DOE forecast, including the "low"
version thereof, however, is high enough to show sub-
stantial savings resulting from the early installation

of Pilgrim 2. The higher the forecasted 0il price, the
higher the projected net savings. Of the other two fore-
casts there are significantly different assumptions as

to inflation and "real" price effects as well as in the
selection of a particular grade of crude oil as opposed
to an overall mix of crudes. Despite the differences
however, both forecasts are sufficient to support a find-
ing that the price of oil in the mid to late 1980's will
be even higher than that utilized in the Staff's analysis

and that the price of o0il used in the Applicants' analysis

is reasonable.




Another key assumption employed in the economic analyses
of both the Applicants and the Staff is the projected

Pilgrim Unit 2 capacity factor.

The Applicants' analysis assumed that the Pilgrim Unit 2
capacity factor would be 59% in the first year of operation
and undergo a maturation process whereby the capacity
factor increased to 70% by the sixth year of operation.
Applicants' witness Legrow, Exh. NP-43, following Tr.
10,430. The use of this capacity factor assumption was
based upon an analysis of the operation of previously

built nuclear units. Applicants' witness Legrow. Tr.

10,785~10,786.

The Staff in its analysis utilized an assumption of a
60% average annual capacity factor. 1In its sensitivity
analysis the Staff also used capacity factors of 50%
and 70% which it felt reasonably bracketed the expected
capacity factor of the unit in its early years. Staff

witness Feld, p. 16, following Tr. 10,651.

On cross-examination Dr. Feld defended the choice of

60% as a capacity factor. Typically, the NRC has used

a range of either 55% to 75% or 50% to 70% in making its
comparisons. In addition, two recent reports were re-

ferred to as providing support - one by R. G. Easterling

of Sandia Laboratories, NUREG/CR-0382, projects an average

» -
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capacity factor of 57% plus or minus 8% at the 95%

confidence level, and the other being a study by Komanoff

entitled Nuclear Plant Performance Update No. 2 dated
June of 1978 which projects a capacity factor of 58.9%
with an uncertainty in the range of 6% or 7%. Staff

witness Feld, Tr. 10,562-10,565.

In further discussion of the Komanoff report, Dr. Feld
admitted that Komanoff's methods had been subject to
criticism for some of the statistical and sampling
techniques employed (Tr. 10,565) and that the report was,
in any event, not something which he came across until
after he had performed his own analysis of capacity

factors., Tr. 10,569.

Considerable testimony concerning nuclear capacity
factors was also presented in connection with considera-
tion of the subject of alternative energy sources prior
to reopening the record on need for power in the proceed-
ing. Commonwealth witness Boxer presented testimony at
that time concerning two earlier studies by Komanoff
including Power Plant Performance, dated November, 1976
and the first update of that study entitled Nuclear Plant
Performance dated March, 1977 (Commonwealth witness
Boxer, p. 2, following Tr. 8587), whereas Dr. Feld's testi-
money dealt with a second update which presumably en-

abled the study to include still further years of reactor




operation. In any event, the 1978 update testified to

by Dr. Feld produced an expected capacity factor some ten
percentage points higher than the estimate presented by
Ms. Boxer. Staff witness Feld, Tr. 10,563; Commonwealth

witness Boxer, p. 9, following Tr. 8587.

Sensitivity analyses performed by the Staff show that
variation of the assumed capacity factor from 60% to
50% reduces the expected net savings from the early in-
stallation of Pilgrim 2 from $148.1 million to $82.2
million. Variation of the assumed capacity factor to
70% would increase the net savings to $213.9 million.

Staff witness Feld, p. 22, following Tr. 10,651. The

Applicants' analysis would also be sensitive to capacity

factor variation, principally in the fuel savings com-
ponent; however, such sensitivity would be less than the
other factors such as expected fuel cost and capital

costs. Applicants' witness Legrow, Tr. 10,786.

A further key assumption utilized in both the Applicants'
and the Stu.:r's analyses was the assumed cost of Pilgrim
2 in December, 1985 and the assumed cost of the plant if

it were delayed to December, 1988.




The Applicants utilized an assumed cost of the plant
of $1.895 billion for the 1985 completion date and

$2.550 billion for the 1988 completion date. Applicants'

witness Legrow, Exh. NP-43, following Tr. 10,430; see

also Amendment No. 9 to the License Application [General
and Financial)], Applicants' Exh. 1-00, p. V-1, Tr. 9601.
The selection of the 1985 figure was based upon detailed
cost engineering studies while the 1988 figure utilizes
the same study and implies an escalation rate of 9.7%
per annum. Staff witness Feld, pp. 19-20, following

Tr. 10,651.

The Staff utilized for its reference case an assumed cost
of the plant of $1.310 billion in 1985 and $1.611 billion
or 1988 based upon the CONCEPT ccmputer program. The
CONCEPT program provides a detailed cost estimate based
upon the input of plant type, location, net capacity,
beginning construction date, beginning operation date

and rate of interest during construction utilizing cost
index data to which the program has access. Staff witness

Feld, pp. 18-19, following Tr. 10,651.

Dr. Feld acknowledged that the costs produced by the
CONCEPT program were significantly lower than Applicants'
estimates, and that Applicants' estimates should, in

fact, reflect the construction cost more accurately than




the CONCEPT estimates, and thus the Staff also re-
performed its analysis using Applicants' capital cost
estimate. 1In addition, the Staff also varied the
escalation rate employed in determining the 1988 plant
cost from the 1985 plant cost, using a low escalation

rate of 5%, a moderate escalation rate of 7.1% and a

high escalation rate of 9.7%. As compared to $148.1

million in savings in the reference case using the CONCEPT
cost estimate, the result of using the Applicants' es-
timate with moderate escalation was $130.7 million in
costs (i.e., for this case it would be more costly to
install Pilgrim 2 in 1985 than it would be to wait until
1988) and with hLigh escalation was $246.9 million in
savings. Staff Witness Feld, pp. 19, 22, following Tr.

10,651.

On cross-examination Dr. Feld noted that the higher the
tate of capital cost escalation, the more advantageous

it would be to bring the plant on line at an earlier date
and from this perspective the choice of 7.1% as a moderacc
escalation rate was in fact conservative. The witness
also agreed that recent industry experience has been in
excess of the 7.1% figure. Staff witness Feld, Tr.

10,547-10,548.




Commonwealth witnesses Chernick and Geller made two
criticisms of the Applicants' capital cost estimate for
Pilgrim 2. The first criticism was that the Applicants'
architect-engineer failed to multiply its detailed

capital cost estimate by a factor of from 2.0 to 2.6

to correct for its "tendency to underestimate." The
witnesses discern this "tendency" from their analysis of
one previous Bechtel estimate. Commonwealth witnesses
Chernick and Geller, pp. 55-56, following Tr. 11,224.

The witnesses offered no testimony or other evidence that
the one case they cited was typical or would afford any
basis for generalization. The witnesses' testimony con-
tains no analysis of the Pilgrim 2 cost estimate at all
which would indicate what elements were too low or were
overlooked. The witnesses indicated that their conclusion
was supported by a study which they cite by one W. E.

Mooz which utilizes regression equations based on past
trends. 1Id. Again, the study itself was not produced

or offered and the witnesses did not explain either the
trends or the equations relied upon; or, more fundamentally,
why a methodology of using regression equations to estimate
the capital cost of a plant is superior to an engineering
cost estimate. The witnesses' second criticism was that
there may be additional capital costs after the plant has

gone into service which certain "past analyses" by
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Boston Edison Company have failed to capture. The
witnesses support this observation by stating that Pilgrim
1 has had increases in capital cost amounting to 1-2% per
year since it went on line. Id. The witnesses do not
identify the past analyses to which they refer nor do

they indicate the basis for the apparent conclusion that
this trend would occur, or the extent to which it would

occur for Pilgrim 2.

The Commonwealth also criticized the Applicants' economic
analysis insofar as it felt that operation and maintenance
(0O & M) costs were improperly handled. Commonwealth
witnesses Chernick and Geller, pp. 57-59, following Tr.
11,224. The witnesses candidly admitted, however, that
they couldn't tell what O & M costs were used in the
Applicants' case nor how they were determined and thus
they chose to criticize the manner in which O & M was
determined in another case. On cross-examination

Mr. Chernick indicated that he had done no sensitivity
analysis to determine to what extent variations in O & M
cost would even affect the results of the Applicants'
economic analysis. Tr. 11,072-11,073. 1In fact, since

the Applicants' economic analysis was a comparison between
two in-service dates for Pilgrim 2, three years apart,

the assumed O & M costs would, in fact, be a wash for all
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but the first three years of the comparison and even they
would tend to be offset by fossil O & M costs which were
displaced, and thus O & M costs play no role in the
analysis. Applicants' witness Legrow, Tr. 10,791-10,792.
The staff's analysis did include O & M costs for the
interim period utilizing projections derived from the OMCST
computer code, Staff witness Feld, pp. 20-21, following

Tr. 10,651, Tr. 11,320-11,321; however, this component

is not a deciding factor in any of the analyses. Staff

witness Feld, p. 22, following Tr. 10,651.

The economic analyses of both the Applicants and the
staff involved a comparison of a stream of benefits and
costs received over a series of years. In making such an
analysis if was necessary to "present worth" or discount
these figures utilizing a discount rate. For this pur-

pose the Applicants utilized Boston Edison's discount

rate of 10.83%, Applicants' witness Legrow, Tr. 10,790,

while the Staff used a utility discount rate of 10%.

staff witness Feld, p. 21, following Tr. 10,651. While
the Commonwealth criticised the employment of a utility
rate rather than a ratepayers rate the challenge is deemed
academic by the Staff since the differences between

using different discount rates would be very subtle or
technical in nature and in any event would not alter the

nderlying conclusions of the analysis. Tr. 10,552,




11,334-11,337. This conclusion was agreed to by
Applicants' witness Legrow, who further observed that
changing the discount rate which was used would not
vary the result of the analysis showing the economic
benefit of an early installation of Pilgrim 2. Appli-

cants' witness Legrow, Tr. 10,790-10,791.

The Commonwealth also criticized the use of the cost of
capital of Boston Edison and the AFUDC rate assumed in the
Applicants' analysis. Commonwealth witnesses Chernick

and Geller, pp. 51-52, following Tr. 4,224. Aside from
the ideological purity which would be achieved by such

a refinement, the witnesses failed to indicate how sizeable
an adjustment in discount rate would be caused thereby

if any, or whether such adjustment would even affect the

results of the analysis in which the "unrefined" figure

was used. The other criticism, was that the estimation by

Boston Edison its own cost of capital as well as its own
AFUDC rates was too low. Commonwealth witnesses Chernick
and Geller, p. 53, following Tr. 11,224. It is also not
clear to what extent the Commonwealth feels these figures
are too low or the effect of making such an adjustment on
any of the analyses presented in the Applicants' direct

case. Tr. 10,956-10,957.




The Commonwealth further suggests that only a "regional
cost-benefit analysis" can evaluate the total impact
of Pilgrim 2 on New England. Commonwealth witnesses

Chernick and Geller, p. 54, following Tr. 11,224.

Cited approvingly as such a study is the "NEEPA Study"*/

which purportedly concluded that "New England would be
better off with fewer nuclear plants and more conserva-
tion." 1Id. The Commonwealth witnesses also quoted
approvingly from the study elsewhere in their testimony
where they indicated that the study supported "not
building or delaying an additional nuclear plant in the
region by 1985." Commonwealth witnesses Chernick and
Geller, pp. 48-49, following Tr. 11,224. When confronted
with the conclusion that the report was not in conflict
or inconsistent with the current construction schedule

of nuclear plants in New England by 1985, Mr. Chernick

opined that the NEEPA report was in error. Tr. 11,137.

The Commonwealth offered one final area of criticism of
the Applicants' economic analysis in a section entitled
"NEPOOL NEED VS. BOSTON EDISON NEED," wherein it states

that the Applicants' case fails to address Boston Edison

New England Energy Policy Alternatives Study (NEEPA-1l),
October, 1978, Commonwealth Exh. 110, admitted for limited
purposes, Tr. 10,708.




Company's need for power and instead focuses upon
NEPOOL's need. Commonwealth witnesses Chernick and
Geller, p. 60, following Tr. 11,224. This is, of
course, precisely the point which both the Applicants
and the Staff stated at the outset of their respective
cases -- that the need for Pilgrim 2 was in order to
assure adequate reliability levels in New England and
to provide benefits to New England electricity ~on-
sumers. Applicants' witness Weiner, p. 3 following
Tr. 10,430; Staff witness Feld, p. 1, following Tr.
10,651. Since, as all the parties apparently agree,
NEPOOL is a highly integrated and interconnected system

which is dispatched on a single system basis and since

all the power will go into that system it is appropriate

to examine the need for the unit from the perspective of
the system instead of from each individual joint owner's
viewpoint. If such need is established from a system
viewpoint, then it is of significantly less importance
that participant A might have too much and participant

B too little since they are both a part of the same

system. Staff witness Feld, Tr. 10,636, 10,642-10,655.




Displacement of Imported Oil.

Aside from the economic benefits resulting from the early
installation of Pilgrim 2, such installation is also highly
desirable from the standpoint of reducing national dependence
on imported oil and furthering state, regional and national
energy policies and qgoals. Applicants' witness Weiner, pp.

3, 19-24, following Tr. 10,430, Staff witness Feld, pp. 22-23,
following Tr. 10,651; MOER witness Fitzpatrick, pp. 2-9,

following Tr. 10,947.

Presently, the United States imports nearly 45% of the oil con-
sumed in this ccuntry. This represents a substantial increase
even since the 1973-74 oil embargo and current trends indicate
that this demand will continue to increase without strong

action to reduce demand. This imported oil is not only extreme-

ly expensive, and increasingly so, but it is also an extremely

unreliable and insecure source of energy. This imported oil is
also a tremendous drain on the United States' international
balance of payments. National energy policy, as expressed in
the National Energy Plan in 1977, the Powerplant and Industrial
Fuel Use Act of 1978 and other statements of national policy
unequivocally demands that all steps possible be taken to reduce
the nation's dependency on oil. Applicants' witness Weiner,

pp. 19-24, following Tr. 10,430; MOER witness Fitzpatrick, MOER

Exh. 1, pp. 2-5 following Tr. 10,947.




The most recent Presidential expression of national policy on

the subject of imported oil not only underscored the importance

of reducing the nation's 0il dependency but particularly empha-

sized the role of electric utilities in reducing such demand by
calling for a 50% reduction by utilities from present oil use

by 1990. Congressional Record-House, H. 5924, July 16, 1979.

On a state and regional level, the Commonwealth of Massachusetts
and New England are even more precariously dependent on imported
oil than is the national as a whole with over 84% of the region's
oil being imported in 1977. 1In addition New England is particu-
larly dependent upon petroleum as its source of energy. Thus,

not only does New England bear a disproportionate burden of the
cost of imported oil; it also bears a disproportionate burden of
the risk resulting from an interruption of supplies. MOER witness
Fitzpatrick, pp. 4-5, following Tr. 10,947; Applicants' witness

Weiner, pp. 23-24, following Tr. 10,430.

The installation of Pilgrim 2 will make a significant contribution
to the goal of reducing the nation's and the region's o0il depen-
dency. Such contribution is in two parts - first, in that it
prevents increased dependency as would be the case if future loaa
growth were met through additional oil-fired capacity; second, in
that it represents savings resulting from the displacement of
existing oil-fired capacity. Applicants' witness Weiner, pp. 21,
24, following Tr. 10,430; MOER witness Fitzpatrick, p. 7, follow-

ing Tr. 10,947.




Analyses were presented by both the Applicants and the Staff of
the resultant oil savings comparing a 1985 and 1988 in-service
date for Pilgrim 2. The Applicants' analysis showed approximate
oil savings of 35 million barrels accruing to the early installa-
tion of Pilgrim 2, virtually independent of assumed load growth.
Applicants' witness Weiner, Exhs. NP-38, NP-40, NP-42, following
Tr. 10,430. The Staff's analysis concurred in a figure of
approximately 30 million barrels of oil saved from the three year
earlier installation of Pilgrim 2; almost all of this oil would
reprecent a reduction in imported o0il and a direct contribution
to the United States balance of payments. Staff witness Feld,

pp. 22-23, following Tr. 10,651.

Mr. Fitzpatrick also presented an analysis prepared by his staff
evaluating overall oil savings from the installation of Pilgrim

2. Assuming that the energy produced by Pilgrim 2 over its life-
time would otherwise be produced by existing oil-fired generation
and using Mr. Buckley's basic o0il price data projected to account
for inflation, the analysis revealed that Pilgrim 2 would

produce o0il savings of from 8 to 19 billion dollars with the range
in results depending upon choice of inflation and discount rate.
MOER witness Fitzpatrick, pp. 8-9, following Tr. 10,947.

Mr. Fitzpatrick concluded that these figures were "an indication

of the impect this single facility could have in the national

effort to reduc2 expensive foreign oil imports.” Id.




The Commonwealth offered one criticism of the displacement of
0il generation by nuclear generation. Commonwealth witness
Chernick and Geller, pp. 46-49, following Tr. 11,224. While
admitting the essential point, i.e., that Pilgrim 2 would dis-
place oil, the Commonwealth argued that there are also other
assertedly more cost-effective ways of displacing oil.

Mr. Chernick misconstrues the substitution portion of the
Applicants' case. As was pointed out on numerous occasions,
the economic analysis presented by the Applicants was designed
only to compare the installation of Pilgrim 2 on twc alterra-
tive in-service dates and to show that even with some reason-:
able variation in projected load growth rates, it was cost
effective to install Pilgrim 2 at the earliest possible date.
Applicants' witnesses Weiner and Legrow, pp. 15-17, following
Tr. 10,430. Likewise with substitution. The substitution
portion of the Applicants' case is advanced not to support the
need for the plant in the first instance but to support its
early rather than later installation. Within the context of
this analysis, Mr. Chernick's criticisms are completely irrele-
vant since, ex hypothesi, they reintroduce the further alterna-
tive; i.e., the non-installation of Pilgrim at any time, which

contention has already been addressed.

As was suggested by MOER Director, Joseph Fitzpatrick, the

implementation of conservation and the construction of additional

nuclear generation are not in oppositicn at all and indeed repre-

sent the energy policy of the Commonwealth of Massachusetts.




-332~-

MOER witness Fitzpatrick, Tr. 10,694-10,696. Thus the Executive
Department of the Commonwealth of Massachusetts supports both

conservation and the implementation of Pilgrim 2 as parts of the
strategy to _educe oil dependency. Fitzpatrick, p. 7, following

Tr. 10,947, Tr. 10,695-10,696.

o. Conclusions

As nuted previcusly the Board finds that the forecasts presented
by the Applicanis and the Staff establish a reasonable basis for
concluding that Pilgrim 2 will be needed in the time period
following Decemr~~ of 1985. The Becard recognizes that there can
be no guarantees in forecasting the future. We cannot seek
proof in assessing forecasts, only prudence. There are necessarily
factors of uncertainty in forecasts of peak and energy loads
more +than five years into the future. We are not unmindful of
the problems raised by the Commorwealth, particularly through
witnesses Chernick and Geller, hcwever, we are unable to find
that they are of the import claimed by them. We find further
assurance in making such finding from their own inability to
quantify their criticisms. Similarly we are not unmindful. of
the possibilities suggested by tha Commonwealth of greater con-
servation, changes in rate structures and the like. These
possible events could limit growth to a degree greater than
recognized in the detailed forecasts of the Staff and the
Applicants. The record, however, does not demonstrate that
there are any reasonably foreseeable or existing conditions

that have not been reflected in the forecasts before us.

We are unable and unwilling to modify the conclusions of these
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forecasts on the basis of conditions the existence of which is
uncertain and the effectiveness of which, if initiated, is open

to substantial conjecture.

The Board is afforded further assurance of the correctness of

its finding that there is a need for Pilgrim 2 as of December
1985 from the economic analyses pr:cenced by both the Applicants
and the Staff which establish that Pilgrim 2 will be cost effec-
tive even 1f on line at an early date. While the Board will not
try to debate each and every estimate or assumption employed in
these analyses, the Board finds that the analyses were as a whole
performed in a reasonable manner and utilized reasonable assump-
tions. The fact that the Staff employed sensitivity analysis in
order to determine the effect of varying certain of these assump-
tions, gives us further confidence in the correctness of their

overall conclusion that there would be such economic benefits.

The Board finds alsp that the unit is needed from the standpoint

of displacing imported oil. We find that New England is presently

heavily dependent upon imported oil for electric generation. We
note that even with projected new nuclear capacity at Seabrook,
Millstone and Pilgrim and new coal capacity at Sears Island, over
the next decade New England will still rely heavily on oil
because so many of the existing units are oil-fired. Bringing
Pilgrim 2 on line will directly and significantly affect the
amount of imported o0il used in New England for electric genera-
tion purposes. The Board notes the existence of strong

national and regional and state policies calling for the «-duc-

tion in dependence on imported oil and the Board finds that the
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installation of Pilgrim 2 will contribute to the implementation

of those policies.

521 Based upon the foregoing the Board concludes that there is a
need for Pilgrim 2 and that the current schedule for Pilgrim 2
reflects prudent planning in light of the load forecasts presen-

ted and the need to maintain an adequate level of electric sys-

tem reliability, in light of the need to reduce New England's
dependence on imported oil and further in light of the economic
benefits that stand to be realized from bringing Pilgrim 2 into

service on the planned schedule.
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I. Alternative Energy Sources

In its Memorandum and Order of February 18, 1975, the Board
admitted several issues raised by intervenors on the question
of alternative energy sources. On a motion of the Common-
wealth of September 25, 1975, Commonwealth Contention 3 was
amended to include solid wastes. Tr. 832. The contentions

admitted are as follows:

Commonwealth Contention 3 (as amended)

The Applicants and the Staff have not given adequate
or accurate consideration to solar power, wind power,
the use of fossil fuels, the use of fuel derived from
solid waste resource recovery, or the high temperature
gas-cooled reactor as alternative sources of power.

Ford Contention N

The Applicants have not adequately considered alterna-
tives to the facility and therefore are not in
compliance with 10 CFR §51.20(a) (3).

vleeton Contention I

Applicants have not adequately considered alternate
sources of power in that they have not considered:
methods of thermonuclear fusion:; wind power; solar
energy; utilization of ocean temperature differences;
gasification of coal; production of low sulfur oil
from garbage; animal waste and coal; or cultivation

of high energy algae for conversicn to methane or

for direct power plant combustion.

In an initial presentation during the October 1975 hearings,

the Applicants presented testimony on alternative sources




energy through a panel of twelve witnesses*/, Following

955.

I Fossil Fuels

NEPOOL, acting by its Management Committee, reviews the need
for, and recommends additions to and changes in, generation
and transmission facilities for its members. The Executive
Committee considers the reports of the NEPOOL Planning Com-
mittee, which with a full-time professional staff (NEPLAN),
provides analysis and advice to the Executive Committee to
make determinations of the most economical, effective,
practical, and productive mix of generation to meet present
and future New England base load, peak load and energy
demands. The Planning Committee has Generation, Transmis-
sion, Stability, and System Design Task Forces which, with

the NEPLAN staff and the NEPOOL Environmental Subcommittee,

perform the studies and evaluations of alternative plans for

generation and transmission expansion which are presented

to the Executive Committee for review and final approval.

Kenneth 0. Sten, Manager, Research and Planning Department,
Boston Edison Company; (BECO);Benjamin H. Weiner, Vice
President, Power Supply Administration, BECo; Robert M.
Butler, Manager, Nuclear Projects Department, BECo; Russell
J. Maroni, Manager, Planning and Cost Control, Nuclear
Projects Department, BECo; Theodore P. Heuchling, Vice
President, Arthur D. Little, Inc. (ADL); Sidney M. Stoller,
President, S.M. Stoller Corporaticn; Nigel Godley, Manager,
Energy Economics Section, ADL; Donald W. Smith, Senior
Staff Member, Management Consulting Section, ADL; Abraham
Gerber, Vice President, National Economic Research Asso-
ciates; William M. Irving, Vice President, Research and
Environmental Affairs, BECo; David C. White, MiT, Energy
Laboratory




ER at 1-2; Applicants’ Witnesses Weiner, p. 105 and Sten,
pp. 108-109, following Tr. 2647; and Applicants' Witness
Bigelow, pp. 7-8, following Tr. 7929.

The underlying study for New England generation expansion

planning is the Interconnected New England Generation Study,

Generation Task Force No. 4 which recommended a nuclear
base load expansion strategy for New England for the
stated reason that large nuclear base load units are the
more economic given due consideration to reliability, and
to meeting environmental concerns. ER at 1-15 and 1-21;
Applicants' Witness Sten, p. 109, following Tr. 2647;
and Applicants' Witness Bigelow, pp. 9-12, following

Tr. 1927.

526. NEPOOL has concluded that, of the choices of coal, oil and

nuclear power considered available for base load genera-
tion in New England, nuclear capacity should be expanded
to 52% to 57% of total NEPOOL capacity to be consistent
with NEPOOL long-term objectives of providing the most
economical, reliable and environmentally compatible
system. NEPOOL expects that, in the long term, nuclear
units can achieve capacity factors of about 75%. However,
economics favor nuclear unit operation even if operated
at a 50% capacity factor. At a 75% capacity factor,

Pilgrim 2 will save annually 14,700,000 barrels of oil




(or $256,000,000), or 3,300,000 tons of coal (or
$192,000,000). Applicants' witness Sten, pp. 18-19,
following Tr. 955, p. 109, following Tr. 2647; Applicants'
Witness Bigelow, p. 8-10, following Tr. 7929. While the
foregoing figures were re¢ flected in the record developed
in 1975 and 1977, NEPOOL continues to maintain the goal
of achieving an economic generation mix of approximately
60% nuclear base load capacity Applicants' witness
Barstow, Tr. 11,402, 11,403. 1In addition, given the
meteoric rise in oil prices, more recent testimony

reflects that over its lifetime Pilgrim 2 will save from

$8 to $19 billion in oil costs. MOER witness Fitzpatrick,

pp. 8-9, following Tr. 10,947.

In light of NEPOOL generation expansion plans and Boston
Edison's own system capacity needs, Boston Edison offered

to sponsor a base load unit sized to meet its and

NEPOOL's needs thiough joint ownership arrangements and unit
contract sales to other companies. Studies undertaken by
Boston Edison, independently of NEPOOL, with respect to the
relative economics of nuclear and fossil generation, based
on total generating costs, customer revenue requirements and
load demand, indicated that the unit to be built should be

a nominal 1100 MW light-water reactor. Thereafter, Boston
Edison proceeded with contractual undertakings to construct

Pilgrim 2. From 1972 to 1974, studies were conducted of




plant and fuel costs and schedule factors with results
confirming the nuclear alternative as preferable to oil.

In 1975, a study was undertaken by Arthur D. Little, Irc.
(ADL) for Boston Edison as a result of substantial es:alation
in the expected capital costs of Pilgrim Unit 2 and the
emergence of coal as the more likely base load alternative
due to the Arab oil embargo and the resultant increase in

the price of oil. Applicants' witness Butler, pp. 23-26,

following Tr. 955.

The ADL study concluded that oil must be considered a mar-
ginal source for base load power due to resource constraints,
price levels and federal regulations. On the other hand,
coal and uranium were determined to be available in suffi-
cient supply to meet the base load requirements for a unit
of the size of Pilgrim 2. Mr. Heuchling, Vice President of
ADL, testifying as to the results of the study, concluded
that, based on "reasonably likely combinations" of capital
cost, capacity factors and fuel costs, power from Pilgrim 2
will be produced in the 1985 to 1990 time-frame at annual
costs in the order of $50 to $100 million less than power
from an equivalent coal-fir.d plant, and that this margin
was expecced to increase at a moderate rate throughout the
life of the plant. Reliability or regulatory constraints

would have to reduce the nuclear plant capacity factor to

40 to 50 percert before the costs of Pilgrim 2 plus make-up




power from existing oil-fired plants in the Boston Edison
system would become as costly as an eguivalent coal-fuel
plant operating at a 70 percent capacity factor. Appli-

cants' witness Heuchling, pp. 29-30, following Tr. 955.

In its FES for Pilgrim 2, the Staff reported that its eco-
nomic analysis concluded that Pilgrim 2 had an estimated
$200 million advantage compared to coal and oil over the
life of the plant. The significantly lower generating costs
favor the selection of a nuclear plant. FES, pp. 9-4

through 9-7, following Tr. 897.

The Staff also presented supplemental testimony on fossil
fuel alternatives to Pilgrim 2 including natural gas, oil

and coal. Staff witness Vetrano, following Tr. 1409.

Noting that natural gas reserves are limited and that rising
costs and foreign dependence make oil less attractive as an
option, the Staff analyzed more fully the coal alternative
in light of its independence from foreign influences, abun-
dance of reserves and the advanced state of extraction and

utilization technology. Staff witness Vetrano, pp. 15-16,

following Tr. 14009.

Using the CONCEPT computer code, the Staff estimated the
capital costs for an 1180 MW(e) PWR and an equivalent coal-
fired plant for 1982 service. Fuel costs and operation and

maintenance costs were separately estimated. The Staff
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concluded that the nuclear unit is the least expensive alter-
native when capital costs are amortized with equivalent
assumptions of plant load factors; that the difference
between the nuclear and coal alternative was such that even
at a 50% capacity factoir, the nuclear option has a lower
total generating cost than a coal plant operating at a 70%
capacity factor; and that a nuclear unit operating at a 60%
load factor would have a lower total cost than a coal plant
at any load factor. The computer code analysis indicated
that even if the coal plant were operated at an 80% capacity
factor, the nuclear plant would be competitive at a 50%
capacity factor. Staff witness Vetrano, pp. 20-23, follow-

ing Tr. 1490; Tr. 1477.

Due to the deferral of Pilgrim 2 from 1982 to 1984 and the
lapse of time following its initial presentation of evidence

of coal and nuclear costs, the Applicants presented

testimony of a further panel of six witnesses to reflect

the increased costs for both the coal and nuclear option,

interim changes in plant design and new financial




*
accounting methods.™ Applicants' Supplemental Direct

Testimony on the Cost of Pilgrim 2 and Alternate Sources

of Power, following Tr. 8207.

The Applicants introduced testimony drawing from a report
prepared by Bechtel Corporation for the Electric Power
Research Institute (EPRI) which examined the costs of 1000 MW
coal plants (consisting of two 500 MW units) in four regions
of the United States. The computed cost of one of these
plants, hypothetically located in Bethelehem, Pennsylvania,
was adjusted to reflect the construction and operation of
two 590 MW units at Boston Edison's Edgar Station. Coal and
transportation costs were determined by ADL. The generation
cost of power from the coal plant and Pilgrim 2 were calcu-
lated for 1988 to reflect mature plant operation. Capacity
factors were assumed to be 70 percent in each case. The
total generating costs for Pilgrim 2 were calculated to be
50.2 mills/kwh with the total generating costs for the two
590 MW coal-fired units at 68.1 mill.,kwh. The resulting
17.1 mills/kwh difference i. equivalent to a nuclear advan-
tage of $130 million over coal in 1988, Applicants'

witness Maroni, pp. 6-7, following Tr. §207.

Russell J. Maroni, Manager, Planning and Cost Control,
Nuclear Projects Department, Boston Edison Company
(BECo) ; Max G. Madsen, Jr., Pilgrim 2 Project Cost
Engineer, Bechtel Power Corporation; Steve J. Poulos,
Principal, Geotechnical Engineers, Inc.; James A.
Seery, Head, Nuclear Fuel Division, BECo; William
Dunlop, Manager of Services, Bechtel Power Corporation;
Donald R. Gibbons, Senior Staff Member, Chemical Man-
agement Consulting Section, Arthur D. Little.

- Al
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The Staff similarly performed an updated review of alterna-
tives to nuclear power found in the FES and the earlier
testimony of Vetrano. It reaffirmed its earlier judgement
that the nuclear option was substantially less costly than
the coal option. The Staff concluded that under the more

-

likely case, Pilgrim 2 is expected to generate power at 53

mills/kwh on a levelized basis with 68.7 mills/kwh for the

coal-fired alternative. Staff witnesses Nash and Feld,

p. 25, foilowing Tr. 8304.

The Commonwealth presented the testimony of three witnesses

relating to the economics of nuclear generation vis a vis

the coal option. The testimony of the first of these wit-
nesses, Henry Lee, Director of the Massachusetts Energy Policy
Office, consisted of a report by the Energy Policy Office
entitled, "The Economics of Nuclear Power: A New England
Perspective," dated December 1975. Lee Report, following

Tr. 4962.

The Lee Report was compiled by "exploring all of the second-
ary sources and talking to a wide variety of individuals
who were familiar with the nuclear question" Tr. 5016. Mr.
Lee stated that "we analyzed awide variety of secondary sour-
ces and verbal comments and made what we felt was a best

judgment." Tr. 5017.




The Report first of all declares that "it is evident that
additional capacity will be required within che next ten
years, and that shall be the assumption of this report.”

Lee Report, p. 7, following Tr. 4962. Narrowing the choice
of additional capacity to coal or nuclear the Report con-
cludes that the decision rests with plant reliability, which
the experience of the next five to 10 years should answer.
The Report acknowledges that, "because of long lead times we
cannot wait five to ten years to decide between a coal or
nuclear plant that must be completed in the mid-1980's.
While observing that, "(o)nly West Virginia, Kentucky and
mid-Western states with access to inexpensive strip-mined
coal or abundant hydroelectric power are not planning
nuclear plants"” and that, "(a)ll except two states east of
the Mississippi have nuclear plants planned, under construc-
tion or operating," the Report nevertheless cautions that,

“(u)tility executives...have been known to make mistakes in

power planning..." Lee Report, p. 36, following Tr. 4962.

The Report concludes, " (o)ur most likely estimates indicate
that coal and nuclear plants will be competitive in the
1980's. The critical variable in this comparison is the

reliability of both types of plants. If coal plants achieve

the reliability we have used in this analysis (75%), they

will be competitive with nuclear plants. If their reliabil-

1ty worsens, they will lose competitiveness. If the relia-




bility of nuclear plants does not improve, there will be a
slight cost advantage to coal plants. If the reliability of
nuclear plants does improve, there may be a slight cost

advantage to nuclear." Lee Report, p. 37, follouwing Tr.

4962.

As we read the Lee Report, it appears that only if one
assumes the best case for coal, as does the Report, with
respect to capital costs, fuel costs and reliability; and
assumes the worst case within the ranges presented for
nuclear capital costs, fuel costs and capacity factors will
coal have an economic advantage over nuclear. Further,
according to the Report for coal to be economically competi-
tive in the first instance it must achieve a 75% capacity
factor, although as the Report notes, the coal average
capacity factor has dropped to 60% and below as coal plants
have increased from smaller (100-300 MW) to large units over
600 MW) and difficulties with sulfur scrubbers have started
reducing their reliability. Lee Report, pp. 18-19, fol-
lowing Tr. 4967. The conclusion in the Report that coal

will do better "at about 75%" has no foundation in the Report

and appears to be offered solely on the basis of faith. (Id.)

Commonwealth witness Dr. Gordon J.F. MacDonald offered a
statistical analysis, the results of which purported to show
that a large nuclear plant would appear to be less economical

than would either a large coal plant or two smaller nuclear
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plants or coal plants del. _ering the same amount of total
e'ectricity. Commonwealth witness MacDonald, following

Tr. 5690; Tr. 5692.

Dr. MacDonald's statistical technique consisted of a
regression analysis of nuclear and coal plant performance
in which the dependent variable was the cumulative
capacity factor (CCF) and the independent variables were,
alternatively, the plant size, "years of operation" and
"year of commercialization." Commonwealth witness

MacDonald, pp. 1-2, following Tr. 5690.

Upon examination of the MacDonald testimony it appeared
that Dr. MacDonald had made the erroneous underlying
assumption in his computations (admitted by Dr. MacDonald,
Tr. 6273, 6277) that the kilowatt cost of a nuclear plant
was the same regardless of the size of the plant, and as

a consequence Dr. MacDonald's analysis erroneously con-
cluded that one could built twelve 100 MW nuclear plants

at the same cost per kilowatt as a 1200 MW plant. Thus the
cost of smaller units were understated throughout his

analysis and conclusion. Tr. 6273.

Dr. MacDonald's regression model emploved, as independent
variables, "years of operation" and the "date of com-

mercialization" of nuclear plants along with the variable
"plant capacity." As the "years of operation" variable is

a linear function of the "date of commercialization," these
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sn“ependent variables in the model are perfectly co:ir.elated
with the correlation coefficient between the variables a
minus one. Statistically, therefore, it makes no difference
which one is included in the regression analysis. Tr.
5796-5797. Depending upon which variable is used, the
result will be either a continuing increase or decline

in the expected cumulative capacity factor. One can

show results which either go up or downwards. In the
nuclear case, Dr. MacDonald chose tc go down. Tr. 5797-

5799.
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