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The Company has estimated annual cost eséalation rates for
nuclear, coal, and oil fuels. These are 8.2 percent, 8.0 percent,
and 10.0 percent (8.0 percent after 1985) for these three fuels,
respectively. The ESRG LOW scenarios embody these assqutions.

In the case of natural gas the Company's implicit real price
escalation rate is added to the ESRG LOW inflation rate.

In the ESRG HIGH case I have assumed real price escalation rates

for 0il to be 4 percent (1980), 5 percent (1981 through 1984), and

3 percent (thereafter). These are comparable with the Company's assumed
real escalation rates 3.5 percent (1980), 4.5 percent (1981), 5 percent

{1982 through 1984), and 3 percent (thereafter). Coal and nuclear fuel

Prices escalate at real rates of 2 percent (1980}, and 3 percent
(thereafter) similar to the Company's real price escalations for these
fuels.

What escalation rates have you assumed for other costs?

Cperation and maintenance costs have been assumed to escalate at

the prevailing rate ofvinflation.' Non-generation options are
assumed to escalate at the same rate as oil prices. Since the cost
of this group of oétions is dominated by economy imports of
electricity,this is a reasonable assumpticn. The discount rate or
interest rate (expressing the time preference for money) is assumed
to be 8 percent, 10.5 percent, and 12 percent for the PECC, ESRG LOW

and ESRG HIGH cases, respectively, 3 percent above inflation.
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Please describe vour estimates of the capital costs of new
electric generation supply options.

The capital costs of coal and nuclear plants were made using
regression equations developed by Charles Komancff of Komanoff
Energy Associates, Inc. in New York City. (Ref. }  Mr. Komanoff has
provided capital cost regression equations for direct construction
costs in 1879 construction dollars for all coal fired units with
capacity-greater than 100 Mw installed by U.S. utilities from
January 1972 through December 1978, and for all nuclear generating
units installed from December 1971 through December 1978 (except
for several "turnkey" plants supplied under fixed fee contracts).
The data base for cocal plants included 116 units with a total of
70,509 Mw, ranging from 114 Mw to 1300 Mw and averaging 608 Mﬁ.
The data base for nuclear plants consisted of 46 units with a
total of 39,265 Mw, ranging from 514 Mw to 1130 Mw and averaging
854 Mw.

Mr. RKomanoff's regression egquation for coal plants is

given by:
Cost {($/Kw in 1979 construction dollars) =

t~ratios
0.303 «x .686

(Coal Capacity) 0.588 4.09
1.26 if Scrubber x 4._84

.90 if common-sited unit x 3.43

1l.26 if West x 5.45

.77 if South Central x 4,22

.74 if Southern x 5.56

.85 if sSoutheast (but not Southern Company} *x 3.19

1.16 1f Northeast x 1.93

1.19 if aZmerican Electric Power x 2,37

R? .670 F ~ value = 23.9

nu

Adjusted R? 642

(44)




10
11
12
13
14
15
ls
17
18
19
20
21
22
23
24
25
26

27

973a

where COAL CAPACITY is the total installed capacity of coal fired

units in the

U. S. at the time a unit is ordered.

Mr. Komanoff's regression equation for nuclear plants is
given by:
Cost ($/Kw in 1979 construction dollars) =
t - ratios
6.46 x 2.69
(Nuclear Capacity)o'575 X 13.40
(M) "0+ 208 X 2.63
(ag)~0-102 x 6.08
1.27 if Northeast x 6.39
1.20 if Tower x 5.24
.91 if Common-Sited x 2.386
1.35 if "pangling" : 4,75
R®* = ,921- F - value = 63.5
Adjusted R? = .907

where NU

CLEAR CAPACITY is the total nuclear capacity

operatin
construc
MW

AE

n

g or under construction at the date a unit's
tion permit is issued,

is the capacity of the unit in mégawatts

is the number of units designed by the
architect—-engineer (including the current
plant) including any of the early commercial
sized reactors excluded from the cost data

base

Dangling" is a description ascribed to four units

in the data base whose duplicate partners
had not been completed and therefore

did not yet have final reported costs.
Estimation of new unit costs does not

include this wvariable.
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1 All costs are in 1979 construction dollars, taking account

2 of rates of inflation and construction cost escalation during the

3 period when these units were built. Separate treatment of cocal and

4 nuclear units were develcped from the Handy-Whitman Index of

5 Public Utility Construction Costs. Furthermore, the regression

6 equation gives direct construction costs only, excluding interest

7 during construction.

8 &hese equations were used to obtain 1979 construction § per

9 Kw cost estimates for 300 Mw coal plants, 600 Mw coal plants, 1000
10 Mw coal plants and 1200 Mw nuclear plants.
11 The coal plants were assumed to have scrubbers, and, of course,
12 northeast location. The 300 Mw units were assumed to be commonly sited
13 in groups of three and the 600 Mw units in groups of two. The ‘
14 units were assumed to be ordered in 1980, and the size of the éoal

15 sector was estimated to be 356,563 Mw in that year. The results are:

16 . 300 Mw coal $757.6 per Kw in 1979 construction dollars
17 600 Mw coal 773.8 per Rw in 1979 construction dollars
18 1000 Mw coal 814.6 per Kw in 1979 construction dollars.
19 In estimating total unit costs, including construction cost

20 escalation and interest during construction, it was assumed that

2l the 300 Mw, 600 Mw, and 1000 Mw units would be constructed over 7,

22 8, and 9 year periods, respectively. The direct construction expendi-
23 tures in 1979 construction dollars were spread out over these years

24 in a typical pattern as shown below.
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1 ) DIRECT CONSTRUCTION EXPENDITURES
IN MILLIONS OF 1979 COMSTRUCTION DOLLARS
2
3
300 Mw 600 Mw 1000 Mw
4 Coal Unit Coal Unit Coal Unit
3 Year 1980 18.2 15.5 16.3
6 1981 15.2 7.7 4.9
1982 36.4 10.8 4.9
7 1983 153.8 37.1 9.8
1984 267.4 157.1 39.1
g 1985 217.4 273.2 1l65.4
1986 49,2 222.1 287.5
9 1987 - 50.3 233.8
1988 = - . 53.0
10
Total 757.6 773.8 Bl4.6
11
12
13 Construction cost escalation was taken to be 2,65 percent
14 per year above the inflation rate, the same as was used for
15 nuclear plant real construction escalation costs as reported by ESRG
16 in previous studies (Refs. 22 and 23 ). Interest during construction
17 was assumed to be 2 percent above inflation in the ESRG Low Case
18 {10.5 percent in 1980, 9.5 percent thereafter), and 1.5 percent above

19 inflation in 1980 (11.5 percent) and.3.0 percent above inflation

20 thereafter (12,0 percent) in the ESRG High Case. The steps in the

21 procedure for estimating the capital costs are summarized in Tables B.l
22 through E=3 in Exhibit __ (DS=E ). Column 1 in these tables

23 restates the yearly direct construction expenditures (in 1979 construction
24 dollars per kilowatt) given above. Column 2 gives the yearly inflation

25 rate. Columns 3 & 4 are obtained from column 1 by cteonverting to current

26 dollar construction expenditures by 2.65 percent plus. the inflation rate

27 inthe Low and High cases, respectively. - Column 5 gives the yearly AFDC

28 rate. Columns 6 and 7 are obtained by applying the interest
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rates (Low and High) to the total accumulated prior expenditureé

in a given year, and one-half the interest rate to the year's

current expenditures. Columns 8 and 9 then take the total yearly
expenditures for construction and interest (the boxed numbers

in columns 3, and 8 and 4, and 7 and convert them to 1979 dollars accordinc
to the yearly inflation rate assumptions. The total estimated costs
(including interest and escalation during constructiaon) for the

coal plants in 1979 dollars are:

COAL PLANT CAPITAL COSTS

300 Mw 600 Mw 1000 Mw

Coal Units Coal Units Coal Units
ESRG Low $1058/Kw $1103/Kw $1197/Kw
ESRG High $1111/Rw $1164/Kw $1257/Kw

What capital costlescalation rate did you assume for these ceal

plants? .

We assume that the earliest years these plants can come on line are

1955, 1986, and 1987 for the 300 Mw, 600 Mw,and 1000 Mw coal plants,
respectively. Of course, the ESRG generation expansion optimization
routine could chogse to build these plants at later détes. The conse-~
quences would likely be that construction would be initiated later or ge-
layed. 1In such instances, a yearly escalation rate which includes (1) the
inflation rate, and (2) coal plant real construction cost escalation
rates, must be aprlied. The Komanoff regression equation gives

ccal plant direct construction cests in 1979 construction dollars.

Applying his equation to typical coal plants in the U. S§., Komanoff
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egtimates a real construction cost escalatién rate of 3.6 percen-
for plants completed hetween 1978 and 1988. I have conservatively
taken 4.0 percent as the average annual real capital cost

escalation rate for coal plants. This plus the ESRG Low or High annual
inflation rates is applied to the above capital cost estimates (in
1979 dollars) to account for capital cost escalations during vears
of delay in initiating or completing construction.

Would you please continue by describing your capital cost estimates
for nuclear units.

I have developed capital cost estimates for the completion of
Limerick Units 1 and 2 (earliest completion dates 1985 and 1987,
respectively), and for generic new nuclear units coming on line 1990
and thereafter. .

For Limerick 1 and 2 I have used the Komanoff regression equation
with the following inputs: Since these units received construction
permits in 1974, the va;iable NUCLEAR CAPACITY is given the vglue
78789, the size of the nuclear sector in megawatts in that year. The
variable MW is taken to be 1055, the size of each Limerick unit. The
variable AF is taken to be 38, the number of units designed@ by the
architecﬁ-engineer, Bechtel, by the year 1974. Since the two units are
cémmonly sited, in the northeast, and are designed to have cooling tbwers,_
these variables were also used in the regression equation. The result
obtained was: .

Limerick 1 and 2 Direct Construction Costs
in 1979 Construction Dollars
51002 per Kw
I have not applied the 9 percent difference between the costs

of Limerick 1 and 2 to express the economies achieved due to higher
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first unit costs for common-sited units that is embodied in the
Komanoff regression equaticon. The two units were, conservatively,
assumed to share full station c¢osts equally.

The generic nuclear unit was assumed to receive its construction
license in 1982. At that time the size of the nuclear sector is
estimated to be 169,171 Mw. The unit was assumed to have 1200
Mw capacity and to be built with cooling tower. The AE variable
was taken at an intermediate value of 20 by inspection of
estimated average experience of all major architect-engineer firms
by 1982 (Ref. 24). The unit was not assumed to be common-sited.
The result cbtained was:’

generic 1200 Mw Nuclear Unit
Direct Construction Costs in 1979 Construction Dollars
$1683 per Kw

The total capital costs of the Limerick and generic nuclear
plants were estimated using the same procedure as described for
the coal plants. For the Limerick plants yearly direct construction
expenditures were obtained from the Company. The Company's
yearly direct current dcllar construction expenditures frem 1976
through 1279 and estimates through 1987 were converted to 1979
construction dollars‘using nuclear power plant construction cost
escalation rates cobtained from the Handy-Whitman index (see
Pef. 25) for the years 1970 through 1977, and at 2.65 plus inflation
thereafter (see Refs. 22 and 23 ). This allowed a yearly
apportioning of fractions of the $1002/Kw 1979 dollar direct

construction expenditures estimated bv the Komanoff equation.
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1 * For generic units a typical yearly spread of direct constant (1979)
2 dollar construction expenditures, assuming a twelve year
3 schedule beginning in 1979 was estimated. The breakdowns for
4 these units are given below:
3 NUCLEAR UNITS
DIRECT 1979 CONSTRUCTION DQOLLAR
6 EXPENDITURES IN DOLILARS PER KW
7
8 Limerick 1 and 2 Generic Nuclear Unit
9 1970 7.0 -
1971 33.1 -
10 1972 41.0 -
1973 63.1 -
11 1974 75.1 -—
1975 . 77.1 --
i2 1976 99.2 -
1977 100.2 _ -
13 ' 1978 30.1 -
1979 55.1 . 11.3
14 1980 60.1 20.2
1981 64.1 16.9
15 1982 65.1 43.8
1983 _ . - 61.1 . 106.2
le 1984 ) o 53.1 143.3
e 1985 - 42.0 217.5
17 1986 : 9.0 296.7
1987 7.0 338.9
18 1988 - 241.1
1989 _ - 118.9
19 1990 - 28.7
20 1002 1683
21 These direct 1979 construction dollar expenditures were then
22 used to develop total plant costs in the same manner as described
23 for the coal plants. The details are given in Tables E=4 and
24 ‘E-5 in Exhibit (Ds=E ). The historic interest rates during
25 construction rates {1370-1978B) were estimated using the Companv's
26 cost breakdowns (direct vs. IDC) during that period. <Construction
27 cost escalation rates were obtained from Ref. 23 for 1970-1977 period
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and were taken to be 2.65 percent plus inflation thereafter.

The results cobtained were:

CAPITAL COSTS OF NUCLEAR UNITS IN
1979 DOLLARS

Limerick 1 and 2 Generic 1200 Mw Nuclear Unit
ESRG LOW $§1764/KRw $2913/Kw
ESRG HIGH 81907/Xw $3158/Rw

Using experienced 1970 through 1979 inflation rates and Company
expenditure data, I estimate that the Company will have spent a
total of $755/Kw in 1979 dollars for Limerick 1 and 2.through 1979.

Thus, the remaining (or marginal) costs of the Limerick units
are $1009/Kw-and $1152/Kw iq the ESRG Low and ESRG High éases{
respectively. As I shall describe later, in discussing the
sensitivity analyses I have developed, I have constructed scenarios
and obtained results with the ESRG Model assuming that (1) 100%

and (2) 0% of the costs ($755/Kw) already incurred for the Limerick

‘plants are included in the actual costs of these units for planning

purposes.

What capital cost escalation rate did you assume for nuclear units?

~ Based upon Komanoff results for 1978-1988 real cost (1979

construction dollar) escalations estimated for typical U.S. nuclear
plants and an estimated.!2.65 percent average amnual construction
cost escalation rate (Refé.22,23),1have répresented the nuclear

plant capital cost escalation as 8.65 percent plus inflation.
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What assumptions have you made regarding the costs of the Salem 2
nuclear unit?

Using Company data and annual inflation rates for the period

1968 through 1979, I have calculated Salem 2 total capital costs
(including interest during construction) to be $1182/Rw in

1979 dollars. As with the Limerick units we have constructed
sensitivity scenarios in which (1) 100% and (2) 0% of these

costs are ascribed to this unit. Of course, no capital cost
escalation is assumed.

What capital costs have you assumed for other new generic
generating capacity options?

By examination of the literature I have assigned.costs (in 1979
dollars) of 225/Kw for new combustion turbines, 1460/Kw

for new coal~«fired combined cycle units, and 520/Kw

for new oil-fired cycling plants, The capital cost

escalation rates were estimated to be the inflation rate plus 4
pexcent and 2 percent, respectively, for ccal and-oil plants.

How were these‘capital costs annualized?

The total capital cost of each plant was annualized on a levelized
basis by applying a fixed charge rate. The fixed charge rate was
calculated by applying the mortgage formula assuming a 30 year
lifetime (L) or amortization period. The formula, embodied in
the ESRG generation expansion program is:

ax (1 + =

FCR =
(1+a) Tt

This fixed charge rate does not include taxes and depreciation

which were separately assigned to each new unit in the FIXCC

variable in Exhibit pg-B,
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The discount interest rate (d} is assumed to be 3 percent plus

the long term inflation rate, that is, 8 percent in the PECO

scenarios and 10.5 percent and 12 percent in the ESRG Low and

ESRG High scenarios, respectively.

What other fixed costs related to plant capital costs, have

you assumed?

We have assigned fixed costs to nuclear plants, other steam-electric

plants, and combustiqﬁ turbinés separately based upon averége

Company depreciation r&tés estimated by Tom Welss . Tb each

of thesé we have added 0.15 percent for real estate and property

taxesiestimated as a Company averagé‘o%en total investment by
Tom Weiss - The resulting contributions to fixed carrying

charges (FIXCC in Exhibit DS«p )} are:

New Nuclear: 3.10 percent x Capital Cost (FIXCAP)

New Coal/0il Steam: - 3.36 percent x Capital Cost (FIXCAP)

New Combustion Turbihes: 3.55 percent x Capital Cost (FIXCAP)
These costs are assigned only to new plants (Sélem 2, Limerick, and
the generic options):as are the plant capital costs. 'Furthermore,
they are added to estimates of fixed operation and maintenance

costs to obtain the fixed carrying charges (FIXCC in ExhibitDS-B ).

Please describe your assumptions regarding operation and maintenance’

costs.

These costs were estimated in 1979 dollars for fixed ($ per Kw)
and variable ($ per Kwh) components separately. Recent Company

data for total plant-specific O & M costs (Ref.8)
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weré used. The breakdown between fixed and variable costs was
made using estimates for each plant type provided in an EPRI study
(Ref. 9 ), and using PECO plant-specific generation data. For the
Cromby and Eddystone units, Company data (Interrogatory Response A.GLF.3)
on estimated additional O & M costs, associated with environmentally
related charges, were included. The variabkle and fixed O & M costs
appear as VAROD and, respectively as FIXCC in ﬁxhibit for all
existing plants. For new units the fixed and wvariable 0 & M costs
were assumed to be the same as Cromby 1 for coal, Eddystone 3 and 4

for oil, about the same as the Peachbottom units for nuclear. The fixed
. ) _

O & M costs for new units were added to the fixed costs for deprediation

and taxes to obtain FIXCC for these units.
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You have arqgued for the existence of three major biases
resulting from the PECO supply planning analysis, which you have identi-
fied as deriving from the cost assumptions employed in the PECO

Planning Case, i.e.;

1. the bias toward baseload
2. the bias toward nuclear baseload, and
3. the bias toward high reserve margins.

Is it possible to provide some rough order of magnitude indication

of the_impact of these biases on utility costs, a proportion or all

of which will no doubt be passed on to the-PECO ratepayer?

In addition to my earlier discussion of the resuits that appear in
Table I, one can address this issueAfurther in the following way.

(See Table X.) Beginning with the PECO Planning Case, except including
full cépital costs that appeared in row #1 of Table I (called "Initial
Scenario” here), I have again identified the expected cost of
generation for the years 1981, 1987 and 1992, as in Table I. I then
examine a revision of row-#4 in Table I, called the "Revised Scenario"
here, assuming the ESRG construction program and prices. In this
"Revised Scenario", 1 assume, however, that the PECO demand forecast
comes true, in contrast to row #4 in Table I where the ESRG demand
forecast was assumed. Again, we see that the cost penalty to the PECO
customer of the PECO construction program exceeds $140 million 1979
dollars per year throughout the 1980's. This is further evidence

that the PECO construction program cannot be justified on the basis of

their demand forecast.
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TABLE X

AN ASSESSMENT OF THE SQCIAL COST PENALTY DUE TO
MISSPECIFICATION OF THE OPTIMAIL SUPPLY EXPANSION
PLAN
(Millions of 1979 dollars}

Social Cost Social Cost Cost Penalty -
Year PECO PLANT MIX* ESRG PLANT MIX** of PECO Plan
l981 $739.7 $643.4 $ 96.3
1887 940.3 753.5 186.8
1992 . 914.0 798.3 116.7
Total'*** 10,515.8 8,768.7 ' 1,747.2

* Based on PECO Forecasts of load growth and plant costs.

** Based on PECO Forecast of load growth and ESRG-LOW eStimates
of plant costs. ’

*** Interpolated cumulative totals, 1981-1992.
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1 Furthermore, I claim that this implies a lower bound on the

2 cost penalty implied by using the PECO planning procedureas and

3 assumptions on the order of 1.4 billion levelized 1979 dollars per

4 decade. This is because a true comparison at costs anticipated by

ESRG would require that the estimates in the PECO case be inflated

by the higher ESRG plant capital costs, thus increasing the discrepancy

between the two cases considerably. Thus, even using the planning

~l

assumptions most favorable to PECO, including assuming their

[4¢]

unrealistically high demand forecast, the cost penalty to their

g

10 customers involved in building the Limerick plants rather thén small
i1 coal plants is very large, and could potentially be several times

12 this "lower bound" estimate, as can be seen in referring back to

13 Table I.

14 Q. Does this conclude your testimony?

15 A. Yes. it does.

i)
-
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EXHIBIT A

THE ESRG ELECTRICAL SYSTEMS GENERATION EXPANSION MODEL

INTRODOCTION

This exhibit summarizes the aims and methodoclogy of the ESRG
Electrical Systems Generation Expansion Model (ESGEM). After stating
its major objectives, the exhibit describes the algorithmic procedures

utilized by the model in carrying out these objectives.

MODEL OBJECTIVES

ESGEM was conceived as a tool for the analysis .of capacity
planning as presently implemented by electrical supply systems. It
was designed in particular to be adaptable to the regquirements of an_
individual utility and to be easy and inexpensive to run.

In constructing the model, the authors had in mind a number of
issues which frequently arise concerning the merits of a given genera-
tion expansion plan: the following twelve issues addressed bv the

model convey the range of problems which informed its design:

1. The Costs of Over- Versus the Costs of Under-Forecasting

Even the best load forecast incorporates a substantial
error band. Utility planners’should, therefore, be required
to determine the economic consequences of error, both on the
low as well as on the high side. These scurces of error
include (1) systematic forecast error, plus, (2) stochastic
fluctuations in demand, e.g., those caused by weather. This
issue can be addressed directly thraugh the use of ESGEM, which
calculates the expected social cost of operation of a utility

system at various levels of reliability, and which accounts
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directly for the costs of curtailment (including blackouts)
relative to the costs of excess capacity.

The Magnitude of Potential Energy Deficiencies

ESGEM calculates the expected level of energy deficiency
in a utility system. It disaggregates this deficiency into
various subcategories defined in terms of measures that are
undertaken to rectify the deficiency, short of providing new
generﬁting units.

The Probability of Demand Shortfalls and Overcapacity

Given a defined capacity mix, the model calculates the
probability of any given level of capacity.;hortfall Or excess.
Included here is the classic loss-of-load probability parameter
as a special case.

The Impact of Load Management and Demand Curtailment Options

The need for generating capacity (including reserve) can
pe obviated either through lcad management (i.e., the alter-
ation of load patterns subject to an o&erall energy constraint)
or through innovative demand curtailment. i.e., the short-term
reduction of-demand in such fashion as to mitigate economic
impacts. ESGEM is specifically designed to analyze potential
costs associated with both types of options.

The Calculation of an Optimal Reserve Margin

ESGEM calculates the expected present value of social
costs (for energy served and unserved) associated with alterna-

tive reserve margins and then chooses that level of reserve

which .minimizes social c¢ost.
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The Specification of an QOptimal Capacity Mix

_ESGEM chooses an optimal mix of plants yearly so as to
minimize the expected cost of generation to the consumer, sub-
ject to various technical ceonstraints on plant operation (as,
for example, energy limitations on hydro facilities or limits
on the continuous operation of peakers).

Random Loads: and Outages

ESGEM is constructed so as to account both for random
varliations in the locad as well as for random forced cutages
in specific generation units.

Load Curve Analysis

ESGEM assimilates as input an hourly lcoad curve for an.
electrical supply system defined over an entire year. The
impact of any changes in this load curve can be directly
assessed. For instance, the ﬁodel can be employed for the
analysis of impacts on-a'utility system induced by non-central
statioﬂ generation within its service area (e.g., co-generatiocn,
low-lead hydro, and wind power).

Generation Planning -~ Reliability Feedback

Systems which employa smaller number of sizeable plants
may risk the possibility of consequential outages and resulting
excess demand. By contrast, systems comprised of a large number
of small plants may penalize rate payers by foregoing potential
economies of scale. These tradecffs and their potential rate

impacts can be directly explored through ESGEM.
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Optimal Retirement

ESGEM identifies plants that warrant retirement on
economic grounds: it indicates appropriate dates of retirement.

Change in Plant Operations

ESGEM identifies desirable changes of existing plant
operation, e.g., from Baseload to -Cycling Eperation, since
it outputs the exact number of hours per vear that it is
optional for each plant to run.

Interconnect and Energy Imports

The need for capacity can also be mitigated through an
increase in transmission interconnections and the formation of
centrally dispatched power pools. ESGEM incorporates these
options explicitly and can analyze economy and emergency
power purchases separately. It calculates the required energy
and the changes'in total system costs which would occur through
such arrangements. It alsc calculates the effec; of alterna-
tive interconnection arrangements on system reliability (LOLP,
blackout probability, etc.) and on the optimal reserve margin.

Long-Term Capacity Assignments

The possibility of assigning capacity for interwvals of
one or more years within the framework of a vigorous market
for energy exports (and imports), may impact the social costs
of generation. ESGEM is designed to account costs both in
the presence and in the absenée of assignment. It is thus
able to analyze potential benefits that would accrue from

greater economic coordination among separate utility systems.
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SUMMARY .OF MODEL OPERATION

Major subcomponents of the ESRG model are shown in Figure 1.

For a given electrical supply system a list of plants (including
their capacities, forced outage rates, maximum capacity factors, planned
maintenance periods, capital costs, and fixed and variable costs) is
introduced as data. These include (1} facilities already on line,

(2) specific plants under construction{ and (3) a series of "generic"
options ‘representing a set of feasible technologies of differ@ng fuel
types and sizes.

Given this set of plants and their associated cost and technical
characteristics, the generation expansion module caiculates for each
year of a specified time interval and for specified levels of generating
reserves, an "optimal" mix of both new and old plants. The model is
"forward iooking” in the sense that plants already partially or fully
constructed can be accounted at their incremental cost. Costs expended
in the past will figure into the optimization process only at the option
of the user. This option may be useful, however, in the case-when the
utility can recovef some of the cost of_ﬁheir plants through firm sales.

Once the time stream of plant construction, plant retirements, and
plant assignments is determined by the generation expansion module, the
module moves to the dispatching module. Here a sequence of simulations
is performed with the number of simulations specified by the user. For
a given chronological curve the model simulates dispatch of supply options
50 as to minimize operating costs (economic dispatch). The model first
employs generaticn options and economy imports. Once these are exhausted
the model assesses the possibility of imported émergency power, and

finally it dispatches the "soft" curtailment options, i.e., options which
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Figure 1

SCHEMATIC OF THE ESGEM MODEL

5
Revenue Module Annuyal Plant
Reserve Expansion #1 Cost Target
Margins Sub- Generation Escalation Year:
Module Expansion Rates
[
Load Curve Load Plant
Duration Data
Curve
- _ r
Module Costs and Escalation Rates
#2 for Non-Generation Qptions
32222222 Forced OuFage
Pistributions
Maintenance [
Schedule
Module
#3
Calculation’
of Load
Fluctuation
For Target
Year
l ]
Module Conditional
Fixed it Operating
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Calculation Social Cost Including
‘ & Reliability Cost of Energy
Measures Unserved
;
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DUF, ME
SEPT. 2, 1977 DUE AUG. 13,
1978 % 1979 SEPT. 2, 1980 1981
$ - $ - $ -

- : - 81,000.00

- / - 976.44
27,500.00 - -

- 26,875.00 oy

- 17,150.00 Z
34,125.00 34,125.00 -
10,000.00 10,000.00 -

DUE SEPT. 2, 1982,
1983, 1984, 1985, 1986,
1987 & 1988 - PRINCIPAL
IS PAYABLE $26,875.00
ANNUALLY EXCEPT FINAL PAYMEN!

DUE LUE SEPT. 2, 1988 IS $30,000. DUI

SEPT. 2, INTEREST AMOUNT IS SEP”

1981 FOR PAVMENT DATE INDICATED. 19
- s - $

($26,875.00 TO $30,000.00
26,875-.00 ANNUALLY)

15,268.75 13,387.50 Sept. 2, 1982

- 11,506.25 Sept. 2, 1983

- 9,625.00 Sept. 2, 1984

- 7,743.75 Sept., 2, 1985 .

- 5,862,50 Sept., 2, 1986 ..

- 3,981.25 Sept. 2, 19837

- 2,100.00 Sept. 2, 1988
34,125.00 34,125.00 . 34,12

10,000.00 -
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involve the mandatory, controlled, or voluntary curtailment of load
(ingluding voltage reductions), but whose social costs are small relative
to blackouts. The costs of unmet energy in the form of limited or £full-
system blackouts are calculated only where there is still additional demand
on the system after the soft curtailment options have ‘been invoked.

As plants are loaded by the dispatch module, their outage characteris-
tics are simulated. Forced outages are assumed to follow a Bernoulli
(on-off) distribution with parameters specified as data, based on
experienced forced outage rates. Flanned maintenance is allowed for by
derating plants over an "allowed planned maintenance season" which is
also user speéified. |

As plants are loaded or used for generating power, the model
aggregates operating costs incorporating fuel costs, variable operations
and maintenance costs, and variable environmental costs. Total production
costs are statistical averages over a larger number of stochastic or
Monte Carlo simulations of demand and plant outage fluctuations in
order to eliminate the possibility of anomalous ocutcomes. The total
social costs of operétion are calculated by adding the costs of imports
and energy not served (curtailment options).

Such a series of simulations are undertaken for each load at a
éiven year for a specified reserve margin. The simulations yield a
function for the social cost of operation under those conditions. The
expected social cost is calculated by weighting the cost at a given
load bv the probability of the given load determined by the typical
annual load curve and the stochastic fluctuations or randomness to be

expected in this load curve. This yields an expected total social cost of

operating for a given year at a given reserve margin.
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The program then adds to this expected cost of operaticn, the
incremental fixed costs associated with the calculated generation mix.

This includes fixed operation and maintenance costs, annulized capital
costs, and fixed carrying charges such as depreciation .and taxes. This
yields a time stream of total incremental social costs at a given reserve
margin. These costs are then discounted to a single year's constant
dollars.

A.more detailed description of each module follows:

MODULE #l: Generation Expansion

The operation of this module is shown in Figures 2 and 3. Given
an ﬁourly load curve LC(1) for a utility, we calculate the load
durat;on curve defined as

8760

(1) woc~lomiy) = 2o [Lr:(-r)d-r x Logical® {LC(T)—MWO}_
Q
1 if LC(1) 2 MW,

+
where logical = {
g 0 if LC(1) < MW,

For MW, and MW, shown in Figure 2, LDC_l(MWL)and LDC-l(sz) are

1
both equal to the integrated length of the broken lines shown. LDC“l(MWO)
1s the number of hours in a year where the load is greater than or equal
to MW _.

s}

For a calculated load duration curve (see Figure 3) we decompose
the area under the curve, i.e., the energy requirements of the system,
intoc a set of differential enerqgy elements which represent the energy

corresponding to a given level of load MW and reguired by the system

for LDC({MW*} hours.
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Selection of Optimal Generating
Units from Load Duration Curve in ESGEM

(3a.)

(3b.)
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Below the load duration curve in Figure 3 are cost curves for a
selection of facilities, both cld and new. These are calculated as the
cost (in dollars) of a unit of generating technology i operating for
t hours among alternatives a, b, ¢ and 4. For example, ¢ is the cheapest
way of providing energy at MW megawatts for t hours as required by the
system.

The module searches all such differential bands of energy, starting
with base load energy, finds the minimum cost means of serving that
energy, and then assigns a unit megawatt of this optimal technology to
the mix. The individual costs of each differential band are then summed
to produce the totai cost of supply.

Calculating the Reserve Margin

Were we to follow this procedure over the entire load duration
curve, we would indeed determine a least cost mix of plants whose total
capacity is exactly equal to the peak load. 1In fact, it is prudent for
utility planners to account for the possibility of supply requirements
in excess of peak loads due to such contingencies as forced outages,
uncertainty in load, forecast error, etc. The excess of supplf relative
to peak is termed reserve.

ESGEN calculates the reserve in the following manner {(illustrated
schematically in Figure 4). For every differential energy element at
a given load, Module I first calculates the least cost facility capable
of meeting the load. It then tests to see whether the plant can run t
hours in light of its maximum annual capacity factor entered as data.
Where this indeed limits operation tc less than t, the capital cost is

multiplied by t/(MAX t), and yields the cost per derated kilowatt.
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Schematic Flow Chart of Optimal
Generation Module (Module I)
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If this expanded cost is still optional, the module introduces
(t/MAX t}-1 of this facility's capacity as reserve.

Reserﬁe is accumulated until the specified reserve margin is
exceeded. Where the reserve is never exceeded throughout the costing
iteration procedure, the program introduces a sequence of unused plants
as reserve. These will include either old plants which had not heretofore
entered the optimal mix or new generics in order of increasing costs.

This segquence terminates once the reserve margin is exceeded.

Capacity Assignments

Module #1 is capable at the users' option of assuming a market
for excess capacity from any given facility. In this case, the program
would mandate a given (optional) number of megawatts from a particular
facility. This amount would be wholly independent of the size of the
facility. Implicitly we are assuming here that the utility can mandate
construction of the plant and then assign the excess over its own -
needs to some other electrical supply system at cost,

Where the assignment of arbitrarily small portions cf a power plant
to another utility is assumed to be unrealistic, as it usually 1is, the
program is able at the users' option to round off the capacity included
within a single utility's mix to any given block size or fraction of the
overall capacity of the plant. This allows for the scenarios of no
assignments or assignment in discrete blocks.

Energy Limited Generation Options

Module I can accommodate the possibility of such options as run-
of-the-river hydro, pumped storage, or economic energy imports, where the
limitation on overall use is constrained on the basis of energy as well

as power capacity.
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The Use of Incremental Costs

It should be noted that the default option on Mecdule I is that
capital costs include only the incremental rather than the full costs
of capital, 1If a plant has been in operation for twenty years, the
fixed costs already long committed do not play a role in the economic
comparison with other plants. Current carrying charges and fixed
0 and M are relevant, however, and are included as fixed charges in
the cost comparison.

This default option can be waived for plants where cancellation
implies a full or nearly full recovery of costs of its construction to
date, either through tax writeoffs or assignments of capacity.

MODULE #2: Ecconomic Dispatch

Given the generaticn mix selected, the operation of this moduie
proceeds first by defining a given leoad level and then by ranking
generation options (plus econcmy imports) in order of increasing operating
cost including fuel cost, variable cost of operations and maintenance,
and variable costs due to reduced efficiency as a conseéuence of
environmentally mandated retrofits.

The program successively loads plants in order of increasing
operating costs. It tests whether the plant is in fact on-line
by generating a random number betweeq 0 and 1 and ascertaining whether
this number is less than the plant forced cutage rate. If the test is
positive, the plant is assumed off line and the program proceeds to
the next plant pntil all plants have been dispatched,

Non-Generaztion Options

The above procedure is iterated until.such time as the hourly lcad

is exhausted. Where the totality of generation options including economy
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imports is insufficient to meet load, the following sequence of non-

generation coptions is invoked, in the order listed.

I. Emergency imports
Ir. Controlled access hot water heating
III. Controlled access space heating

) Iv. Controlled access air conditioning
V. Interruptable contracts
VI. Voluntary appeals
VII. 5% voltage reductions

VIII. 8% voltage reductions

IX. Limited and rotating blackouts

X. Full system.blackouts

In the course of the dispatch procedure, the operating costs
are accumulated. The costs of non-generation supply is accounted for
at very conservative or high values on the basis of the most recent
studies.

.Together these costs define the expected operating cost for a
given leoad and a single simulation. These expected costs are then
averaged over a large number of simulations as specified by the user,
in order that average simulated plant availability match the historical
data.

Planned Maintenance

For each load a pair of expected costs are specified. During one

portion of the year, we assume that planned maintenance is possible: during

the peak demand parts of the year, planned maintenance is precluded. The
costs are calculated for the planned maintenance period by derating the

capacityvof all plants. The derating factor is equated to the length
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1 of the maintenance (or refueling) period divided by the length of the
2 season over which maintenance is allowed. For the no maintenance period
3 no derating is imposed.
4 Defining the Expected Cost Function
5 Figure 5 shows the range of loads over which éxpected costs are
6 calculated by Module II. Both peak and minimum annual loads are subject
7 to some random variation. Given assumed probability functions for these
8§ Pparameters, we extend the range upward from the peak and downward from
g the minimum a given number of standard deviations (t) as defiﬁed by
1¢0 the user. This generates a function of the following form:
11
12 Expected cperating Caost =f {;oad, Maintenance/No Maintenance}
13 (ﬁinimum b -{)S Load é (?eak Peak+bot)
15 MODULE IXI: Calculation of Load Probabilities
16 Given an expected annual load curve, LC(T), Module III assumes for
17 each hour of the year a normal probability distribution, with expected
18 rvalue LC(T) and a standard deviation equal to A, x LC{T) with A, defined
19 by the user. In other words, the dispersicn corresponding to any load
20 value is directly proportional tec the magnitude of the load.
21 Given this probabilistic formulation, the program calculates the
22 joint probability function
23
24 P{Lecad, Maint/No Maint},
25
2¢ which describes the probability of a given load assuming either that it

occurs during the no maintenance or the maintenance season. The user
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FIGURE 5
RANGE OF LOADS EMPLOYED FOR CALCULATION OF
EXPECTED SOCIAL COST
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inputs those hours of the year where maintenance is possible. Using
the desired preobability functions, the module sums the probability of
a given load over all hours of the year where‘maintenance is possible
and then over all hours of the year where maintenance is disallowed.

MODULE IV: The Calculation of Expected Soc¢ial Cost

This module computes expected social cost at a given reserve
margin by weighting the conditicnal values found in Module II with
the probability values calculated in Module III. This yiel&s the
expected operating cost at a given reserve margin. To this are
added the fixed costs associated with the optimal generation mix output
from Module I, '

In mathematical terms:

TOTAL SOCIAL COST = Total Fixed Cost (Reserve Margin, Year)

+ Probability {(Load, Maint) x Expected Operating Cost
Loads -
(Load, Maint)
* loads Probability (Load, No Maint) x Expected Operating Cost

(Load, No Maint)

MODULE V: The Optimal Reserve Margin

This final module consists of two steps:

A. The expected soclal cost for each year at a given reserve margin
is discounted by the nominal social rate of discount. The overall

present value of the cost stream is then calculated cover a user

defined time interval.
B. The program searches among discounted streams for all allowable
reserve margins and specifies that margin where toal expected

social cost is minimized.
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Output Format

Apart from total expected levelized social cost and the optimal
reserve margin, the model generates a large quantity of additional
information. Exhibit C displays sample output from the program. The
actual reserve margin is always greater than the target when the
assignment option is limited and plants have to be incorporated in
well-defined increments.

Under the heading option are listed supply options entering the
optimal mix at a level greater than zero. For each of these options
expected total hours of operation and expected energy generated is
printed out.- Hours are disaggregated into hours wiéhin the allowed
maintenance period and hours where no mqintenance is allowed to occur.
Also listed for each option are rated capacities and capacity factors.

Finally, the expected costs associated with each option are disaggregated

- into four categories: energy, variable operations and maintenance,

carrying charges, and capital costs. For facilities currently on line,
capital costs are accounted at their incremental values only. For
facilities under construction, capital costs are accounted at either
full or incremental cost depending on the particular scenario. Facilities.
planned but as vet not constructed are, of course, always accounted at

full cost.
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PTYPE FTYPE CAP  FOUTR FUEL VAROP FIXCAP  FIXCC MAINT CAPFAC

1 BARES .3 6 17. 0.042 U.026_ 0.0142 g. 0.72 1680 3.30
Z BAREE 3 3 19. 0.232 ©0.026 0.0142 0. 9.72 872 0.30
3 BaRBR7 3 & 17. 0.0735 0,026 ©0.0142 0. 0.72 672 0.3¢
4 CHEST? 3 A4 13, 0.089 _ 0.0%8 _0.0142 0. 0.72 _ _1344 0.30
S5 CHESTSB 3 4 13. 0.089 0.058 ©0.0142 o. 0.72 168 0.30
& CHESTS 3 4 13. 0.088 0.058 0.0142 0. 0.72 336 0.30
7 CROMB1 1 2 137, 0.140 0,015 6.0034 g. 11.72 1344 0.71
B CROMBZ 1 3 183. 0.151 0.046 0.0034 0. 14.61 336 0.81
9 CRaY1l1 2 4 ag, 0.323 0.048 0.0047 0. 0.27 0 0.3¢
10 CrROYLZ 2 4 49, 0.323  0.048 0.0047 0. 0.27 e 0,30
11 CROYZ: 2 & “ag, 0.323°  0.048 0.0047 0. 0.27 0 .30
1Z CROYZZ e 4 49, 0.323 0.048 0.0047 o. 8.27 0 0.30
13 CROY3L 2 4 43. 0.323 0.948 0.0047 0. 0.27 v 0.30
14 CROY3Z2 Z 4 49. 0.323 0.048 0.0047 0. 0.27 [+] .37
15 CROY4L 2 4 49. 0.323 0.048 0.0047 0. 0.27 0 0.30
16 CROYaZ 2 4 4g. 0.323 0.048 ©.0047 0. 0.27 0 0.3%
17 DELA7Z 27 TTTT3T T i2e. T 0.0407 0L038770.0027 77 0.7 B8.1477 336 0.8%
18 DELWE z 3 124. 0.040 0.038 0.0027 0. 8.14 336 .85
19 DELAS 3 4 15. 0.042 0.083 U.0142- 0. 0.72 840 0. 30
20 DELALO 3T T 4 13l 0.089° U.065 0.014Z 0. [P 6727 0.30
Z1 DELALL 3 4 13, 0.088 0.065 0.0142 9. U.72 672 0.390
22 DELALZ 2 4 13. 0.088 0.0685 0.0142 0. 0.72 672 .30
3 ELDY1 “1 2 301, 97180 T 0.014 700030 e 190.17 771680 0.E3
I4 Eppvz 1 2 311, 0.200 0.0G15 0.0030 0. 10.17 1344 Q.83
25 Eooys z 3 380. 0.250 0.045 ©.0030 0. 11.95 338 0.71
6 ELDY4 - I a689. 0.250 0.045  0.0030 0. 11.85 1680 7.56
27 EDDY10 3 4 13. 0.089 0.0%8 0.0142 0. 0.72 6872 0.30
I8 EDDVZO 3 4 13. 0.085 ¢,0358 0.0142 C. 0.72 672 0.30
I8 EDLY3O 3 r} 15. 0.042 TOT0S8 T0.014Z 0. 0.727 ig8o “0.30
30 EDDYAOQ 3 4 15. V.04Z  0.0%8 0.014Z v, 0.72 1680 0.3
31 FALLS! a . 4 1. 00482 0.058 0.0142 0. 0.72 1008 Q.3¢
32 FALLSE a T a TS.TT 0042770058 0.01427 T 00 0072477778407 T0.30
33 FALLS3 a- a 15. 0.042 0.058 0.0142 o. 0.72 168 0.30
34 MOSERL 3 4 15. 0.042  0.053 0.0142 o. 0.72 168 0.3¢
-35 MOSERZ 3 4 T1S. Q.94 T 0,059 TU.0142T T 0. T 0.727 77 188 0.3C
36 MOSER3 a 4 15. 9.042 0,038 0,0142 Q. 0.72 849 G.3¢
37 mupDY! 4 7 119, 0.082 0.0 0.0 0. 2.74 336 U.18
38 nULDDY2 4 7 110. 0.08Z2 0.0 6.9 0. 2.74777 3387 TT0.ig
39 MuDDY3I 4 ? 110. 0.082 0.0 ¢.0 0. 2.74 0 0.1
4¢ MUDDY4 4 7 1i0. 0.082 0.0 0.0 0. 2.74 0 .18
41 MUDDYS T 7 110,77 0.e82 TT0T0T oo T T ez e o7 0.,1g
2 MUDDYS 4 7 110. %.082 0.0 0.0 0. 2.74 0 .18
43 MuDby? . 4 7 110, ¢.082 Q.9 Q.0 0. 2.7_4 672 0.1¢€
43 MupDYs & 7 110. 0.082 0.0 0.0 0. Z.74 T e7E777 0.
43 PEACHZ 1 L 447, 0.200 0.004 0.0008 0. 17.42 840 0.7¢
46 PEACH3 _ H 1 439. Q.200  0.004 0.0009 0. 17.42 840 _ 0.7C
47 DIESEL 3 4 15. 0.850  0.048 0.0009 0. 0.72 77 azs T 0.3¢
48 PLMTS 3 4 29. 0.41% 0.064 0.0142 0. 0.72 aae 0.32¢
49 PLMTLS 3 4 29. 0.415 0.064 0.0142 0. 0.72 336 0. 3¢
S0 RICHS Z 3 166. 0.1350 G.035 ©0.0048 Q. 23.39 168~ " O.a:
31 RICHZI 3 4 as. 0.111 0.055 0.0142 0. 0.72 §72 0.3¢
SZ RICHZZ 3 4 33. 0.1t1 0.0%5 0.0142 Q. 0.72 672 0.3¢
$3 RICH3L 3 ) 33. 0.111 0.058 0.0142 . 0727 7T a3s T 0.3
54 RICH3Z 3 4 33. 0.111 0.058 0.0142 0. 0.72 336 0.3
S5 RICH&1 3 4 Z1, 0.216 0.055 0.0142 0. Q.72 1008 0.3¢
56 RICH4Z 3 4 21. 0.216 0,055 0.0142 0. 0.7 1008 Q.30
57 RICH43 3 4 o 21, 0.218 0.055 0.0142 G. 0.72 1008 0.3
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RICH44
RICHT.
RICHSZ
RICHBL

Z RICHEZ

RICH71
RICH7Z
RICHB1
RICHI1
RICHSZ
SCHY!
SCHY3
SCHYS
SCHY1l0
SCHY1)
SOUTHL
SQGUTHZ
SAUTRS
SOUTH4
SCUTHS
SOUTHSE
CONEML
CONEM2Z2
CONEMD
KEYET1
REYSTEZ
KEYSTD
SALEML
SALEM3
ConOt
COnND2
conNa3
CoOnG4
comas
CONOE
cano?
CONDS
congg
CONGEIOQ
CONOLL
SALENZ
LIMERINK1
LIMERIKZ
GaUC
GCOALZ
GCOALB
GCOAL1LD
CGMEINED
OILCYCLE
PKGCT
ECONGHY
EMRGENCY
INTERUPT
LIMHW
LMSH
LMAL
YOLAP
BRNQUTS
BRNOUTS
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3 4 21,  U.Z16 0.0%5 O.0142 0. 0.72 1098 U.30
3 4 33. 0.111 0.058 0.0142 g. 0.72 672 0,326
3 4 aa. 0.111 0.772  (.0142 0. 0.72 672 .30
3 4 3a. G111 0.0%8 0.0142 9. v.72 336 0.3u
3 3 33, 9.111 0.05%8 o0.0L42 0. 0.72°  S[a3e T 0.3¢
3 4 21. C.216 0.033 0.0142 0. 0.72 1008 0.3
3 4 Z1. ¢.216 ©0.055 0.0142 0. 0.72 1008 0.30
3 q 51, L2688 T 0.050° 0.0r4z2 T 00 T, 72 1ouE 3,30
3 a sl. U.269 G.050 0.0142 0. G.72 2016 Ty,
5 4 =1, 0.2585 0.050 0.0142 a. .72 2016 3,3
Tz 3 159, 0. 130 0.035" 0.0030 3. 17.32 1ove- 0,73
1 3 49, 0,120  0.018 ¢.0030 o. 17.32 84 ¢.87
3 3 32. 0.12¢ 9.080 0.0030 0. 17.32 84 G.B7
3 3 13- ¢.088 w.080 0.0La2 0.7 "0.727 ~ 188 To0.39
3 3 is. 0.942 0,069 0,0142 <. 0.72 1689 90.30
3 <] 178. 0.150  0.0%0 0.0013 0. .12 336 _ 0.81
3 3 178, ©.1350 0.050 0.0019 0. 9.12 336 9.81
3 4 13. 0.089 0.0B3 0.0142 0. 0.72 B840 9.2
3 413, 0.089 _ 0.063 0.0142 9. 0.72 B4¢ 9.30
3 4 130 o.ues U.063  C.0L42 G. 0.72 168 .30
3 4 13. 9.988  0.063 0.0142. o. ¢.72 168 .30
1 2 176. ©9.379 0.014 0,00189 0. .56 168 0.6U
1 z 176. 0.351 0.9014 ©0.00ig 0. 9.56 168  0.63
3 4 2. ¢.0680  ¢.048 O.0142 0. 9.72 168 0.30
1 2 179. $.27%  0.014 0©.0023 0. g§.83 6572 0.ES
1 27 178,77 0VEES T UL014T 0.0023 T 0. 8.9377 77 &8 .71
3 4 2. 0.092 0.048 0.0142 0. 0.72 0 0.30
1 1 468. 0.200 0.004 0.0010 0. 18.67 849 0.70
3 S 18- V. 04T T O0.0%6 0.uld2 v. 0C72T  TB4AO T T0.L30
5 7 36. Q.090 0.0 0.0 0. 4,00 o} .40
- 7 36. 9,080 0,0 0.0 0. 4,30 o Q.40
5. 7 6. 0,090 T 0.9 0.0 oL 4,00 I VI 1
s 7 a5, 0.080 0.0 0.0 o. 4,00 o 0.4
5 7 36. 0.080 0.0 0.0 0. 4,00 Q .40
s CTTTT7?TTTT36, 7T 0,080 0.0 0.0 0. 4.00° o 0. 44
s 7 36. 0.080 0.0 0.0 0. 4,00 v} G.40
5 7 65. 0.03¢ 0,0 0.0 0. 4.00 v i3, 40
s 7 65. 070807 QU0 TOL0 0. 4700 9T T 9.0
5 7 63. 0.09¢0 9.0 0.0 ¢. 4,00 ) ¢, 40
s 7 g5, 0.090 0.0 0.0 G, 4,00 v 0.40
i I LY 0. 160 UL004T T 0L 0010 T 1827 S6.26 T T 1148 77 Q.79
1 1 1055, V. 160 0.004  Q.0010 1508. 66.75 1148 .70
1 L 1U55. 0.160 0.004 0.0010 1508. 66.79 1148 0.7¢
i T 10000. 7T 0.180777 0,004 9.001077 2913.  110.30 B84¢ 9.70
1 Z 10000, V.160  9.914 00,0034 1050, 45,32 336 0.80
1 i 10000, 0.210 9.914 0.0034 1000, 47,00 338 0. 78
1 TZTT10900.T  0.269 0.014 "0.00347 71150, 30.38 338 0.70
z Z 10090, 9.119  0.01Z ©0.0039 1410, $5.33 840 0.80¢
2 3 10000. 0.110 0.940 0.0030 520. 2%.42 338 0.85
3 10006, 0.080 0.048 G.01427  2285.7 8.7y 168 .30
& S13. 0,100  O.048 0.0 Q. 0.0 o 0,50
8 500. 0.500 J.086 0.0 9. 0.0 0 1.0
8 o 0.0 0.0 G0 9, 0.0 o 1.10
8 654. 0.0 0.206 6.0 0. 0.0 o 9.25
& 0. 0.0 0.200 0.9 50, 0.0 9 110
g G. 0.0 T.2007 0.07 —  S0. 0.6 0T .10
G 170. 0.0 0.200 0.0 . 9.0 0 v.10
& 150. 0.0 Q.100 0.0 0. 0.0 0 0.10
] 100° 0.0 0. I8¢ 0.0 o 0.0 O G.10
a9 10000. 0.0 5.000 0.0 0. 0.0 o 1.00
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TNamELIST E5LT

PTYPE  FTYPE CAP  FOUTR FUEL VAROP FIXCAP  FIXCC MAINT CAPFAC
1 BARES 3 [ 17. 0.042 0.026 ¢.0142 . w.72 1680 ¢.30
Z BARBE 3 5 18. 0.232  0.026 90.0142 __ _ G._. 0.72 ___ _B72 __0.3v
T3 BARB? 3 5 17. 0.075 $.026 0.014Z 0. J.72 872 0. 30
4 CHEST? 3 4 13, 0.089  0.088 0.0142 g. G.72 1344 2,30
S CHESTH 2 4 13. 0.088  0.058 ©.014I 9. .72 188 .39
= T8 CHESTH 3 3 13. 0.089 0.058 0.0142 0. 0.72 338 0.30
7 CROMBI 1 2 137. 0.140 0.915 ©.0034 13443 G.71
8 CROMB2 1 3 183, 0.151 0.0456  0.0034 336 0.81
T Te'crOYIl Z 5 35 0.329  5.048 0.00a7 7 T T .30
10 CROYL12 2 4 48. 0.323 0.048 0.0047 0 0.30
11 CROYZ1 2 4 ag. 0.323 0.048 ©.0047 v 0.30
"7 712 CROYZ2Z 2 [} 49, 0.323 0.048 0.0047 [V 0.30
13 CROY31 b4 4 49, ¢.323  0.048 $.0047 v ¢.30
14 CROY32 2 4 45. 0.323  0.04B ¢.0047 o .30
15 CROY41 2 3 48, 0.323 0.048 9.0047 "o G.30
16 CROY4Z z 4 4g. 0.323  G.048 (.0U47 o G.30
17 DELA7Y 2 3 128. 0.040  0.038 0.0027 _ 336 ¢.85
18 DELAS8 Z 3. 124, 0.049 0.038 §.0027 336 0.8s5
19 DELAS 2 4 15, 0.042 0.0B5 (.014Z B840 ¢.30
Z0 DELALQ 3 4 13. 0.083 . 0.065 0.0142 872 ¢.30
21 DELALL 3 g 137 70,083 TQ,065 0,0142 TTe72 T 0.30
22 DELALZ 3 4 13. 0.088 0.085 ¢.014Z G672 g.39
23 EDOY! 1 2 301, 0.180 0.014 0.0020 1680 .63
7T 24 EDLYZ 1 P 31T, 0. 200 $.015 ~0.0030 T 7iZ44 7T w.835
25 ELDY3 2 3 aso. 0.2%0 0,045 0,0030¢ 338 0.74
26 EDDY4 2 3 380. 0.250 0.04% 0.0030 1680 V.56
"T'27 EDDYIO 3 3 i3. G.089  0.058 0O.0142 7 T Te7zT 0.30
2B EDDYZ20 3 4 i3, 0.082  0.058 0.0t4Z2 57= .30
29 EDDY3C 3 4 <. X042 0,058 ©.014Z 1BEY 9. 30
30 EDDY4O0 3 q 15, §.0427  U.058 UMEZTT 1880 G. 30
31 FALLSI 5 | % is. 0.042  0.058 ©.0142 1008 Q.30
32 FALLSZ 3 4 15. 0.042  0.058 0.0142 340 .30
T337FaALLS] K] 4 1sTT 0042 0.058 0.v142 168 .30
34 MOSER! a 4 15. 0.042 G.0S9 G.0142 158 0.30
35 MOSERZ 3 4 15. 0.042 0.058 0.0142 158 0. 30
36 MOSERZ 3 4 15. 0.042 0.058. ¢.0142 840 0.30
37 MLDDY1 4 7 110. ¢.082 0.0 0.0 336 .19
38 MUDDYZ 4 7 119, 0.092 0.0 0.0 338 G.18
39 MUDDY3 4 7 110, ¢.082 0.0 G0 v 9.i9
40 MUDDY4 4 7 110. 0.9082 0.0 Q.0 v .19
4i MUDLYS 4 7 110. 0.092 0.0 0.0 0 ©9.19
47 MUDDYE 3 7 110. G.082 0.0 3.0 TGO 09.18
43 MUDDY? 4 7 110, 0.092 0.0 0.0 B72 0.18
44 MUDDYB 4 7 110. 0.092 0.0 G.0 672 0.19
4% PEACHZ 1 1 a37. 0.200 7.004 0,008 — T840 0.7u
45 PEALCHI 1 1 438, 0.200  0.004 0.0008 §40 9.70
47 DIESEL 3 4 19. 0.850 0.048 0.0008 336 .30
48 PLMTS 3 [} Z29. 0.415  0.054 0.014Z2 336 T 0.30 T
49 PLMT1S 3 F ] 25. 0.413  0.0B%4 0.0142 336 0.30
S0 RICHS F 3 166. 0.150 0.033 0,0043 188 0.83
51 RICHZ1 3 [ i 0.111 0,085 " ¢g.0142 872 ~ 0.30 " T
52 RICHZZ2 a 4 33. 0.111 0.085 0.0142 67z .30
53 RICH3L 3 4 33. 0.111 0.058 (.0142 336 .30
T %3 RICH3Z 3 3 33. 0.111 ©.0%5B 0.0142 T 73838 T w.30
SS RICH41 3 a 21. 6.216 0.0355 0.0142 1008 0. 30
56 RICH4Z 3 4 21. 0.218 0.055 0.0142 1008 0.30
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57 RICH43 '3 4 21,7 O.Z16 ~ 0.0S5 ¢L0142 a. 0.72 LGOS 0. 30
S8 RICH44 3 4 21. 0.216 ©.055 0.0142 Q. 0.72 o8 0. 30
59 RICHS! 3 4 55. 0.111 0.058 ©0.0142 ¢. 0.72 &7z U.30

© 80 RICHSZ 3 4 330 0UIIT 0V0sB To.0T4ET T o, 0.7z 572 U.30
61 RICHB! 3 4 33. Q.11 0,058 0.0142 0. 0.72 336 v.30
62 RICHEZ 3 4 33. v.1il 0.0%8 0.0142 <. 0.7z 336 G, 30
63 RICH?1 3 ] Z1. V.Z218 7 0L.055 700142 T T 7Tl T Tw.72 0 T 1008 0.30
B4 RICH72 3 4 Z1. 0.216 ©.035 v.0u14Z2 . 9.72 FVIs]: ] .30
65 RICHSB1 3 4 st. 0.268  9.950 0.014Z2 G. G.72 1008 .30
66 RICHSI ] ) S1. 0LZBS T 0.050 TOI014zE 07 V7Z Z016 9.30
67 RICHS2 3 4 St. 0.269  G.U50 ©.0142 0. 0.72 ZU1B ¢.30
88 SCHY1 2 3 158. ¢.150  ©.035 0.0030 <. 17.32 1008 U.73
“68 "SCHY3 T 37770120 TG 0187 0.00307 T TOeTT L7232 T T T a4 g.87
79 SCHYS 3 3 3z, 0.12¢ ¢.0B0  0.0030 0. 17.32 g4 9.87
71 SCHY10 3 4 13. Q.83 V060 ©Q.0L4Z . G.72 168 O.3G
72 SCHYI11 | L) 15, U.042 0.0B0 0G.0142 0. 0,72 1680 0.30
73 SOUTH! e 3 178. 0.150 0.050 0.0019 0. 9.12 336 0.81
74 SOUTHZ 3 3 178, U LS50 0.05¢  ©.0019 0. S.12 356 .81
75 SOUTH2 T 3T T % 13, T0.085 T T0.063 0.014Z vl 9.72 840 0.30
76 SOUTH4 3 4 13. ¢.0BS 0.063 0.0142 0. .72 g4 .30
77 SOUTHS 3 4 13. v.089 U.OUB3  0.0142 g. .72 168 .30
"T78 SOUTHBE 3 AT T 13 T T e.089 T 9.0683 w.01dZ T 0.7 00727777 168 7.30
79 CONEMI 1 z 176. 0.379 0.0t4  0,0019 . 8.56 168 V.60
80 CONEMZ 1 2 . 176. 0.351 0.014 0.0019 0. 9.58 158 0.63
81 CONEMD ~— ~ "3 7 "Ta7TT oz, 0.060 U.048 G.0142 7 u. T u.72 168 9.30¢
82 KEYST! 1 z 179. 0.275% 0.014  Q.0023 0. g8.93 E72 V.65
B3 KEYSTZ 1 z 173, 0,265 0.014 0.0023 0. 8.93 168 .71
T B4 KEYSTD 3 L'y 2. 70,0827 0.048° 0.0142 0. 0.7z T 77 9 ¢.320
B85 SALEM1 i 1 3686, 0.200 ©0.004 0.0010 0. 18.57 8B40 9. 70
86 SALEM3 3 4 16. 0.043 0.058 0.0142 o. v.72 840 .30
U7 conoil T L3 7 36, ©.080 0.0 0.0 TTTTT BL 7T 3Lu0 T .49
g8 CONGZ 5 7 36. 0.980 Q.U G.0 7. 4,00 v 0.40
83 _conaga s 7 36. 2.080  9.¢ 0.0 o. 4,90 ) 0.4
‘907 CONO4 3 7 TAE.T0L080 60T T G0 T T ol T Taloe 0 .40
g1 CONOS s 7 36. 0.090 0.0 0.0 u. 3.090 V) 0.4
92 CONOB s 7 26. 9.080 0.0 .0 0. 4,00 v} G40

© 83 COoNOT 5 7 38, 0.09¢ 0.0 0. 07 T TTTTOSTT 4,90 0 .40
94 CONOS8 s 7 ES. ¢.080 0.9 9.0 0. .00 v 0. 40
95 CONGgS 5 ? 65, 7,090 ) 9.0 0. 4,00 v 0.40
"T"'86 CONO1O g 7 65, o.d80" 0.0 (2] 0. 4 00 T T 0 0.40Q
57 CONQ1l s 7 65. 0.080 .0 9.0 0. .00 v .40
98 SALEMZ i 1 474, 0.260 0.004 ¢.0010 118Z. 56.26 1148 0.80
89 LIMERIKI I 77 IT  10S5. 7 W.IB0T  O.004  O.0010 T 17E4. T 74.68 1148 3,69
100 LIMERIKZ 1 1 1053, ¢.260 Q.004  ,00L0 1764. 74.66 1146 U.60
101 GNUC 1 1 10000, 0.260 0,004 $.0010 2813, 110.30¢ §30 -1v)
10Z GCGAL3 i Z 10000, U150 V.04 U.0034 1958, 47.27 336 VIN-1V)
103 GCOALE 1 2 10000, 0.21¢ 0.0l4 U.0034 1103. 4g.78 336 .75
104 GCOAL1Y 1 I 10900. 0,260  0.014 0.0034 1197, 51.94 kic]c] 0.7v
105 COMBINED 2 2 10000, 0.140 0.012 0.0038 146G, 61.01 sS40 0. B0
106 OILCYCLE z 2 10000, 9.110 0.040 0.0030 520. 29,472 336 v.8%
_107 PKGET 3 4 10090, U.0%0  0.048_ 0.9142 225, 8.71___ _\EB __ _0.30
108 ECONOMY & s 9:13. 0.190 0.046 0.0 0. 0.0 Y 9.50
109 EMRGENCY 5 3 200. 0.300 0.096 0.0 Q. 0.0 0 1.10
110 INTERUPT & s ¢. 6.0 0.0 0.0 0. 9.0 ¢ _ 1.10
111 LHMHH & s 64, 0.0 6.200 0.0 9. G.0 3 G.25
142 LMSH 6 5 o. 0.¢ 0.200 0,9 S, 0.0 v 1.19
_ 113 LRAC & 3 Q. 0.0 0.200 0.0 50. 0.0 0 1.10
114 VOLAP & = 170. 0.0 ©.200 0.0 0. 6.0 Q 0.10
115 BRNOUTS E 3 150, 6.0 0.100 0.0 0. 0.0 3 U.10
116 BRNOUTS & % 100. 0.0 0.150 0.0 0. 0.0 G G.10
117 PARTIAL ] S 106000. 0.0 5.000 0.0 . G.v 9 .90
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NARELIST ESAL e
PTYPE FTYPE CAP  FOUTR FUEL VAROP FIXCAP FIXCC  MAINT CAPFAC
L BARES 3 3 17. 7 90.04z2 0.0ZE 0.014Z 0. 0.72 168 ¢.30
I BAREG 3 & 19. 0.232 0.026 ©0.0142 0. 0.72 72 0.39
3 BARBT 3 6 17. 0,078  0.026__0.0142 0. 0.72 7% 0.30
4 CHESTY e] 4 13. 0.088 0.058 0.0142 0. V.72 1344 0.30
5 CHEST® 3 4 13. ?.0889 0.058 0.0142 Q. 0.72 168 0.30
6 CHESTS 3 4 13. 0.08% 0.058 0.0142 0. 0.72 336 G. 3
7 CRGREL 1 Z 1377 §.1%0 T.01i57 0.00347 Yo 11.72° 1344 ¥.71
8 CROMBZ 1 3 183, 0.151 0.048 0.0034 g. 14.61 336 0.8
S CROYLL 2 4 48. 0,323  0.048 0.0047 0. 90.27 ¢ 0.30
10 crOoYL2 W T T 2 ) 48, 0.325 0.048° 0.0047 0. .27 ] 0.30
11 CRGYZL 2 4 43, Q.323 0.048 V.0047 0. 0.27 0 0.30
tI CROYZ22 2 4 43, 0.2323  0.048 ©.0047 9. 0.27 ] 9.30
3 CROY31 27Ty 49,7 0.323777 0.048 T RT0047 T TTOD T TTe.zy T T T O T T0.30
14 CROYAZ 2 4 Ag, ¢.323 0.048 0.0047 VN 0.27 v 0.30
1S CROY4L 2 4 48, 0.323  0.048 0.0047 a. 9.27 Q G.3u
16 CROY4Z 2 3 497 6.323 0.048 " 0.0047° 7 T 0. w277 70T 9,390
L7 DELA7Y 2 3 126. 0.040 0,038 0.0027° Q. B8.14 336 0,85
;B8 DELAR 2 a 124. 0.040 0,038 0.0027 Q. 8.14 ass 9.85
19 DELAS 77T ATTTUTISTTT 0,042 77 0L0ES 00142 T 0. T 04727 T840 T Q.30
20 DELALD 3 4 13. 0.083  O.QB5 0.0142 0. 0.72 B72 .20
Zl DELALL 3 4 13. 0.082  Q.0BS 0.0142 Q. Q.72 672 9.3¢
22 DELALZ T3 [ 3 T3t 0.08BY  ©.083 0.0142 0. 0.72 BY2 ™ 0.3%
23 EDDY:I 1 2 301, 0.180 0.014 ©.0030 0. 10.17 1680 0.63
24 EDLYZ 1 z 311, ¢.200 0.01%5 ©.0030 Q. 10,17 1344 Q.65
25 EDDY2 = 3 c[-Om DLETOT T 0045 0TU030 ol 11.8% 336 o.71
26 EDDY4 z 3 380. 0.250  Q.04% 0.0030 0. 11.95 1680 0.5€
27 EDDYLO k| 4 13. 0.0B9 0,088 0.0142 v 0.72 672 9.3¢
28 EDDYZu 3 4 1307 oloBg ™ o.osE 0.0I4zTTT TR, T TOI7Z T OTBTR T T O.L3C
ZS EDOYIO 3, 4 13, Q. Q42 0.058 ©.0142 ¢. G.72 168¢ .3
39 EDDYa&0 3 4 15,  0.042 0.088 0.0142 0. 0.72 1680 0.3¢
31 FALLSL 3 4 is. G.o4z o058 wlv14z” T 0o 9.727 T o008 T 0.3¢
I FALLSZ 3 4 15, 0.042 . 0.088 0.0142 g. ¢.72 B40 . 3
33 FALLS3 3 4 13, 0.04Z 0.058 0.0142 a. 9.72 168 .3
34 MOSER1 3 g i3, 0.082 0.0%8 0.014Z7 0. 0.72 ic8 0.3
35 MOSERZ 3 4 15. 0.042  0.058 0.0142 0. ¢.72 168 0.3
36 MOSER3 3 4 15. 6,042 0.058 0.0142 Q. 0.72 B840 0.3
37 MUDDY1 T3 7 1190. 0,082 0.0 0.0 v. 2.747 77338 o1
38 MUDDY2 a 7 110. 0.092 0.0 Q.0 G. 2.74 " 338 VI
59 muDbY3 4 -7 110. 0.092 0.0 0.9 Q. 2.74 0 U.1
40 MUDDY4 3 7 110. 0.092 0.0 9.0 0. 2.7 T 0 T 041
41 MUDDYS 4 7 110. ¢.092 0.0 0.0 0. 2.74 o g.i
42 MUDDYS 4 7 110. 9.082 0.0 0.0 0. 2.74 V] O.1
43 MUDDYZ ~ [ 7 110. 0.0892 0.u 0.0 0. 2.74 T 7872 T T ULl
44 MUDDYS 4 7 110, 0.092 0.0 0.0 0. 2.74 672 G.1
45 PEACHZ 1 1 447, 0.200 0.004 0.0008 0. 17.42 840 0.7
46 PEACH3 1 1 432, U.200 ¢.004 0.0008 0. 17.42 B840 G.7
47 DIESEL 3 4 18. 0.850 0.048 0.0009 0. 9.72 a3s 0.:
48 PLMTS 3 4 29. 0,415  0.064 0.014Z 0. 0.72 336 0.0
43 PLMT1S 3 4 z29. G.41%5 0.064 0.0142 Q. 0.72 336 Q.
50 RICHS 2 3 166. 0.150 0.03% 0.0048 o. 23.33 168 O.f
51 RICHZ21 3 4 33. 0.111 0.055 0.0142 0. 0.72 672 0.:
2 RICH22 = 4 ok 0.111 0.USS 0.014% 0. 0.72 672" oO.
53 RICH31 3 4 aa. 0.111 0,058 0.0142 0. 0.72 336 Q..
S4 RICH3Z e 4 3. 0.111 0.088 0.0t42 0. 0.72 a3s .-
T sS5RICH41 3 4 Z1. J.216 0.055 v.01427 UL ©.72777 1006 0.
56 RICH42 3 4 Z1. 0,216 0.033 0.0142 2. 0.7 1008 0.
57 RICH43 3 4 1. 0.216  Q.055 0.0142 2. v.7% 1008 J.
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S8 RICH4E 3 4 21. 0.216 0.055 ©0.0142 0. 0.72 1008 ©0.3¢

59 RICHS1 3 4 33, 0.111 0.058 0.0142 . 0. 0.72 672 G.30

60 RICHIZ2 3 4 33. Q.111 0.058 0.0132 Q. 0.72 §72  0.30

Bl RICHE1 3 4 33. 0.111 0.058 0.0142 0. G6.72 336 0.30

62 RICHBZ a 4 33. U.111 0.958 0.0142 0. 0.72 336 0.30

63 RICH71 3 4 Z1. 0.218 0.055 ¢.0142 0. 0.72 1008 6,30

64 RICH7Z 3 ) Z1. 0.218 ©.055 0.0142 . 0.72 1008 .30

B3 RICHSE1 3 4 St. 0.268 0.050 0.0142 . 0.72 1008 0.30
___6E RICH9 3 4 Si. 0.289  0.050_ 0.0142 0. 9.72  Z2G:8 Q.30
67 RICHSZ 3 4 51. 0.Z265 ~ 0.050 0.0142 o. 0.72 2016 0.30

68 SCHY1 2 3 159, 0.150 0.035 0.0030 0. 17.32 1008 9.73

62 SCHY3 1 3 49, 0.120  0.016 0.0030 0. 17.32 84 v.87

T 70 SCHYg 3 3 I 0.120 0.050 0.0030 0. 17.32 g4’ 0.87
71 SCHY10Q 3 4 13. 0.085 0,060 0.0142 0. 0.72 168 0.30

72 SCHY1l 3 4 18. 0.042 Q.00 0.0142 0. 0.72 1680 Q.30
73 SO0UTHI 3 3 178, 0.15¢ 9.05¢” 0.0019 7 T 0. 9.1z 77336 0,81
74 SOUTHZ 3 3 178, 0.150 0.050 0,00189 0. 9.12 336 0.81

75 SOUTH3 3 a 13, 0.0B8 0.083 0.014Z 0. 0.72 840 .30
"7 76 sOUTHS 3 4 13, 0.089 0,063 0.0142 [ )8 0.72 840 3.30
77 SQUTHS 3 4 13. 9.085 0.063 0.014Z L 0.72 168 .30

78 SOUTHE 3 4 13. 0.089 Q.083 0.0142 0. 0.72 168 0,30
779 CONEMI i e 1767770378 7 T0L014 T0.00197.  O. T 9.56 168 G,.80
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0y o T 1547 219,y o doal? 0.0. 0.0 0.0 0.28 131.4 G
0 CON KT 1o i 217i. 6 L 0. 410 9.0 0.0 0.0 0.8 12%.4 (:)
Y1 LONDY dé 1437.1 2195.5 S402.7 0,415 0.0 0.0 0.0 0.28 130.0
72 CONOS NEN 1420, 204 Js0n.y 0.4a11 0.6 0.0 0.0 0,28 129.7 (:)
23 Connz T 1406, 21855 3L, Y 6.405 0.0 0.0 0.0 0.2 1278 A
94 CONUU a%. 1AT9.2 1AV AL G 0.713 o.0 0.0 - 0.0 0.50 25,2
Y13, LONDY &%, LS. 1 2179.0 3a5%.2 | 0,418 0.0 0.0 0.50 6.0 (.50 2374 (:)
4 GONOLO N 1a36.8 21390, 2 0.400 0.0 0.0 0,50 0.0 0. 50 .G <
%7 EfHOLL 4. 1440.3 2103.6 3 2 0,405 0.0 0.0 0.50 0.0 0.50 30.4 s
VB SALEND AL 25035 4424.4 0.400  31.40 %42 45,50 133,42  2822.9 A
v LEMEKIKL L1054, 2542.0 43vi.8 G.682  T70.0 121 3% 300.71 S24.36 4300.4 u/
100 LIMERIKD  105%, 2545,7 4308.0 0,601 TOLY 11,100 150380 S04.7) 524,31 &297.4 >
163 GLOALS T TR L ¥ FHR S 3o BV 01612 HY.EF 21,02 Hd.19 0 174072 337031 3217.7 )
108 ECONONY w13, 1264.6 2485.1 0,238 341,07 0.0 0.0 0.0 261,07 1903.9% >
10% EHKGENEY B0, D3, M0 ¢.000 0,27 0.0 0.0 0.0 0.29 1.0 —
t11 LHHW & 2. 2.7 Y0 0.001 0.:00 a0 0.0 0.0 0.20 0.3 :
114 voLaF 170, 2,2 204 9.4 0. 000 0,730 0.0 0.0 0,0 Q.30 0.4 |
115 BRNOUTS 150, 1.7 A L 0,000 0.09 0.0 0.0 0.0 0.0% 0.3 ¢
114 BRNOITD 100, 1.3 G i.7 0.000 0,04 0.0 0.0 0.0 0.04 0.1
117 FARTIAL  &€F3 R4 0.0 0.4 9. 0.0 1.9% 0,0 0.0 0.0 1.99 0.1 :
110 TOTAL FEEEN VY T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
SUHHARY REGULTS B
LOSS-0F -1, 0AD FROLALTLTIEES!
FARTLAL BLACKOITS 0.6001 = 0.2 bavs 1N TEIE JEARY
TOTAL BLACKDUTS 6.0 = 0.0 DAYS Ll FIM VAl
ALL CURTAILBENT OFTIONS 0.0008 = 2,0 03YsS 1i0 TEN YEARS
TOTAL SYSTEN CUST $ 24058 HILLIOH (1992) « 4 914.0 HILLTON (NTSCOUNTEN-TO 1979)
TOTAL ELECTRICLITY GENERATED 42643, G n
INCRERERTAL ELECIRIGCITY LOST  S,8 1992 CENTS FER KWH = 2.1 1979 CENTS FER KWH %'ﬁa
LOAD FACTUR S%.3% o
. t o
TN LoEs B Lyl sl LN SCUUHEED 10 1YY ML LN o ::;_
FUEL 12, . 799,
WA LALLE (bati 1%, : 1z, (o}
CARRY LG CHAKGES v, 183, H
[HCKREHENTAL CARETAL 03a. . 308, o
LOIT U1 1 it COST TN 1990 1L [0 PLSCOUNTEN TY 187Y $HL1LL EOt EHERBY L 6L g'c
! ECanin R I . LYY 1%6.5.Y 7
EHRGEN R T .0 E% (%
FOTAL GO LRE e ¢ 2084 Gl ol s o b ul®0 GlRL I (DISCOLHTEN Ty 197%) N
CLACLUHIFE COST 4 L8 GILLIOM 1y - CT BTN TBTEC TN T 1Y) 0
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EXHIBIT C

SAMPLE ESGEM RUN

BASED UPCN:

ESRG CONSTRUCTION PROGRAM
ESRG DEMAND FORECAST

ESRG LOW COST AND FULL PLANT CAPITAL

COSTS
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PLANT DATALD ESL: LOAD GROWTH: ESRG RESERVE HARGINS. INPUT 5.0%: RCTUAL G.5%
ANNUAL, COSTS (MILLIDNS OF 1981 DOLLARS)
TOTAL CAPFAL ENERGY VARO&M CARCHG CAPITAL TOTAL SWH GENERATED

[ £ 1 Z43z.7 0.306 1.34 0.76 0.01 . 2-31 45.6
1e. 2 & I2:8.4 0.306 1.71 0.84 0.92 . 2.57 50.3
T - I Zg3:.t 0.308 1.34 0.76 0.01 . 2.32 47.8
: T 5354.8 0.866 13.78 3.17 1.87 . 18.82 789.4
1 i8a.C 0.019 ¢.48 0.03 Q.02 - 0.54 8.2

g ZZ04.7 2.020 0.39 0.03 Q.62 . 0.358 8.8

€ 148.2 Q.017 0.4C q.04 Q.02 . 0.47 7.z

2 10s.8 0.012 0.29 ©.03 Q.02 . 0.34 5.1

L 3 I%8s.7 0.813% 41.38 2.83 1.20 . 43,41 899.%

<4 9 7723.7 0.836 41.73 2.88 1.18 . 45.77 907.8

T . 33.54 L338.4

65688.2 Q.391 24.92 F.45 3.37

fGLin <] tasn ¢

0.0
0.0
0.0
0.0
9.0
0.0
0.0
0.0
0,0
9.0
¢.0
Z 5482.8 0.618  28.82 S.8% 3.88 0.0 38.40 1BE3.4
3 633.3 0.038 §.96 0.4% 5.30 0.0 12.7¢ 127.8
7 i049.8 0.087 12.1% 0.78 5.3 6.0 18.22 c=a.:
4 1871.4 0.206 0.0 0.0 0.35 0.0 0.35 158.1
G 1873.8 0.206 0.0 Q.0 0.3% 0.0 0.35 188.4
: :883.7 0.21% .0 Q.90 0.33 Q9.0 0.35 07.2
T 1753.7 3.201 8.0 0.0 0.35 0.0 0.35 194.0
2 12402 0.210 Q.0 0.0 0.25 0.0 0.3% 202.4
= 1838.7 0.Z210 0.0 0.0 0.33 0.0 0.35 202.4
Lo 21887 U.229 0.9 0.0 Q.33 0.0 0.3% 220.5
L Iiss.t 0.228 0.9 0.0 0.3 0.0 0.3% z18.0 -
y 6845.4 - 0.702 1Z.B8 z.88 9.08 4.0 24.8% I7%0.7
. $763.4  0.682 12.45 .80  8.82 0.0  24.21  2669.1 <
3 3o 0.003 0.03 0.0 0.0z 0.0 0,08 9.5
6 5I28.5 0.580 45.30 5.39 4.53 0.0 55.32 850.0 z
I 6521.6 0.683  40.57 3.138 .21 0.0 47.24 960.3 e
& 7382.6 0,833 5.32 1.23 0.95 9.0 9.18 337.8 0
5 S3B7.1 0.B03 14.76 2.08 1.98 0.0 18.78 929.7 —
c 55%¢.8 ©0.633 153.48 2.1 1.98 8.0 18.5: 975.3 m
. 7 6I58.3 0.657  16.30 2,75 1.88 0.0 20.91 1026.9
g 5407.5 0.717  17.81 3.01 1.86 0.0 22.67 1121.6 o
I g7e1.2 0.6898 13.40 ° 3.34 10,19 0.0 E.832  2B60.5
I 3¥83.3 0.410 0.0 0,0 Q.17 0.0 0.17 128.4
1 2%9%.9 0.410 0.0 0.0 .17 0.0 0.17 129.53 m
§ 3884.1 0.421 0.0 0.0 0.17 0.0 0.17 132.6 o
0 3563.4 0.407 0.0 9.0 .17 9.9 V.17 128.3
s 3368.7 0.407 ¢.0 0.0 a.17 0.0 0.17 128.5 o
I 3%36.3 Q.406 9.0 0.0 0.17 0.0 0.17 128.0
8 3617.0 0.413 9.0 0.0 9.17 0.0 0.17 120.2 0.
¢ 3761.6 0,423 0.0 0.0 0.30 9.0 0.30 Za4.%
T 3709.8 0.423 0.0 0.0 9.30 0.0 0.30 140.8
¢ 3631.5 0.415 0.9 0.0 Q.30 9.0 0.30 236.1
5 3T76.6 V. 408 0.0 6.0 Q.30 0.0 0.30 232.5
9 58838.3 0.578 11.2B 2.80 31.10 0.0 45.15  2403.8
7 Ba71.4 0.385 171.90 6.0 0. 0.0 171.30 30BB.3
S 88.1 0.004 1.50 0.0 0.0 0.0 1.890 15.3
3 107.1 0.011 1.4% 0.0 0.0 0.0 1.45 5.0
5 78,3 ©.008 z.11 e.0 0.0 0.0 2.11 8.7
LT 23.3 9.003 0.42 0.0 2.0 0.0 0.4z 3.5
5 0.3 0.001 0.18 0.0 0.0 0.0 0.18 1.0
7 7.9 u.o 13.87 0.0 9.0 0.q 13.87 z.3
0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0
3.1 DAYS IN TEN YEARS
3.0 DAYS IN TEN YEARS
INT OPYTIONS 0.0132 = 44.5 DAYS IN TEN YEARS
COET $ 734.2 MILLION (1981) =« & &6!.4 MILLION ¢DISCOUNTED TO 15731
TV SENERATED 30BSE. GWH
_Egj'nrc:w COST 2.4 1981 CENTS PER KWH = 1.9 1979 CENTS PER KWH
IN 19B: smILLIGN DISCOUNTED TO 1979 snILLION
384, Jia.
%E. 46.
*GES 123, g4,
IAPITAL 0. a.
20 COST IN 19E: sMILLION DISCOUNTED TO 3979 snlLLION ENERGY IN GkH
17:.80 140.78 308€8.3
1.90 1.55 16.3

:HEN? COST & 18.03 MILLION (19B1) = & 14,77 MILLION (DISCOUNTED TO 1879}
$ 13.87 MILLION (1981) « 8 11,36 MILLION (DISCOUNTED TO 1978}
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LDAD CURVE! PELCD PLANT DATAD ESLL LOAD GROWTH: ESRG RESERVE MARGINS! INPUT 14.0%7 ACTUAL 14.ux
4MEGARATTS MOURS OF USE ANNUAL COSTS (MILLIGNS OF 1981 DOLLARS}
CAPACITY MAINT NOMAINT TOTAL  CAPFAC ENERGY YARCAM CARCHG CAPITAL  TGQTAL  GWH GENERATED

17. 1157.1 2413.3 3570.4% 0.318 1.650 0.78 0.01 . z.38 47.4
18. 1158.58 1885.53'3044.3 0.319 1.79 0.88 0.02 B .68 3.1
17. 1084,2 19680.8 3065.) 0,320 1.61 0.79 0.01 - 2.81 47.7
137. 2636.7 4512.1 7148.7 0,678 14.05 3.23 1.87 . 19,15 815.0
43. 42,6 50.8 53.3% ¢.010 0.23 0.0Z Q.02 . Q.29 4.3
49, 48.2  =3,7 103.8 ¢.011 Q.27 0.03 0.02 . 0.31 4.7
48, - 365.3---25.4 7.7 Q07 Q.18 0,02 0.02 - . 0.32 - =202
44. 21.8 s1.8 73.8 0.0086 Q.16 Q.01 0.02 - 0.19 2.7
49. 36.3 64,4 120.7 0.013 Q.32 0.03 0.02 . 9.36 3.3
45. 54,3 73.5 1Z8.4 0.013 0.33 0.03 0.02 . 0.38 5.7
49, 31.2 4B.3 79.7 0,909 0.22 0.02 0.92 . 0.28 3.8
49. 36.8 43.0 789.7 0.009 0.22 o,0L C.0Z . Q.26 3.8
1Z6.  2H66.3 #443%.1 7411.3 9.791 43.13 2.73 1.29 . 44,08 87z2.9
124, 3078.7 4535.5 7774.2 0.835  41.7C 2.86 1.18 . 43.75 907.3
301. 2300.8 4396.8 G697.4 0.803 35.43 J.96 3.57 . 34.5%56 1580.2
IR 2392.8 4031.2 5444.0 0.614 Z8.52 5.83 3.69 . 38.17 167Z.2
ago. 183.3 422.4 6§97.7 0.037 .54 0.43 %,30 . 12.37 122.0
380. 412.4 774,7 1185.: 0.076  13.80 0.88 5.20 . 19.89 253.5
110. " 748.4 1097.2 184%9.5 6,203 0.0 0.0 0.35 . 0.35 195.3
L10. 79%.2 1383.3 21768.7 ¢,2358 0.9 0.0 0.35 . 9.35 229.8
110. ?74.1 1092.1 !86B.2 v.213 Q.90 0.0 .35 . 90.33 205.3
110, 786.1 1094.C2 1880.3 9.215 o.0 9.0 v.33% . 0.33 206.8
110, 771.8 1068.0 1839.7 g.210 0.0 0.0 0.35 . 0.35 202.4
110, 768.5 1048.8 18.8.5 0. 208 0.0 0.0 0.35 . ©.35 00.1
150, 746.1 1379.4 2135.5 0,222 0.0 0.0 0.3% . 0.3% 2:14.3
o110, 7%9.5 1332,1 2081.5 0.218 9.0 0.0 0,35 . ¢.3% 21,2
T as?, 2511.1 4163.7 BE76.6 0.6B6 15.27 Z.82 2.u8 . .24.47  2BB3.0

~ 439. Z473.8 4238.7 £7368.5 0.681 12.44 2.79 8.8z 24.15 2657.5

CODOO0COO0LCOLOROOOQOULOOOOODOOLOCACLOOLOCODGOOO0OR0DOEOCLOOADDOTOCOCLO
T L - - R - - - NN R - R - R - I - - - - - R N - . O, SO - RS -

19. Z%.8 33.0 $6.% 0.006 0.06 0,00 0.02 . V.08 1.1
. 1BB. 2373.2 3794.2 B167.4% 0.648  44.49 2.33 - 4.53 . 54,41 342.9
-+ 29,7 300 SE.T7 0. 006 9.1% 0.04 0.048 . 0.24 z.3
. ' 153, 2660.0 #300.1 §860.1 0.691 40,78 3.37 3.21 . 47.37 963.0
- A9,  3004.5 4419.5 7424.2 0.838 B.34 1.28 .89 . .19 3%58.7 -
v 7 178, 7.8 t6i.4 29%.0 9.022 2.07 o.08 1.89 . 4.04 34.2
o . 176. C14§.8 3209.0 5433.7 0,808 14.8%9 2.08 t.96 . 18.93 838.1
, 4 176. ZIZ30.1 3401.3 S651.5 0.533 15.49 2.18 1.896 . 19,61 97%.4
zZ. 33.3 22.7 3JB.0 0.006 0.01 0.00 0.00 . 0.01 0.1
Gy 179 2368.0 3688.8 6057.0 V.637 15,82 2.67 1.86 . 20.3% 996.4
o7 179. I552.6 3861.1 6413.3 ©0.718 17.82 3.01 1.88 . 22.69 1122.7
L . 33.2  31.4  B4.5 0.007 0.0: 0,00 .99 . Q.01 0.1
%2 A4BB.  2521.i 4233.0 §738.2 0.693 13,31 3.3 10.1% . 26,82  7842.3
:ug 16. 15.4 18.8 8.7 0.004 0. 04 0.01 0.0t . 0.08 0.8
3 36. 1496.3 2220.2 3716.% 0.424 9.0 0.0 Q.17 . 0.17 133.8
IS 36. 1433.7 2101.2 3534.8 0.404 0.0 0.0 Q.17 . 0,17 127.3
36. 1431.8 2213.3 3645.2 0.416 0.0 Q.0 - V.17 - .87 131.2
3. 14%2,3 2112.5 3I%64.8 0.407 0.0 .0 0.17 . 0,17 128.3
36. [441,6 224Z.4 3584.0 0.421 3.0 9.0 0. 17 . a.17 132.8
38. 1420.7 2203.3 3EZ3.9 0.414 0.0 0.0 0.17 . 0.17 130.%
38. 1438.9 2178.3 3618,3 0.413 0.0 0.0 0.17 . 0.17 130.3
85, i440.5 2123.7 3364.3 ¢. 407 C.¢ Q.0 0.30 . 0.30 231.7
BS. 1530.4 2223.8 3754.2 0.478 0.0 0.0 0.30 f 0,30 244.0
83. 1449.5 2146.3 3333.9 0.410 0.0 0.0 0.30 . 0.30 233.7
63. 1472.1 2187.5 353%9,7 D.418 0.0 0.0 0.30 N 9.20 237.9
474.  2223.0 3898.8 5031.8 0,593 11.53 2.87 31,10 . 43,51 2462.2
¥ 813. 2302,1 3978.0 §180.1 0.385 171.28 0.0 [ . 171,28  3077.3
oY 200, i4.4 9.8 4.8 0.001 0.66 0.0 0.9 . 0.66 3.7
B4 . 13.5 12.7 2B.2 0.003 0,34 0.0 0.0 . 9,34 1.4
170. 11.0 3.6 14,8 0,001 [T 0.0 0.0 . 0.44 1.8
5 L50. .5 2.3 g8.8 0.001 0.12 0.0 0.0 . 0,12 1.0
3 100. 3.8 1.1 4.8 0.001 Q.08 0.0 0.0 . 0.08 0.5
L EateRss 3.2 1.9 4.2 0.0 5.78 0.0. 0.0 . 6.78 1.1
raswen 0.0 0.0 0.0 0.0 0,0 0.0 6.0 . 0,0 0.0
ISULTS
'AD PROUBRBILITIES:
_ACKOUTS 0.000% = 1,8 DAYS IMN TEN YEARS
L0UTS 0,0 = 0.0 DAYS IN TEN YEARS
LMENT OPTIONS 00,0030 » 10.9 DAYS IN TEN YEARS
TEM COST $  728.7 MILLION (1991) = ¢ 3%8%,.1 MILLION (DISCOUNTED TO 1379}
. ITRICITY GENERATED 30B38. GWH
e ELECTRICITY COST 2.4 1881 CENTS PER KWH = 1.9 1978 CENTS PER KWH
2R 39.3%
TS IN 1981 SMILLION DISCOUNTED TO 1879 sHILLION
366. 316. -
RRL] 36. 48,
HARGES 105. 86.
iL CAPITAL ¥ 0.
TIGNS:- COST IN 1861 sMILLIGN DISCOUNTED TQ 1872 smlLLION ENERGY IN GRH
171.28 140.28 3077.2
0.66 .54 5.7

TAILMENT COST s 7.77 NMILLION {1881) » s 6.37 MILLION (DISCOUNTED TO 1979}
JOST s 6.78 MILLION {1881 = % S.%6 MILLION {(DISCOUNTED TO 1979}




18H1 PELO LunD CURYMET PEGO PLANT DATAT ESLI LUAD GWUWTH: ESRG RESERVE MARGING: INPUT 22.0%: ACTUAL 22.1%

MEGAKAT IS HOURS OF ULBE ANNIAL COSTS (MILLIONS OF 1981 DBOLLARS)
OPTION CAPACITY HAINT  NOHAINT  TOTAL CLAPFAC ENERGY WARO4M CARCHG CAFITAL TarTaL GHH GENERATED

I BARUS 17, P113.0 2496.5 3u19.5 G313 1.57 .77 Jg, 0] v.,0 2.35 46.6

2 BAlKBG 9. 104,88 18495.3 3000, 1 3.313 1.78 0.H7 0.02 LY 2,85 52.4

3 BARB? 17. [123.2 1881.7 1014.9 0.318 1.58 ¢.78 0, 3) 0.2 2.38 47.0

& CHEST? 13. 3.9 2.8 5.8 0. 001 a.00 .00 0.401 0.0 0.02 0.1
8 CHESTB 13, 4.0 2.7 B.B 0,001 0.01 .00 0.01 6.0 0.02 0.1
E CHESTS 13. 3.5 2.7 6.2 [V TR .01 0.0 0.91 0.9 Q.02 0.1
7 CRONMBL 137. 2437.3 43G62.89 G90¢.2 v.637 13.60 3.13 187 0.0 18.60 788.¢
9 CRrROY1) 49. 33.7 98.2 a92.8 u.01l0 0.286 0.02 0.02 0.9 .30 4.3
10 CROYLZ 49, 47.8 108.0 155.6 0.013 ¢.,38 Q.04 0.02 G.0 0.43 6.9
11 CROY21 43. 21.89 30.6 72.5 Q.07 0.18 0.02 0.02 0.0 0.22 3.2
12 CRr1y22 43. 15.6 J1.6 47.2 0.0035 Q.12 0.01 0.0Z 2.0 0.13 2.1
13 CROYAL 49, 47.4 143.7 191.1 0.0139 Q.47 0.04 Q.92 0.0 0,353 g.1
14 CROY3Z 48. S1.7 128.1 179.7 0.019 0.47 0.04 0.902 6.0 0.53 8.9
13 CRGvV4L 49. 13.1 47.8 £0.9 0.005 V.14 0.01 0.0z 0.0 O. 1B 2.4
16 CROY4Z2 49. 31.4 54.2 a8s5.7 G.oo8 0.15 0.02 0.92 0.0 0.22 3.3
1?7 DELA? 126. 2939.1 4473.7 7412.8 0.793 40.33 2.78 1.20 0.0 44.23 877.1
18 DELA8 124. 3096.0 4717.0 7813.0 9.843 42.08 2.88 i.18 0.0 6. 14 913.2
23 EDDY!L aol, 2287.6 4340.0 6637.0 ¢.598 25.21 3.32 .57 0.0 34.29 15376. 4
I4 EDDY2 drir. 2367.2 43498.1 6713.3 0.B633 29.B0 68.03 J.649 0.0 38_34 1728.89
5 EBDY3 a0 . 212.7 438.7 6B51.3 0.042 7.68 0.48 5.30 9.0 13.43 180.6
6 EDDY4 a80. 447.3 B!3.Z 1282.7 o080 14.54 0.93 5.30 a.0 20.77 267.0
27 EDDY10Q 13. 3.2 2.4 5.7 0.001 .00 Q.00 .04 0.0 0.02 8.1
28 EDDYZ20 13. 3.8 3.2 6.9 9,001 0.01 0.00 9.01 0.0 0.92 0.1
29 EDDY39d 15. 3.8 3.z 5.9 [V Y 0.0} .00 0.01 9.0 0.02 0.1
30 EDDYAOQ i35, J.4 3.1 6.6 0.001 0.01 0.00 0.01 0.0 0,02 0,1
31 FALLS! 15. 1.8 2.6 4.4 0.000 0.00 0.00 0.01 Q.0 0,02 0.1
32 FALLSZ 15. 2.2 2.7 4.9 0.00tL 0.00 0.00 0.01 0.0 0.02 0.1
33 FALLS] 15. 3.8 3.2 7.1 G.001 0.0} 0.00 0,01 G.0 0.02 0.1
37 HUDDY1 110. 797.% 1119.4 1B1E.6 0.211 0.0 0.0 0.335 0.0 0.35 202.8
38 mUbDY2 110. 787.1 1359.8 21I6.9 9.233 0.0 0.0 0.35 0.0 0.35 224.3
39 MUDDY3 110. 772.4 1082.9 1833.3 9,212 0.0 0.0 ©.33 6.0 0.35 204.1
40 MUDDY4 110. 743.8 1vsB.B 1B14.7 9.207 0.0 ¢.0 ©.33 Q.9 0.35 189.8
41 HUDbDYS 110. 743.8 1037.7 1781.3 J9.203 .0 3.0 0.35 0.0 0.33 183.8
42 HUDDYB 110. 754.8B 1058.2 1813.0 0,207 0.0 3.0 G.33 0.0 0,33 189.4
43 mMUDDY? 110. 739.3 1401.7 2157.0 2.226 0.0 0.0 0,35 0.0 0.33 217.4
44 HUDDYA 110. TEL.S 1425.2 Z18E6.7 0.2289 9.0 0.0 0.35 0.0 .33 220.4
45 PEACH2 447, 2542.8B 4100.5 &643.3 ©.683 12.53 Z2.81 8.08 0.0 24,42 2674.7
46 PEALCH3 439. ?3543.8 4004.5 B546.7 .674 12.14 2.72 8.82 0.0 23.78 2882.1
47 DIESEL 19. 29.7 S1.7 77.4 0.008 0.08 Q.09 0.2 a.0 0,10 1.4
50 RICHA 1686. 2430.3 3785.6 6225.8 0.863 45.52 5.91 4.33 9.0 559.56 B64.6
§1 RICHZI a33. 8.4 5.2 13.8 .00 .03 0.01 0.03 0.0 0.06 0.4
32 RICHZZ 33. 9.2 4.4 13.8 2.00¢L 0.03 .01 0.03 0.0 v. 08 0.4
53 RICH3I 33, 3.7 2.8 8.5 o, 001 9.091 0.00 0.03 0.0 .04 0.2
535 RICH41 21. 6.3 19.7 28.9 G002 0.02 Q.01 0.0Z 0.9 d.04 9.3
535G RICHAZ 20, S.1 3.1 9.2 G.0al 0.91 .00 0.432 0.6 Q.03 0.2
47 RICHAZ 21. 3.2 z.8 .0 VIRV B 0.01 .00 0.9% 0.0 Q.03 0.1
S8 RICH44 21, q.0 3.1 7.1 Ll 0.0l G.00 0.0 ¢.03 ULl
B3 RICH7I 1. G.0 3.4 4.4 DTN 0.l 0.0 0.0 6. 03 u. 2
Gd L2z . G.3 2.4 1. [YINTIYY O vE ] LU LT v,0 U, 04 0.2
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[ L TN TN D, | B da. 2 45.3 G0 3d
67 delonnz Bl id. 1 231 45,2 [ORVIVE ]
[T IM TR | 15, SG98.4 4ZH2.6 GIIH.LO v, 683
&8 HEHYT q:. YuT7.5 4418.6 7446.0 LM ETY]
73 SQuTHl 128, 162.3 237.8 349.1 .08
78 SUUTHE 13, 1.7 2.6 4.3 [VIR VI
79 CONEHL 176. T114.2 2983.5 S197.8 g.372
a0 CanemMZ 176. 2245.7 3417.2 5663.9 0,634
81 CONEHD 2. 22.9 a3z. 55.0 G, 8
B2 REYSTI 179. 2361.6 3845.8 6207.5 u.B52
03 REYST2 179, ¥571.4 3BBZ.3 5453.7 0,722
g4 KEYSTD 2. 3.0 24.5 47.86 .03
BS GBALEME 4648. 2570.4 42689.2 GAvVI.7 w.699
B6 BALEMI 16. 4.3 3.2 7.5 YO VE]
€7 CONOI 3G, 1433.P 2134.0 3567.8 0,307
g8 conoz 36. 1511.6 2178.1 3688.6 G.421
89 COND3 36. 1530.1 2128.4 3659.68 G.418
90 CONGA J6. 1436.0 2221.2 36837.3 Q.447
91 CONDY 35. t432.1 2083.1 3333.1 0. 402
92 EDONDE 36. 1448.3 2101.5 3550.8 B. 403
83 Ccon0? 36. 1419.9 2193.0 3523.6 9,402
a4 CONOB 65. 1443.7 2129.3% 3573.2 0.408
83 cOnpa BS. l418.9 2224.6 3643.5 Q. 4LE
g6 CONOLO B5. 1431.7 2118.0 3547.7 0.405
87 COnO1l 65, 1423.3 2157.1 3589, 4 0,408
98 SAL.ENZ 474, 2207.4 36803.3 6010.7 0.591
108 ECONOHY a13. 2453.3 4089.2 B348.5 0. 400
108 EMRGENCY S00. 0.9 1.0 1.9 9.000
111 LAMHd 64. 1.6 1.3 2.8 DRIV
114 VOLAP 170, 0,8 0.8 1.5 $.000
113 BRNOUTS 150. 0.8 J.l 0.8 Q. 000
116 BRNOUTS 100, 0.8 0.0 v.8 0,000
117 PARTIAL #sssapan 0.5 3.0 Q.5 0.0
1{8 TOTAL LRLEET Y ¢.0 0.0 0.0 0,0

1
BUMMARY RESULTS.

LOSS-O0F-LOAD PROBABILITIES:
FARTIAL BLACKOUTS 0Q.00Q1 = 0.2 DAYS IN TEM YEARS
TOTAL BLACKDUTS 0.0 = 0.0 DAYS IN TEN YEARE

ALL CURTAILMENT OPTIONE 0.0903 = 1.2 PAYS IN TEN YEARS

TOTAL SYSTEH COST ¢  730.7 MILLION (1981) = % 59B8.5 MILLION ¢(DISCOUNTED TO 1878}

TOTAL ELECTRICITY GENERGTED 3085B. GWH

INCREMENTAL ELECTRICITY COST 2.4 1861 CENTG PER KHWH =

LUAD FACTOR 59,3%

TATAL CASTS IN 1981 sMILLION

R
COLOCOLOSOCO

[-R -~ - < ]

UISCOUNTED TG 1378

52
a3
3,38
1,26
Y]
o, 0
1,93
.17
0. U0

3.023

v

[N N - = = - I =R = U = = = ]

COCOLOCOLONSLCOCLOOCLOCCO

MILLION

0.0

1.8 1979 CENTB PER

FUEL a3a0.

LARTABLE O&H 56.

LARRYING ENARGES 1OE,

INCREMENTAL CAPITAL 3.

IMPORT DPTIONSI COBT IN 1881 +nlLLION DISCOUNTED TO 1879 sMILLION
ECONOHY 177.89 143.77
EMRGENCY 0,03 0.04

TOTHL CURTAILHMENT CDST e Q.88 MILLION (19d61) = %

9.73 MILLION {DISCOUNRTED 7O 1879
BLACKUUT COST s G.79 MILLION (1981) < * .54 MILLION (DISCOUNTED TO 1874)

e e s PR

Pl
OO0 OCOoOLOOOLOOUCOLECCCECoOLOCOLLS oL
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0.6
G. 16
47.497
9,24
4,548
U U2
17.82
19.65
0.01
20,78
2.82
0.01
26.94
0.02
0.17
0,17
0.17
0.17
0.17
0.17
0.17
Q.30
0.30
0.30
0.30
45.45

177.88

0.035
0.04
0.04
0.01
0.01
0.78
9.0

1128.7

0.1

Z864.0

0.1
128.4
13z.a
131.7
131.7
126.8
127.8
126.8
232.3
236.8
230,86
232.7

2452.8
3i87.8
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ENERGY IN GWH
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L1981 PECU LAD CURVED PECO FLANT DATA. ESLL LOAD GROWTH; ESRG REGERVE MARGING. INPUT J30.0%: ACTUAL 31.8%

{ HELAHAT IS  HOURS (IF USE ANNUAL COSTS (MILLIONS OF 1961 PULLARS}
| OPTION CAPVACITY MAINT NOMAINT  10V1AL CHPFAC ENERGY \ar04n  CARCHG CAPITAL TOTAL GHH GENERATED

‘ i BARBS 17, 108Y.8 24951 .4 3532.2 0.313 1.7 .77 [V IEVD v.g 2.35 46.86
H I BAINBE 14. 1083.9 14875.49 2858.8 v.308 1.73 0.85 .02 0.0 2.59 5:.3
3 BARB? 17. 111¢.8 1950,.3 J061.3 0.319 1.6¢ Q.74 2.0l [P 2.40 47.6

. 4 CHESTF? 13. 2.5 1.7 4.2 0.0u0 0.00 ¢.Q0 Q.01 0.0 0.01 0.0
" % CHESDTE . .9 4.8 2.9 LIS LAY ©.01 FoRV .0 oY <. .2
2 & CHEST® 13. 3.3 16.1 3.4 0.001 0,01 Q.00 0,014 0.0 0.03 0.2
| 7 Cirongil 137. 2613.3 4330.9 6B46.3 0.8G2 13.69 3.15 1.87 0.9 18.72 794.4
i g CrOYIY 49. 25.0 55.6 ad.6 [VIT)- ] 0.22 0.02 0.02 2.9 .25 a.7?
10 CROYIEZ 419. 25.0 8.0 73.0 0.008 0.20 0.02 ¢.02 0.0 Q.23 3.4

11 CrOYZ2I 49. 13.7 31.0 44.7 0.004 6.11 0.01 0.02 Q.0 0.13 1.9

12 CROY2Z 49. 20.2 3s.8 S6.0 Q. 006 9.15 0.0l 0,02 0.0 0.18 2.6

13 CROY3D 48. 33.2 37.8 a1.1 J.01G O.28 0,02 9.02 0.0 0.30 4.4

14 CRrROYI2 48. 36.6 B86.8 123.4 0.011 Q.28 0,03 V.02 0.0 9.33 4.9

15 CROY4L 49. 2)1.9 Z3.86 45.5 0. 005 0.12 0.0l 0.62 0.0 0.15 2.1

16 CROY42Z 49, 23.6 47.90 70.86 0.008 0.20 0.02 0.02 0.0 0.23 3.4

17 BELA? 126. ZO64.6 4437.5 740Z.1 0.791 40,12 2.73 1.20 0.0 44.06 672.6

t8 DELAB 124, 3103.3 4674.7 ?777.8 0.837 41.890 2.86 1.18 0.0 45 .84 gos. 1

18 DELAS 15. v.8 9.8 i.8 g.000 Q.00 0.00 Q.01 Q.0 0.91 0.0

20 DELALO 13, 0.7 0.6 1.4 0. 000 0.00 0.00 0,01 0.0 0.01 0.9

21 DELAL] 13. 0.7 0.6 1.4 0.000 0.90 0.00 D.01 0.0 0.01 0.0

22 DELAILZ 13. 0.7 0.6 1.4 UL 00 0.00 0.00 0.01 b.o 9.01 6.0

23 EDDYI Joy., 2279,.9 4274.4 6554.3 9.581 24 .81 S.43%5 - 3.357 0.0 33.83 1537.7

24 EDDV2 3, 2370.0 4087.6 B64GB5.6 v.613 28.61 5.85 3.68 0.0 8. 14 1679.7

25 EDOV3 Jgo. 2268,0 488,77 727.7 9.0353 9.84 0.62 5.30 0.0 15.56 177.1

. Z6 EDDY4 3a80. 362.2 711.8 1074.9 0.072 13.10 0.84 5.30 0.0 18.24 240.7

27 EDUYEO 13. 2.5 9.8 12,5 0,001 2.01 0.00 0.01 0.0 0.02 0.1

24 EDDYZ0 13. 2.3 t.3 3.8 0. 000 0.00 Q.00 0.0l 0.0 0.01 0.0

28 EDDYAVL 15. 2.9 9.8 12.4 0.001 9.01 Q.00 0.0l 0.0 0.02 0.1

a0 ENDY40 15. z.0 9.8 t1.0 0.000 Q.00 0.0%0 0.01 0.0 0.02 0.1

31 FALLSI 15. 1.0 1,2 .2 ¢.000 G.00 0.90 0.01 9.0 0.02 ¢.0

32 FALLSZ 13. 1.0 1.3 2.3 0. 000 9.00 0.00 0.01 0.0 0.02 a.0

33 FALLSA 13. 2.6 8.4 12.3 0.001 0.01 0.00 0.01 3.0 0.03 0.2

34 MUOBER] 15. 0.9 1.2 2.1 0,000 0,00 0.00 0.01L 0.0 0.02 0.0

3% MDSERZ 15. 0.6 1.2 2.9 3. 00Q 0.00 0,00 0.0l 0.0 0.01 0.0

3G ROSERI 13. 0.9 t.1 2.1 0. 000 0.00 0.00 0.01 d.0 Q.02 0.0

37 HUUBDY1L 119, ?53.7 1374.8 Z2128.6 4,237 0.0 2.0 0.35 2.0 0.33 224.4

38 hupdY2 110, 747.7 1972.9 16820.6 U.Z200 9.0 0.0 0.35 0.0 0.33 192.7

38 HUDDY3 110, 775.0 1074.0 18481 ¥ 2.0 9.0 ¢.335 0.0 0.3% 203.4

40 HUDDY 4 110, 727.8 1045.9 1772.8 9.0 0.0 0.35 9.0 0.35% 18%.0

41 HUDDYS 110, 785.9 102Z.G 1898.6 0.0 0.0 0.35 0.9 Q.35 198.9

42 AUDDYE o, 757.1 1067.4 1824.86 0.0 0.0 0.35 0.4 0,35 200.7

43 nuobY? 110, 7568.4 1423.6 2)81.8 a.0 0.0 0.35 0.0 0.35% 219.5

44 MupDYs 1190, 758.4 1370.2 21:28.8 2.0, 2.9 0.35 0.9 0.35 214.8

435 PEACH2Z a7, 2955.5 4227.2 6M2.7 12.27 2.86 . 8,08 0.9 24,72 ?727.9

4G PEACHI 439. 2513.8 4103.2 6617.1 12.23% 2.75 B.52 0.9 23.491 2615.2

47 DIESEL 19. 18.6 49.9 68.5 Q.07 Q.00 0.02 0.9 0.09 1.2

48 PLMTH 29. 0.2 0.8 g.8 0.00 0.ud 0.02 0.0 0.03 0.0

49 PLMTLS 29, 0.1 0.8 0.9 -0.00 0.990 0.02 0.0 0.03 0.0

50 RICHS 166. 2320.8 3625.4 5946.1 43.60 5.28 4.53 0.0 33. 40 823.8

31 RICH21 33. t4.8 17.9 32.7 0.07 Q.02 0.03 0.0 0.1} 1.0

52 RICHZIZ 31, 9.1 17.3 26.4 0.05 0.01 0.03 0.0 0.08 0.7

53 RICHIL a3, 1.3 1.0 2.2 0.0l Q.00 0.03 0.9 0.03 a.1

34 RICH3Z 33. 1.1 1.2 2.3 0. 000 0.01 0.00 0.03 Q.9 0.03 0.1

35 RICHA) Z1. 5.6 2.0 7.6 G.001 0.01 G, 00 Q.02 0.0 0.03 0.1

56 RICHAZ Z1. 3.8 9.0 14.8 U001 G.02 Q.00 Q.02 a.9 0.04 9.2

57 RICH&3 21, 11.% 17.6 2.7 Q.003 0.04 0.01 0.02 0.9 0.06 0.5

SH RICHI44 2. 4.5 8.7 14.2 vraOg) 0.02 g.00 0.02 3.0 0,04 0.3

29 RICHTI 33. (] 1.3 .3 LVIYD ) Q.00 V.00 3.03 Q.0 0.03 0.t

Bu 1ICHDZ . 33. gy 1.7 3.7 RTL D 0.01 0.00 [V ] 0.0 J.04 Sl

E1 RJCHa! 34, 1.0 DO 1.8 [V 2,00 Q.30 Q.43 0.9 ?.03 Q.1

62 RICha2 3. L] 1.4 1.9 LUy TY 1) .00 J.ud ¢.03 a.0 [V ] 0.1

CERTREMIFS] I. ot e 1 FIRTIYY [T TS} a.02 hIT] 9,04 0.3

I1qTUXd

bz 10 TT 399US

{D-s8Q)

BTE01




T

oz .94

GG G Ui 13.% gy al.9 0.0
B7 ltulHyl Sl 15.2 15.7 3.9 (VNI | ¢.08 w.n2 Q.04 u.Q
B8 SCHY1 axg. 44,4 4234.9 GUE.8 . bU3 40.2d 3.33 3.21 0,0
G BLHYD 43. Ibqdl. ) 4482.4 Yb23.9 .64 7.05 1..8 ©.99 0.0
71 SCHY 1w 13. 0.8 0.3 1.1 [ Q.00 [ V] .01 .0
72 SCHYIL 15. 0.8 [ 1.7 Lo YTV ] G.00 DIV 0.0l 0.0
73 SAUTHL 178. 160,.4 279.2 3.8 2.030 2.84 0,10 1.9 9.0
74 S0UTHZ 178, 37.8 109.4 1G7.2 Q.04 1.37 Q.05 1.88 6.0
73 SOUTHD 3. 9.8 0.8 1.G 0.004) 0.00 0.0u 0.061 6.0
76 SOUTH4 13. 0.6 w.g 1.5 [VIRV L IY) 0,00 g.o00 0.91 0.0
77 SOUTHS £3. 0.8 0.9 1.7 G.000 0.00 Q.00 Q.01 0.9
78 SO0UTHE 13. 0.8 0.8 1.7 0. QU0 2.00 0.00 0.0 a.o
749 CONERML 176. 2102.8 3153.0 3233.6 0.588 14.40 2.901 1.496 9.0
BHU CONEMZ 176. 2Z243.8 3406.1 56432.8 0.632 15.48 2.16 1.86 0.0
A1 COUNEHD 2. 22.5 az.3 54.8 0,008 .01 0.00 0.00 0.0
B2 REYST! 179. 2302.0 d651.1 5353.1 u.628 19.54 2.63 1.86 9.0
83 KEVSTIZ 179, 2532.4 3813.2 §347.3 v.?711 17.64 2.98 1.86 0.0
84 KEYEID 2. Z23.7 3Z.4 36.1 0.00G6 0.01 0.00 0.00 0.0
83 SALEAML 1608. 2539.4 4188.0 E737.4 U.692 13.28 3.31 10.18 0.0
86 SALEM3 16. 4.3 1G.1 15.9 0.001 0.0i 0.00 0.01 0.0
87 CONDL 36. 1534.8 21268.3 3664.0 0.418 2.0 0.0 Q.17 0.0
88 COnnZ 36, 1439.6 2128.8 3558.4 G. 407 0.0 0.0 Q.17 9.0 .
89 ConO3 Ja&. 14568.5 2244.8 3701.4 0.423 [V I 0.0 0.17 0.0
90 CONOD4 J6. 14997.8 2215.8 3711.7 0.424 0.0 0.0 0.17 0.0
91 CONOS 36. 1315.5 2189.9 3E€B5.4 0.421 0.0 0.0 0.17 0.0
92 CONDS J6. 1436.5 2166.9 3E03.4 u.alil .0 0.0 0.17 0.0
83 conD7 36. 1444.0 2098.3 3542.3 0.404 0.0 0.0 Q.17 0.0
94 COonOB8 3. 1433.1 2118.8 3355.1 Q. 406 0.0 3.0 0,30 0.0
93 COwNas 83. 1406.6 2144.8 3601.4 J.411 a.0 2.0 0.30 0.0
98 CONDLO 65. 1422.3 2123.6 3346.0 Q. 4035 0.0 0.0 ¢.30 0.0
87 CONDOLY) BS. 1442,0 2144.5 3586.86 u.408 0.0 0.9 Q.30 0.0
98 SALEMZ 474, 2239.3 4034.1 6273.4 0.813 11.88 2.88 3t.10 0.0
108 ECONUMY $13. 2312,7 3885.8 6488.5 g.402 178.68¢ 2.0 0.0 0.0
109 EMRGENCY 500, 9.5 O.d 0.6 ¢.000 0.01 0.0 0.0 0.0
11t LN 64, 0.2 Q.0 a.2 0. 000 0.00 0.0 0.0 0.0
114 VOLAP 17¢. 0.2 Q.0 0.2 0. 9000 0.0t 0.0 0.0 0.0
115 BRNOUTS 150, 0.2 D.0 9.2 2.009 Q.00 0.9 0.0 0.0
116 BRNOUTH 100, 0.0 0.0 0.0 ¥.000 0.00 0.0 0.0 0.0
117 PARTIAL weeense [ ] 3.0 ¢.0 0.0 ¢.00 0.0 0.0 0.0
i§8 TOTAL LELER LY .0 Q.0 v.0 . 0.0 0.0 0.0 0.0

SUMMARY REELH.TS

L0SS-0F-LDADR PROBABILITIES:

FARTIAL BLACKOUTS ©.0000 = 0.0 DAYS IN TEN YEARG

TOTAL BLACKOUTS 0.9 a 0.0 DAYS IN TEN YEARS

ALl CURTAILHENT OPTIONG ©.0000 = .ol DAYS [N TEN YEARS

10TAL SYSTEM £OST &  730.1 MILLIGN ¢1881) 2 & 587.8 MILLION (DISCOUNTED TO 1873)

TOTAL ELECTRICITY GENERATED J30858. GHH

INCREMENTAL ELECTRICITY COST 2.4 1981 CENTS PER KHH 2 1.9 1879 LENTE PER KKWH

{L.OAD FACIDR 58.3%

TOTAL CUSTS IN 1981 3HILLION DISCOUNTED TO 1878 $MILLION

FUEL 387. J17.

VARIABLE [an 56. 46.

CARRY LNG CHARGES Log. ga.

INCREMENTAL CAPITAL 0. .

IAPORT OPTIONS: CUST IN |98 smILLION DISCOUNTED TO 1979 $MILLION

ECONONY t78.4) 146.52

EHRUENCY v.yl D00

TUrAL CURTAILHENT COST % C.0] MILLION (1881) = 3 U.0l AILLION (DISCOUNTED TO 1979}

BLACKOUT COST » Doy RILLION (19H1) = 3 G.00 HILLION (DISCOUNTED 10 1979)

g1z
.14
46.82
9.32
0.01
0.014
4.84
3.3l
0.01
0.01
0.01
0.0l
18.37
19.60
0.01
zo.02
22.48
0.0l
26.79
0.03
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.30
0.30
0.30
¢.30
46.04
178.91
0.01
0.00
0.01
0.00
0.00
0. 00
0.0
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POOR ORIGINAL -

Exhibit ___ (DS-C)
Sheet 13 of 24
1033a

-tap CLavEl PEID ALANT DATAI ESiLI - LOAD GROWTH: ESRG RESERYE MARGINSE. INPUT B.0%F ACTUAL B.0%
wOURS OF LSE ANNUAL COSTS (MILLIONS OF 18987 DOLLARS})

#3INT  NOMAINT  TOTAL CAPFAC ENERGY VARO&M CARCHG CAPITAL TOTAL GWH GENERATED
7 2I296.I 498.3 ©.045 0.48 9.17 Q.02 Q.0 0.88 €.8
4 23z2.4 3Es.7 0.03%9 Q.48 Q.16 0.0z Q.0 0.85 5.4
< JL3.t 0.053 o.36 ¢.20 Q.02 Q.0 0.79 7.8
< 5644.2 Q.629 17.43 4.82 2.89 0.0 24.94 7347
€ 227.0 0.922 0.94 0.08 0.02 0.0 1.04 3.6
] 280.7 0.031 t.30 Q.11 0.02 0.0 1.44 13.4
.7 113.7 0.011 B, 47 Q.04 Q.02 0.0 0.33 4.8
pud 31i.1 0.033 1.40 0.12 0.02 0.0 1.54 14.3
.- 218.7 D.034 f.42 Q.12 0.02 Q.0 1.36 4.5

Te 286.7 0,022 1.38 0.12 0.02 0.0 1.50 13.8
s Z57.4 ¢.028 L.18 0.10 0.0Z 0.9 1.29 11.8
.8 178.1 0.017 0.7¢ 0.96 6.02 Q.0 . 0.79 7.2
a 6964 .7 0,738 62.86 3.86 1.83 9.0 68.67 gi%.4
H] E170.0 0.657 S4.968 3.47 t.82 0.0 60.25 713.1
¢ B426.3 0.382 32.86 8.28 .31 0.0 45.66 1533.8
v B3E5.7 0.6t 38.18 @.99 .89 0.0 SZ2.87 1664.1
7 G49.7 0.047 14.32 0.8 8.17 0.0 23.33 136.9
- I 2066.4 0.227 0.0 0.0 0.34 ¢.0 0,534 218.3
3 . Z118.3 9.232 0.0 0.9 0.54 0.0 0.54 223.8
18z8.7 Q.202 0.0 Q.0 Q.54 0.0 O.54 20t.z2
1806.5 0.2086 Q.0 0.9 0.54 c.0 0.34 1989.7
1830.2 2.208 0.0 0.9 0.54 0.0 0.34 200Q.2
2113.7 0.241 0.0 2.0 Q.34 0.0 0.34 23Z.%

219z%.4 9.224 ¢.0 0,0 Q.34 0.0 0.3%34 ° 212,
209,53 ¢.220 ¢.0 Q.0 0.34 3.0 Q.74 211.7
e B735.3 0.881 20.34 4.38 14.02 0.0 3B8.72 Z708.7
5493.7 0.688 18.31 4.16 13.77 0.0 37.24 2570.0
5.7 . Q.010 Q.16 Q.00 0.02 0.0 0.18 1.6
= SL100.8 9.528 60.76 8.77 6.98 0.0 74.33 768.0
: EB04.1 U.644 83.71 4.85 4.96 Q.0 73.35¢ gg7.2
£ 2.2 67380.9 0,756 10.34 1.75 1.33 Q.0 13.82 324.7
3 J404.6 0.6503 19.84 3.19 3.03 0.0 26.086 932.7
3] 3837.0 0.632 20.70 3.33 3.03 g.0 27.03 972.8
E] 6177.1 -0.648 - ZI1.57- — 4,20 -~ 2.87- --0.0 CH.64- - 1940
a 3 Bd04.2 0.717 23.83 4.64 2.87 0.0 31.328 t120.2
D) E710.4 0.690 21.24 3.08 i13.73 g.0 42,06 2827.3
T 180.8 0.018 0.29 0.97 0.90Z2 0.9 0,38 2.8
3587.3 0.410 0.0 Q.0 Q.26 Q.0 0.268 128.2
3379.9 9.409 0.0 0.0 9.25 0.0 0.6 128.9
3702.3 0,422 0.0 ¢.0 U.56 Q.0 0.26 133.3
3711.1 0.424 Q.0 0.0 .26 0.0 0.2 133.6
36398.8 Q.416 Q.0 0.0 0.28 0.0 0.26 13t.0
a686.8 0.421 Q0 0.0 0.26 0.9 0.26 132.7
374%.0 2,428 0.0 0.0 9.26 0.0 0.26 134.8
3B72.4 v.418 0.0 0.0 Q.47 0.0 0.47 238.7
3E66.6 Q.419 0.0 0.0 0.47 .0 0.47 238.3
3662.8 0.418 0.9 0.0 Q.47 0.0 0,47 238.1
3585.0 v.410 Q.0 Q.0 Q.47 0.0 Q.47 233.7
6103.7 Q.B800 18,72 4.48 48.00 9.0 71,38 249!:.3
8436.1 0.798 89.20 2%.86 51.0% 136.03 301.94 4192.4
4963.8 0.27F Z205.%0 0.0 9.0 0.0 203.350 2202.0
93.4 0.003 3.9? 0.0 Q.0 0.0 3.97 20.4

23.3 " 0. 009 2.08 0.0 Q.0 0.0 2.08 3.1
73.4 0,007 4.43 0.0 0,0 Q.0 4,43 16.9

T 47 .4 Q.005 1.24 0.0 9.0 Q.0 1.24 6.1
z7.9 ©.003 0.77 0.0 0.0 Q.0 0.77 z.%

22.3 0.9 44,73 0.0, 0.0 0.0 44,738 4.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PRC2ABILITIES!

GUTS 0.9Q0ZS = 2.3 DAYS IN TEN YEARS

2UTS 0.0 - 0.0 DAYS IN TEN YERRS

-MENT OPTIONS 0.0307 = 38.0 DAYS IN TEN YEARS

T COST & 13Z6.0 MILLION (1987)
"RICITY GENERATED 33114, GMH
- ELECTRICITY COST 4.0 1987 CENTS PER KiWH =

= ¢ J9896.6 MILLION (DISCQUNTED TO 19789)

1.8 1979 CENTS PER KWH

t %9,3%
3 IN 1887 smILolom DISCOUNTED TO 1979 sMILLION
624. ’ 279.
= 104, 47,
-2AGES Zoz. 91.
- CAPITAL 136. 61,
H Y COST [N 1887 #MILLIDN DISCOUNTED TO 1972 smMILLION
20%.50 92.4%
3.87 1.78

"AILMENT COST 8 53.Z7 MILLION (1887) = 8 23.97 MILLION (DISCOUNTED
-JST % 44,75 mMILLION (1887) = 8 20.13 MILLION (DISCOUNTED TO 1879

ENERGY IN GuWM
2202.0
20.3

TG 1979}




. . Exhibit
Sheet 14 of 24
1034a
LJAD CURVE: PELCQ oL ANT DATAD Z5i1 LGAD GROWTH: ESRG RESERVE MARGINS! INPUT 14.0%r
“¥paWaTT8  HOURS COF USE ANNUAL C3ETS (MILLIONS OF 1287 DOLLARS)
ZAPACITY MAINT  NOMAINT  TOTAL CAPFAL ENERGY WARD&M CARCHG CAPITAL TOTAL GWH GENERARTED
tRo.z 1%¥2.5 2BZ.T Q.922 .24 Q.08 Q.02 2.9 V.34 3.3
81.8 133.0 Z14.2 0.022 Q.2 Q.10 Q.0Z 0.0 Q.39 3.7
g8.2 135.0 Z234.1i 0.0Z4 Q.28 0.09 Q.02 0.0 0.37 3.8
2%99.7 404Z.3 BE4L.0 Q.6Z3 17,44 4,62 Z.89 0.0 24,895 7338.:
41.9 39.7 530.7 Q.u0g Q.37 0.03 0.9z 0.0 Q.42 3.8
5.5 46.0  IQZ. & a.901: .45 J.04 Q.02 0.9 2,.52 4.7
7.8 15.6 41,7 [ IIvE .18 .02 Q.92 9.0 0,23 .3
43.7 59.8 !1:19.G6 Q.012 Q.50 Q.0é Q.92 [* ] Q.56 sl
49.8 §8.7 1318.3 0.0:13 F.62 0.05 0.02 D09 Q.79 c.a
43.9 9Z2.E .38.5 9.013 Q.51 Q.93 0.90Z d.Q Q.89 8.3
10,0 3.4 a3, e 0.0L0 G.41 0.04 0.02 0.0 0.47 4,2
3z.Z2 S5l.4 £3i.5 0.009 Q.40 0.93 Q.02 0.0 0. 4% 4.1
S771.8 4z37.2 702&8.14 0.74E B3.51 &.00 |95 Q.0 32.3E BZZ.8
. 2x2g.% 4081.2 SENH.7T $.826 B.28 3.37 L.82 J.3 82.78 785.8
30, I306.3 4448.3 83%a8.5 Q.332 33.36 B,43 J3.51 g9.0 47,40 1561.42
3. 23253.4 4032.7 B490G6.1 ©.3398 37.38 8.80 5.68 0.0 3:.88 1629.3
230. IB0.7 4%0.0 Fi0.7 0.05: 15.30 Q.91 B.t7 Q.0 24,48 168.7
380. 126.8 173.% z84.8 0.0:8 5.56 0.33 .17 0.9 14.07 80.8
i §00.0 1308.% Z:108.5 Q.231 Q.v 0.0 0,34 0.9 0.%4 jriniolt
HRRVIN 791.8 1332.4 2:14a4.2 {235 0.0 0.0 0.54 0.0 0.5%54 226.3
9, 788.2 1257.28 Z036.: Q.233 2.0 9.0 Q.54 Q.9 0.54 jobad il
110, 748.4 996.2 1744.8 0.198 a.0 0.0 0.34 0.0 0.54 191.8
119, 782.2 1373.0 2083.1 0,238 Q.0 Q.0 Q.%4 0.9 0.54 2z7.2
Ll 775.% l082.1 1837.5 J.210 0.0 0.0 V.54 O.0 0.34 jad vy §
110, 7€Z.5 1328.2 JiZ1.5 .23 v.o 9.0 Q.54 3.0 0.54 214.6
110, 787.0 1218.1 210201 9.221 v.Q Q.0 .54 e.¢ 0.5¢ 2LZ.6
457, 744,56 41584.7 57Z8.3 0.59¢ 9.34 4.39 14,02 Q.0 38.74 2797.1
439, 2501.3 4101.2 B8R, T Q.878 19.8¢ 4,23 13.77 Q.0 37.80 ZEvVE. S
12, 12.3 15.0 D.0G3 Q.07 9.0 Q.02 Q.0 0,07 0.5
iEB. 1967.5 3333.5 v.3%3 63.34 7.99 6.9%2 0.0 777z 804.3
T, 42, 41.90 83.8 G.o08 .27 Q.08 .07 g9.0 Q.53 3.8
Sl 0.7 =l.4 41.9 Q.004 0.17 q.04 0.u7 Q.0 ¢.28 1.7
S, 18.9 18.7 38.8 Q.004 U.1l6 Q.04 0.47 a.¢ 9.27 1.8
139, =ES5.1 39892.3 EBJF2.5 ¢.658 64.84 4,33 4.36 [ V] 74.73 8:13.2
48, 2876.6 4I%8.0 7135.5 0. 803 11.18 1.86 1.33 Q.0 t4.58 344.8
176, Zl44.6 3210.7 5255.2 J. 590 12.67 3.16 3.03 0.0 25.E86 924.3
176. 2233.9 3341.0 5374.9 C.624 20.47 3.28 3.03 c.0 ZE6.79 8962.3
Z. 28.8 35.8 75.: 0.008 9,02 0.00 9,00 Q.0 ©.02 0.2
179, Z30%.4 JE81.4 ¥9SA. ¢.6830 20.497 4.08 2.87 2.0 27.82 ge3.8
179, =J349Q.4 3764.39 G3Z2.3 0.708 23.56 4.28 .87 Q.0 Ji.ol 1107.3
2. 4%5.8 4z.7 3.3 0.014 Q.02 0.01 Q.00 Q.0 .03 9.2
4GE. 2549.8 4140.1 BBES0.0 0.5B8 Zi.i8 F.07 1%.73 Q. 41,88 =8:18.2
36. 1423.6 2240.: 3683.7 0.4:18 9.0 Q.0 0.28 ¢.0 0.25 131.9
za. 1418.3 Z177.89 3%%7.3 D.411 Q.0 Q.0 Q.26 [ V] 0.28 .29.5
38, i418.8 Z183.9 3680Z.7 L) 2.0 0.0 Q.28 0.9 .28 128.7
3B6. 1479,7 2209.8 3G38.4 D.417 g.9 0.9 Q.26 .0 0.26 131.9
36, 1467.8 Z136.8 36Is,.7 C.414 0.0 0.9 0.2B 0.0 0.26 130.7
i&. 1a72.8 2121.9 3%94.7 D410 0.0 To.0 0.2B Q.0 0.285 128.4
'35, 1429.8 2216.6 3646.4% D.416 [ V.9 0.25 0.0 0,28 131.3
53, 13508.8 214%5.3 35%4.: 0,817 9.0 0.0 0.47 0.0 0.37 237.5
E3. 1483.7 Z127.3 3610.3 0.442 0.0 Q0.0 Q.a7 Q.0 0.47 234.7
B3, 14%4.5 2204.85 38%3.2 0.418 0.0 0.0 0.47 0.0 0,47 237.8
B3, ISZ3.1 Z170.1 3683.2 0,422 9.0 0.0 0.47 0.0 0.47 249,
474, Z2i132.8 3790.2 38I2.1 .IB81 18..3 4,34 48.90 ¢.Q 70.47 Z412.8
6UG. 3322.5 S0SS.8 B3IES.1 0.787 88.00 2%.31 51.03 136.03 300.39 4136.!
913. 18911.4 3336.0 5257.4 V,Z84 Z11.885 Q.0 Q.0 9.0 2i11.868 2270.1
SO0, 21.3 30.8 5Z.5 0.003 2.44 0.0 0.0 0.9 2.44 12.5
B4, 18.1 6.2 24.3 ¢.003 0.57 0.0 0.9 0.0 0.5?7 1.4
170, 16.0 5.4 21.4 0.002 1.2% 0.0 0.0 9.9 1.24 3.0
150, 1.3 3.4 5.0 ¢.001 0.37 0.0 0.0 0.0 .37 t.a
100. 7.2 2.3 9.9 U.001 0.27 Q.0 0.0 .0 0.27 0.9
rraseny G.4 2.2 B.& Q.0 13.%3 Q.9 Q.0 0.0 13.5% 1.3
rrateas 0.0 0.9 0.0 9.0 0.0 Q.0 0.0 0.0 0.0 Q.0
- PRDOBABILITIES:
SAQUTS Q.001Q = 3.5 DAYS IN TEN YEARS
T8 0.0 - 0.0 DAYS IN TEN YEARS

INT OPTIDONS 0.0028 = 10.1 DAYS IN TEN YEARS

CCSY & 1508.4 MILLION (1987
ICITY GENERATED 33114. GWH

¢+ SEB.6 MILLION (DISCOUNTED TO 13979}

SLECTRICITY -COSF—4+0-—1+B87-CENTE PER-KWH = - 1.8-1878 CENTS PER-KiH - -
59.3%
IN 1987 sMILLION DIEEDUNTED TG 1979 sMILLIGN
BZa. 282,
104, a7,
*GES 210, 8%.
ZAPITAL 158. Bl.
NS COST IN 19687 SMmILLICN DISCOUNTED TO 18979 sAMILLION
<11.66 9%.31
2.%4 1.10
LMENT COST & 16.00 MILLION (:587) = % 7.20 MILLIGN (DISCOUNTED TO
T8 13.5%3 mILLION (1887 v 8 §.10 MILLION {(DISCGUNTED TO 1279)

1878y

ENEFGY IN GHH
IZ70.1
12.5

-

(DS-C}

ACTUAL 14.Z%




I - tuy? PECQ LUAD EUKYED PECO PLANT DATaI ESLL 1AD {GRONTH: ESRG REEERVE MARGINS: INPUT 22.0%: ALIVAL 22 .4°
/ MEGAWATIS HOURS UF USE | . ANNUAL LOSTS (MILLIONS OF 1987 DOLLARS)
| OPTION CAPACITY RAINT  NOMAINT  TOTAL CAPFAC ENMERGY vARU4AM  CARCHG CAPITAL TATAL GWH GEMNERATED
| I BARBS 17. 6J.9 1l.8 176.7° 0.916 V.17 ¢, 086 [PVt 3.0 Q.25 2.3
| 2 BARBG 19, Sr.6 163,21 1640.9 O.u1B .18 0.07 g.,02 DN 0.28 2.7
: 3 BAHB? 17. 2.9 112.3 #75.2 0.018 V.19 v.0? 0.02 [V 0.28 2.7
. N 4 CHEST? 3. 5.3.  z.3 7.6 0,001 .01 O, 00 0.02 0.0 0.03 Q.1
. S CHEBTE 13. .4 2.3 3.6 0.001 0.01 49,00 G.02 0.0 0.03 0.1
r B8 CHESTH 13. 6.7 2.3 8.2 0.001 0.01 4,00 0.02 0.0 .03 0.1
. 7 CrOnBl 137. 2620.4 4324.0 6844.7 0,634 18.12 4,80 2.88 0.0 23.01 784.3
I 8 CROYIL 49. 21.7 11.5 33.2 0.004 0.13 [PV ) 0.02 0.0 0.18 1.5
’ - 10 CROYV12 48. 30.2 33.2 E3.4 0,006 0.23 0,02 0.02 Q.0 9.30 2.6
1l CROYZ1 49. 18.7 16.3 36.0 J.004 0.1% 0.0l 0.02 0.0 0.18 1.6
1Z CROYZ22 49. 33.9 40.68 74.7 9.008 0.34 Q.03 G.02 .0 0.38 3.5
13 CROY3I 48. 35.4 67.8 103.3 0.011 0.46 0.04 0.02 0.0 0.32 4.7
t4 CROYIZ 48. 43.0 1.2 120.2 J.012 0,52 Q0,03 0.02 0.0 0.58 3.4
i3 CROY41 - 49. 29.8 67.4 97.2 0.008 0.33 0.03 g.02 Q.0 0.41 3.8
16 CROYVAZ 49. 17.8 16.9 34.8 0.004 0.16 0.0l Q.02 0.0 0.20 1.7
17 DELA? 128. 2702.0 4271.3 68971.3 0,733 82.36 3.83 1.83 0.0 66.13 808.8
18 DELAB 124. 2383.7 3800.1 &i85.8 6.658. 354.390 3.46 1.82 0.0 60.18 712.1
23 EDDYL 301. 2312.8 4261.3 E374.4 0.584 33.56 B.46 - .51 0.0 47.%3 1586.3
24 EBDDYZ 311. 233%9.7 3964.6 6324.3 0.382 37.63 a.72 S.68 G.0 31.46 1614.4
25 EDDYQ 360. 239.6 +448.3 687.8 0.042 12.73 0.73 8.17 0.9 Z1.60 139.7
26 EDDYA 380, 133.7 172.8 306.3 -0.018 5.82 0.33 8.17 0.0 14.13 81.5
27 EDDYIO0 13. 10.1 3.8 13.8 0.002 0.02 0.00 g.02 0.0 0.04 0.2
28 EDDY20 13. 12.0 4.0 16.9 09.002 0.02 J.01 Q.02 0.9 Q.03 0.2
28 EDDY30 15. 12.3 3.8 16.1 9.002 0,03 0.01 Q.02 0.0 0,03 0.2 H
30 EDDY4U 13. 11.7 4.2 18.0 0.002 3.03 0.01 0.02 0.0 0.05 0.2
31 FALLS!E 13, 12,3 3.8 16.2 . 0.002 0.03 Q.01 Q.02 0.0 0.03 0.2
32 FALLB2 15. 11.2 3.8 13.0 Q.002 0.03 0.01 0.02 0.0 0.03 0.2
33 FALLS3 13. 1.8 3.7 15.5 0.002 ¢.03 0.01 0.02 0.0 ' 0.03 0.2
37 NUBRY1 140, 7689.4 1281.4 2070.7 0.227 0.0 0.0 0.4 0.0 0.354 218.7
38 HUDDY2 ilo, 782.3 1313.7 2108.2 ¢.231 0,0 9.0 0.54 0.0 0.54 222.8
N 38 mMudDy3 115, 744.9 1005.1 17458.9 0.2G60 0.0 0.0 Q.54 0.0 0.54 182.5
40 nudDY4 110, 757.8 1248.3 Z006.3 0.229 0.0 0.0 g.54 Q.0 0.34 220.7
41 HUDDYS £190. TB2.2 1041.8 1824.1 0,208 0.0 0.0 0.54 9.0 0.54 200.8
42 MUDDYB 110, 8zZi.9 1050.8 1872.7 U.Z14 Q.0 0.0 0.4 0.0 0.3 206.0
43 MUDDY? 110. 787.4 1334.0 Z1591.5 0.226 0.9 0.0 0,54 0.0 0,54 217.3
44 MuDDYE 110. B10.2 1334.8 2145.¢0 0.225 0.0 9.0 0.54 0.0 0.34 217.14
43 PEACH2 447 . 2347.4 41AZ.6 BBOO.Q 0.688 20.23 4.36 14.02 0.0 38.61 2882.6
46 PEACH3 439, Z481.5 4198.6 BBBAO.L ©.6853 18.81 4.27 13.77 0.¢ 37.84 2636.1
47 DIESEL 189. 7.5 7.0 15.3 2,002 0.03 0.00 Q.02 0.0 0.03 0.3
S¢ RICHE 1686. 1888.8 3047.3 4836.3 0.517 38.54 6.54 6.89 ° 0.0 73.17 792.3
51 RICH21 a3. 18.2 §9.7 6.9 0.003 ¢.08 Q.02 0.04 0.0 0.18 0.8 .
52 RICHZZ 33. 13.2 6.5 18.6 0.002 .07 0.02 0.04 0.0 9.13 0.6
53 RICH31 as. 10.8 3.3 4.4 0,002 0,08 +0.01 0.04 0.0 0.1 0.3
54 RICH3Z 33. 8.2 2.9 .z 0.001 0,04 G.01 0,04 0.0 9.08 Q.4
S5 RICH4! Zi. 10.6 4.3 13,0 0.002 0.03 0.901 0.93 0.0 0.07 0.3
56 RICH42 2y, 11.9 4.8 16.7 0.002 [HADVE ] G.01 0.03 0.0 0.07 0.3
57 RICH43 21. it.&6 4.8 16.5 0.002 .04 0.01 0.03 0.0 0.07 0.3
58 RICH44 21. 12.1 4.9 16.9 0.002 U, 04 .0l 0.040 0.9 0.07 0.3
39 RICHS! 33, 9.4 2.7 1201 0.00) .Ul u,04 Q.0 0.08 0.3
Gty RICHS2 33, te.g 2.6 H.3 [FIRTIVE] .0l o.04 0.4 ¢.08 0.2
a1 RICHCGI 34. d.4 .2 .7 [ VIV [} .04 Q.2 V.07 9.2
62 NICHGT 33. 12.2 “,u 1, O 2 halrl G.ud [TO] U.12 0.3
Y WL/ 1. [ tead 1%, a0l ] Vit 3,07 0.3
Cod el 2. [ EPRS Lol P watsh vl Y] Q.o v.4

[

Y2 30 9T 3ssyc
(D-sa) aTqryux
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B 12108 L. .3 24,4 Jnd 0. 0.02 0.07 w.u Q.17 3.8
67 HiLHYZ 51, G.D 3.4 D.0uz a.. .02 0.07 [ 0,16 0.
Uy Y 194, d/40.03 6247, u.hul by.23 4.58 4.96 w0 69.77 H48.3
GY sCnvi 44, LJSTYS SRR 5 B bL | {.7886 13,99 1.02 1.33 0.0 14,30 a3a7.s
79 LOREM) 176, A2%1.9 5418.6 0607 19,499 3.2u 3.03 2.0 76,13 935.3
uJd COUNEMZ 176G. J405.0 S5UEL4.5 u.633 29.76 3.34 3.3 3.0 27.13 975.9
g1 CUNEMD 2. »2.3 13.4 39.6 B ung [TV [T IEVIY) [ Y] 9.0 G.1 0.t
B2 KEYSYT1 179, 2445.8 37G7.5 L14d.1 0.642 21.37 4.145 .87 0.0 8. 49 10694 .6
H3I REYOGTZ 179. 2534.4 3J8B]3.06G KIYE.9 D Tt 23.83 4.54 2.87 3.0 31.33 1118.8
#4 KEYSTD 2. 23.4 12.6 Jb,u [V IRVIVE ] [VINFY u.0u 0,00 0.0 9.01 0.1
B9 SALEHR) quB. 2529.7 4u9ad.l G519.48 w,68} 20.97 3.02 15.73 9.0 41.72 2790.2
86 SALEM] 16. 1.1 4.4 13.3 0,002 0,03 0.0} 0.02 [ ] 9.08 0.2
87 CONOYy 36. 1510.8 2144.3 3655.2 Q.417 0.0 0.0 0.26 0.0 0.26 13.6
88 CONDZ 36. 148%.3 2Z48.4 3733.7 0.426 9.0 .0 0.26 .9 0.25 t34.4
89 COND3 aG. I151t.8 2t88.7 3700.5 0,422 .0 2.0 U. 26 0.0 0.2§ 133.2
80 CONO4 36. 1448.8 2214.1 3GEZ.89 V.48 .0 V.0 0.26 Q.0 Q.28 131.
91 CONDS 346, 1499.3 Z194.5 3683.8 U.421 Q. 0.0 0.26 .0 0.28 132.8
92 CONOG 3J6. 152d.5 22w0.1 3720.6 0.423 0.0 0.0 u.Z6 g.0 0,28 133.8
93 COND7 J6. tS02.0 2tH2.9 36H4.9 C.AZL 0.0 0.0 0.26 G.0 0.268 132.,7
94 (COonNOg B65. 1S08.8 2204.5 3713.4 V.424 [ v] g.9 .47 0.0 0.47 Z41.4
95 COND9 G3. 1428.2 2234.2 366Z.4 S.418 ¢.0 0.0 0.47 Q.0 Q.47 2438.1
96 CONDLG 65. 1524.0 2214.7 3738.7 0.427 4,0 0.0 0.47 0.0 0.47 243.0
97 Candjg 63. 1488.7 ZtRZ2.1 3651.6 O.417 Q.9 0.0 0. 47 0.0 0.47 237.4
88 SALEMZ 474, 2143.1 3628.6 5971.7 Q. 388 18.27 4.38 48,00 0.0 70.65 Z2431.7
162 GCOAL3 GO0, 3299.6 513v.0 B429.6 g, 798 88.87 23.538 5t.05 135.03 301.64 4181.7
108 ECONOMY 913. 19868.8 3Z87.8 52686.4 ©.285% Z20.11 0.0 0.0 0.9 220.11 2338.8
109 EMRGENCY 500. 3.5 1.8 3.4 9.000 0.20 0.9 0.0 0.0 0.20 1.
111 LHHH G4 . 1.2 0.5 L.7 .00l 0.03 0.0 0.0 0.0 0.03 [+18
114 VOLAP 170. Q.3 0.3 0.6 0,000 0.02 0.0 0.0 0.0 0.02 G.
115 BRNOUTS 154, 9.1 [ A ¢ G.2 OG0 .60 o.Q a.8 8.0 0.00 O.
116 BRNDUTB 100, .1 Q.1 Q.2 0000 0.00 0.9 0.0 ¢.0 0.00 0.
117 PARTIAL ssdraasn 2.0 .0 0.1 Q.0 .03 6.0 0.9 0.0 0.065 0.
118 TOTAL ssstaun 0.0 2.0 0.0 a.0 0.0 .0 0.9 0.0 0.0 0.
SUMHARY RESLLTS
LOSS-OF-LOAD PRUBABILITIES:
PARTIAL BLACKOUTS 0.0000 = 0.0 DAYS IN-TEN YEAKRS
T0TAL BLACKOUTS 0.0 2 v.0 DAYS [N TEN YEARS
ALL CURTAILMENT OPTIONS 0.0002 = o.7 DAYS IN TEN YEARS
1OYAL BYSETEM COST % 1284.0 MLILLION 1198737 = ¢ S577.7 HILLION (DISCOUNTED TO L1879
TOTAL ELECTRICITY GENERATED 33t14. GHH
IRNCREMENTAL ELELTRICEITY ENST 3.9 1987 CENYS FER KMH = 1.7 1978 CENTS PER KMH
LOAD FACTOUR 58.3%
10TAL COSTS LN LOBT7 sMILLION DISCOUNTED TO 1979 sniLLION
FUEL 513, 27B8.
VAKTABLE O&K 103. : 4B.
CHARRYVING CHARGES 21l 95,
IHCHEMENTAL CAFITAL 136, . 61. . ‘e
1RO T NPT LoNG CUST IN 19H7 smlLLiidM DISCOUNTED YO 1979 $HILLION . ENERGY 1IN GHWH
ECNUNY BV oyl 2358.6
EritlLnlly Gan LSk | .0
Terlabe LRt RUsE UG b Ery o d MIN G LY. v i AN s O THLDUNTED 10 1897w
HLACKUUE 113 8 [P T-U Y AN IR RS - BT e mhoibe s N IHCOUNTESR TO 1970)

BOCOT

72 I© 9T 3=83Ys

(D-54a)
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1947 PECO LuAl CUuRVE:. PECO PLANT DATAI ESBLI -AD GROWTH: ESRG RESERVE MARGINS: INPUT 30.0%Z; ACTUAL 32,1%

/ HEGAMATIS  HOURS OF USE ' ANNLAL CUSTS \HILLIANS OF 1887 DOLLARS)
OPTION CAPACITY MAINT NOMAINT TOTAL  CAPFAC ENERGY VARDASH CARCHG CAPITAL  TOTAL  GWH GENERATED

I I .BRRHS 17. 101.5 146.60 2a7.35 9.022 J.24 0,08 0.02 0.0 0.35 3.3
. 2 BARBE 19. E6.8 108.35 175.3 0,018 0.21 G.08 0.02 0.9 0.31 3.9
’ a BARB7Y 17. 103.8 157.3 Z61.1 3.026 0.28 .10 0.02 [V 0.40 3.8
. . 4 CHEST? 13. 2.3 0.8 3.3 0.000 Q.00 ¢.o0 0.02 0.0 0.02 0.0
o 5 CHEEGTH 13. 2.5 3.9 3.4 G000 0.01 0.00 0.02° 9.0 Q.02 ¢.0
i . € CHEGTS 13, 2.6 0.8 1.5 0.000 0.01.  0.00 0.02 0.0 0.02 0.0
I 7 CROMBI 137. 239498.0 4166.2 B766.1 ©.838 17.67 4.68 2.89 [ ) Z3.23 7683.1¢
. 9 CrROY1) 49. 14.3 t4.8 29.2 0.003 0.13 J.01 0.02 0.0 Q.47 1.4
10 CROY1Z 49. 17.2 14,5 3t.8 0.003 0.14 0.01 0.02 0.0 Q.17 1.4
11 CROYZS 49. 7.4 6.6 14,0 0,002 0.056 0.01 0.02 0.0 0.08 Q.7
12 CROY22Z 49, 14.3 18.48 32,2 0.004 0.13 ¢.0) 0.02 0.0 Q.18 1.8
13 CROY3IL 49. 1.0 22.5 40.8 0.004 0.189 o,02 .02 0.9 0.23 1.8
14 CROY3Z 49, 21.6 42.8 84.2 0.006 0.28 9.02 0.02 0.0 <.30 2.7
15 CrROYAL 49, 10.2 19.0 29.2 3.003 0.12 0.01 0.02 G.0 0.13 1.2
* 16 CROY42 48, 1.2 13.3 24.7 0,002 0.08 0.01 0.02 6.0 0.11 0.8
17 DELA? 128. 2628.9 4135.6 6764.1 0,718 B1.12 3.83 L.BS 0.0 BG.B2 782.8
18 DELAB 124, 2367.5+3BA9.3 8256.8 0.643 54.27 3.43 - .82 0.0 58.81 703.2
18 DELAS 15, 2.3 0.8 3.1 0.000 Q.01 Q.00 0.02 0.0 0.03 0.0
290 DELAILD 13, 0.3 0.5 1.0 0.009 0.00 Q.00 0.02 0.0 0.02 0.0
21 DELALL 13. 2.3 0.8 3.0 0,000 0.01 0.00 0.02 0.0 0.02 0.0
22 DELALZ 13. 2.3 0.3 z.3 0.000 9.00 9.00 0,02 0.0 0.02 0.0
. 23 EpDYL 301, 2283.1 #42Z93.8 6576.7 0.383 33.351 B.45 5.351 0.0 47.48 1563.8
24 EODY2 T3, Z380.D 41835.5 6376.7 0.812 38.27 9,01 5.68 0.0 52.87 1667.7
3 EDDY3 380. 288.1 433.1 731.2 0,030 15.18 0.80 8.17 0.0 24.26 186.4
26 EDDY4 aeo. 147.8 262.89 4i10.8 0,026 ?7.80 Q.48 8.17 0.0 18.44 a3.3
27 EDDYLD 13. 4.3 2.3 8.7 0,00} 0.01 0.00 0.02 0.0 0.03 0.1
28 EDDYZ0 13. 6.2 3.2 9.3 0,001 0.01 0.00 0.02 0.0 0.03 0.1
28 EDDY30 15, a.4 4.6 19.9 0.001 0.02 0.00 0.02 0.0 0.04 0.1
) 30 EDDY40 13, 8.7 4.7 1.4 0.001 0,02 0.00 0.02 Q.9 0.04 0.1
3L FALLSA] 13. 3.8 2.9 8.1 0.0401 Q.01 0,00 0.02 g.9 0.04 0.1
32 FALLSZ 135, 5.7 2.5 8.2 0.001 0.01 0.00 0.02 0.0 0.04 0.1
33 FALLS3 13, 3.5 1.3 4.7 0.000 0.0) J.00 0.02 0.0 Q.03 0.1
34 HOSERI 15. 0.7 0.8 1.3 0.000 Q.00 Q.00 0.02 4.0 0,02 9.0
335 MOSERZ 135. 2.4 0.8 3.3 0.0900 0.01 9.00 0.02 0.0 0.03 0.0
36 MOSER3 15, z.3 ¢.8 3.4 0.900 0,01 0,00 Q.02 0.0 0.03 0,0 :
37 nubbYl 119, 781.3 1300.3 Z991.7 0.229 0.0 g.0 0.34 0.0 0.3¢ 220.8
38 MubDyY2 110. 782.3 1275.3 2057.7 0.226 Q.90 0.0 0.54 Q.0 0.:’! 217.3
38 mMubDYa S 1l0. 752.6 1021.8 1774.4 0.203 0.0 G.9 0.34 0.0 0.34 185.2
40 HUODY 4 110, £74.8 1021.3 1686, 0. 194 0.0 0.0 Q.34 0.0 0.34 186.8
41 MUDDYS 110, 781.4 1041.2 1832.7 0.208 d.0 .0 0.354 0.0 0.34 201.8
42 HUDBYB 110. 782.7 1W58.0 1840.7 0.219 0.9 0.0 0.354 0.0 0.54 202.3
43 HUDDY?7 110. 6Bd.8 1279.1 1958.9 0.205 0.0 9.9 0.54 G.0 0.54 197.5
44 MURDYB 110, 770.4 1371.4 2149.8 0.223 0.9 L9,0 0.54 0.0 0.34 217.1
45 PEALCHZ2 447, 2498.5 4165.5 B665.0 U.6H4 20.14 4.34 14,02 0.0 38.48 2879.8
48 PEACHI 439. 2535.5 4139.3 6874.7 u.688 19,82 4.27 13.77 ¢G.0 37.86 2637.8
47 'DIESEL 19. 12.8 12,0 24.8 0.003 .04 G000 .02 0.9 Q.97 Q.3
48 PLHTY 29. 0.2 u.3 0.7 0, 0o (0 9, 0u Q.04 .0 G.04 0.0
49 PLRWTLS 9. 2.3 O.8 3.1 0. GOoU G, 00 Q.04 ¢.9 Q.05 0.1
S RICHD 166, 188Z.8 I0bl. 2 40G% . .34 §.959 6.499 G0 72.67 746.8
S1 RICH2I 23, a.3 [EP TY Irofil .04 0.3 0.10 0.4
B2 RiCH22 3. G.1 W3 [TV | rovl .08 0, Q.v8 G. 4
o3 RiLHI) 4. D s} .1 0.04 > 0.07 0.2
24 RICHUZ2 . 2. 4.9 [VIREIVE | [T u.d .07 0.2
29 wiCH4 ! W 5.9 [TV ek 0,03 DUV ] 0.2
RO L FEHIEI jud I 5.6 DOMYITY] ol [V e } (U] 9.2
BRGNS . [T} [TV R [T a0l Q.96 s 0.2
| SH HILhes i Wt PR uLnld &, 08 0.2
U RIGsY) 33, Z.u Y] [VreY'| >.ub .1
. 1 [N IT] WL - 0B Q.1
3. et [T L el ] DISE Q.08 0.0
- t e (LYY | a,04 [r v [y 4 0.2
! | I 9./ gy L) Q.03 (LT 0,05 2.2
. . Loyt o okl T u.ouh a3

¥Z 3O LT 399Ys
3TqTYX

(0-sq)

BLE0T



o CHal St ‘.7 J.1 1.9 . tial VY [T Vs ot s

G 1CHYZ2 = L. B k1.6 18,4 [OYIVE| 0,00 DO VR 0,07 0.0 9.13 0.5
68 SCHY? f3=2"1 Lod. e 34,0 55452 0. 533 BZ.549 4.76 4.96 0.0 72.31 gai.s
59 BCHY3 49, 2629.1 40BU.E G709.9 0,753 10.49 1.74 1.53 0.0 13.76 373.1
71 SCHY 14 13. 2.4 G.a 3.z G.000 0.01¢ VT 0.0% 0.0 0,02 0.0
72 SCHY1l 15. 2.4 [V ) 3.3 U 0 Q.01 0,00 0,02 0.0 0.03 0.0
73 SOUTH!I 178. 47.3 69.4 107.7 .0l 1.74 (VIR V5] .82 a.0 4,72 17.1
74 S50UTHZ 176. 86.3 131.5 217.9 G.0L7 2.65 U.09 2,82 0.9 5.66 26.1
75 SDUTH3 13. z.3 o.a 3. 0.000 0,00 03,00 0.02 8.0 0.02 0.0
7B S0OUTH4 13. 2.4 0.9 3.3 [VVINTY] 0.01 .00 Q.02 0.0 0.02 Q.0
77 S0UTHS 13. 2.3 0.8 3.1 0,000 0,01 Q.00 0.02 0.0 G.02 0.0
78 SOUTHG 13. 2.4 0.9 3.3 0,000 0.vl 0.00 0.0Z2 Q.0 0.02 0.0
79 CONEN1 176, 2146.9 3z99,1 5446G.9 0.614 19.99 3.21 3.03 v.0 26.24 g839.8
80 CONEMZ 176. 2235.8 3346.0 53581.H 0.8623 20.30 3.30 3.03 0.0 26.82 963.3
81 CONEMD 2. 9.6 14.4 24,0 0.003 9.014 Q.00 0.90 Q.0 d.01 0.1
82 KEYST1 179. 2368.9 3886.3 G253.2 Q0.657 21.86 4.25 ' 2.87 0.0 24.98 1027.3
83 KEVSTZ2 178. 2564.7 3885.1 B456.8 o. 723 24.04 4.68 2.87 0.0 31.39 1130.2
B3 KEYSTD 2, 7.4 14,2 21.6 0.002 Q.00 0.00 Q.00 0.0 [¢JVE] 0,0
B3 SALEM) 4E8. 2534.4 /237.3 6771.7 1.695 2t.42 5.13 15.73 0.0 42.28 2850
86 SALEMI i1E. 6.4 4.8 11.2 0.001 0.02 0.00 G.02 Q0,0 0.04 0.2
&7 CONDI 36, 1505.8 2160.5 JG6G.4 0.418 0.0 0.0 0.26 0.0 0.26 132.0
88 CAONG2 36. 1429.4 2092.6 3I5Z2.0 U.402 0.0 g.a 3.286 a.0 .28 128.
89 COND3 36. 1501.0 2187.4 3GB8.4 9,421 0.0 0,0 V.26 .0 0.26 132.8
90 CONO4 3G. 1416.5 2221.7 3638.1 0.415 0.0 .0 0.2 0.0 0.28 134
91 CONOS 36. 1473.6 2247.3 3720.8 0.425 0.0 0.0 0.26 0.0 0.26 133.8
92 CONDS 36. 1525.6 221G6G.2 3741.8 0,427 .0 0.0 0.26 O.0 0,286 134.7
93 CcONO7 3G. 1520.4 2217.5 3737.9 0.427 Q.0 9.0 0,26 0.0 0.26 134.6
94 cawNadg 65. i428.6 2214.3 3642.8 0.418 G.0 0.0 0,47 0.0 0.47 236.8
95 CONOS BS. 1448.7 224B.9 3697.6 0,422 0.0 0.0 0.47 0.0 0.47 240.3
86 CONOLO B5. t437.7 2206.2 3643.9 G.418 0.0 Q.0 0.47 3.0 0.47 236.8
897 CONO1) 85. 1451.2 2229.,7 36480.8 0.420 0.0 Q.0 0,47 3.0 0.47 239.3
98 SALENZ 474. 2159.0 3806.1 5965.1 0.583 18.27 4.38 48.00 0.0 ' 70.84 2430.9
102 GCOALD 600. 3339.1 5083.0 8432.1 0,788 88.14 235.38 51.05 136.03 300.58 4142.8
108 ECONOMY a13. 1B30.2 3159.5 4989.7 D.277  207.00 Q.0 0.0 0.0 207.00 2218.1
109 EMRGENLCY 300, Q.2 3.3 0.7 0,000 0.03 Q.0 0.0 3.0 0.03 Q
111 LMHW E4. 2.1 0.3 2.4 0,000 0,08 0.9 ¢.0 Q.0 0.06 0
114 uDLAP 170, 2.1 0.3 2.4 0.000 Q.18 g.0 0.0 0.0 0.1B 0.
115 BRNOUTS 150. 2.1 0.2 2.3 0.000 - (.03 Q.0 2.0 Q.0 0.03 0
LIE BRNOUTE 100. 0.3 0.2 0.5 Q.00 0,02 0.0 0.0 0.0 ¢.02 0
117 PARTIAL Awwrnass Q.2 0.2 2.4 0.0 1.34 0.0 0.0 0.0 1.04 2]
118 TOTAL HREEARR 0.0 G0 0.0 g, 0.0 0.0 0.0 0.0 0.0 [+]
SUMMARY RESULTS
LIANSS-0OF-LOAD PROBABILITIES:
FARTIAL BLACKDUTS 0O.000D0 = 0.2 DAYS IN TEN YEARS
TOTAL BLACKOUTS 9.4 = d.0 DAYS [N TEN YEARS
ALL CURTAILMENT QPFIONS O 0in)}3 = [.2 DAYS N TEN YEARS
TO0TAL SYSTEM COST + 1206E.7 HILLION 19677 = 978.9 MILLION (DISCOUNTED YO 18979+
FOTAL ELEETRICITY GENEWRATEDR 33104, Gl
INCREMENTAL ELECTRICITY COST 3.9 1947 CENTS PER RKWH = 1.7 1979 CENTS PER KWH
LJAD FACTIGR 59.3%
TATARL COSTS I 1987 %LU TN DISCOUNTED TAQ 1979 $MILLTUN
FULEL L2, 2.
VARTABLE Usil tul. q°?,
CARRY ING CHARGES 2:7. 9.
INCRUEMENTAL CAPTTAL 131, Gt
Pt AP r1omg:; CXST I 19 ? smtai UN DISUUUNTELDG TH 1974 +rliLLION EMERGY IN GWH
L Cahay 20700 LIS BRI 2Z148.1

Lk Ney [ faril 0.1

BRE0T

vz 3O 8T 3I99YyS
3TqTYX3

(5-sd)
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POOR ORIGINAL 1039a

.

$6.93 MILLION 1992)

=-%— 16,00 MILLION {DISCOUNTED TO 1979%-

“ZRD ZusuD) BECC PLANT DATA! ESLI LOAER GROWTH: ESRG RESERVE HMARGINS! INPUT 8.0%7 ACTUAL &.1!%
ANNUAL, COSTS {MILLIGONS OF 1992 COLLARS)
CAPFAC ENERGY VAROAM CARCHG CAPITAL TOTAL  GWH GENERATED
170.6 .03 0.3Q 0.08 ¢.03 Q.0 Q.42 z,2
. 157.3 U.016 Q.36 .19 0.04 0.0 0.49 2.7
. 18%.7 0.016 0.32 0.08 0.03 Q.0 O. 44 Z.4
. 679Z.7 Q.646 =2.88 6.81 4.13 0.0 33.82 77%.3
. 166.7 0.018 1.11 g9.09 0.03 0.0 1.24 7.8
. 171.8 0.018 1.08 2.02 0.03 0.0 1.20 7.3
N . pd 2,030 1.84 2.18 <.03 0.0 2.03 12.8
. T 2.018 1.11 0.09 G.03 Q. 1.23 7.7
B D.0Z3 1.41 R.IZ Q.03 0,0 1.38 3.2
2z, : 9,020 1.28 0,11 0.03 0.0 1.38 8.7
: : 0.029 1.77 V.15 Q.03 Q0.0 1.393 12.4
0.028 1.69 Q.14 0.03 0,0 - 1.77 1.2
. Q.764 96.07 G.04 2.55 0.0 106.76 H6%.8 “
0.816 100.43 EJ189. 2.8} 0.0 108.23 886.6
0.388  4Z.40 tZ.0Z2 . 7.91 0.0 62.34  1550.6
©.816 40,12 13.00 8.7 0.0 70.30 1877.4
0.085  24.74 1.43 11,73 0.0 37.91 184,9
0.093 41,32 2.40  11.73 0.0 553,63 3J08.5
1652.2 0.203 ¢.0 0.0 0.78 0.0 0.78 195.9
1837.: 0.201 0.0 0.0 Q.78 9.0 Q.78 194,11
1787.4 Q.204 Q.0 0.0 0.78 9.0 0.78 196.8
(BZ4.5 0.208 G.0 0.0 n.7d 0.9 Q.78 200.7
S1TTALO 0.203 . 0.0 Q.0 0.78 0,0 0.78 19%.1
-.5 :820.9 9.208 a.0 0.0 0.78 0.0 0.78 200.3
z :878.9 9,197 Q.0 0.0 .78 0.9 0.78 190.2
2 2:34.2 0.223 0.0 0.0 0.78 0.0 0.78 21%.3
- 3EZ.8 0.876 29.30% B.1lB 20.12 0.0 35.78 Z547.4
ik ES%4.6 - Q.584 28.3: 8.12 19.76 0.0 55.1i9 2E30.2,
i L05.3 d.012 0.28 0.00 D.04 Q.0 ¢.32 i.9
Lz, FO00.7 0.639 108.06 11.77  10.93 9.0 129.86 gz29.%
1%L, G633.7 0.678 9B.55 7.32 7.12 0.6 113.00 45,7
2£, 7292.4 0.822 16.82 2.73 2.18 0.0 21.7% asz.e
el =I56.0 ¢.%890 24.68 . A5 4.3% 0.0 33.49 g208.0
TR, ITA0.0 0.820 23,597 4,70 #.3% 0.0 33,0! 893%6.3
iTE. 6116.4 C.543 27.30 5.98 4.12 0.0 37.39 1005.3
i7E. 65359.9 Q.712 30.21 6.51 &,12 0.0 40.55 1112.7
szé. £749.9 _ 0.893 J1.87 7.34 22.%8 9.0 B1.99 2842 .0
zf. : I¥BE.C 0,408 2.0 9.0 0.37 0.0 0,37 129,11
Ii. 7 360%.2 0,812 0.0 0.0 0.37 0.0 0,37 129.8
z%. 2532.8 P.41% 0.0 S.0 0.37 0.Q ¢.37 130.8
sz, 3665.5 2.418 0.0 6.0 0.37 0.0 0.37 132.0
3z, 3sa;s.6 0,408 0.0 0.0 ©.37 0.0 0.37 128.9
3. 3574.5 Q.419 J.,0 0. 0,37 0.0 0.37 132.3
I3, 3G549.7 Q.417 0.0 Q.0 0.37 Q.0 0.37 131.4
R 1meg, 2 0.408 0.0 0.0 0.567 3.0 ©.587 233.1
zx. 2ETI. L 0.417 0.0 0.0 0.67 0.0 0.87 237.4
z5. 3664.8 0.418 Q.0 0.0 0.57 0.0 0.567 238.2
g%, 361Z.0 J.412 0.0 0.0 0.87 Q.0 0.87 234.8
TN B004.2 0.580 27.28 .33 &g.9t 0.0 102.52  Z448.3
Iod. § 8463.9 0.796 113,37 36.75 73.29 136.03 359.64 &182.%
5. 5332.7 O. 417 437.83 Q.0 Q.0 Q.0 457,83 3337.4
J-DEE §6.5 0.008 5.40 0.0 0.0 0.0 5.40 18.9
2, 67.7 0.006 2,03 ¢.0 0.0 0.0 2.03 3.4
1T, 39.6 9.003 z.82 0.0 0.0 0.0 2.82 4.7
150, 20.4 0.002 0.66 0.0 ¢.0 0.0 0.66 2.2
L. 1.8 0.001 0.44 0.0 0.0 0.0 0,44 1.0
e aes 8.8 0.0 47.9% 0.0. 9.0 0.0 <7.3% 3.z
e gy 0.t 9.0 10,99 0.0 0.0 0.0 10.98 0.7
ARTZAZILAITIES! .
I2TE Ga0lg o= 3.6 DAYS IN TEN YEARS
"IOG,Q000 = Q.0 DAYS IN TEN YEARS °
T DATIONS J.0077 s ZB.ZI DAY_E‘» IN TEN YEARS
II8T s IOTE.7 MILLION {1822) = ¢ S66.8 MILLION (DISCOUNTED TO 1979
SeTY OQENERATED 34876, GMH .
- ITITY COST 6.0 18982 CENTS PER KWH = 1.6 1979 CENTS PER KMH
. . iEBD sMILLION DISCOUNTED TU 1979 smILLION
a5, 2B1.
133. &2,
Iz 30Z. 8z. .
SITAL 135. 37.
: COST IN 39892 smILLION DISCOUNTED TO 1979 sMILLION v ENERGY IN GWH
4%7.63 124,97 2337.4
3.40 1.48 18.2
INT COST % 64.88 MILLION (15892) = s 17.72 mILLION (DISCOUNTED TO 18979}
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LOAD CURVE: FEGB PLANT DATAC EZEL: EDAD ‘GROWTH: EERG RESERVE MARGINST INPUT 14.0%; ACTUAL 13.3%
=ERAWATTS HOURS QF USE ANNUAL COETS (MILLIONS OF 1882 DOLLARS)
CAPACITY MAINT NOMARINT TOTAL CAPTAC ENERGY UARGA&M CARCHS CAPITAL TOTAL Gk GENERATED
7. 42.2 45.8 gg.2 Q.08 Q.17 G.05 0.03 0.0 Q.24 1.3
I3-B 36.3 38.1 74.4 Q.008 0..7 0,03 Q.04 0.9 0.25 1.3
i7. 5.7 34.5 70.3 D007 g.1T 0,04 Q.03 Q.0 9.22 La
137, 2595.3 4244.9 BEB39.1 v.651 3.0l &.86 4.1% 0.0 34.32 TEG.LF
ag. 44,4 4B.0 9z.3 0,010 .83 0.0%5 0.03 Q.0 0.72 4.4
49, -2 75.4 130.8 S.012 Q,74 0.08 Q.03 0.0 0.83 o2
a3, 70.86 97.7 1!EE.4 0.8 1.18 0.:0 ¢.03 Q.0 1.30 8.1
45, 37.Z2 J4.2 7i.F Q.007 Q.46 0.04 2,03 0.0 °.53 3.2
49, 44.5 BZ.3 107.9 .01 Q.73 0,06 ¢.Q3 0.9 .83 5.1
33 E6.4 0.8 157.¢ 0.uLlB 1.v01 Q.09 Q.03 ¢.0 1.12 Tl
45. B8.0 8l.0¢ 150.9 ¢.018 1.01 0.09% 0.03 0.9 1,13 7.1
49, 6.0 103.8 16&.8 Jv.u18 1.13 0.10 0.03 0.0 1.28 7.8
126, ZBZ3.4 4Z3Z.5 70%5.8 Q.731 83.8% 5.79 Z.65 2.9 102,38 gIz.¢
30i16.8 453Z.8 T345.4+ w.BLZ 95.81 8.15 2.5: 0.0 138.66 88Z.1
a79%.7 41B4.) B6583.% 0.587 4%.28 11.83 7.9: Q0.0 62,.:.3 1548.5
Z424.2 407B.8 B3w3.: 0.813 48.94 1z.9% B.17 0.0 70.06 167:1.0
I4zZ.8 4857.7 T0u.% J.us9 2,32 1.28 12.73 g.Q 35,35 1 -1-
4%2.7 BaZ.z 1Z94.8 g.o84 37.85% 2.i8 11.73 .0 51.38 Z280.7
706.8 1105.3 i808.8 9.128 ¢.0 ¢.0 0.78 oa.0 0. 78 181.3
73%.6 .136.5 t&87.3 3.205 Q.0 ‘9.0 0.78 C.0 9.78 197.4
727.9 1104.3 3832.: 0.Z08 PR e.0 Q.78 Q.0 0,78 01.5
“723.8 10BZ.B 1BUE.& 0.206 9.0 Q.0 0.78 Q.0 Q.78 188.7
730.4 1087.3 1818.3 Q.Z08 0.0 ¢.0 C.78 0.0 Q.78 200Q.0
7%91.6 1029.3 1830.3 U.211 9.0 g.9 0.7a 0.0 Q.78 s03.8
880,.5 1388.5 I090.1 0.z218 9.0 Q.0 0.78 Q.0 0.78 Zlu.t
E5<.7 1355.4 ZO050.% .2l 0.0 9.0 ¢.78 .0 V.78 206.3
447, I54E,l 4Z!0.8 B7F2.9 0.5%4 30,18 6.32 Zv. 12 Gag IE.74 27:8.5
=38, I¥37.3 4224.7 G7EZ.G v.594 £9.75% §.21 15.78 Q.0 55.73 JETC.Z
13- 3.6 Si.Q B1.5 U, g Q.21 0. <.09 [V ] 0.23 1.3
TBE. 231,58 3615.3 §83:1.8 V.530 108.3 11.581 1G.03 .G 1258.18 8i5.5
18.5 36.7 55.2 Q.00B Q.27 C.0B6 V.03 0.9 0,389 1.7
7.2 43,5 G0, 7 G388 ¢.27 2.08 0.08 Q.0 0.38 1.7
z Mr 3E.9 3.3 [vIvES) v.i8 0.03 0.0& 0.0 Q.23 L .
i, 0.3 41,3 3:.9 0. 006 .18 0.04 U.U4 u.Q V,Z7 el
sl I2.3 31.8 BU.CZ 0.906 .38 c.08 Q.09 0.9 V.37 2.7
S, 0.7 36.5 T.Z 0,005 0.32 g.08 2.08 0.9 3,30 Z.Z
51, 34.6 37.4 TC.0 0.008 Q.41 0.10 Q.09 <. 0.89 z.7
139, I65Z.3 4298,1 BE50.32 0.586 99.76 7.41 7..2 0.0 114.28 a56.1
49, ZBH1.9 4309.3 7i5L1.2 o.811 16.81 2.70 2.18 0.0 Z1.51 348.3
1768, iB4.4 245.0 407.4 0.036 g.78 0.23 4.20 0.0 13.26 SE.3
175, 118.6 1839.4 ZE9.9 9.9025 .78 0.1 &.20 V. 10.13 58.6
278, 2:3G.1 AZ43.4 3773.% 0.602 I5.18 4.5% 4.35 LY S J4.98 8z27.4
176G, Z231.%5 345:1.3 87:zZ.3 9.332 26.77 4.8 4.2 G0 35.38 8T, €
Z. 3.4 45.9 g84.3 0.008 0.03 0.01L 0.00 0.0 0.04 v,
179, 2321.9 38¢%.9 §:31.7 d.add £7.38 5.89 4,12 v, 37.=3 007D
(T8, Z¥5E.4 3BAS,I §443.7 .72 30.83 6.70 4,12 u.,9 41,4% 1.27.8
. 38.1 48,1 84.2 0.0 2,03 L.02 D00 [P Q. .0% 0.z
488, IZ37.5 4161.8 3B395.3 <, 686 31.43 7.29 =zZ.58 V] 81.32 282z.0
GE. 142),.5 Z:148.1 383S.7 0,415 0.0 [E ] 9.37 G.0 ©.37 13,0
Z6. 1445.5 g219,8 3IBEI.1L v.418 .0 9.9 v.37 0.0 0.37 13L.E
36, 1455.8 2184.2 3E5.0 Q.417 2.9 v.Y 3.37 Q.9 0,37 131.3
35. 142%.3 2:188.8 36i4.2 0,413 n.g 0.0 G.37 0.9 0.37 130.1
36. 1447.2 2237.¢ 3684,2 U,4Z1 0.0 0.0 Q.37 9.0 0.37 132.8
36. 145%,3 2210.0 368S.4 0,418 0.0 Q.0 ¢.37 9.0 0.37 1320
36. 1436.3 £225,1 3B31.3 0.418 0.0 9.9 .37 0.0 0.37 131.8
g, 1441 .4 2230.7 3E672.1 9,419 0.0 0.0 VIS 9.0 .87 z28.7
65. 14426 2241.0 36BI.S D.421 A.0 Q.0 0.67 0.0 0.87 235.4
§5. 1430.8 22Z13,Z 36és. 1 V. 416 3.Q d.Q - J.&87 [ 3.87 &38.3
85, 143a.2 2179.7 3614.5 3.413 9.0 .0 V.87 0.0 Q.57 234.8
2T, Z187.! 38%94.7 eual.B ¢, 387 z7.8¢ 5.4¢ §8.591 a.0 t0z2.82 24770
. 800, 3305.3 308&.3 8401.8 2.806 115.93 37.22 73.28 13E.02 351.98 4238.4
¥ g:13. I380.% 3774.9 513%.4 0,379 &413.18 0.0 Q.9 o.v 415.18 3027.8
i SO0, %.5 15.0 0.5 0.001 ¢.82 2.0 Q.0 0.9 v.Bz ..9
64. 12,8 17.3 .z 0.003 1.14 0.0 0.0 9.0 1.14 1.%
170, iz.9 16.3 28.8 Q.002 1.44 0.0 0.0 0.0 L.4d 2.4
H 150. i.8 9.4 10.9 0,000 Q.17 0.0 0.0 0.0 0.17 0.6
3 109, 2.8 1.1 1.7 Q.00Q 0.07 Q.0 2.0 0.0 0.07 0.2
_ esesnesens 0.4 .2 1.4 Q.90 7.28 G.0 Q.0 2.0 7.28 Q.5
reaseny 0.0 0.0 Q.0 9.0 0.0 0.0 o.0 0.0 0.0 0,0
IauTs
-5 PROBAGILITIES!
ACADOUTS 0.9002 = Q.6 DAYS IN TEN YERARS
1oUTS 0.0 - 0.0 BAYS [N TEN YEARS
~MENT QPTIONS C.00324 = 12,6 DAYS IN TEN YEARS
"Im COST s 198B.2 MILLION (1392) = 8 3542.9 MiLLION (DISCOUNTED TO 1973}
TRICITY GENERATED J34878. GuH
- §;ECTRICITY COST 9.7 1592 CENTS PER KWH = 1.6 1879 CENTS PER KWH
k& 3%
I IN 18992 sMILLION DISCOUNTED TQ 1879 sMILLIGN
953, ZBZ.
&M 158, 43,
=AROES 3. as.
- CAFITAL 136. 37.
TIONSI COST IN 1582 #MILLION DISCOUNTED TO 1873 smILLIOGN ENERGY IN GWH
T 413,18 113.38 3027.8
0,82 Q.22 z.9




1992 PECO

LN B Y e L=

10

iz
i3
14
15
i&
17
18
23
24

28
27
248
29
< [1]
n
3z
a3
34
as
as
a7
3a
39
40
41
42
43
4%
435
46
47
S0
1

33
59
55
S
o7
Ty
o
L
Gi

)
G4

OPTION

BAHBS

BHNBE

BAHB7

CHEST?
CHERTR
CHESTS
CkOHBI
CROY I
CrUYI12
CRAYZ21
CrQYZ22
CROY3L
CROY3Z
CROY4L
CROY42
DELAY

DELAB

EDDY1

EDDY2

EDDYI

EDDYA4

EDDY 1O
EDDY24
EDDY30
EODYA0
FALLS]
FALLS2
FALLE3
HOSERI
HOSER2
HOSERJ
HUODY1
HUDDYZ
HupnyY3
HUDDY 4
nupoyYs
nubDYe
HUDDY7
Hupbyes
PEALHZ
PEACHA3
BIESEL
RI1CHS

HI1CH21
FICH22
RICHIL
RICH3Z
RICHAL
WICH42
AlHAd
Rillltdy
withs)
AICHLD
ERER T
A3 T
KRV
i

LOAE CLisS PECL
MUGAWATTYS  HOUKS OF USE
CAPACITY MAINT  NOMAINT
17, 33.1 47,8
&R 21.7 [P
17. 30.4 37.4
13. 6.7 2.5
134, 7.0 .
13. 9.3 2.5
137. 2356.2 4334u.2
49. 37.0 73.3
49. 34.0 41.3
48. 43.9 53.0
48, 28.2 Z26.8
48. 49.4 9&.7
48. 34.a 62.3
49. 37.1 71.3
48. 49.0 75.0
126. 2847.7 4Z244.2
124. 3020.7 4594.3
301. 2233.3-41686.89
Jil. 2318.8 4182.6
380. 262.3 S54949.8
38v. 477.4 H38.8
13. a.7 2.8
13. a.a 2.7
15. 8.7 3.9
15. 8.1 3.2
t3. 8.0 3.4
.13, 10.3 a.7
13. 10.5 4.0
15. 2.8 4.3
13, 2.8 5.4
15. 4.8 1.4
110, 686.9 1124.6
110. 728.7 tiv8.6
110, 733.6 1135,7
110. 732.5 10891.8
140, 714.3 1085.0
110. 737.1 1123.7
110, 718.8 i405.3
110, 708.3 1368.7
47, 2483.1 4I%8.2
438. 2483.1 4085.1
19, 16.3 86.0
166, Z411.6 3614.5
33. 12.7 5.8
33. 12.7 7.3
33. 5.8 1.8
3. 3.4 1.9
21, 13.3 L.6
i I 15.4 3
1. 14.4 8
I 4.2 il
3. B.4d 2
Ui, .8 -
da. G.g -

ald

7.

L

PLANT LaVAT ESL.

TOTAw

Mwi
NEWL N C

(= o N -l

7091.8
7325.0
6440.2
8501 .4

762.8 7

t3t6.3
1e.a
1L.5
12.7
12.2
12.4
14.0
1.5
3.s
9.0
6.3
1813.5
1838.,3
1871.3
1824.2
1809.3
1862 .48
2124.1
2077 .¢
&8741.3
6568.3
102.3
6031.1
18.6

ANNUAL
LAPFAC

G007
.93
G.007
G,001
Q.00
Q.anl
U.654
0.012
0.007
0.013
). 006
G.0l4
0.011
0.012
0.013
0.764
0.605
0.581
0.613
0.052
G.080
Gaudl
0001
.00l
Q0,001
0.001
0,902
0.002
0.000
0.000
0.901
0,168
0,202
0.214
9.208
0.207
0.213
0.222
w.217
B.691L
0.675
Q.01
J.646
Q.90
0.092
u.0n)

CusTs

ENERGY

0.14
0.08
.14

lo.9z
80T
¢.03

23.14
0.73
0.43
0.77
¢.38
0.68
0.68
0.75
0.62

a%.47

89.00

41.82

4g.83

23.23

40.02
0.0C
0.02
G.03
0.03
0.03
0.03
0.04
9.01
0.01

COSoCoCoCo
(- - - 2 - N ]

cAD GROMWIHD ESRG

RESERME MARGINS. INPUT 22.0%;

(MILLIORS OF 1992 ODULLARS)

VYAROAM

u,.04
0.u2
v.0%
J.00
€3 . 533
0.u1
&.90
¢.0B
0.04
0.07
0.03
0.07
0.08
Q.06
o.07
5.88
6.10
11.88
12.96
1.34%
2.31
G0l
0.01
NV )
G.01

0.0);

G

Vg

ol

CARCHG CAPITAL

.03
G044
0.03
.02
.42
Q.02
4.L3
0,03
0.03
0.03
0.03
0.03
0.93
¢.03
0.03
2.63
2.61
- 7.81
8.17
11.73
1¢.73
Q.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
.03
0.03
Q.78
0.78
.78
%.78
0.78
0.78
0.78
0.78
20.12
19.76
0.04
10.43
Q.08
0506
0.086
0. 06
0.4
.04
[P0 ]
.ty
G.ub
YR
J.u8
.96

-

&

T

+

IR

MR

9
1]
)
0.0
&0
9.0
6.0
0.9
0.0
0.0
0.0
0.0
0.0
v.9
0.0
9.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
¢.0
9.0
0.0
9.0
0.0
0.0
0.0
0.0
0.0
Q.0
9.0
0.0
a0
Q.0
[ Iy
[H]
[
(4
v

TArtAL

0.2¢
.13
G.21
0,03
3.0%
. 0.0B
34.19
Q.83
0.50
0.87
0.34
©0.88
0.27
0.83
©,82
104.00
107.71
81.72
70.08
36.31
J4.07
&.08
0.08
Q.06
0.068
0.08
0,07
0.07
0.04
0.04
0.04
0.78
0.78
3.78
0.78
0.78
0.78
0.78
o.78
56.98
J4.71
0.28
131,14
.18
3.8
Gl
O.1l
a.11
LU |4
VI
U.tl
w.ld
LY s
V.12
0.9
9,0
v oB

GHH GENERATED
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o
QU asaDNUMWLDALLEOEE =0 -
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o
-
~N

a874.0
1533.1
1671.4

N -
@~
SOoQCOOCOOCOCRDW
Pul et

a-n

U= = NNNKNN ==

184.4
203.8
20,7
1898.0
204.8
213.8
Z09.1
Z107.2
2585.90

i
w

O < SN T = IO - O -

-

RN LWL bdpaeaNNDO A
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ACTUAL Z23.3%
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Ud RLUCHS: Ul ZL.0
G/ RiCHIZ ol i6.u
B BCHYL [ETHN 2576.9
G SCHY3 4. Jub4g.3
FSLHYIG R 1.7
72 SCHY L) 18. --5
73 Bauln 178. 148.7
74 SUUTHZ L7/8. g1.3
75 soutinl 13. zZ.4
75 S0UTH4 13. [ -]
78 CDNEM] 176. 2148.5
80 COWENRZ 176. 2240.1
81 CONEND Z. 23.7
BZ KEYST! 178. 2350.4
B3 KEYST2 179. 2367.7
84 KEYSTD 2. 25.6
B5 SALEM 4608. 25435.8
86 SALENMA 16. 10.3
87 COND) 36. 1500.5
B8 COnOZ 6. 1495.5
45 CONDJ 6. 1436.8
80 COND4 36. 1468.9
91 CONDS a6. 1476.1}
9z CONGE as. 1426.2
93 con0? a6. 1434.0
84 CoND8 B5. 14654.1
83 conND3 B5. 1486.8
86 conoiv BS. 1488.0
A7 CONOLIL E3. 1434.9
98 SALEHZ 474, 2183.1
§i02 GCOALJ GO, 3321.6
108 ECONOMY 213. 2482.3
108 EMRGENCY 300. 0.3
111 LHHH 64. 1.1
114 VOLAP 170, t.l
113 BRNOUTS 150. 0.7
116 BRNOUYS 100. 3.7
117 PARTIAL sansnas 0.7
118 TAQTAL [SIXTIL] 2.0

SUNHARY RESULTSE

LOSS-0OF ~LLOAD PROBABILITIES!:
PARTIAL BLACKOUTE Q.000L =
TUTAL BLACKOUTE .0 -

JUVAL SYSTEH COST 8 200§.1

INCREMENTAL ELECTKICITY COST
LOAD FALCTOR 389.3%

10YAL C£OSIS IW 1932 sMILLION
FUEL 157,
VARLMSLE us P
Crnkey LING GRS ¥
INCREMEN AL Ca2 N i {538
L) (TR FI L LuLT L

LMY

kil

PRI

R )
M= H
Huid
N2TH. 7
1.1
1.2
273.9
164.3
1.2
1.l
az48.0
3318.2
36.6
3752.8
3872.1
37.0
4136.1
5.0
21488.7
2165.2
2103.1
2222.9
2232,
2141.%
2127.1
2148.0
2226.9
2101.5
2181.5
3926.8
3080.3
3821.3

e NP

“Ga.l
+a.3
GIn4.5
72IZ6G.Y
2.8
3.7
421.7
236.v
3.6
z2.6
$397.3
$358.4
6G.3
61013.3
G6439.8
G2.8
G6681.9
15.5
3649.2
3660.8
3960.0
3691.89
az7o8.2
3567.6
JI561.0
d613.1
3712.9
3589.95

2.3 DAYS IN TEN
2.2 DAYS 1IN TEN YEARB
ALL CURTAILMENT OPTIONS 0.0002

0.003
0,003
G.870
¢.812
[T ]
[ ATV ]
0.¢dd
.023
GO0
0.000
Q.60
0.6822
0.007
0.642
0.721
0.007
0.687
0.002
0.417
v.418
U.4086
Q.421
G.423
9. 407
0.407
a.412
0.424
0.410
0.414
Q.5499
0,79t
0.404
}.080
0.009
0.000
0. 000
0.000

YEARS

vl

8744
16.63
DY
.ul
B85
$.32
oLyl
Q.
25.239
26.05
V.92
27.24
30.61
0.2
31.38

JocooecoocoooGe
- F

~N
NOCoOLLOCLOLODOL

112.682

443.3%8
0.12
G.03
0.1
0.04
0.04
1.86
0.0

= o.5 DAYS IN TEN YEARS

HILLION (1992) =

TOTAL ELECTRICITY GENERATED J3487B. GHH

.

0,05
0,05
?.24
2.79
G.00
LIV
.28
v.18
0,00
9, g0
4.57
4.71
0,30
5.96
6,70

oONG
-0 -

OOOC‘OOQOI&JOGOOOOOOOO‘O

. x oy

cococcoohmceccoocooecoNG
-w

PaiPUEP Pl

13

Pl R P
ORI < =]

COCOLOCeOLOQLOOoOOOOoOoCLOLOCORLOLCOOoLoLCoCT

a

P

CoOROCCoCOMOCCODO0LOIOReCOROECoLoCEoLCLIT oL

547.8 HILLION (DISCOUNTED TO 1878}

3.8 1992 CENTE PER KHH =

1.6 1978 CENTS PER KHWH

DISCOUNTED TO 1973 $HILL

(37 PR M

wndL Dy

DISAINNIEDR

-k

S FHLL R

2t

T

[ PR

FON

[ 340 e |

G103
[¥31Y
AaiTED

Y]

FU74 sHILLIUN

VB GCOUNTED

1879

fu

1973

0.36
0.27
114,75
21.52
V.03
0,04
13.303
8.7¢
0.03
0.03
J4.22
33.1t
0.03
37.3z2
41.43
¢.03
B1.23
0.08
0.37
.37
0.37
0.37
0.37
0.37
0.37
¢.67
0.87
0.67
0.67
103.03
a58.85
443.38
0.42
¢.0%
0.4
0.04
Q.04
1.88
0.0

ENERGY IN GHH
3234.9

BZr01

'™

Lo
LAt !

2.4

yZ 30 g7 3IS/US

{D-5d)
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———

15HT PECD LUAD CURWE! PECD PLANT DATAI ESLI LOAD GROWTH! ESKG RESERVE MARGINS: INPUT 30.0%X: ACTUAL 30, %
AELAMATTS  HOUKS OF sl ANNUAL CUSTYS (MILLIONS OF 1982 DOLLARS)
{ OPTLO  CaragiTY  HMAINT  NOHAINT  TUTAL  CAPFAC - ENCHGY VARD&M CARCMG CAPITAL  TOTAL  GWH GENERATED
', 1 BARDS 17- 24.2  34.0  Sd.1. 9. 005 a.1l 0.03 0.063 0.0 0.17 0.8
¢ 2 BARBG 19, 22,1 za.3  S1.4 0. 005 w1z 9,03 0.04 0.0 0.9 0.9
{ 1 Bara’ 17. 16.2 23,7 4.0 3. 004 9.09 .02 .03 0.0 0.14 6.6
4 CHESTY 13. 2.2 2.0 4.2 B.000 .01 0,00 Q.02 0.0 0,03 0.0
3 CHESTE 13. 3.4 2.1 5.5 .00 .91 0.u0 0.02 0.0 0.04 0.1
! 6 CHESTY 13. 2.2 1.8 4.0 0,000 .01 0.00 0.02 0.0 0.03 0.1
7 CROMB1 137. 2584.1 4375.8 5959.9 0.657 23.26 6.983 4.5 0.0 34.34 768.8
I A4 CROnAZ 163. 1a7.4 3za.l S15.9 0. 045 9.83 0.64 8.91 0.0 17.48 72.4
' a CROV1I ad, 3i1.t 4.3  77.4 ¢.o08 0.48 9,04 3.03 0.0 0.5% 3.3
10 CROY1Z 49. 21.5 22,5 43.9 0. 004 0,25 9.02 0.03 0.0 0.32 1.9
11 CROYZL 48, 52.6 BL.B 1234.2 0.0L4 0.84 0.67 3,03 0.0 0.83 5.8
17 CROY2Z 49, 19.1 22,8 41.8 0. 004 ©.Z7 0,02 6.03 0.0 6.33 1.8
13 CROYAL 49. 3Z.1  A4.0  IG.1 0.008 0.52 0.04 0.03 0.0 0.60 3.8
14 CROY3Z 49. 38.7 S55.0 3.7 0.010 0.63 0.03 0.03 0.0 0.72 4.4
15 CROY41 40. 48.6 45.2 8.8 0.010 0.61 0,03 0.03 0.0 0.68 4.2
{6 CROVAZ 49. 42.8 63.4 106.2 0.010 0.82 0.03 0.03 0.0 0.71 4.3 ?
17 DELAY 126. Z664.4 4326.0 7190.4 9.769 96.18 5.82 2.6 0.0  104.77 848.7
18 DELAB 124. 308%.1 4574.7 7639.9 0.818 100.81 5.24, 2.8l 0.0 108.82 a89.8 O
. 18 DELAS 13. o.l 0.4 0.5 3.000 0.00 0.00 0.03 0.0 0,03 6.0
20 DELALO 13, 0.1 0.4 0.6  0.000 0.00 0.00 0.02 0.0 0.03 0.0 O
21 DELAL1 13. 0.1 o.4 0.3 9,000 0.00 0.00 0.02 0.0 0.03 0.0
22 DELAIZ 13. .1 a.3 0.4 0.000 Q.00 ¢.aQ 6.02 0.0 0.03 .0 m
23 EDDYL a01. 2280.8 4246.5 B537.3 0,380,  42.57 12.07° 7.8l 9.0 62.54  1%36.9 )
24 EDDV 311. 2320.8 4157.5 E486,4  0.613 48.83 12,85 B.17 0.0  10.08 1878.7 (:)
25 EDDY3 38v. 26%.0 466.7 731.7 0.052 23.04 1.33  11.72 0.0 36.10 171.7
26 EDDYA 380. 466.7 778.1 1244.8 0.084 37.38 2.47 11,73 3.0 51.48 280.1 m
27 EBOYLL 13, 3.4 2.3 s5.7 0. 001 0.01 0.00 0.02 0.0 0.04 0.1 =
28 EDDYZO 13. 3.6 2.3 5.9 0.0  0.01  0.00 0.02 0.0 0.04 0.1 G)
29° EDDYIO 15. 3.8 2.4 6.1 3.00% 0.0l .00 .02 0.0 0.04 0.1 pa=id
39 EDDY40 15. 3.8 z.5 6.3 0.001 0.01 0.00 0.03 0.0 0.04 0.1 Z
31 FALLSI 15. .4 2.6 7.0 .00} 0.02 .00 .02 0.0 0.0% 0.1
32 FALLSZ2 &.2 2.3 6.5 0.001 0,02 0.00 6,903 6.0 0.05 0.t b
33 FALLS3 4.5 2.8 7.4 ¢.001 0.02 0.00 0.03 0.0 0.03 0.1
34 HOSER! 0.2 0.6 0.8 0.060 0.00 0.00 0.03 0.0 0.03 0.0 .
33 MOSERZ 0.3 0.6 0.8 0.000 Q.00 0.00 0.03 0.0 0.03 0.0
36 MDSERD 1.4 3.7 2.1 0.0400 0.00 0. 00 0.03 0.0 0.03 0.0
-37 HUDDYIL 7059.4 1082.3 1767.7 0. 196 0.0 0.0 - .78 0.0 0.78 188.0
38 HUDDYZ 707.2 t084.7 t791.9 0.187 0.0 0.0 .78 0.0 0.78 1808.4
38 HUBDY3 74Z.7 1G89.0 31631.7 0.208 .0 0.0 .78 0.0 0,78 201.5
40 MUDDYV4 737.8 1074.8 10812.6 0.207 0,0 0.0 0.78 0,0 0,78 188.4
41 HUDDYS 723.8 1092.2 1816.0 0.207 0.0 Q.0 v.78 0.0 0.78 Les.a
42 MUDDYS 713.8 1114.2 1824.1 0.208 0.0 9.0 0.78 0.0 0.78 201t
43 nupDY? 708.3 t3a82.4 20891.7 0.218 0.0 0.0 .74 0.0 0.78 210.9
44 HuDDYB 712.2 t3B2.2 Z0S94.4 0.218 9.0 0.0 0.74 0.0 0.78 -210.8
45 PEACHZ 2502.0 4110,1 B6I2.1 $.678  29.GW 6.19 20,12 0.0 53.83  2660.1
46 PEACHD 2507.2 4h75.8 6683.1 ¢.6686  29.41 G.14 149.78 0.0 35.3%1  2638.0
47 DIESEL 34.9 55,1 80.0 2,010 0.23°  0.00 0.04 0.0 0.27 1.6
44 PLAHTY .l [ u.6 0. 000 G.0n 2,60 9.,us 0.0 0.06 0.0
43 PLMT:iH wal ULt [ 0000 D T oLl 0.03 0.0 0.06 0.0
Sy RICKY 2348. 1 J4uS.7 SHLD.u G515 to4.0® 11.33 0 10,03 D.0  125.239 g94.8
51 RICH2L 4.8 o6 T (NI Gyl Lot 308 4.0 9.1 0.2
50 RICH.: 4.4 gt FRY e vLal UG 0,11 0.2
G4 klendi [N 1.5 Fal RpvIv] 0.6 o.o08 O.l
B4 KICLIZ 1.6 w7 o N G 06 5.08 9.1
AT Z.h N L [FVD 0.q 0,07 0.1
Guo oaldia? 5.0 Leald [T i, 0 0.07 .2
5 Witedd e A o.oud 0.07 0.2
el Itiw T it DO | 1. 1ed g.0v .1
) it 1. Y o D.0H 0.t
Lo Moo [T Vvt L7 .0
L W1 ! I V.06 0,0l g.l
I CA NI i . A [T [Frey u.l
i, PR | .- e ! LN
s

2TQTUXI

yz 30 £ 3I899YS

(o-s0a)

BEVOIL




ol wadd a.b

s U.d
W] Sl u.d 5.6 13.4 Il
M) 159, FEUY.8 4127.3 w3l 0.6574
G BCHY a4, 2G17.9 43545 ?:? .5 D818
T OHBOHY Lo 13, Gl 0.4 .8 0. Qi
ToOSCHYLL 15. [V 'S .7 0,000
73 s0uin 174, 127.8 146.5 .3 ¢.029
74 Sz 174, Bd.4 103.3 1J| a G.01LE
75 sS0utnd 13. u.d L] 2.8 OO0
76 S0LTHA 13. n.1. 0.6 0.7 0,000
77 S0UTHS 13, vt o6 0.7 0. 00
78 S0UTHEG 13, 9.1 0.3 0.5 0. 000
79 CONERI 1 76. 21052.2 3255.6 93487.7 0. 602
8¢ LONERZ 176, 228%9.8 3473.2 5773.0 ¥.646
81 CONEMD 2. 21.7 1.4 53.1 VDT
B2 KEVST1 178. Z311.68 3716.9 G03V.7 0.634
83 KEVSIZ 179, 2546.2 3810.4 BI56.86 0.712
84 KEVSTD Z. 21.3 3t.7 53.0 0.006
8% HALEM! B8, 2529.8 4Z12.2 G742.90 0.692
86 SALEMT 15. 3.4 3.0 6.3 0.G01
87 ConOot aG. 1423.5 2193.6 3617.1 0,413
B8 Conoz 36, §49B8.5 2145.4 3643.9 D.4186
89 CONOI 36. 1441.68 2231.4 3873.2 v.418
80 Cong4 36. 1510.6 Z163.3 3G673.9 g.a18
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a5 conNas BS. 1455.0 2213.1 3668.1 2.459
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87 Canoil B5. 1S15.1 21G6.4 3GBt.S 0. 420
98 SALENZ aT4. 2202.3 3946.8 G148.8 0.603
192 GCOALA 600, 2323.1 512B.0 0G451.1 0.74a
107 PKGCT 140, Z21.8 31.7 53.5 9.004
108 ECONOMY 213, 2386.2 3773.0 G159.2 . 395
109 EMRGENCY 500, Y} 2,2 0.3 0.000
110 LHHH B4, 0.0 6.1 G, 0. 000
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115 BRNOUTS 100. 0.0 [TY] v 0. 00
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CAPITAL COSTS
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CAPITAL COSTS J

1048a

300 Mw NEW COAL UNIT

TOTAL

Yearly ESRG ESRG YEARLY

Direct Yearly Dir. AFDC Yearly INFLATION EXPEND.
Constr. Exp. Constr. Exp. RATE AFDC Expend. RATE (1979

(1979 Constr. (Current {PERCENT) (Current $/Kw) (PERCENT) ($/KW)

S/Ew) $/Kw)
Low High Low High Low High Low High Low H:

1980 Initial 18.18 20,21 20.48 10.5 12.5 2.12 2.36 8.5 10.0 20.6 2t

. Prior 22.33 22.84 2.12 2.74

1981 Current 15.15 [IB33 (I3.05) 9.5 12.0 .88 1.14 7.5 9.0 18.5 1¢
Total ° 40.88 41.89 U0 533
Prior L;?,.se 45.77 4.17 5.49

1982 current 36.36 [0 0% EL08 9.5 12.0 2.33 3.06 7.5 9.0 44.3 4!
Total 92.91 96.83 =0 [E-55)
Prior 99.41 105.38 9.44 12.64

1983 Current  153.78 9.5 12.0 10.85 14.47 7.5 9.0 184.5 18t
Total 327.85 346.48 0. 29][27.L1]
Prior 348,14 373.59 33.07 44.83 :

1984 Current 267.42 [EIL561@68. 17 9.5 12.0 20.78 28.09 7.5 9.0 339.1 348
Total 785.70 841.71 T 8572
Prior 839.55 914.63 79.76 109.76

1985 Current 217.42 9.5 12.0 18.61 2550 7.5 9.0 314.7 331
Total 1231.41 1339.57 :
Prior 1329.78 1474.83 126.33 17698

1986 Current 49.24 _[97.69] (10745 4,64 645 7.5 9.0 136.6 157
Total 1427.47 158228 [[30.371@8T43]

757.55 1558.44 176571 1038.3 1110
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TABLE E-2 1049a
CAPITAL COSTS
600 MW NEW COAL UNIT

Yearly ESRG TOTAL
Direct Yearly Dir. ESRG YEARLY
Constr. Exp. Constr. Exp. AFDC Yearly INFLATION EXPENLC
{1979 cConstr. (Current RATES AFDC Expend. RATE (1979
. $/Kw) $/Kw) (PERCENT) (Current §/Kw) (PERCENT} $/Kw)
Low High Low High Low Higk Low High Leow Hic

1980 Initial 15.48 17.20 17.44 10.4 12.5 1.63 2.09 8.5 10.0 17.4 I’

Prior 18.83 19.53 1.79 2.34

1981 Current 7.74 9.48] (9. 73 9.0 12.0 .45 .58 7.5 9.0 8.3 1t
Total 28.31 29.26
Prior 30.55 32.18 2.90 3.86

1982 Current 10.83 Li.82] [15.34 9.0 12.0 .56 .92 7.5 9.0 312.2 1t
Total 42.37 47.52 E15]
Prior 45.83 52.30 4.35 6.28 -

1983 cCurrent 37.14 [B5.171 (8.23 9.0 12.0 2.62 3.49 7.5 9.0 46.1 4°
Total 101.00 110.53
Prior 107.97 120.30 = .. 10.26 14.44

1984 current 157.09 [Z57.04il274.99 2- -0 32.21 16.50 7- .0192.9 19°
Total - 365.01 395.29
Prior 387.48 426.23 36.81 51.15 ,

1985 current 273.17 [E32.34) 9.0 12.0 23.39 32.037-5 9.0354.7 36:
Total 879.82 960.13 [E0-20][B3. 181
Prior 940.02 1043.31 89.30 125.20

1986 Current  222.09 agd.6y 9-0 12.0 20.94 29.087-5 9.0 329.2 34¢
Total 1380.93 1527.94 [TI0. 24|34-23]
Prior 1491.17 1682.22 141.66 201.87 142.7 16

1987 Current 50.30 S 9.0 12.0 5,22 7.357.5 9.0 : '
Total 1601.16 1804.77 [[76-83|203-22

773.84 1748.04 2013.99 1103.4 116
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1050a TABLE E-3
~ CAPITAL COSTS ~ -

1000 MW NEW COAL UNIT

!

Yearly ESRG

Direct Yearly Dir. ESRG
Const. Exp. Constr.. Exp. _AFPDC Yearly "INFLATION
(1979 Constr. (Current - RATES AFDC Expend. RATE
$/Kw) $/Kw) (PERCENT) (Current... (PERCENT)

Low High Low High Loa/Kwéigh Low High

1980 1Initial 16.29 18.11 18.35 1¢.5 12.5 1.72 2.20 8.5 10.0

Prior 19.83 20.55 ' 1.88 2.47 o

1981 Current 4.89 5,949 !silsl 9.0 12.0 .28 .37 7.5 9.0
Total 25.82 26.70 =I9 [Z-8d
Prior 27.98 29.54 2.66 3.54

1982 Curreat  4.89 [6.59 9.0 12.0 .31 .41 7.5 9.9
Total 34.57 36.31
Prior 37.54 40,26 3.57 4.83

1983 Current 9.77 [t4.51 [15.32) 9.0 12.0 .69 .92 7.5 9.0
Total 52.05 55.58 T-zg
Prior 56.31 61,30 5.35 7.36

1984 current 39.10 J63.98 |68.4%) 9.0 12.0 3.04 4.11 7.5 9.0
Total 120.29 129.75 B In
Prior 128.68 141,22 . 12.22 16.95 -

1985 cCurrent 165.36 [298.031[323,19] 9.0 12.014.16 19.39 7.5 9.0
Total 426.71 464.41 26. 38 (36.34]
Prior 453.09 500.75 43.04 60.09

1986 cCurrent 287.54 [570.8411627.45] 9.0 12.027.11 37.65 7.5 9.0
Total 1023.93 112820
Prior 1094.01 1225.92 103.94 147.11

1987 cCurrent 233.78 [S511.221]569.57] 9.0 120 24.28 34.17 7.5 9.0
Total 1605.231795.49 5 5
Prior 1733.45 1976.77 164.68 237.21

1988 cCurrent 52.95 [127.54[{144.04] 9.012.0 6.06 8.647.5 9.0
Total 1860.99 2120.81 f170.74[245.85]

814.57 2031.73 2366.67

TOTAL
YEARLY
EXPEND.
(1979
$/Kw)

Low High

18.

.3 212,

8
38/.8 393.
5

.2 373.

4.1 177.
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TABLE B-4 .
CAPITAL COSTS

LIMERICK 1 and 2

ESRG

Yearly Dir.
Constr. Exp.
{Current

$/Kw)

Low High Low High 3¢

3.10
18.24
18.92
39.29
40.05
73.20
76.82

120.51
127.12

178.30

352.60
375.85
445.16

474.72

529.83

S

AFDC

Yearly
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TOTAL YR
EXPEND.
(1979
5/Rw)

High - Low HighLow  Hig

29.9

39.6

6l.1l

76.1

85.6

113.5

124.5
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TABLE E-4 c+d Sheet 3 of 7

1052a CAPITAL COSTS
LIMERICK 1 and 2 . -
{Continued)’ ;
Yearly ESRG L
Direct " Yearly Dir. ESRG TOTAL YRL'
Constr. Exp. Constr. EXxp. AFDC Yearly INFLATION EXPEND. .
(1979 Constr. (curremt : RATE AFDC Expend. RATE (1979
$/Kw) 5/Kw) (PERCENT) (Current $/Rw) (PERCENT) S$/Kw) .

Low High Low High Low High Low High Low Hig?

Prior 586.09 ' 61.54 73.26

1980 cCurrent 60.12 [65.64 : 10.5% 12.5% 3.45 4.10 8.5% 120.4 130.¢
Total 651.73 f64.99
prior 716.72 729.09 68.09 87.49 - e

1381 current 64.13 _[75.%8] [75.68 9.5% 12.0% 3.59 4.54 7.5% 9.0% 126.3 139.¢
Total 792.40 804.77 (71.68 82.03}
Prior 864.08 896.80 82.09 107.61 )
current 65.13 82.751 9.5% 12.0% 3.93° 4.977.5% 9.0%134.6 149.:
Total 946.83 979.55 86.0212.58]
Prior 1032.85 1092.13 98.12 131.06

1983 cCurrent 61.12 _[83.¢€7] 9.5% 12.0%__3.97 5.027.5% 9.0% 139.1 154.
Total 1116.49 1175.77 [10Z2.09136.08] '
Prior 1218.58 1311.85 115,77 157.42.

1984 current 53.11 - (78.24] 9.5% 12.0% 3.72 4.69 7.5% 9.0%136.5 154,
Total 1296.82 1390.09 113,49 [ITe2.1]]
Prior 1416.31 1552.20 134.55 186.26

1985 cCurrent 42.08 _[66.71] [€6.71] 9.5% 12.0% 3.17 4.007.5% 9.0%131.2 151.:
Total 1483.02 1618.91 137.721{190. 261
Prior 1620.74 1809.17 153.97 217.10

1986 current 19.04 _[32.51] [32.51] 9.5% 12.0% 1,54 1.957.5%9.0%112.3 136.:
Total 1653.25 1841.68 155,51
Prior 1808.76 2060.73 171.83 247.29

1987 current 7.0l 9.5% 12.0% .61 .777.5%9.0%103.0 129.¢
Total 1821.64 2073.61 172,44 [248.06]

1994.08 2321.67 $1764.51907.
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TABLE E-5 1053a
CAPITAL COSTS
GENERIC 1200 Mw NUCLEAR UNIT
Yearly ESRG ESRG
Direct Yearly Dir. Yearly TOTAL YEAR:
Constr. Exp. Constr.Exp. AFDC AFDC Expend. INFLATION EXPEND.
(1979 Constr. (Current RATE (Current RATE (1979
$/Kw) $/Kw) (PERCENT) $/Kw) {PERCENT) $/Kw)
Low High Low High Low High Low High Low High
111.3 111.3 111.3 9.5 12,0 10.57 13.36 13.0 121.9 124.7
121.87 124.65 11.58 14.96
20.2 [22.500{22.89/ 9.5 12.0 1.07 1.37 8.5 10.G 32.4 37.6
144.37 147.39 (12.65)16.33
157.02 163.76 14.92 19.65
16.9 21.26/ 9.5 12.0 .98 1.28 7.5 9.0 31.4 35,2
177.71 18%.02 [15.90] [20.93
193.61 205.95 18.39 24.71
43.8 [55.08 -.51 9,5 12.0 2.81 3.69 7.5 9.0 64.1 71.7
252.67 267.46 [21.20]{28.40]
273.87 295.86 26.02 35.50
106.2 [157.75{(166.51j9.5 12.0 7.49 9.99 7.5 9.0 141.9 148.9
431 62 462.37 [33.51]145.39]
465.13 507.86 44.19 60.94
234.47](250.85 9.5 12.0 11.14 15.05 7.5 9.0 200.0 210.5
699.60 758.71 55.33][75.99]
754.93 834.70 71.72 100.16 A
392.00)[425.09] 9.5 12.0 18.62 2551 7.5 9.0 309.7 325.4
1146.93 1259.87 {90.34125€7]
1237.27 1385.54 117.54 166.26
[E89.03 (47 44| 9.5 12.0 27.98 3885 7.5 9.0 438.7 462.1
1826.30 2032 98
1971.82 2238 10 187.32 26857
741.09] [825.68 9.5 12.0 35.20 49.54 7.5 9.0 53%.3 568.8
2712.91 3063 78 1222.52]318 11
2935.43 3381.89 278.87 40583 .
[580.74] [655.84/9.5 12.0 27.54 39.35 7.5 9.0 458.5 502.2
3516.17 4037.73 [306.41445. 18
E S R G
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1054a
TABLE E-5
CAPITAL COSTS
GENERIC 1200 Mw NUCLEAR UNIT
Yearly ESRG ESRG
Direct Yearly Dir. Yearly TOTAL YEAR
Constr. Exp. Constr.EXp. AFDC AFDC Expend. INFLATION EXPEND.
(1979 Constr. (Current RATE (Current RATE (1979
$/Kw) $/Kw) (PERCENT) $/Kw) - (PERCENT) i/ Kw)
Low High Low High Low High Low High Low High
Prior 3822.58 4482.91 . .. 363.15 537.95 '
1989 Current 118.0 |313.08!d358.38p.5 12.0 14.87 21.507.5 9.0 332.2 382.1
Initial 4135.66 4841.29 |378.041§59.4ﬂ
Prior 4513.68 5400.74 428.80 g48.09
1990 Current 28.7 | 83.88|-ﬁ§7.329.5 1z2.0 3.98. 5.84 7.5 9.0 231.,0 288.5
Initial 4597.56 5490.06 (432.781[653.93

5030.34 8151.99 2895/9*3158.0

* Due to a minor calculation error $2913/Kw was used in the ESGEN
Program.
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Surrebuttal Testimony, Don M. Shakow 1055a

Please state your name and business address.

My name is Don M. Shakow. My business address 1g :.1ergy Systems
Research Group, inc., 120 Milk Street, Boston, Massachusetts.

Have you reviewed the prepared testimony of Mr. Emil Kasum
concerning your earlier testimony of November 13, 193797

Yes, I have.

Please summarize your findings.

The major contentions in Mr. Kasum's rebuttal testimony are either
incorrect in substance or else irrelevant to the major conclusions
noted in my testimony.

1. The major purpose of the ESGEM model 1s not to conduct
detailed planning for a utility system, but rather to identify
implicit planning biases in the utility planning preccess. Thus,
the relative sophistication of the PECO médel versus the ESRG
model is not at issue. What is at issue is whether the ESGEM
model is able to elicit consequential biases in the PECO generation
éxpansion plan.

2. The major relevant assertion of Mr. Kasum that ESGEM is
biased against base load generation is incorrect.

3. The alleged inaccuracies in data employed in the application
of ESGEM are qinor. Rather, the data exhibiteé by Mr.

Kasum indicate a set of Highly unrealistic assumplions regarding
eccnomic data. This has only served to reinforce any previously
stated concerns over biases in the PECO generation planning process.

4. Mr. Kasum's statements indicate an incomplete understanding

of the assumptions and algorithms employed in ESGEM. Much of his




1056a
1

7Q.

9A.
10
11
12

13

15
16
17
18
19
20
21 Q.

22

criticisms are, therefore, inappropriate or inac.ucats.

5. 1In particular, Mr. Kasum's comparison of the PECO mix
to the ESRG mix constitutes a logically inappropirate comparison
of a mix which 1is suboptimal relative to thé PECO cost assumptions
and a mix which is allegedly optimal by PECO standards. His
gquantitative results are therefore of no consequence.
Have you been able to undertake a comgarison df ESGEM and the
PECQO generation planning and production costing models?
No; I have not. During the course of these proceedings; we
submitted several interrogatories requesting sample output from
PECO generatien planning and reliability studies for the years
1978-1%92 (e.g., Q.GLF.1 and Q.GLF.2). The Company was not
responsive to our reqguest and provided only a tabulation of
results for the year 1981,

Computer cutput from the PECO Production Cost Program was
provided only in response to a telephane regquest made by myself
to Mr. Craig Burgratf of.the Consumer Advocate's QOffice on
December 14, 1979. This output was with reference to the runs
made in respect to the ESRG "optimal mix" and did not permit
sufficient time for an analytic comparison of the two programs.
Mr. Kasum states that the omission of startup costs by ESGEM
biases the results against baseload. Would you please comment?
Quite the centrary. The decision to ignore startup costs results
in a mix which is biased in favor of baseload. The assumption
is, therefore, conservative.

Specifically, were we to follow the daily load cycle by
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L employing baseload technologies for cycling purpa.i=s, we would
? _either incur startup costs characteristic of baseluad plants

3 which are relatively high as compared to comparabl.: costs for

4 cyclers (toc the extent that such plant could be stasted up at

5 all!) or else we would spin baseload plants at off seak hours.
5 In either case the costs would be unfavorable as compared to

7 the increased use of intermediate plants. The proyram would no
8 doubt specify to an even greater degree the use of non-baseload
9 plants.

10Q. Mr. Kasum states that the ESRG model does not account for the
11 benefits of pumped storage via the PECO Muddy Run facility. Is
1z Mr. Kasum correct in his presumpticon?

132. No, he is not. Pumped storage load was assumed in the sample

14 annual load curve employed in the model.* This serves to flatten

1 ‘out the load and to highlight the advantages of baseload. pPumped

16 storage is employed in the dispatching portion of the model in

17 a manner so as to replicate the experienced rates of energy

18 éupply. Thus, while the energy losses involved in the actual

19 pumping process arenot explicit in the medel, the salient aspects

20 of this technology as they pertain to the analysis of generation

21 mix are preserved and account for the advantages of pumped

22 storage in magnifying the economic benefits of baselcad.

23Q. Mr. Kasum states that the absence of a multi-year optimization

24 algorithm in ESGEM, i.e., the practice of optimizing for "individual

25 vears" suggests a bias against baseload. Is this observation

26 accurate?

* We have just bheen . informed that pumped storage load was not
included in response to our request for PECO hourly load data.
We had assumed that our request for hourly load data implied all
sources of load including pumped storage. In my estimation, however,
this omission does not affect the major results of my testimony.
_3_
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No, 1t is not. Under realistic assumpticns, the widei 1s un-
ambiguous in its rejection of new baseload optious for each of

the years_1981, 1987, and 1992, with the exception of the
intermediate sized coal'plants as noted in my earlier testimony.
Optimization over combinations of years will not specify plants

that have been excluded for a range of individual years spanning

the overall planning horizon.

Are the 25 samples taken in the ESGEM model insufficient as c¢laimed
.By Mr. RKasum?

We have performed a detailed analysis of the stochastic "flutter"
implied by samples of varying sizes and have concluded that a sample
size of 25 yields results 1n which anomalous cutcomes are kept

to a reasonable minimum. For example, the increase in voltage
reductions from .2 to 2.3 hours per yvear as noted by Mr. Kasum
imposes additional costs of $50,000, or roughly 40 parts in one
million of the total social costs in question. It will, therefore,
have no censeguential impéct on results of the model.

Is Mr. Xasum accurate in his claim that ESGEM imports economy

power predominently during peak houdrs?

No, he is not. ESGEM "loads'"  economy power so as to replicate
experienced rates of energy supply via this means. t does so in

a way which is consistant with the requirements of economic dispatch
As a consequence, there is a substantial use of economy power during
off-peak hours.

Mr. Kasum claims that the LOLP concept as employed by PECO 1is

equivalent to the industrial standard. Is this claim correct?
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No, it is not. Professor R. L. Sullivan of the tniversity of

Florida, the author of a recently published and widely used

textbook entitled Power System Planning, makes the following

assertion:

"Although there are several interpretations of LOL2, the

mest common is simply that it represents the

percent of

time, over some finite interval, that a loss-of-load can

occur due to unit forced ocutages” (l)(italics are nine).

This citation is included in a section entitled "State of the Artg”

and implies that there has bheen some recent evolution in this

category. The ESRG model employs a definition of LOLP as

suggested by this more up~to-date conception.

Is Mr. Kasum correct in assuming that voltage reductions are

necessarily taken to maintain spinning reserve and that blackouts

would be necessary at a much earlier stage in the supply-demand

adjustment process within the ESGEM model?

No, he is not. The objective of employing spinning reserve is

to create a buffer in the event of unanticipated
load. As a buffer its very purpose is to absorb
getting drawn down periodically. In recognition
a recent E.-P.R.I. study of reliability employs a

"as capacity outages further deplete reserves

can walve the remaining operating reserves.

causes the operating reserves in the system to go to zero.

{1)

variations in the
fluctuations by
of this fact,
model in which
the operator

This step
Il(2}

E.P.R.I.- "Workshop Proceedings: Power System Reliability

Research Needs and Priorities" WS 77-60, October, 1978, p. 6-43.

{2)
Cost-Benefit Studies', EA-958, p. 5-9.

-5-

E.P.R.I. "Generating System Reliability Analysis £for Future



1060a

The vmizgsion ¢f an explicit mention of spinning vw.2ove in $he

ESGEM mcdel does aot preclude its presence implic: sly. We are

l—..l
+
L
(’3
w
i
1
<
[

fully cognizant ¢f the fact that a portion of ths overa

would be allocated to spinning reserve.

4 0. How would the above observations effect the resulis shown in
5 Table EK-17?

6 A. The "additional blackout costs" displayed in Table LEXK-1 would be

7 reduced substantially in light of a periodic running down in
& spinning reserves. The original conclusions in wy testimony as
g they pertain to the optimal ressrve margin would still cbtain.

10 Q. Mr. Kasum states that my assumption that peak load can be reduced

11 by up to 170 Mw prejudices the reliability analysis because "the
12 'public response to voluntary load curtailment diminishes .as the
13 number of appeals per year increases." Please commant.

14 7. The 170 Mw maximum reduction via public appeals represents less
15 than 3% of the current PECC peak load. Ry contrast, Mr. C. W.

16 Frederickson, a witness on behalf of the CAPCO Pcol has stated

17 that during a winter storm‘in 1977, "a public appaanl zesulbed in
18 a reduction in peak lcad of approximately 7%."(1) Assuming & targuet
19 reserve margin of 14% and ESRG load and {low) c¢osi assumpitions,
20 ‘public appeals are empleyed for approximately 20 hours per yaur,
21 which suggests that the 7% figure is reasoconable sad thai the

22 assumption employed in the ESRG model in regard iu publilc appeals
23 is biased on the low side.

24 Q. Mr. Kasum states that the use of social cost ratis=r hhan an

23 explicit reliability standard is inconsistent with current utility
26 practice. Please comment.

1) .

1)y 99070317, set 1, guestion 21.
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Mr. M. Bhavarasu in a recent article in the EPRL Juurnai(l) stales
with reference to the cone day in ten years and oi..er rellabillily
indices:

”This‘is an intuitive approach, which is used when no

other is available."
This cbservation is espécially pertinent to the uUS&G analysis.
A major purpose of our model is to identify the impact ox utility
planning biases on social costs, which will be borne by ratepayers.
In light of this objective, a crude reliability index without

reference to these social costs would be irrelevant to our

purposes.

Mr. Kasum states that the interpolated ESRG soclal costs at
alternative reserve margins justify an optimalllevel of between
22 and 30 percent. Is this assertion justified-?

The assertion is not justified. Below is a table showing 1979
social costs at various reserve levels under ESRG assumptions.

Reserve Margin (%)

Year 14 22 30
81 585.1 598.5 587.9
87 588.6 577.7 578.9
92 542.9 547.8 °  550.8

Both the column sums as well as the sum of the two, 2-element
partial sums* yield results which are lowest for the 14% column.
Mo reasonable interpolation procedure would, therefore, show the
14% margin as the inferior of the three.

Mr. Kasum asserts that the ESRG nuclear cost estimates do not take
account of economies of scale in nuclear generating technology.

Please comment.

(13-“Reliability Measures for System Planning”, EPRI Journal
December 1978, p. 1ll.

1981 + 1987 and 1987 + 1992

-7
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A. The ESRG metheodoloygy enables a delermination of tos =xiec

ey L

variable, size, on plant performance. As such 1t :wlds in & numbey <.

considerations pertinant to plant size including puth econguzés Of

3  scale and fregquency of forced outages due tO the 1arge DULDAr O TCOMPTALITS

. and the greater complexity assocliated with larger faclilities. The

- ~literature indicates that overall, an inverse relaltionsinip belwecn bieat

5 performance and rated capacity obtainsl. I have validated this rosulc

5 using a non-linear regression technigque in combination with

” multivariate analysis of variance.2 These results suggest that the
positive effect of scale economies is being ocuvtwelghed in practice v

8

a disproportionate number of costly forced outages.
g Q. Mr. Kasum in table EXK-3 cites a sample of projected nucleair gplant cupiitzl
costs that range from S1 320./Kw to § 1937 /Kw for a pilant with a

1990 in service date. Do these estimates represeni the éxpert

éonsensus of opinion on this issue?

2 A. By no means. William E. Mooz of the RAND Corporation estimates {ihe
projected costs of LWR's on which construction begins in 1980 of the
order of $2000 /Kw. Since such a plant is likely to be completed

before 1990 and must be inflated from 1976 to 1979, it is clear that Lo
5 range suggested by Mr. Kasum is out of line with the results of this
study. Similarly PASNY has estimated the cost of their Greszn

County facility at $3.1 billion or $2580/Kw. This latter plant is
scheduled to come on line in 1988. When these latter estimalbues ave
35 compared to the c¢oal cost estimates cited by Mr. Rusumm in table

——

ZK~3, ratios of the ordr of 2.5 are indicated.

Q. Mr. Kasum states that as a conseguence. of modifications in the

AFUDC caleculations, ihe current doliar cost of the pimevick plant
- should be reduced Lo 532510 million.  Ts o Ghis conoioavaeni winh ypouis
R calculations?
" A. No it is not. From exhipit DMS-E in my earlier twitlimony I
3 calculate the current dollar cost of Limerick at %7023 milliion
4 including $4586 million,direct cost and $2437 miition, AFUDC.
- Evien granting the 956 million which Mr. Kasum proposes o suniradca
) from this figure leaves a net figure of $5067 mil:Zon. This iy stiil
& almost double the PECO estimate and would not mataeriaiiy aflfect ay
conclusions.
i. See, for example, J. Fowler, R. Goble, and C. Hohenemser, 'rowes
Plant Performance,' Environment , april, 1973.

2 See D. Shakow and R. Goble, ' Some Underlying Costs of Nuclear Powey,
The Quantification of Uncertainty,' VWorcester ih, Dec. +379.
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What would be the consequences of using the Gross National Product
Deflator in place of the Consumer Price Index in the cost assumptions
as suggested by Mr. Kasum?

In my opinion, the effect would be to generate outcomes even less
favorable to baseload and nuclear expansion. Specifically, our

-escalation estimates, both for plant construction and operating

expense would not change. The use of a composite index such as the
CPI and the GNPD pertains only to an overall inflationary process
rather than to escalation in some given product or service. However,
once the current dellar cost figure was computed it would be deflated
by a factor which is smaller than the factor used in my present
calculations. Real costs would, therefore, rise.

Is the cost comparison shown in table EK-8 of Mr. Kasum's testimony
an indication that the PECO plan is less costly than the ESRG optimal
plan?

No it is not. The ESRG optimum is based.pn underlying lecad and

cost assumptions. Given the PECO assumptions, for example, the

mix is likely to be very different from the mix under ESRG
assumptions. The comparison shown in Mr. Kasum's testimony is,
therefore, between the PECO mix and some suboptimal mix which

ESRG does not necessarily endorse. As such,the displayed results

are irrelevant to my conclusions.

Does this complete your testimony?

Yes it does.
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MR. BOCK: Your Honor, before we proceed

with the next witness, based on redirect of the Consumer

Advocate outlining the basis and the study and number to

use, is Your Honor ready to rule on the motion to strike?
THE ADMINISTRATIVE LAW JUDGE: Not at this time.
MR. HALL: Your Honor, before we begin with the
next witness, I wonder if I could make one request? There is
due to be filed today a brief by Your Honor in support of
the company certification. I was wondering if Your Honor would
entertain a request to have that brief filed the first thing
tomoerrow morning?
THE ADMINISTRATIVE LAW JUDGE: Yes.
MR. HALL; Thank you, Your Honor,
MR. BURGRAFF: We would now offer Dr. Shakow at

this point. He has not been sworn as Yet.

DON M, SHAKOW, was called as a witness on

behalf of the Consumer Advocate, being first duly sworn

according to law, was examined and testified as follows:

DIRECT EXAMINATION

BY MR. BURGRAFF:

Q Could You state your name and business address

for the record, please? !

A Don M. Shakow, and my business address is

L———————-—*—' s S TRALTIS o Wty nTL TN COTRALLIN WEL WAMBILUYRG, Fx, )it e o —— e ——
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Energy System Research Group, Inc., 120 Miik Street, Boston.

MR, BURGRAFF: Dr. Shakow has prepared a
narrative testimony and exhibits DS-A through DS-E, which we
will provide three copies to the Reporter at a future point
in time.

BY MR. BURGRAFF:

Q Do you have those materials in front of you,
Doctor?

A Yes, I do.

Q Were they prepared by you under your direct

supervision or control?

A _ Yes, they were. _ -

Q And if I asked you the same questions today
as contained therein, would your answers be the same?

A Yes.

Q Do you have any corrections you would like to

make at this time?

A No, I don't,
Q And is the information accepted therein true and
correct to the best of your information, knowledge and
belief?
A Yes.
MR. BURGRAFF: We would ask that Dr. Shakow's
Statement B be identified as Consumer Advocate's Statement

No. 4 along with the attendant exhibits, DS-A through DS-E.

MOHRBACH & MARSHAL. INC. - 27 N, LOCXwILLOW AVE., . HARRISAURE, PX, 17102 —

1?65a
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: THE ADMINISTRATIVE LAW JUDGE: Without objection)
2 | they will be so identified.

3

4 (Multi-page document which is the 5
5 testimony_of Don_M. Shakow, with 5

accompanying exhibits CSA through
6 DS-E was marked Cdnnger @dyocate's
Statement No. 4 for identification.)

7

8 MR. BURGRAFF: Now Dr. Shakow is available for

9| cross-examination.

10 THE ADMINISTRATIVE LAW JUDGE: Mr. Hall?

11 MR. HALL: Good afternoon, Dr. Shakow. How

12 are'yQu?

13 DR. SHAKOW: I am finé, thank you.
14 MR. HALL: Before we begin, Dr. Shakow -- Your
15| Honor, I would move at this time to strike Dr. Shakow's

16 | entire testimony, the theory of that testimony and

17 | recommendations that are made in it, that the ccapany should
18 | terminate construction of its Limerick generating unit.

19 As Your Honor is aware, the company filed i
20} objections to interrogatories previously with regard to the

21| Limerick matter and has taken the position that Limerick, ‘
22| its timing and whether it should be built or not, are not %
23| issues directly affecting the rates in this case and should :
24| not be decided in this case and the company adheres to that !
25 position and based on that, I move to strike Dr. Shakow's i

. " Shakow-direct
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In addition, the company would especially move

testimony in its entirety.

to strike that portion of Dr. Shakow's testimony which z
recommends that this Commission adopt for Philadelphia Electrﬁc
Company a new reserve reliability criteria which is differenti
than that which has been historically employed by this |
Commission for utilities subject to this jurisdiction.

The company belleves such.an issue is one of
Statewide applicability and should be raised in a Statewide :
proceeding and in aﬁdition, believes that that particular
issue again does ngt directly effect rates in this proceeding
and it is indeed an extremely complex, extremely difficult
issue and one with extremely great effects upon the health
and safety of members of the Commonwealth, and for that reason

believes it should not be comsidered in a proceeding such as

this where there are extreme time constraints on all parties.

MR. BURGRAFF: Your Honor, if I might respond,

i

|
Dr. Shakow, we would note that the objections raised by the

compény to any matter having to do with Limerick as to its
relevancy to this proceeding has been raised before. I heliev

the Commission has given direction in that regard.

(RTINS - S

I might note that Dr. Shakow's testimony in
essence is a unified whole and as a technical matter, it is
not that easy to split it up. As a legal matter, I already

think we have the direction set forth as to how Limerick will

— —————eee—e— MOHHBACH A MARSHAL, INS. . 3P R, LOCRWILIEW IVF, . panPISEURG Pe 170t .- - | )
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be treated in this case. %
As far és reliability is concerned, I think it %
relevant. The company has offered their own viewpoint as to ‘
appropriate reliability level for their system. I don't ‘
think the objection is really going to its relevance. It
seems to go whether this proceeding is fhe proper form.
We agree it is a difficult issue, but we agree it is the
proper form,
I am not sure what a generic proceeding would
do given the differences within various utilities in
Pennsylvania. I don't see any other form more appropriate

than a rate case dealing with this company in particular.

MR. SEGAL: If Your Honor please, if I may,

Your Honor, the company's motion is inappropriate for two
separate and related reasons.

First of all, it is a matter of law., The

E
|
|
company has already raised the issue of the relevancy of
I
Limerick. Your Honor has already ruled that Limerick is

|

{

rTelevant to these proceedings. That question was then
i

certified to the Commission. The Commission has ruled adverse

|
: i
to the company and that is now the law of the case. ’
|

Second of 3ll, the issue of Limerick is directly‘

relevant to the setting of rates in this proceeding for two i
i
reasons. One, it is very much involved with the area of

. . . ) . o
excess capacity which is then the topic of testimony concerning

EE LT T I T L TR H R R T 10T At 0% AVEL P AREISEYLS, 28, 4TIE e s e o
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possible adjustments to rate base as a result of any possible % :
t
1

excess capacity and, second of all, the company's own witness,
Mr., Paquette, has testified that a major reason for requesting
rate relief is the need to attract capital for the company's
construction company which as Mr. Paquette, himself, has
stated pPrimarily involves the construction of Limerick
facilities.

_‘I think for those two separate reasons, one
very clearly that the issue of Limerick is relevant to rates
in this case, and for that reason, the motion should be denied
and a separate Teason it is the law of the case as established|:
by the Commission that the motion cannot Be granted.

THE ADMINISTRATIVE LAW JUDGE: Thank you. I
will deny the motion. I cannot find that the material is
relevant or irrelevant or unduly repetitious.

MR. HALL: Your Honor, we will take an exception
to your ruling, but we will not seek a certification of the
Commission at this time.

THE ADMINISTRATIVE LAW JUDGE: I am sure the

Commission will be very happy to hear that.

CROSS-EXAMINATION

RY MR. HALL:

Q Dr. Shakow, turning first to your educational

background, do I understand correctly that you have a Bachelor

|

MOHEBALH & MARSHAL., INC. - 1T N. LOCKWILLOW AVE,, - HARAISBURG, Pa. (F!1] e— e e e
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' of Science degree in Humanities and Sciences?
2 A A Bachelor of Science in Humanities and
3 Sciences.
4 Q What is a Bachelor's Degree of Humanities and
3 Scienceg?
6 A It is a program offered by the Massachusetts
7 Institute of Technolegy in which you specialize in both
8 scientific fields and in humanities, particular fields, and
° my scientific specialty was figures and mathematics and my
10 humanistic specialty was economics aAd history.
11 Q And your Doctor's Degree is in Economics,
121 is that correct?
13 A That is correct.
14 Q And I take it you do not have any degrees
151 in the field of engineering?
16 A I do not have any degrees, no, although I should
17} note that one =f my outside fields for my economics degree
18 | was when You take two outside fields and this is the primary
19 yasis for your oral examinations, and one of my fields was
204 in the Industrial Engineering Department and the exams
21| administered by this Department.
22 Q During the period that yYou were seeking your
23 Doctorate Degree, weTe You employed in any capacity?
24 A I was employed for a time by the University of
25

Shakow-cross

California at Davis as a Lecturer in Economics.
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I was employed by the University of California
at Berkley as an Instructor of Economics.
I was employed by Western Washington State
College as a Lecturer in Economics.
I was also employed by Weyhauser Corporation

as a Research Analyst.

Q When did you Teceive your Bachelor's Degree?
A 1962.

Q When Qid you receive your Doctorate Degree?
A 1972.

Q Were you full-time employed after leaving

college initially? Did you have any full-time position between
1962 and 19727

A 1 spent two Years in Israel. If you want me to
go into my activities there, I would be happy to.

Q No, that is all right.

Now since I take it we have covered all of your

employment up to 1972 at this point, is that correct?

A No, not quite. As I indicated on my vitae,
from 1970 through 1975, I was essentially self-employed.

Q You indicated you had a vitae? Do you know where
that is?

A It wasn't clear to me whether you had re;eiVedii

copies of that or not. We can providé you with it if necessarny.

Q Now, in 1870 to 1975.

MOHHIACH % MARSMAL, INC. . 27 N, IOCKWILLOW AYE,. - HARRISBURG., Fa, 114! reemom————— o ——
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lﬂzza A I was self-employed in business. :
5 Q But what did you do in business? :
3 A I was in the food business on the West Coast.
4 Q What did you do in the food business? g
5 A I was a wholesaler of various kinds of focd |
6 || stuffs, produce, grains and other food stuffs,
= Q Now following 1975, what did you do?
8 A In 1975, 1 was employed by Mathematical Scieqce
9 | Northwest, and a consulting firm based in Washington as an
10 Economitrician. I was so employed until 1976.
11' {n 1976, I assumed the position of Assistant
12 Professor of Bconomics at Clark University in Wooster,
13 | Massachusetts and am so employed at present.
14 Q How long have you been associated with ESRG?
- A I have been associated with ESRG for apprOximate?Y
16 sEVen months.
17 Q I have used that several times. Can you provide
18 || us with the words that go with the initials?
19 A Energy System Research Group. i
20 Q Have you ever previously testified, Doctor, %
|
21 in opposition to the construction of a nuclear plant? E
22 A No, I have not. I am not so testifying today E
23| SO far as I-know. %
24 Q Doctor, would I be correct that you have had E
|

25

e == e - ShakOW=Ere88 - cemmmm T s m oo s e

no professional experience in either design or operating
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capacities as an engineer? !

A That is certainly correct.

Q Would I be correct that you have never been
employed by a utility and charged with the operation of its
system?

A That is very true.

Q And would I be correct that you have never been
employed as a financial analyst or adviser to investors?

A That is likewise correct.

Q And would I be further correct that you have
never been employed as a utility rate expert accounting
witness?

A That is also true,

Q Have yYou ever been professionally employed,
Doctor, to render opinions with regard to the income tax
code? The Federal income tax code?

A Absolutely not.

Q Have You ever been professionally engaged to
advise on the lifespan of nuclear fossil power plants for
the purpose of utility depreciation?

A No, I have not.

Q Did you, as a part of your study, which is the

basis of your testimony in this proceedings, Doctor, make

a study of the generating plani reserve margins of other

Pennsylvania or PJM utilities other than PECO?

MOWRBACH x “ARSWAL. 18C. - 3T », LOSKWILLOW AYVE, - HARRUSBURG, ma. 17712 i e e i
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li; A Not as part of the preparation of the study. %
2 ‘althOugh I should indicate that I am currently engaged in -such!’
3 a study. ;
4 Q But prior to making this testimony, yYou weTe
5 not? |
6 A Not prior to the testimony.
7 Q And 1 take it similarly, you did. not make a
8 study of the anticipated future joad or generating plant !
° construction programs of such companies? F
10 ‘ A That is not correct. I have dome an analysis
114 of 10ad forecasting procedures by the Duquesne Light Company Jnd
12 have advised the Energy Systems Research Group with regard
131 ¢o my analysis.
14 Q And this is in regard to Duquesne Light g
151 company? ;
16 A That is right. ‘
17 Q And it is with rggard to the load forecasting ;
18 | methodology employed by them?
19 A That is correct.
20 Q And is this on behalf of the Pennsylvania Offic?
21| of consumer Advocate?
22 A No, it was not.
23 Q Have you made a study, Doctor, of the available
24| generating plant sites in the Philadelphia Electric

Company service territory?
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1 A No, I have not.
2 Q Are you aware of the various legal festrictiOns.
3 | placed upon the operations of generating plants within_that
4 | area?
. 5 A No, I am not.
7= 6 ‘ Q And 1 take it that would include environmental

7 | restrictions, Doctor?

8 A Specifically for Philadelphia?
9. Q Philadelphia.
10 A The answer is no. I should note that we did

11 | submit interrogatories regarding the cost of various

12 | environmental regulations as they pertain to the construction
13 | cost of generation facilities, and we did not receive informatLon
14 | in that regard.

15 Q But you, yourself, have never uhdertaken a

16| study of the environmental laws of the Commonwealth of

| |
18 || applicable to the service territory of Philadelphia Electric? :

17 | Pennsylvania or the Federal regulations as they would be

19 A Specifically in regard to the Philadelphia

20 | Electric Company?

23 Q Doctor, have you analyzed the contract by

24 [ Which Philadelphia Electric Company will sell capacity and

s i 4
&‘ L‘\"‘f:t_(f" G_t‘\t!‘, L., W _‘ )\
25 syﬁinanii g from its Salem-2 facility to Pubidie—tozr _ !
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Electrie-and-Gas? ;
A I have looked at that. I should note that g

I specifically excluded an analysis of that contract in my i

testimony. g
Q What do you mean, Doctor? _ . é
A The testimony pertains to an analysis of this

sale. based on certain explicitly stated assumptions which

we can go into during the course of this cross-examination,

so I would say in my analysis that I might have made

independently of this contract is not germane to my

testimony.
The statements in my testimony, as they pertain

to the sale of Salem-2, are developed under certain explicit

assumptions as I stated in my testimony.
Q Now, Doctor, the analysis in your testimony has
been made on a current basis and by that I mean you have not

attempted to reconstruct conditions which existed at the

time Philadelphia Electric Company decided to build the
Limerick Station?
A That is very true.

Q You have rather stood today and looked only to

the future to exercise your judgment?

A That is correct. I assume that that plant was

undertaken in the late 1960's and early 1970's and I have i
not put myself in a position of Assistant Planner during that
|
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1077a
period of time.
Q Now the basis of your testimony is obtained
from results which you hﬁ;‘;aken from an econometric model,
ESRG FSGEM- Computer Model, is that not correct?
A That is not correct. That is not the econometric

]

comﬁuter we employed.

An econometric computer is a model developed
from historical data and employs statistical estimates based
on that histo*ical data.

But fﬁis model, I think, is totally different
from the econometric model. There is no tesembiance
whatsoever,

I employed econometric models to a8 very large
degree for 1oad forecasting and this does not bear any

relationship to those models.

Q Thank you, Doctor.
A You are welcome.
Q I misused that term twice today. Would you

agree with me, Doctor, that the function of the model that
you have employed is to obtain an accurate mathematical
representation of the Philadelphia Electric Company's
power production system both as it exists today and under
alternative future generating plant exransion proposals?
A Could you repeat that question? It doesn't

sound quite right and I want to make sure I am answering

|
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concisely. g
i
(Whereupon, the previously referred ;
to question was rTeread bY the Reporter ;
as follows:
Q I misused that term twice today. Would you

agree with me, Doctor, that the function of the model that
you have employed is to obtain an accurate mathematical
representation of the Philadelphia Electric Company's

power production system both as it exists today and under

alternative future generating plant expansion proposals?)

(Testimony continued on next page.)
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THE WITNESS: I would say I would not
characteriée the purpose of my model 1n that way. The
purpose 1s not to represent the productlon system, but
rather to 1ndicate what would be an optimal generation
expansion plan and reserve margin from the soclal cost
perspective. So I think if we are golng to indlicate the
purpose of the model, we should phrase it somewhat differently.
BY MR. HALL:

Q I take 1t bolling down your words into a few
. key ones, the purpose of the model is to measure sococlal
cost, 1s that correct?

A I think that 1s fair,

Q What are soclal costs as you deflne them,
Doctor?

A Social costs, as I define them are the costs
that the consumer would have to pay in light of one, a given
generatlon expanslon vlan; two, a given production system,
assuming economi¢ dispatech of plants, which not oniy represent
the way the Phlladelphla Electrlc Companv effects dispatches.
I haven't made an independent study of this. And social
cost expliclitly takes into account what 1s called consumer
time preference. That is it welghts as a dollar at one
point of time differently from a dollar at another point of
time. It takes into account the preference the consumers

might exhibit of a dollar at a period closer to the present.

¥ .
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4] If T can try and summarize what you have
stated, Doctor, I deduce three elements in your answer.
One, 4t takes iInto account a generation plant exXpansion; i
two, 1t takes into account economlic dispatch and three, !
the time value of money. Is that a falr statement? i

A That 1s correct. I don't know i1f that's
exhaﬁstive, Eut those elements are certainly present.

Q How, could we agree that the model that you
have constructed represents the Phlladelphia Eiectric
Company's system through what could fairly be termed
mathematical symbolism? %

'A Well, represents, I think, is the word that i
Just to be literal-here, I take some exception to in that
I have noﬁ, as I said, ﬁndertaken an independent analysis

of the dlspatching procedure employed by Phlladelphia

Electric Company. In the event that the economic dispateh
simulated by my model departs from practices by the company,E
I would not want to suggest that thls 1is in fact, a k
representation,

Q .Whé£ 1s the principal basls of your economic
dispatch system? -

A Princlpal basis 1is that plants are dispatched

in order of Inereasing opérating costs.

Q Do you 1include in your costing analysis to

MOHRAACH & MARSMAL, thC, - 1T N. LOCRWILIOW AVE.. . HARBISRURG P2 30} - [ .
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determine what is economic and what is not, start-up costs?

A Start-up costs - -

Q T guess my real question is what do you
c onsider in determining where a unit would 1ist under your
conéept of economic dispatch?

A I see, That's falr. Fuel costs, operations

. and maintenance costs. We alsc have a category in there for
an environmentally related cost. But as I noted earlier,

the company was not responsive to our interrogatorles in

that regard. So we could not include numbers assoclated with
that category.

Q And that category would be what? Capital
costs?

A No. Not capital costs. We are talking about
operating costs, so 1t would include, for example, higher
heat rates as a consequence of the installation of various
pollution control devices, for example. Costs that are
assoclated with company conformance with various anticipated
environmental regulations.

Q RBut I take 1t vou Aon't assume anv start-up

costs in your economic dispatch model?
A That's correnrt,
Q Doetor, could you agree with me that there are

three possible sources of error in a model such as the one

o
el

. Whieh you have used?

—— e ——— MOhtRICe £ WIFMaL N

I don't mean by the question to suggest
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that they are there.
A I understand.
q Only that they are possible.
i A Absolutely.
-in Q First off, such a model could be potentially
. (accurate in 1ts representation of a specific facility,
| ﬁhich it seeﬁs torrepresent. Is that a possible source of
; iﬁaccﬁracy?

A Only where representztion is an 1ssue. As I
noted before, my model 1s a normative.rather than positive
model, to use a term that's current in economies. By this
I mean I am trying to determine what would be best from
consunmer's point of view, and to the extent that the company

(2
practices ﬁh%ﬁpart from what 1s best from the consumer's

Lh

point of view in the course of its operating its system,
this would be reflected in its merchandise.

i want to steer away from the question of
representation. It diverts us somewhat from the purpose of
my model.

Q Perhape it 1is an unfortunate word;ng. Leaving
aslide operating prarameters that can be controlled by the
a managers or by the modeler, I take it the purpose o;?;odel
is to accurately depict those parameters which cannot be

" removed by cholce. 3Such as a capacity of units, such as

; costs which are known and which cannot te varied by a choice

 E— _—— -
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of management and so forth?
‘ A I would agree with that.

€@ Is that not correct?

A Yes.

Q And I take 1t a second possible inaccuracy in
the results achieved through the applicatlion of a model
such as this would include the nature of the assumptions and
the varilous daté input? Data could be wrong. Is that not
correct?

A Oh, most certainly.

Q And I take it finally there could be simple
mathematical or computer programming errors which would
cause certaln errors in the resultas?

A That's very true,

Q Now, Doctor, your choice of optimal generating
prlant expansion programs and reserve margins has been made
on the basis of a comparison of total social costs over a
1980 to 1992 planning horizon, is that not correct?

A That 1s correct.

Q Doctor, referring you to table 1, you there
show in the fifth column over, under the real cost of 1979
column a column which I take 1£ reflects the soclal costs
which you have calculated for the indicated years and the
total for the period, 13 that not correct?

A That's correct.

S e s wTeE
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Q And what 1s included, for example, in the
soclal cost figure 739.7, which is the first figure there
stated?

A T739.77 The scocial cost for any year would
include the similar factors to wit: Well, maybe I should
describe the procedure. I thir¥ that would make things
clearer #'nce the answer in reference %o 739.7 wonld apply
to any flgure shown in the course of thils testimony. We
initlallv calculated an optimal generation expansion mix.
We then emnloy trat mix and simulate the production of
electricity emplovine this miy.

This ylelds a series of operating costs.

The operating costs are then added to the fixed costs

L.

assoclated with the mix., Now, I should indicate from the

At

outset that the fixed costs do not lnclude all fixed costs
of facllitles currently on line. It includes only a portion
of those fixed costs.

Q@ Is that 1t?

A I think for now. If you want to probe deeper

Q@ Let's begin with operating costs. Now,
.operating costs, obviously, include fuel costs?

A Yes, they do.
:i*: Q@ And it obviously includes all of the general

costs which arise from operating ~--a station such as the
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men there to operate 1it?

A That's correct,

Q And the other day to day costs that you have?
A That's true.
g

I take it it would also include maintenance

X costs?
| A. It does include it,
Q Any other element? Are t2xes JIncluded?
A I don't think we 1nclud;;;:n the varlable
comnonant

Q@ I take 1t 1f we were to go back to your
Exhibit C, Doctor - -

A Yes.

Q - - we might be able to relate these to
specific 1tems that you have used 1n your program. Looking
at page 7 of 24, one sees in the middle var. O & M, variable
operating and maintenance?

A That's correct.

G I take 1t the items I have read would be
included in that column?

A Correct.

Q Next to that 1s energy and I take 1t that's the

-actual-cost of the fuel used in the generation?

'f? A, That's correct.
A ‘! C“

/LL\

; Q  And next to that on the other side is eand,

[
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which I take 1t is carrylng charge?

A That 18 correct. That's not included in the
operating cost.

@ What 1s included 1n carrying charge?

A For plants oﬁe tﬁ;ough elghty-seven, we
include only fixed operations and maintenance expenses.

41 What 18 a fixed operation'and malntenance
expgnse?

A "Fixed operating and maintenance expense would
be, T shouldn't say operating. I should say flxed maintenance
expenses. Th§re would be a cost assoclated with the
maintenance of the plant without accounting for operations.

For example, a plant requires a watch person
to make sure that no trespassers enter the premises, so that,
for example, would be included in this charge.

Q@ Okay. Now, this does not include, I take 1it,

any capital carrying charges? In other words, this does not

A That is correct. It does not.

§@ No return and no taxes?

A That 1s correct. Not for those plants.
FPor plants one through eighty-seven.

qQ You keep saying.one through elghty-seven.

I can't find those on mine. Are they both on page 77

A Note on sheet 1 of 24 in Exhibit DSC, under
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5 the heading option, to the left of-:the page, there are
some plant options noted and next to each of the plant H
3 operations 1s a number. I'm referring to plants. numbered
* one through elghty-seven.
’ Q And what 13 the capacity, megawatt capacilty
° of the one that ends elghty-seven?
! A I cannot hear you, sir. Wduld you repeat that,
° please? |
> Q What 1s the megawatt capacity of the plant
0 that is number eighty-seven on your 1ist?
H A Sixty-five.
12 " @ That's right above 4747
> A That is corréct.
143 Q Now, for all of those plants, thgre's no
15% carrying charges?
16i A That 1is correct.
1?3 Q That would include depreciation, I take 1t? i
lsé; A There are no charges incorporated in that E
195 colunn other than what I have defined as fixed maintenance. |
205 Q Now, looking at the 474 number, which I take it
=1 % is Salem 2, 1s that not right?
22% | A That 1s corféct,
23 Q4 Now, does that unit have assoclated with it
24| any costs other than those that we héfé discussed?
25 & In the operations - - oh, yes. On the carryingl,
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charge, yes. It includes depreciatlion. It includes taxes.
Return?

As well as fixed maintenance.

[N

Fixed maintenance?

-

Yes. It includes flxed maintenance as well as
do the others.

Q It Includes all of the other components?

7]

A Yes.
Q@ Does it‘ihclude a return on the investment?
A That's factored in in a slightly different
i  manner,

Q@ How is it factored in?

A It 1is factored in through the category capital.
Let me take a moment, please.
7 (Pause)

A (Continuing) I guess here we are dealing with
the ircremental cost option. So there would not be a
carrying of - - there would not be a capital charge. I was
tneluding only charges that would be in addition to. those
presently incurred by consgmersﬂ So sinée Salem 2 expenses
have been virtualiy completed and have beén incurred, there's
no way of eliminating those charges to consumers. And since
we are dealing here with lncremental costs only, the entry

under capital would be zero. However, in the event we do

L
i L

(3

[S9]

include plantz such as the Limerick facility or any of the

AR L1 | LIPA ) e e
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generic options where incggmental costs would be expended
in the future, 1n that case, we do include capital charge.
S0 for example, let me direct your attentlion to say sheet
13 of 24, under option 102, generilc call three, you will
note that there 1s a capital charge assoclated with that

optlon.

Q How can you tell, Doctor, whether this is
an ineremental or a full cost computer run?

A Well, the question was 1n regard to all
options we employed incremental cost as a general principle.
In addition, with regard to the Limerick facility, specifically,
we distinguish between what we term the full cost and the
incremental cost option. This was necessitated by the fact
that the Limerick facilities are partlally complete so they're
really in & unigue situatlion as far as FPECO's generating mix
is concerned.

PECO's general expenses which find that either

plants that are already on line or in case of Salem 2,

Just about on line, or on the other extreme, generlc facllltles
which have not been commenced, insofar as thelr construction

18 concerned. The only exceptlon to this 1s the Limerick
facllity which is partially bullt and so therefore, we
distiﬁguish between the full and incremental cost, specifically

ﬁ with regard to the Limerick units.

Q Now, Doctor, you seem to be making various

B o i o e ML wsEALE 4 WA WE
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gradations here between generating plants?

A That's correct.

Q The first gradation, I take it, are plants that
are presently installed, and oresently on line. For tﬁem,
we only Include in the analysis operating costs and fixed
operating and maintenance costs, 1s that not correct?

A That's correct.

Q Then we have another group of plants who are
kind of a category away from that which I think includes only
Salem 2 at this point?

A~ That's correct,

Q And for Salem 2, we Include operating costs)
fixed operating and maintenance costs and depreciation?

A That's correct.

But no return on investment?
That's correct.

ﬁnd no taxes?

P 2 2 P

No. Taxes are included in here.

& Taxes are included?

A Yes. I mentioned that before.

Q 'Theﬁ final}y, we have Limerick and generilc
plants where we include all of the things included for
Salem and something in addition, 1s that not correct?

A That's correct,

Q What 1s the addition?
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A The addition 18 the return on investment.
Q Why do we distinguish between return on
investment for Salem 2 and Limerilck?
i A  Because we were - - our queatlion was tc what
degree will consumers Ilncur extra eosts as a consequence of
the imposition of new facllities? In the case of Salem 2,

the plant has glready been capitalized and rresumablv 1s

o

entering the rate base and there was no auestion as to what .
the incremental costs were with respect to Salem 2. With
respect to Limerick, this 1s precisely what is at issue and
th§ model was developed in such a way so as to address a
number of pertinent questions that applied to this_proceeding.
For example, let's talk about the older plants

Just one minute. You might ask why did we exclude all costs

other than fixed maintenance from the calculation of the .
old plants? Well, the answer 13 the following: In order to
cogputg the effects of all these other factors, we would have
had to request data regarding capitalization of all these
other plants and this would have lengthened the analysis
- substantially._Since, in our opinion, the inclusion of these
costs would only have blased our results in favor of lower
reserve margins as I will point out later, I}m sure, 1in this
<%+ cross examination. We felt that it was not. germane to the

issue at hand.

Likewlse, in the case of Salem 2, the 1ssue of
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capital, totsl capital cost for Salem 2 was not at lssue

because the incremental coat of including the Salem 2 or

~excluding 1t was not germane to the question of what iould

b; and what would not be inciuded.

In the case of Liﬁe;ipk-fécilities, on the
other -hand, these queafions are germane and theréfore,
we have undertaken a number of analyses of the himerick'
facilitles, 19c1ud1ng assumptions which 1ﬁpute the full

capltal cost of these faclillities, spe€ifically including cost

_ that have already been expended by the company and alternati

costs-that apply Just to the portion of the construction
budgét that has not already beén‘undertaken.

For the generlc plants, we invarisbly include
the full cost.

41 Referring you agaln to table 1, Doctor,
you there show var;ous coilumns across the page. Now, the
firat ¢olumn is entitled Demand. I take it that depicts
the company's load forecast projections and where 1t says
ESRG, 1t ;rojecta Dr. Stutz' load forecast projections?

A That 1s correct.

Q .I take 1t the cholce between those two for
purposes of whether to bulld Limerick or not to build
Limerick 18 not particularly significant, is that correct?

A, Tt 1s not at all significant.

Q »I take it we can see that on table 6 where it

MOMWHRBACH & MARSHAL, NG, . 17 N. LOCKXWILLOW AVE.. . HARRISBURG. P4, 17142 -
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can be seen that two cases of the elght whieh are put
together there, which differ only because of the load
growth selection, doesn't make any difference to the results?

A That's very true,

Q And I guess that would be case two and elght
would be the two - -

A That's correct.

qQ Now, you show a second column on table 1 which
is titled forecast agsumption cost. Now,; does that refer
to the cost which you assign to future generating plants,
and by that, I mean capltal cost of construction. And in
addition, various operating parameters and inflation rates?

A  That's correct.

Q@ Are those basically the three major cost
assumptions?

A I should mention, too, that the differences
in terms of capacity factors assumptions as well, and that
is also subsumed under the term cost even though that 1is
strictly speaking, incorrect.

G So let me Just repeat that if I can, to get the
concepts in mind of the first 1s a difference in capital
cost assumptlions between you and the company?

A Correct.

Q The second 1s a difference between capacity

¥

R LRI LY

i factors between you and the company for say a coal plant or
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nuclear olant?

8, YVes,

a And the third 1s a difference in inflation
ratass or ciscount rates?

A Taflation rates, ﬁtscounf rates, escalation
rates.

Q Now, the nlant construcsion plan column, I
take 1t, reflects a difference hetween what you have determined
to be an ontlmum eonstrustion plant and that wihilzh 1is
presently heling nursued by the company?

L That's correct.

Q Now, in the year column, you show three years,
1981, '87 and '92,

A That's correct.

o As well as a total column?

A That's correct.

e Now, the total column, rs T understand 1it,
represents total =seocial costs as we have previcusly defined
them from 1980 to 1902, is that not correct?

8, I helteve 1t is 'F1 throuph 62,

Al Ckay., YNow, the three vears that are shown
are the years in whizh vou have actually computed through
your computer analysls as soclal costs?

A That's corrict.
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Q Now, between those tso years, you have not .
made actual computétioﬁa, 1s that not correct?

A That's correct.

é -You have, in geriving xhe total that y;u
1nd1c£te extrapolated? |

A Interpolated.

Q Interpolaéed?

A That's correct.

G Between the years 1981, '87, 1987 and '92,
is that correct?

A Yes. That's correct.

Q Would you agree wilth me that that injects a
potentigl error in that where there 1s a asignificant chgnge

in the generating plant mix in Between the.years indicated,

-8ay years '8l to '87, say there was a change in 1985, that

change could have significant social cost consequences as
you mgasure them, but the interpolation technigue would not
fully reflect the change?

A I would submit that this is the source of
minor error. In my‘Judgment, major error would not result
from this interpolation procedure.

@ Suppose the change oeccurred in 19887

. that
Would the error be more majJor than one/occurred 1n 19862

A I can't make a Judgment on that.

Q Would it assist your judgment 1f there were

2912 |
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more years followlng the change? To the next measurement
point?

A I don't wish to comment on that. I would have
te run the program 1n order to assess the nature of the
error, completely. I should add that this islonly a
potential source ¢f error. In my Judgment, it is not
consequential in terms of the statements that I make in
my testimony.

¢} But I take it to be sure, one would have to
run the program?

A That is true.

(Transcript continues on next page)
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| Q Now, you have used different reserve levels in
your:riability analysis, is that correct?

A That is correct.

Q Now do I fairly summarize your proposal with
respect to reserve reliability , Doctor, as being the company
should not employ a standard such as it does now which is
a fixed reliability standard of one day in ten Years but
should employ an economic analysis?

A Most certainly. That summarizes my feelings.

Q And the economic analysis is an analysis which
compares the cost of curtailment and-by cost of curtailment
we mean the cost of shutting a person off who wants electricj?
who can't have it because we don't have énough generating
plant versus the cost of building a generating plant to
supply it to him, is that correct?

A I think that is an inaccuratﬁ Tepresentation
of what I describe as the ¢ost of curtailment. I would
describe it in a slightly different way. It is not the way
you said is incorrect. The tentative remarks don't reflect
the spirit of this undertaking. In the event that the total
generation capacity of the company in additdion to whaf it
can reasonably import would not be sufficient to meet the

load, then there is certain consequences that ensue.

|
1097a

We disaggregated these consequences and have

attempted to assess a cost with‘these various consequences.
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Consequences included in this procedure include

such things as intéfruption to customexs under a series
of interruptible rates involviné a reduction and then they
rank to actual curtailment at the extreme ‘end of this analysis
so describing this as a situation of shutting off power, I
think is really missing some of the spirit that underlines
this mind.

Q But your proposal, Doctor, does it not include °
as a measurement of the cost of actually shutting off power

to various persons?

A It includes that as one among Several components
yes,
Q And you include that in your economic tradeoff?
A That is correct.
Q Now, Doctor, I take it real 1979 costs means the
[P

dollars shown under that column have been trended back %? an
appropriate discount rate?

A_ ‘They have been discounted, correct.

Q Now, Doctor, I note that in the first note at
the bottom of the page it says: ''Defined as total production
and curtailment costs plus capitil costs of new plant net
g:if?urn and income tax.' Now that refers to your total
social cost. e _a-j

Now is that net owxgrturn is income tax as to
Vsl

all plants, the old ones as well as Limerick?
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1 .
A It is assuming net of retugp for the old plants
pA
and income tax for the old plants. In the case of Limerick,
3
I suppose this was run under -- yes, I guess that is,
4 : .
strictly speaking, not quite true for Ligerlck.
5 .
, Insofar as we used incremental costs, we
6
include that the return relative to that incremental cost,
7
if we use the full cost, it is relative to that full cost
8
with the exception of Limerick, I suppose that is true.
9 i
Q Or with the exception of your generic coal
10
unit in other cases?
11 A Yes.
12
Q Now I take it you include a return, what do
13
you do with regard to income tax?
14
A With regard to income tax, I think that was
15
intended to reflect the situation for the older plants, so
16
that we exclude Limeric and generic because the representation
17
there in that is not quite- accurate.
18
Q So for Limerick, you would include both return
19 .
and income tax?
20 .
A That is right.
21 . a“-[ .
Q How do you determine the Teturn om income tax
22 on Limerick, Doctor?
23
A Let me refer to my testimony, if I may. I don't
24 keep all of these numbers in hy mind.
25
Q Sure.
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A The return was equal to what we defined in our ;
scenario for the diécount rate. That is the return that ;
we cmployed. The income tax, I can't find precise reference E
in my testimony to income tax. The number that sticks in
my mind is three per cent, but I can't verify that from a
perusal of my testimony. If necessary, I will provide that
later on. I think it is on the order of three per cent.

Q Now it is four testimony then that the return
on Limerick and other generic and future type plants equals
the discount rate that is employed?

A That is what we employed for purposes of this
model. You always have a problem in running a model as
complex as this in the choice of everyone of your parameters,
so to some extent, I have to take responsibility for that |
nuwber and I accept that, but I don't think it would be
correct to state that I have undertaken an exhaustive analysis
of future returns on particularly allowed returns on investment
as determined by the regulatory bodies in 1985 through 1990, !
so -this represents a number that we felt is reasonable citing

it equal to the social rate of return, but one shouldn't

take it too serious.

Q I promise, Doctor, I won't try to make You a
rate of return witness.
Now, Doctor, you indicated taxes were taken in

a three per cent rate.

i
!
!
|
I
'
i
|
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7 As I said, I don't recall precisely. I would.

hafe to check that with my staff and review my testimony
once again. I thought I could extract it through a perusal
of my testimony.

Q Well, the spe?ific number does not interest

me. Was it a flat rate? -

A It was for the purpose of this model.

Q Flat rate?

A Yes._

Q How have you reflected the investment tax credit?
A We have not:

Q How about accellerated depreciation?

A We have not.

Q Would not the investment tax credit and

accellerated depreciation offset to some degree the rate of
return requirement for future plants?

A Yes, I would agree. However, I don't think it is
very consequential in terms of the outcome of this program.

I would say maybe talking about a difference between an annual

fixed charge rate of say 16 to 18 per cent. 'I don't know
exactly how it would come down, but in my assessment, it wou14
not be cOnseqqug;al. It is a problem I recognize in the

analysis, but I decided not to undertake an exhaustive i
analysis in this area, ]

I think the number we are using for a fixed charge

—
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Yl ois applied to the cost of the facilitv ot within ball park ‘
. {
2 figures given tha uncertainties involved in future estimates.i
3 Q Would you agree with me, Doctor, when you take 2
4 an investment tax credit, yYou get an immediate tax deduction?;
3 A Yes. . -
6 . . .
Q And assuming the time value of money, you have
7 that deduction for a substantial period before it is flowed
8
back?
9 .
A That is true.
10 Q Would that not increass the significance of
11 that as an item in your planning horizon?
12 .
A It would indeed. 1t is a question of how
13
consequentially they pertain to the output of the model.
14 . . . . .
In my judgment, although it operates in the direction you
15 . ,. . . s . . -
indicate, sir, it is not of major consequence in determining
16
the principal results that emerge from the calculations
17 '
employed in the model.
i8 '
Q But you have not run the model with that
19§ .
included?
20 . .
A No, as 1 indicated, I have not.
21 .
Q Now, Doctor, You show four separate cases in
22 Table 1. Can we agree, Doctor, that for comparative purposes;
23
the only cases we can compare are the two PECO demand cases,
24 one against the other and the two ESRG, one against the
25 other? In other words, you are comparlng apples to oranges?
l.__..______-____.vv. [ N L L . . I4WILLDw BUE . (L LURG, P4 10 I —
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A Well, it depends how the apples and oranges

relate to one another. For example, if 1 show an ESRG case

3 ! emerges with lower costs than the PECO case, then if we

4| note the fact that the ESRG cost assumptions are relatively !
5 pessimistic as compared to PECO cost assumptions, generally |
6 speaking, although I can't speak to all the particulars,

7 then we can, in fact, make that comparison, but if anything,

8| the ESRG cost assumption will buy us the total cost upward

21 so employing PECO a§5umptions to be sure would lower the

10

cost estimate, so I think in certain cases one can make those
11 || comparisons.

12 Q Well, Doctor, I am talking about comparisons

3% u
i . . [ A
where You are comparing social eases at the company's load

13
14 | forecast versus ESRG's load forecast. In that instance,
15| aren't you comparing costs that have included in there

16| different levels of energy consumption and, theréfore,

17 | gifferent levels of energy-rélated costs?

- - '
18 A I don't quite understand your point. What we

19 | are saying here is that given a series of assumptions, let's

20| assume that these are the assumptions that materialize, these

21|l are the assumptions in regard to future possibility, let's

22) assume they materialized and let's assume that we compare,
23| given these assumptions, that a particular construction plant

24| that certainly can be compared for puprSes of assessing

25| optimal versus the imposed generation plan of PECO. That would

MOHRBALH A& MAPSHAL. [MC, . T M, L2CuWILLOW AvE . RARQIZHAURG, Pa, 17371) mmmame m— s e e
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certainly disaggregate the effectmf'tﬁe PECO construction
plan as compared to the effect of running what we turn an
optimal construction plan, so in that respect, you are correct
However, we might want to make a different |
comparison. We might want to compare;what the social costs
will be of PECO construction‘plant as attempted in the
first line under that table with what the cost would be in
the event that ESRG assumptions are realized, number one, and
number two, that we optimize in the way suggested by the
ESRG model so that kind of comparison, I think, is quite
reasonable although it is in variance with the comparisons
that you are suggesting.

Q At Page 5 of your prepared testimony, Doctor,
you testified that the model was run, by'thatcyoﬁvmeanvthe
ESGEM model was run only for target reserves of six, 14,

22 and 30 per cent, is that correct?

A That is correct.

Q -And I take it what you have in fact done is
you have run the model for each year, 1981, 1987, and 1992
of each of those reserve models?

A That. . is correct.

Q And you then have compared different social
costs, and let's remove from consideration at this point .the

l
different generating plant options and say you were looking |

at reserve margins to decide what is the best of those. You

e e WQRUPI.M 3 WART@AL, NI~ 7 N ADNEWAIOW AVE. . HATSMBUAG. FAL 1T o e
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11 chose comparative social costs for this reserve @& margins, 1
2| is that correct?
3 A That is corfect.
? 4 Q And }ou based your comparison on, how many
> figures in front of you, 12 figures, correct?
© A That is correcf.
7 Q And you pick an optimum reserve margin based
8 on the lowest social cost for 1981, for 19877
? A No, that is not correct.
10 Q Why is it wrong?
11 A The problem with the way you describe this is,
12 in fact, we run the model at a given reserve margin for the
2 three years taken as a whole and then we calculate together
14 the present value calculation, the net present value for
13 those three years and then we make the comparisons between
16 the various reserve of margins on the basis of the‘totgl__
17 discount for social costs for each reserve margin,
18 Q Are you telling me, Doctor, that you make a
19 choice as to the proper reserve margin based on the total
20 three-year analysis?
21 A That is correct.
22 Q How did you arrive at your 14 and 22 per cent »
23 in this-procedure, then, Doctor?
24 A I compared the social cbsts in the manner E
25 that 1 have described for a reserVe margin or 6, 13, 2z 4ﬁzﬂ é
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30 for a number of scenarios that I considered realistic.

In vanearal, these involved the ESRG load forecast as well as

the ESRG cost assumptions. I attempted to focus primarily
on whag I have termad in this *astimony the ESRUG low cost _
assumption. Note that I Selieve'this is more r.d4listic
than the high cost assumption. In fact, if presented. I
would submit that the high cost assumptions are more
realistic of the two, but I wanted to employ - assumptions
that were conservative as possible.
For runs employing thése assumptions, the

social cost was minimized at either 14 or 22 per cent.

Q All right. Let me see if I understand. Let
me take a step back, Doctor. What we are doing is we

are making computations for three years worth of data.

A That is correct.

Q 1981, 1987 and 19927

A Correct.

Q We are trying to determine from that analysis

two principal things. What the appropriate reserve margin
should be and what the future generating plant should bé?
A That is correct.
Q And we run those analysis in conjunction or

do we run them separately?

A We run them in conjunction. The reserve margir:

implies a particular genergting mix.

I
f
i
|

L
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1 Q Doctor, on Table 1, what reserve af margin

z is associated with your total figure for the ESRG? The low

3 o 06,3

ESRG, the fourth case indicated,that is the 78%8w63 figure.:

4 A I would have to refer back to my computer runs.

5. to establish that. |

6 Q Would you do that?

7 A Yes. I will make a note of that.

8 Q You mean you can't do that now?

2 A Well, it might take me as long as five minutes
104 4o go through all this material now. If you would like me

11| to do tha;, I would like to accommodate You, but it would

12} delay this somewhat.
.13 Q Would you agree with me today that the 69906 is
14 an interpelation for the 12-year period based on the three

15| years based on the numbérs shown? In other.words, within

v 2.9 '

16| that 69063 there is the S5u249 and the 577 Peme=gens.

17 A Oh, definitely.

18 Q And this is the ESRG preferred case, I take it?
191 1s that correct? |

20| A I wouldn't characterize it as a preferred.

21| 1 would characterize it as 8 conservative type - preferred.

22 . As I indicated, the ESRG high a}e the ones I g
Z3 | consilered to be more realistic to the ESRG low.

24 Q Now, Doctor, You have testified in choosing :
25| the appropriate veserve of~margin out of the four calculation?
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o that were made, you used a three-year analysis whereby *
2 you combined the individual indicated social costs and the %
3 preferred generating plant expansion program to determine !
"l
4 which was the lowest social cost, is that right? 5
3 A That is correct.
© Q On a three-year basis?
7 A Yes,
8 ] '
Q Did you choose the generating expansion
o progranm before_you chose the reliability criteria? |
10 A The Teserve margin specified initially and the
11 social cost as well as the generation mix is calculated so
12 as to be consistent with the reserve margin, but it is the
13 reserve margin that is specified.
14 Q What do you mean specified? B
15 A We start with the six per cent Teserve margin.
16 We specify that. Then we calculate the generation mix
17 given the six per cent. Then generation mix associated with
18 the six per cent, we then simulate production for the system ;
19 and assess production cost. That is the cost reported as
20 associated with the six per cent.. We do that for all the
21 years in question and discount.
22 We then proceed to 14 per cent and go through f
Z3 the same procedures and then again the 22 per cent and again :
24| the 30 per cent. ' g
25 i After this entire calqglatipguiﬁ‘gqmglgtggjhyeimj
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compare the discounted value for the various reserve margins
and select what we determine as an optimal reserve margin
3| based on criteria of minimizing social costs.

4 Q Have you previously selected a capacity

5| expansion program which is optimal to be used when -you are

6 making your analysis of what the reserve margin should be?
7 A No, the reserve margin determines the capacity.
8

One is contingent on the other. I could amplify precisely
91 how this is done in the model if you desire, sir.

10 Q Doctar, if the three numbers that go into making
11| the 632g;3' are those all stated at the same reserve margin?
12 A Yes. I am confident that the report in this
13 | table is with respect to the optimal reserve margin, whatever
14| that might be, for the scenario in question. Obviously for |
15] the PECO case, this is not a réal consideration.

16 . In the PECO case the generation mix is taken

17| as given, but for the plant construction plans noted in

18 | Table 1 as ESRG construction plan, we chose the 1979 costs

19 | associated with what we term the optimum reserve plan.

20 Q And that could be anywhere from 14 to 22 per cent?
21 A It could be zero to 22 per cent.

” |
23 o (Testimony continued on next page.) i
24 '

25
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Q How can we have an optimal reserve margiln,
Doctor, which varies, if we made a three year analysis to
plck out the one that was best? I thought in responding

§

to an earlier guestion of mine - -

LN

A No, you are misunderstanding, sir. For a
given scenario, we are talkling about really twe scenarios
among the four indicated in table 1. Those are the third and

fourth scenarios where we indicate under plant construction

plan, ESRG. Now, all I'm saying is for three, we chose

a glven reserve margln which we applied throughout and

[
[y

for. four, we chose a given reserve margln that we applied

pa
[ &Y

throughout. It 1s reasonable that these might differ,

e
Q3

given the fact of the input assumptions of it.
S0 what we are saying 1s that given the

input assumptions specifled in table 1, for example, under
the third scenario, assuming the PECO demand forecast on
one hand and the PECO cost assumptions on the other,
particular reserve margin will be optimal. Say 22 percent,
which 18, to the best of my recollection, precisely what we
had in mind here.

\ If we employ E3RG forecast demand, and

ESRG costs. Then in fact, the ESRG optimal reserve margin

=2 : we apply. For any given scenario, we apply a consistent
24 reserve margin throughout.

A) 22 percent?
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A 22 percent, 14 percent, whatever.
Q Now, Doctor, the calculations have been made
.| at discreet reserve level, 6 percent, 14 percent, 22 percént
and 30 percent. Now, am I correct that based upon your
caleulations, you only know what the social costs are at those
four discreet levels?
A I should indicate these are target levels.
‘There may be some small devlations from those target levels
which emerge in the course of optimal generation. These are
of the order of two to three or two to five percent, 80 the
actual reserve margins that emerge from the program may be
of the order of say, 22.3 percent or 22.1 percent. These
refer - = the reserve marginas that wé have been referring to
heretofore in this cross examination are target reserve margins.
Q My point, Doctor, 1s you have - - let us say
that you have calculated the social costs for each of the
four levels and the best social cost indicated to you 1is
22 percent. That 1s the lowest soclal cost?
A Yes,
Q That 1isn't the one you would select?
A, That's the target reserve margin that they would
select.
g Isn't 1t in fact true that all that calculation

,;would tell you about social cost relative to reserve.margin

Ty

‘“iis that the lowest soclal cost relative to reserve margin would

LIItAL AV AN E
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fall somewhere between 14 percent and 30 percent ané that you
'would not know whether 22 percent was, 1ltself, the lowest
" level? |
A That 1s true. Except for the fact that socially
all the reserve margins that we calculated-were assumptions that
we consideredjzlausible range between 14 and 22 percent. So as
a consequence, after completing the analysis for a very large
:-number qf scenarios, I felt that even had we run the analysis,'
¢ say, at reserve margin intervals of 1 percent, which we could
5 have done, in principle, that the optimal reserve margins would,
‘:, in fact, apply 1t some value between 14 and 22 percent.
) Q Doctor, referring to Exhibit C, now, this is a
15 ESG s,
sample ge® run, 1s it not?
A That 1s correct.
Q And the one I am looking at is at pages iS and
: 16 of 24 and 1t is identified as ESRG construction program,
ESRG demand forecast?
A Where does 1t say constructlion program?
4] It says that on the cover sheet before page 7
of 24, And ESRG low cost and full plant capital?
- A  Where does it say ESRG construction program?
I want to identify the page. Oh, under Exhibit C. Okay.

I see. Fipne. Thank you.

i Q@ Yes?

[T+

Li

A You are referring to sheet 15 and I couldn't find

- o terman - 4 " R ST L T 1SN U
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i1t on my sheet,
Q Now, on sheet 15, this is for the year 1987 as
we can see up in ;he left.hand corner?
) A, That's correct.

q And 1t is for 22 percent targeted reserve level?

A That's correct.

Q And the total system cost which i1s the total
social cost 1s 577.7, 1s that not correct?

A That 18 correct.

Q Now, thlis computer run that you have provided
here as Exhibit C 1s in fact, the computer run that goes along
with the 1987 figure on table 1 under ESRG, ESRG low, ESRG
plant construction plan. Is that not correct?

A That's correct.

Q And that's 22 percent?

A Yes.

q Reférring you to sheet 8, we there have the
reserve margin of 14 percent for the year 1981, and we have
a total social cost of 595.1. Now, that sheet 1is, in fact,
is 1t not, the shéet which 1is comparable to or in fact the
development costs of the 1981 figure shown on table 1 under
ESRG, ESRG low, ESRG, is that not correct?

A Yes., It is.

qQ So 1n faet in your cases you increase or decrease

=~ reserve reliabllity margins, is that not correct?

A 5 mames s - nrEAE L - e -
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‘runs: ‘They don't imply anything aboit these reserve margins
‘that we selected as opfimum. In fact, they don't show the

discounting procedure at all. As you will note.

‘low plant data assumptions.

1?1.@3;!‘1_5,._. about optimal meserve mareins to this point in the
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A No. These are Just sample runs. They are not -
taken'to.indicate our cholce of the optimal reserve margins.

They are just meant ﬁo display the output from our computer

Q@ This does not show.the‘digcounts?

A It doestnoﬁ shoﬁ the discounting procedure
over timé; "It shows the disg§pnt1ng procedure year by year, E
but it gfe;ot in any sense, imply a comparison of the reserve;
margins It 1s merely a display of output rrom our ccmputer i

program based on ESRG load growth assumptions and ESRG %
At 14 percent reserve margins noting sheet B
of 424, for example.

Q This is merely a display of what your computer
produced?. ‘

A frecisely true. As I sald, I do not have at
hand in a r;gdily available form a comparison of the discounted
soclal cost. So I can't tell you for that reserve margin
which 1s the preferred reserve margin. ‘I indicated that.the

. -

optimal reserves range for what we consider to be plausible

Ry

assumptions 14 to 22 nercent. That's _the only statement I'm

e e et W W T e vt
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N Q Okay. Now, you have lndicated that thls does

<  not show dlscounted costs?

S A It does not show the sum of discounted costs
over the three years and a comparison of those discounted
costs with discounted costs assoclated with other alternative

. reserve margins. It merely shows the discounted cost for =z
given vear at a specified reserve margin.
Q Doctor, referring you, again, to Exhibit C, )
sheets 16 and 18 - < /
A Yes. You are referring to number 15, 16 and
18, aren't you?
& Well, just 16 and 18 are the only two sheets
we have to compare for purposes of this question.
Doctor, you there show a sheet on sheet 15
we see that this analysis for 15 and 16 is a 22 percent
reserve margin. For the analysis on pages sheet 17 and 18,
we see that that's a 30 percent reserve margin as shown at
the top of page 17?7
A That's correct.
@ 177
A That's correct.
Q Now, looking at the loss of load probabilities,

.., Doctor, T note that despite the fact that we have increased the
Lop ' ‘ .

FRA K
' reserve margin and therefore, one would presumably thinﬁ}the'

e =
LA
!I
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relliability, we have a greater number of brownouts at line
115, which are voltage reductions. By comparison of 2.3 for
. the 30 percent reserve .margin versus 0.2 and we have a greater
-f number of blackouts at the 30 percent margin vefsus the
" 22 percent by 0.2 versus 0. Can you explaln to me, Doctor,
- wh;‘e-increasing the reserve margin results 1in a greater ampunt
S& of load curtailment?
A Surely. Thls 1s a simulation program which
. means thgt we generate random numbers and on the basis of
: thoge random numbers, attempt to calculate what production
' costs would look like glven certaln eventualities. Now,
. any simulation program on occasion, may spew out random numbers
' that are in the extreme of the range and presumably that's what
happened in this 30 percent run, we are not talking about
y major disecrepancles here. We are talking about fairly minor
: discrepancles.
what I assume occurred was in the 30 percent
ruan at the time of system peak, for example, we had an outage
in, say, a major baseload plant. This 13 a random event.
We do attempt to allow for this by averaging over 25 simulations,

and we find that in generzl, averaging over 25 simulations

will produce results that are to our satisfaction, accurate

results.

However, there are certalin minor anomalles which

”@ can occur with respect to a simulation program of this type.

(PR ——r
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MR, HALL: Your Honor, I wonder 1if thils would

be a good point for a brief recess? I would note that I

;probably have at least two more hours for Dr. Shakow. I

would propose to finish if others wish to stay. It 1s up to

' Your- Honor.

THE WITNESS: I have an 8:00 o'clock plane and

anything consistent with that constraint would be fine with

‘me. Two hours 1s no problem,

THE . ADMINISTRATIVE LAW JUDGE: Let's take a
brief recess.

(A brief recess was taken.)

THE ADMINISTRATIVE LA¥W JUDGE: Are you ready?
BY MR. HALL:

Q Doctor, could you define for me what the
investment tax credit 1is?

A Investment tax credit i3 a percentage of new
Investment that the Government allows the corporation to .
subtract from its taxes,

qQ Now, Doctor, the conclusions of your study,
or I gueas the best pictorlial representations of what those
conclusions are would be on tables 6 and 10, is that not correct?

A I have to look at 6 and 10.

. qQ That's page 20 and 577

A We can address those tables. I won't characteriée

that as in any sense summarizing the overall testimony. But 1t

mm bt Mg A 3ACh 8 NRSHAL, NG ST AL TETEW, L] AREI L,
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there. It 1s fair game.

Q I would agree with you, Doctor. I merely found
it most useful in my efforts to understand the process.

A I appreclate that.

Q@ .Now, looking at table &, it there shows
elght cases, 1s that not correct?

A That's correct.

qQ We have already gone over and discussed

" what's 1n the load growth column and the plant column and the

capltal cost column. Not the capltal cost column.

~ Is that correct?

1]

A Would you repeat that?

@ We have discussed what 1s meant by PECO and
what 13 meant by ESRG and what 13 meant by PECO and ESRG
low in the plant cost column, 1s that not correct?

A That's correct. We have done that.

qQ I.note that under case two and case eight,
Limerick is seiected?

A That's correct.

q I take 1t the purpose of each of these cases
13 to 1nclude various different assumptions and see what 1s

the optimal new capacity under those assumptlions, 1s that not

"+ gorrect?

A That 18 precisely correct.

Q Now, under the PECO plants costs and the incremental

Y.zt
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capltal costing method, Limerick is selected; is that not
correct?

A That 1s correct.

31 And 1t makes no difference whether you have
20t -the PECO or the ESRG load growth?

A That's true.

Q What is the incremental capiltal cost method,
Doctor?

A Incremental capltal cost means that the account
only shows costs of the Limerick facllity which have not
already been committed. As I understand 1t, the company has
already committed roughly 900 mlllion dollars, and that 1s not
accounted as part of the capital cost under this assumption.

] It 1s your understanding that's $900 million
In the study?

A I won't swear by those figures. That's a number
that comes to mind. I Jjust want to mention that for purposes
of ldentification here, T don't want to 1n any sense commit
myself to 1t.

Q You say we don't consider the sunk capital costs,
and by that I mean what you refer to as the $900 million?

A That's right.

Q Does that mean that in our generating plant

'computer program runs, when we are costing Limerick, we only
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- inelude capital carrying charge costs; i.e. return, depreciation
and taxes, as to that amount which is yet to be expended to
- complete the plant?
| A I believe:so, but I would have to refer back
to my data sheets.in order to confirm that.
Q Could you do that, please?
A I would say for fixed maintenance, that would be

i computed relative to the plant as a whole. No, I don't
é belleve that's true. As a matter of fact, I think that the
i income tax, et cetera, would be computed on-the antire caplital
| cost of the plant. Yes. That's what we did. That 1is
: proper.
q So in other words, 1t 1s your testimony that

what you do when you incrementally cost something is you

‘ include all of the varlable operating and maintenance costs
. as we define it in our earlier dldcusslons?
A Yés. |
Q The energy costs as we defined 1t?
A Maybe I can rationalize that. If that would be
;_ appropriate, I would be happy to do so at this - point.

G Let mé run through the 1list and I will let you

7 . go on.

LA [ v

A Fine.
Q@ We include all of the taxes relative to the
Jﬁ entire capital cost of the plant?
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A That's right.
@& But we only 1Include the return applicable to
~ the 1ncreméntal part of the iﬁvestment yet to be expended?

A Yes. |

Q We conly include the depreclation applicable to
the Incremental nart yet to be expended?

A Yes.

Q Why do we split the return and the taxes in that
fashicn? _

A I thinic - -

R -~ What I had in mind was the following

reasofiing. Let's assume that the plants were canceled.
Then the question is what would be capltalized and included
in the rate base and'would remain as a kind of a sunk cost
from the consumers - -

S
xﬁ;’bon't forget, everything we are dolng here is

from the standpoint of optimizing sccilal costs which I have
defined as costs from the perspective of the consumer. Now,
under the assumption that there's no:way of my knowing this,
under the assumption that cancellation would still lead to

a capitalization of this plant so that the ratenayers would
have to assume at least the return on that figure, 1t seems
reasonable to run a scenarlo iIn which we excluded that from A
the incremental cost which distirguishes between the case

! where we keep the plant In and where we cancel. If we cances,

~obviously, I shouldn't say obvidusly, but my guess 1s that the

_—— —= i ———— ~eTpiTu LTS I S TP wine g
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company could make the argument that it should not pay
g property taxes, for example, on plant_thatls_bas;cally

3 - excluded rroﬁ the generating capacity of the company. Now,

4 mayb§ that woh;dn't be the case. And a future litigation, 1
? ls;me other results might arise, but at least 1t seems j
© reasonable io make that as one of our 25 assumptions.

! . We make runs 1in addition to the eight described
8. here and it seemed as if that was at least a reasonable thing

.9 t 0 assume and fﬁ pursue.

10 @ And that 1s to assign total tax cost but only

11 partial return costs? _

12 " A Yes. Exactly.. You follow my reasoning, I see. }

13 Q@ No.

141 A.  You don't?

154 @ No.

16 A Should I go through it again?

17 Q@ If you can shorten it, yes, please.

18 A Okay. We are asking the question what would be

19 the 1mpact bf & cancellation as compared to the maiiitenance of

20 the facility, and the completion of the facility. Now, there'L
21| veen certain aﬁounts of moneys expended on the plant, If the
22 lplant were canceled, 1t‘wouldn't be of uée to anybody. But
23 | nonetheless, it 1s possible it could be capitélized and included
24| 1in the rate base,

25 There's no way of knowing exactly how the Commigfion
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would proceed on this matter. But that's at least a possibility.
If that's the case, the only costs that would remain for the
consumer would be the return.on that portion. I'm assumlng
i"that for tax purposes, one could get a write-off on the plant.
iThat's why one makes the distinction between taxes on one
ghand and return on the other.
Q Now, Doctor, turning on table 2, page 6, you
show a 6 Mwa;;al plant as entered into case two or your case
two assumption. Where do you get that plant?
A Where did I gef that plant?
Q Yes.
A That is one of our generic options. As you
may recall from the description of the program-we employed
a falrly sizable set of generilc options which we allowed in
principle to enter the generatlion mix. ~This included a large
number of plants. It included, for example, three distinct
types of coal plants ranging from coal plants with the capacity
of 300 megawatts to coal plants with a capacity of 900 megawatts,
It included, in addition, a nuclear plant which we termed a
generic nuclear plant;
It included various combustion turbines,
combined cycle facilities and so forth. What this table 1s
‘ .indicatiAng 1s that of all those generlc facilitles, the one
ithat enters the capacity mix 1s the 600 megawatt coal plant

iunder the assumptions indicated.
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'indicated here, do you not include 300 MW coal plants? In

doesn't really disaggregate the cases where we would have
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Q In all of the other cases, Doctor, that are - |

other words, where you've got 2400 coal there, that is
300 Md coal plants?
- A Yes.
Q Isn't the 1500 PM 300 MW plants? PFive of them?

A Yes. I think i1t i1s indiecated. This tgble

say, a 600 megawatt coal, or 2300 codl plants. That's not
quite right. What's indicated 1s the total capacity of Ehe
generic option. I can't tell you from looking at this table
exactly the technology that's 1nvolved in the particular
scenarios.

Let me - - however, referring, let's refer agaln,
for example, to Exhibit DSC,-Say sheet 14.  Note under option
102 that the opbtimal generation mix under the assumptlons of
ESRG load growth and =ESRGC low plant data assumptions, the.
generic technology that enters the mix 1s generic coal of
300 megawatts and two of those enter the mix. And this 1s
1nd1qgted under_iOZ by the term G coal three, which suggests
a coal technology where the unit size 1= 300 megawatts, then
under the megawatts capacity, 600 1s 1nd1cated, which suggests

that we have two of those facllities entering the mix.

Q And your soclal cost minimization criteria indicated

. ——— e
: o em——
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e

to you that for PECO plant cqsts and incremental capital

cnsts, it was best to ~~r-mtruct the two Limépick plants
. o hes r ‘
- and in addition, 600 MW/coal plants? e

[¥3)

4

: A That's correct.

& qQ Por a 30 percent reserve margin?

- A  That's correct.

g qQ Do you know how much the 600 MW coal plants

9 add to the cost analysis?

o A I canﬁof tell you offnand. If I'm not mistaken,
. I have - - I'm not sure 1f it was in response tzoizterrosatary

. | or some of the other documentation I read, I did/ cross
.. | some indlcation that PECO planning for that period did
incorporate at least one coal facility. So this 1s - -
I should indicate that I think it 18 noteworthy that my

model, given PECO's assumptions, generates an outcome that 1s

fairly consistent with the PECO planning mix, as it 1is

._;Ipresently concelved. That would pertain to the feserve
ik

‘gmargins as well as to the generation mix.

i Q Now, Doctor, I belleve you indicated at one
Foint in your testimony that indeed, 1f you do accept that
incremental costing is the way to go and that PECO plant cost
levels a?e the approprilate levels that indeed the Limerick

units should be construsted and that 1s the best social

cost alternative?

A That's correct.

MOHMRRAEH & MADGMLL NG, . 17 n. LOGCKWILLOW AVF,. - HARRISBURG, Pa. 17107
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Q Now - -

A I hasten to add, of course, that I disagree
pretty violently with those assumptions, so in fact, I'm not -
making the recommendatlon of this sort.

Q Now, Doctor, in determining_whethef to choose

ineremental or full costs as the appropriate costing methodology,

. you indleate two factors which must be considered, I believe.

A Yes.

Q The first and each of them go really to the

same polnt which 1s the possibility of the company recovering

. 1%ts sunk investment in the Limerick units?

A That's true.

G Despitg thélr cancellation?

A That 1s correct, preclisely. I should say
cancellation is not the only alternative. One possibility is
the company selling its shares in the plant. In whieh case
the plant would be bullt, but the company would not assume any
of the cost burden.

e Now, have yourmade any study, Doctor, of the
potential for selling the Limerick units when they go into
service in the mid 1980's?

is
A I'm sure that/something the company is as

- anxious to find out abcut as I am. No, I have not.

3] You have not?

- . - . YR S ) .o e L T
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A No.

q Now, Doctor, you spoke about tax credits, the
potentiality of tax credits in the event that the plant is
terminated and the company is unable to sell it, is that
not - correct? | |

A Yes. I‘'should have mentioned, I did not, but
I should also have mentioned the whole question I alluded to
before as to whether the cost of an incomplete facllity would

be incorporated in rate base. I think that 18 very pertinent

here as well.

{Transcrint continues on next page)
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Q And what is that option you just referred to?
A I said that this is the question as to whether
the cost expended on an incompleted facility would be
incorporated in the rate base.
As I indicated before, if they would be
incorporated in the rate base, there is some justification

for using the incremental cost.

Q And that is because the company would then
ot/ &
Te its investment in that plan?
A That is correct, and from the consumer standpoir

the only difficulty would pertain to the incremental. They
would have to pay for the sunk cost.

Q So it is your testimony that if, in fact, the
Commission had adopted the policy of permitting the company
or was inclined to adopt the policy permitting the company
to recover for the sunk costs, in the Limerick Plant in the
event the Commission were to order termination of the plant
construction and assuming it had the authority to do so,
if it decided to permit the company to recover those costs,
the rate you should use is incremental?

A I didn't quite say that. What I said was that
this would be a germaﬁe consideration. There are many other
things to be considered. The tax situation has to be

considered and the market for this power in addition would

have to be considered if the company could refer its fuel

- WaWANI T A WRIEMaA1, IR . 27 % LOCKWILLOW 3/7E.. - HAanKILPURG, @&, 12117 —_—
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1 costs, by assuming the power or by sinking the power. i
2 Then T would propose using the actual cost !
3| measure.
4 Q Well, putting those tﬁo considerations aside,
51 do you have any others to offer us in response to my
6 question?
7 A Not at the moment, but I am sure if I could
8 consider the matter, I would have a good number. I think it
21 a very complicated issue.
k 10 Q Now referring to the tax credits, what provisions

b
\ 11 | of the income ta§;go to what you are referring to, Doctor?

12 A I don't care to discuss that. All I said in

13 my testimony was that this would be germane in some sense
14| to the degree that the company was forced toc assume Some
151 continual payment as a consequence of this incompleted

16 | facility. It would certainly affect the matter of incremental
17| cost, but I have not undertaken an exhaustive analysis of
18 || what provisions of the tax code are really here. All I am
19

saying is this general category tax code is one of the factors

20| that has to be considered in making this judgment.

21 I have not presumed to analyze the specific

22} provisions that are applicable here. ‘

23 Q I take it you presume there are some provisions

i
1
i
|
}
]
1
'
(

24| there without having made an snalysis?

25 A Well, I think one can justify this on a réalist@c

f————————— MOWRASACH B MAPSHAL. [RC. . Y7 N. LOCKWILLOW AVE,, . HARRISBURS, Pa, I¥110 cmam e e




I
11%9&

2

10
11

12
13

14
15
16
17
18
19
20
21
22
23
24

25

. ..Shakow-cross__

2547
ground. For example, let's consider property tax. If

property taxes were waived on this incompleted facility,
that meéns that the incremental cost of calculation would go
up by a certain amount.
The difference between a cancelled plant and

a plant undertaken would be more ﬁubstanfial in the event
the company would have its property tax waived on these
facilities, so I think one can conceive realistically of
size where this general category tax would be Televant without
going into the particulars in terms of the tax code.

Q ; take it you have made no study of whether the

Philadelphia Electric Company would have,gfficient taxable

income in the future or the past to be able to use any

such tax deductions as the code might grant it as a result
c“’\l.ﬁ- (‘n..‘f-; [P |

of losses incurred from the capaulagion? |

A If 1 were to make all the studies you suggest,

it would be a very ambitious project.

Q .One last question on this point. You have
not included in any of your cost analysis and particularly
your full cost analysis any factor, have you, for the

uncertainties which relate to whether or not the company,.

in fact, will be able to recover its sunk costs in Limerick
if that plant is torminated?
A Well, that is why we have Tun into a large

number of scenarios. The purpose of scenarios formulation

MRy wemaernl, I Do LOCRWELL AW AvE, - MATNIGELRE, Pd 17110 e e e — .
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. 1131a
is to account for various alternative possibilities and

z why do we account for various alternative possibilities

> when it would be easier to stick to one, and we don't know

* what possibility is going to materialize, so scenario

> development, I would say, is an explicit response to - )

¢ uncertainty.

? Q Doctor, in Table 1, Case 4, have you included

s any factor to reflect the risk which the company will

i experience?

10 A What table was this?

1 Q Table 1, Case 4. Have You included‘any

12 factor to reflect that risk which the company will experience

2 that it will not recover the sunk costs in Limerick if the

14 1>

plant terminated, and by factor, I mean cost factor? ;
Fal H

15
A As I indicated, it depends on the specification%
16
here. I beéelieve Case 4 in Table 1 was run in the full cost
17
assumption, so that would be consistent, for example, with
18 {
the assessments of the fgil capacity of Limerick to some
19 '
other company.
20
As an example, I could give you our scenario
21 '
as well.. That would be consistent with that, but what is
221 . . . 5
important here to note is this was run under full cost i
23 . . '
assumption, so Limerick was accounted at its full cost
24 . | !
assumption.
25

| Q What is importanf to me, Doctor, is the answer
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A I forgot the original question.

Q The original question is you have included
no cost in Your case 4, which is, as I understand it, your
preferred case to reflect the potentiality that the company
will not recover its sunk costs in Limerick. You have

simply assumed that it will do so?

A That it will recover its sunk costs?
Q Yes.
A In effect, that is correct. I would like to

correct my answer to that.question ever so slightly. I would
say it is consistent with the assumption that the company .

Tecover its sunk costs. It is also consistent with the

assumption that none of the expense of construction budget
is included in the rate base which would be an adverse i
assumption from the company's standpoint, so there are a
range of consumptions that are consistent with that, so
I spoke to hastily in response to your question. !

It is consistent with thgt assumption, but
it does not assume it explicitly.

Q In fact, there is ﬁo addition to the costs
showr. to account for the risk that the company will not
recover from Limerick?

A The critical thing --

Q You can answer that Yes or no and explain as yo?

wEHRBACH 5 S oIl 1%L, IT wL LOIRAILLDW VL, - MARPIERURG, P20 17017 — e
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choose. )
2 - A Let's go through this again. Why don't you

3| start the question onée again? My memory is very short

41! at this hour. I hear the question when You #sked it but

5| there has been an interVeniné comment in the question and

I l;se my mind.

7 Q In Case 4, Doctor Shakow, there are no factors,
8| no costs, no consideration given for the fact that if the

9 company terminates Limerick, it may do so by losing the

10 | entire existing investment in that plant.

11 Answer that yes or no and go on with whatever
12| you want to say.

13 A No, that is one of the possibilities. I think

l 14 | the answer is no. The answer is Yes to your specific QuestioL
15| that it is consistent.
16 Q I don't want Fonsistency. I want does it
17 | consider it or does it not? Are the costs increased as a
18 | result of this uncertainty or not?
19 A As I understand your question, I think the
20| answer is yes, although the possibility exists that I
21| haven't understood your question.
22 Q Well, I thought I was pretty ciear. Why don't
23| you try and explain to me how these costs have been
24| increased asﬁa result of the company's loss because of the

25| termination of the Limerick plant?

MOMRBACH Y WARSHAL, INC, . 1T N, LOCKWILLOW AVE.. . MARRISBURG, PA, 17112




10
11
12
13
14
15
16
17
18
19
20
21
22

23

24

Shakow-cross 2951

A What we are trying to do, we are trying to
distinguish a case where the difference to the consumer o}
a cancellation equals the full cost of the plant. That i; thf
critical thing here. |
Now if the company, for example, is not ablF
to incorporate the expended construction costs in the ratL
base, then that would be a case in which a cancellation
from a consumer's standpoint would mean'that there would be
no responsibility undertaken by the ratepayers for the
Plant. This would compare to a case where Limerick was
completed and which the full cost presumably would be

incorporated in the rate base, so the difference between

cancellation and.no cancellation is the full cost of the

Plant.

This would be true also under the scenario,
If the company were able to assign all the capacity of
Limerick, then the consumers would likewise not assume any
of the responsibility as compared to the case where Limerick

was incorporated and the generation mix was EZenerated power

and the consumers in that case would assume total responsibiliey;..

so what I am suggesting then is here we have two scenarios.
One very adverse from the standpoint of the company and the
other relatively desirable from the standpoint of the

company and the contingency from the standpoint of the

25

cases,
company and yet in both/the difference between the plant

Wzl % AeHMAL. NT ST onL toorwilyaWw AYE. - HARSISBURE, Pa, 17110 erees e —ee——
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actually being included in the rate base and included in the

g generation mix and the plant not being included in the

3 generation mix includes the full conﬁtructiun budget.

4 Q I take it, Doctor, the social cost; as you have

> measured them, of 6906 would be the same.regardless of - o
6 whether the company sold Limerick or merely ate it?

? A Yes, that is right.

° Q Doctor, would you turn to Sheet 12 of 19

2 of Exhibit A. Doctor, do you have that page?

10 A 14, Exhibit A, sure.
1 Q Now referring You to the section where it

12 speaks of the use of incremental costs, I would like to

2 read you the followiné passage and state my interpretation

14 of it and see if you agree. It says in that passage,

15 "It should be noted that the default option on Model 1

16 is the capital costs include only the incremental rather than
1 the fvll cost of capital. If a plant has been iﬂ ope;atiOn

18 for 20 years, the fixed costs already committed do not play

19 a role in the economic comparison with other pPlant. Current

20 carrying charge and fixed O§M are relevant, however, and are

21 included of fixed charges in the cost comparison. This

. 22 default option cap be waived for plant where cangglléxign :'

23 requires full recovery of cost of its construction to:date, E
24 either through tax writeoffs ﬁr assignment of catastrophe." 1
23 Now the initial baragraph in that would indicaté

MOHAPACH A “ARSHIL, INC. - 27 K. LOCKWILLOW ANE,. - HLARISBURG, PA. 1711} i — e e s 2
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11%68 that incremental costs should be considered where investment
will be lost?
A Let's go back a little bit. The critical

10

11

12

13

14

15

16

17

18

19

20

21

22

24

25

consideration is what the difference is between the inclusion

of a plant and the exclusion of a plant. That is what I

am trying to get across to you. Perhaps the phraseology

is a little confusing, but as plant presently on iine, it
is clear when we retire the plant, the critical thing will
be the application of the costs that have to be assumed by

the consumer.

When we consider a plant that is presently

under construction such as Limerick, the critical consideration

again is what will be the difference from the consumer's
standpoint between the inclusion of the plant and its

exclusion. I think that is the point I am trying to'get
across here and it is, I think, consistent of what 1 had

been saying over the course of the last 15 minutes.

Q Doctor, would you agree that the Philadelphia
Electric Company could sell a plant presently on line and

producing power?

A It could in principle, Yes. I see no reason
why not. | :

Q Why shouldn't we use the full cost for that
as well? )

A Because I guess for the plant on iine, the only

i

‘
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_1 realistic option seems to be retirement rather than sale.

2 | Q Well, Doctor, I guess you are correct. /;;

3 principle, we could, I imagine, elaborate the model to

4 incorporate the possipility of an assignment, say of plant

3 currently on line. If that.is the case, then we Sshould

©l include the full capital cost. I think that is fairly true.

7| 1 should note though that in my estimation, were we to do

8 that, it would merely confirm our results to even greater

9 degree because wha; would happen is the cost parity of just
10

the higher reserve margin would be still greater than it is

11 | under our present assumption and so it is a consequerce that

121 would be a greater tendency to optimize reserve margins

13 at lower levels, sc one can perceive the omission of this

14 || possibility as a conservative approach.
15 I will go through that again.

16 Q No, I can follow that very easily, Doctbr, but

17| 1 take it that would also depend, Doctor, if you are removing

18| 3 unit from service when You put in your incremental base

19 10ad pPlant, you are then removing capital cost to offset the
20| capital cost of that plant, are yYou not?

21 A Yes ,to some degree. I think there is a certain

s
22| degree of extortion that I will admit as a consequence of

23| this omission. However, as I indicated, I think it opts in

24! a conservative direction. In’fact,‘the reason for our

25| omission possibility as I indicated before is largely a
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particular question, we would have had to obtain data
regarding the capitalization of all these old plants and it
was difficult enough to similate the information regardin%
the new plant without magnifying the data requirement of
the program and the reason we did omit to this information
was because, as I indicated, we felt it would only tend to

confirm our result. We could make our case obviously withou

using this dimension.

Q Returning to your, I will call it modeling,| for

lack of a better word, how have you represented in your
programing the company's pump storage operations?.
A The only distinction we make between pump

storage and run-of-the-river hydro -- let me correct that

There is no effective distinction made between pump storage
and run-of-the-river hydro. Both are considered energy
limited options and enter the generation mix subject to an
energy constraint, so we didn't really consider the effect of
pumping excluéively. That again is to some degree a dechienc

in the model, but I feel it rather consequential.

(Testimony continued on the next page.)
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1
5 Q@ You didn't consider the cost of energy to
3 pump? N
4 A To pumd, precisely,
5 Q Is that not correct?
6 A That's not included presently in that.
7 qQ Now, how have you modeled, Doctor, the company's

g | participation in the Pennsylvania, New Jersey and Maryland

9 interchange? Or lnterconnectlon?

A I would say only the crudest way. We distingulshed

10

- b etween economy emergency and force. One thing. Ve attemptéd
5 to employ our energy consﬁruction paymentsjbaseé on the

13 economy imports, experienced energy consumption, I suppose,

» over the recent pﬁst. We derived fhe data from rehponses to
;_ interrogatoc:'les, and since the economy imports are provided

2

under the power pool, this pertains directly to the experience

of Philadelphia Electric in the power pool.

| We specified emergency power as an option.

A3 i

" We entered the rates assoclated with the emergency powér F
;; at tﬁe rates - - well, not precisely but at roughly the
20

i emergency rates associated with the PJM pover pool, 1n that
-
! we costed out that kind of power at 10 percent above the most
22 expenslve PECO plant.
5
> I understand that 1in fact we should have taken
z: the most expensive plant in the pool, buf agalin, ie are into
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the same kind of problem as before. We would have had to

find out all the information for all of the various facllities
in the pool. So that was not practicable.

We had some fairly, I would say, abstract or
simplified assumptions on the interconnects whiéh probably
are really exact representations of the reality, but we think

are adequate for the purposes of this testimony.

ra,

q Now, with regard to maintenance ocutages, how
have you reflected those in your model?

A That's a fairly important part of our model.

We designate a perlod of the year that we considered to be
the maintenance period. We derived this maintenance period
as a representation, simplified representation of actual

malntenance practices by the company. I think it was in

response to this document here, supplement number 6 to tariff
electric Pa. PUC No. 25, which has some data on maintenanée,
and while we d;dn't model the maintenance for every particular
plant, that enabled us to give a rough idea of when mailntenance
was pracﬁiced by the company.
The maintenance period that we defined is
composed of weeks 17 through 23 of the year plus weeks 36
through 50. And that's defined aa our allowed maintenance
. period.
Q And when a unit goes down for malntenance,

“;;Doctor, does it do it by a deration?

/
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1 _ L8
A Yes.
2 ) .
s Q By that I meanyyou don't assume the: unit is
4 off for eight weeks or ten weéks entirely?
; 5 A That's correct.
6' Q What you do 1s if it was Salem 1, instead of
. putting 1t in for this half a year period which you allow me, ,
g you back it down to a portion'of its indieated capacity?
o A The precilse method in which we do that is sbmewhrt;
complex, but.eSsentially it is a deration method. Ue feel
10 . :
- £his 1s reascnable, again, in light of the purposes of this
11 : - _ .
testimony in that what we are really looking for 1s ‘the cost .
12
of extreme events, that 1s cases where the plant 1s simply not
13 . ) | .
available and particularly where this coinclides with extremes
14
in the load 30 as to create a situation of supply demand
15
imbalance. That's what's goling to generate soclal costs at
16
the low end of our reserve margins,
17
Now, if we derate rather than assuming that
18
i the plant is not there, then we are assimilating a fraction oq
i9 |
the capacity in our mix. And so the 1likelihood of experience ;
20 - )
and, say, costs due to blackout or other curtallment is less
21
]l ikely to be significant.
22 .
So we account this as a conservative assumption,
23
even though strictly speaking, we should have modeled 1t
24 - '
precisely.
25 . . ‘ .
Q@ I take it it is a conservative assumption because
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it reduces the cost of curtailment. it rgduces the numbers
of hours the curtailment will occur?

A In effect, yes.

qQ Now, you don't believe the company's figures
for what Limerick 1 and 2 will cost, do you,. Doctor?

A No.

qQ Would you agree with me that about a ballpark
difference between your position and the company's position is
a total cost of the company's part of 3.1 biliion and on your
part, either 4.2 or 4.9 billion? |

A I think 80, My memory 1s really rather weak,
so I can't account for all these figures, but that-sounds
general,

Q@ I wouldn't give you bad figures.

A I Just don't want to take respohsibility for them.

[
Q Now, in calculating the cost of Limerick,

as well as the cost of your generic coal and generic nuclear

optlions, and indeed in developlng certain of your plant

capacity facters, you have relied, have you not, on an ana1y314
which was prepaped by a Mr. Charles Komanoff, 1s that notltrue1

A That 1s true. I would say not with respect|to
capacity factors. I have done a good deal of research on

my own in the area of capacity factor. I am not going to

implicate Eomanoff in the capacity factor calculation. Xomanof

analysis 1s confined to an estimation of the. . diregct 1979

MONRBACH 8 MARSHAL, INC. FE L AR Y-14
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dollar construction cost. |
: Q@ Okay. And this appeafs at pages 44 and 45 of
; your testimony, doesn't it, ﬁoét¢i? |
4‘ A - I'm taking a ‘look.  Yes, it doed; 
J, @ Now, this 1s a pretty detalled analysis that
¢ Mr. Komanoff‘has done, isn't 1t? ‘
’ A, In my 6p1nion, it is, yes.
° Gty our—ePintony—it—is ?
9 .
(5?' Could I summarize what Mr. Komanoff has‘doqe
0 this way, and would it befair,:Mr. Komnnoff has';aken a
H publication which was put out by the Energy Information
1z ‘Administration, which publication, itself, took data from
13 'utility FERC form ones and ciassified that data 1ln particular
14
fashilons?
15 A Yea. I don't know if he - - he may have
16 referred directly to the FERC form ones. I'm not sure if it
i was via this indirect route. I don't know if you hawe been
18 supplied with the latest publication by Mr. Komanoff. Unless
19 my - - let's see., Does my testimony state that in there? i
201 onat he went through this route particularly?
21 Q Doctor, your testimony indicates as doe§~your
22 || answer to our request for tﬁe data that these were private |
23 communications between you and Mr. Komanorff?
24 A Yes. But he indicated £h§£ it was in FERC -
25
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'FERC form 1 or I believe you have indicated in a response

Shakow-cross 2961

form one, specifically. .

Q Weli, Mr. Komanoff, as I understand 1t, has
taken cost data with rgspéct to nuclear plants and coal plants|
completed during a period of 1972 to 1978, 1s that not ~ |

wcofrqcté | - ' o .

A i belleve that's correct, yes.

Q  And this data comes either directly from

to an.interrogatbry through a publiéation from FERC form oneé
.L .Let.me Just chéck.‘-?hat's possible: Whét
interrbgatbry‘résponse.was that? |
d Responée one.
A It is taken from utlilities annual - -
aasembléa iﬂ'the annual publication. Okay?

Q Yes.

A I guess that's ambiguous as to yhere he got it
from. 1It)just iﬁdicatesithat 1t's been B0 &assembled.

Q. Now, having taken thils data, it 1is indicated
that Mr. Komanoff applied some Handy Whitman Indices to 1t.
iould you know hdw he did tha@, Dactor?

| A I assﬁme that he, 1In order.to get his depekdent
variable in the form of 1979 construction dollars and gfven the
fact that the reporting on these forms presumably is in
current dollars, that he discounted these current dollar:

estimates by the real eacalation rates as derived from the

MOHROACH B MARSHAL, INC, - 27 M. LOCKWILLOW AYE,. - HARRISBURG, Pa, 17112
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’r Handy Whitman Index. So Just so we pould get a '79 figure.

Q Now, you - -

4 That's what I a$sume he did. I have not
communicated directly with Mr. Komanoff on that matter.

" This 13 really a presumption on my part. That's what I
would have done if I was dolng the analysis,

Q This material that Mr, Komanoff has provided to
you, is it published anywhere?

A i have 1t on hand. However, the text states
not for public dissemination, so even though I have 1t in
hand, and can refer to i1t in the course of.this eross examination,
I am not impowered at this time to let 1t.go. It 13 not
copywrited material as yet. )

Q You cannot provide us with a copy of 1t?

A I am not saylng that. I could not today provide
you with a copy of it. I would have to consult first with
Mr. Komanoff.

Q You responded in response to our interrogatories
vou could not.

A I could not 2t the time of the interrogatories
because I had not consulited with ¥r., Xomanoff. I have still
not communicated with Mr. Komanoff, If compelled to do so,
tiaen I willl, in fact, consult Mr, Komgnoff. T should alssd

_; mention that I think that = precursor of this analysls which

._ab least suggests the methodology 1s available in the form of
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testimony which Mr. Komancfl presented before the New Jersey

Publle Service Commlssion. I can get the exact date for you

if you would require it. I don't think the results are

¢ necessarlly consistent in every numeric detall, but I bellare
there are at least methodological consistencles. So that|is

. of public record.

-~

q Are you familar, Doctor, with the characterlization
of Mr. Komanoff which was made by the New Mexico Fublle
j Service Commission in the case No. 12167

ﬁ ' A Sounds like 1t was unfawvorable.

Q@ Let's see if you are familiar with it. The
Commission stated and I quote, at pages 14 and 15 of its jorder,
"Mr. Charles Komanoff, Energy Projects Director of the
Council on Economlec Priorities, appeared as an expert witness

. on behalf of Intervenors, Attorney General of New Mexico.

Mr. Komanoff testifled concerning the capaclity factors of
nuclear and coai fired generatiné unitg,
Kéigital costs, fuel costs and operating and
meintenance costs of coal and nuclear units. The record| shows
. that Mr. Komanoff has little or no engineering tralining and

:: experience. His only college degree is a BA 1in Applled

-

< Mathematics., Mr. Komanoff's analysls of cocal and nuclear

3ok
—p
E.
i

capacity factors depends almost exclusively upon the result of

ts
Fa

the. statistical analysis 6f existing unlits. The credibility

of Mr. Komanoff's testimony ’n other areas was considerﬁbly
lL__ N -

l
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weak and by his demonstrated lack of engineering expertilse

or training, lack of familiarity with the specific detalls or

. the utility in question, demonstrated lack of familiarity

with conditions in New Mexico pertaining to coal and

"ecoal. costs and numerous unsupported assumptlons and calculatlions,

"For example, Mr. Komanoff's claimed expertise

in the area of nuclear fuel costs was largely based upon

 his attendance at a one week summer course at the Massachusetts

" Institute of Technology.! Are you familar with that statement?

A That summer course? I'm a grdduate of

~ Massachusetts Institute of Technology. As I have indicated.

" But I have not come across that particular course.

MR. BURGRAFF: Could we please have a cite from
the opinion and also the case number?

MR. HALL: Yes. The case.ls case number

1216. It i3 1n the matter of the participation of Publie

Service Company of New Mexico as tenant 1n common and
electric generating station. I would note that I have read
from an original ofder that was 1ssued in the proceeding.
There was a subsequent order i1n which the language that I have
read was struck on the request of the Attorney Generai, althouéh
with no indlcation of disagreement in the subsequent order.
It was merely done,
A T am compelled tb commeht - = I would like to

comment on this.

TR MIWERLLe & vRAnen, ey N lDZbalilie fiL. . presiaenes
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MR. BURGRAFF: 1Isa this published anywhere in

" PUR, that type thing?

MR. HALL: I do not have a cltation of that

nature, no.

MR.

publlshed or not?

BURGRAFF: So you are not sure 1f it is

You don'!’t have a ciltation?

MR.HALL: Not in the PUR, no.

MR-
to the parties?
MR.

m.

f are referring, is

Juad

Ny

Commission?

m.
subsequent order.

certified copy of

SEGAL: Could you provide coples of that

HALL: That would be no problem.
SEGAL: May I inquire, that copy to which you

that a certified copy from the New Mexico

HALL: I have a certified copy of the
I do not, in my posdaession here, have |a

the original order. I do know there 1s|cne.

Y don't have 1t‘w1th me,

MR.

I take 1t that 1s

MR.
correct.

MR.
them?

MR.

MS,

SEGAL: "The order from which you quoted,
the one that 1s not the certified copy?

HALL: That 1s the original order, that is
BURGRAFF: Will we be able to see both of

HALL: Yes.

BUSH: I believe that Dr. Shakow had ? comment.

A mAluiannn, 2 e i cmm b e eeemmaa
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THE WITNESS: I would like to respond, if I may.

MR. HALL: Certainly. |

THE WITNESS: Number one, the analysis performed
by Mr. Komanoff 1s a very stralghtforward analysis. The data
has been verified by myself. I have looked into the matter of

nuclear plant performance on a number of occasions 1n the

_course of mv academic research and have found that the

data employed by Mr. Komanoff 1s an accurate representation
of what he purports to find in his various sources. The
methodologies employed here by Mr. Komanoff seem quite above

. board with regard to the standards applied in the econometric
modellng and this is an area 1n which I ha;e conslderable
expertise.

Therefore,his qualifications in other regards
don't strike me as helng germane in any way. He has assembleq
date ofrthe record. has nerformed regressions in a way that
i1s entlirely abova hnard., The summary statistics associated
with those regressions validate very nicely and whether he
is defective on some other account is really of no concern to
me and 1s of no concern to my testimony.

MR. BURGRAFF: Could I aék counsél - -

MR. HALL: Do you have - -

MR. BURGRAFF: I don't mean to interrupt.

4 '
gI have Just one more question. Can I have the date for the

3=y

iy
i
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" ' decision you referred to?
T MR. HALL: 28th day of March, 1977.

i MR. BURGRAFF: Thank you.

IBY MR. HALL:

i ' Q Now, you have been able to_determine all that, -

Gy i
i Dr. Shakow, desplte the fact that you have not done a sufficilent

- 1l

{ézanalysis of Mr. Komanoff's methodology to be able to tell (me

5
:fwith assurance whether or not or how he had used the Handy

4 ‘!
ijWhitman Indices before I read the quotation, now, 13 that |not

O *
'?icorrect?

114 A Well, yes, 1t is correct.

*
i

i)

1 On the other hand, I have little doubt that

1

(V8]

ﬁthis is the manner in which he employed the Handy Whitman

54§§Ind1cea. I wanted to respond to your question as candidly|as

15§I could and it is true that I have not checked this particular
ﬂ3ifacet;of his analysis with him, so as to verify it firsthand,
L"?that this is in fact what he did.

However,dudg;ngfrom the other aspects of this
" . particular work, there's very, very little doubt in my mind
3‘;that he has deflated the current.Cpst figures as reported in
EE?FERC form one in the matter that I indicated. I have very
:z?little doubt 1in that regard.
23% Q You also don't know whether Mr. Komanoff got the

24 idata from FERC form one or from an intermediate source, is that

f

15 correct?
i
[

L TR B TR YUY
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£ A That is correct. But given the fact that this
1 ntermediate socurce 1s presumably an accurate representation

of the initial.source, I see little problems with using an

intermediate source.

Q@ You have used these equations to calculate
the capital costs of Limerick, is that not correct?

A The ‘direct capital costs. This would execlude
the AFUDC.

qQ And that i1s perhaps the most major of the

plant cost differences between you and the company, 1s that
not correct?
A I think the capacity factor assumptions are quite
. relevant, as well. Because - -
MR. HALL: Your Honor, I will make a motion to
strike pages 4li through 52 of Dr. Shakow's testimony. Again,
~We have a very prﬂfnioal piece of data which is based upon
a private communication, really, in this case nothing more
than hearsay, as from an individual witness.
THE WITNESS: That 18 not - -
MR. HALL: I'm arguing at this point.
From an individual whose qualifications are

not of record and do not appear and I don't thinx tTha. tne

-
"3

company l1s 1in the position to cross examine that. I don't
; :

‘%think that there is - - this 1s certainly not the type of

74

RS
P

:
ii
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-strike should be granted.

"I think we are in the same position as we were before,

Shakow-cross 2969

not a published source of data. It is not a recognized

source of data. The individual who put 4t together is not

a recognized authority and on- that basis, T think. a motion tof

MR. BURGRAFF: If I might respond, Your Honor,'

Mr. Hall's real objection to this whole matter is really our

expert's Judgment that these fizures are appropriate. I

Al liem

don't thinklit comes down to anything more'than that, We

clearlj, at var;ous timgs during the égse, haven}t“ééit that
his expert's use of certain‘dafg,vaa appropriate, either.
Héwéver, that's not any means to ﬁecessarily
strike the opinion. Here we are faced with some tyﬁe ot
decision th;t apparently is not even a final decision from
New Mexico concerning Mr. Komanoff's ébilities. It is

stated early 1977, and Mr, Komanoff has made various

alterations to his work since that time. We don't know the
state of that, particularly that decision or what the casg was
about. |
As I say,that seems to me to be evidence of
simply Mr. Hall's concern with the fact that Mr. Komanoffi's

work was used., I think it is entirely appropriate as far as

the use of the material is concerned. If he has gualms with

our expert's rellance of using the data, I think that's one

|
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thf"" Rut it certainly ign't any means to strike the
testimonv, |

MR. HALL: Your Honor, just in a brief response,
I would note that Mr. Komanoff is not here, so the company |
will obviously not have the opportunity to examine him either
a8 to the manner in which he has put his data together
1 or as to his qualifications to put the data together.

The only 1nd1cétion that we do have of record

| is the material that the company has been able to gather

indicating some aspersions on these qualifications.

I would note that order 1s a final order.

(Transcript continues on next page)

|3
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! MR, BURGRAFF: I would note once again, Your
2 Hénor, that Dr. Shakow has noted that he has made independent;
3 calculations for a means of testing this data and finds it ‘
4 appropriate. That is his expert opinion.
> MR. HALL: Well, Your Honor, my motion to strike
6 includes everything from Page 44 which begins with the coal
! equation and inclﬁded through Page 52 which indeed includes
8 the coal eqaatiOn._the nuclear equation, both oé which came
? from Mr. Komanoff and all of the total costs which are
10 derived from those initial costs.
11 The motion would end at the bottom of Page|52
12 since the 8.65 per cent stated in that last line also comes
13 from Mr. Komanoff.
14 MR. NOGEE: I would like to add that Dr. Kéman
15 is especially recognized as an expert in the United Statfs
16 | House of Representatives and wrote a report on power cosks
17 dated April 28, 1978 and also testified using this data to
181 the House Subcommittee on Energy and Environment and at an
121 Interior Committee hearing on economics, nuclear power in
2001 1979,
21 THE ADMINISTRATIVE LAW JUDGE: I will take the
22 | motion in advisement.
23 MS. BUSH: I might add that Dr. Shakow has the
24! study available. That is the study that Dr. Komanoff dia
25

that is not copyrighted and we can make inquiries to whether |

-

)
1]
!
| -
|

off
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1 that would be available to the company for their review. 155a
5 ) MR. HALL: I would note, though, Dr. Shakow

!

|
3 would have to return to staqd cross on the study and even i
4 that would not entirely necessarily overcome the company's !
5 objection unless one could speak to Mr. Komanoff. !
6 ) MS. BUSH: Well, Dr. Shakow has testified that
2| he has done extensive studies in this area and the conclusionr
8 reached by Dr. Kbmanoff concur with his conclusion from his

9 research and experience, so he is available for cross-

10 exarination.

11 MR.. HERSHEY;".-I am sure if necessary, we
12 | could arrange another telephone cross-examination as was
13 ] done once before in this case.

14 THE ADMINISTRATIVE LAW JUDGE: I will take

15 the matter under advisement. Let's take a ten minute break.

16
17 (Whereupon, at 4:55 o'clock p.m., the |
18 hearing recessed until 5:00 o'clock p.m.)
19 |
20 THE ADMINISTRATIVE LAW JUDGE: Back on the
21 record.

BY MR. HALL:
22 i
23 ) Q Dr. Shakow, employing the Komanoff equation, .-|
24 you have calculated a direct per KW cost of $1,002 per KW

25 for Limerick, is that corTect?

WOMRBACH 8 MARSHAL. INC. . 27 N, LOCKWILLOW AVE.. . HWARRISAURG. Pa, 17115 o—n = - oo




10
11
12
13
14
15
16
17
18
19
20
21
22

23

24

25

Sk - T § {+) 7 o +3 o * 11 S 797%!
A Yes, that is correct.
Q Doctor, I was wondering if you would be in a

position to calculate for us how you derived that $1,002
at this pqint?

A Let's refer to Page 45 in my testimony. You

will note a regression equation. The regression equation is
developed in terms of a number of variables including
nuclear capacity. That is total nuclear cﬁpacity. That is
total nuclear up to that point in the United States. The
capacity of the unit, the number of units designed by the
architect engineer, a dummy, so-called dummy, variable
indicating whether the location is a northeast location
or not. That is indicated in the northeast section.of the
Uniteq States.

Tower indicates whether there is a cooling
tower.

Common sited indicates whether there are two

or more units sited for the same project and the term
dangling refers to a situation where one unit has been
completed but the second unit has not,

There are coeffiéi?nts associated with each
one of those variables. .We calculated for the Limerick
facilities the values of the variables associated with each

of the seven variables.

Q Dr, Shakow, I didn't ask you for a discussion

MIMERAZA 3 vAETMAL, INC. - 17 N, LOCKWILLOW AVE.. . HARSIEBUAG. Pa, 17192 ﬂﬁ...w_,ﬁ_k.._._.ﬂ__l
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4 e

of the equation. I asked you to calculate the basis of the
[
i

2 $1,002 per KW. Now we will be here quite a while if we are
3 g0ing to continue and go around the bush before answering

41 the question.

5 MS. BUSH: I ﬁould_object to the witness

6 being interrupted in the middle of his answer.

7 MR. HALL: The witness was nbt answering the

8 question to any stretch of the imagination.

° MS. BUSH: That may be true, but I don't think
10

it is proper to interrupt the witness in the middle of the

11‘ sentence.

12 THE WITNESS: Okay. Let me proceed, please.

13| The variable nuclear capacity --

14 MR. HALL: Y0ur'Honor, I would ask for a ruling
15} on my request that the witness-be asked to respond to the

16 question.

17 THE ADMINISTRATIVE LAW JUDGE: Can you answer
18| Counsel's question?

THE WITNESS: Yes, I am in the process of

20) doing so.

21 MR. HALL: I haven't heard it Yyet.

22| THE WITNESS: I am trying to explain precisely !

23|l what is being done. I could just, you know, do the caltulatiéns
!
24| on my calculator. I am going to do that, but I thought it wa%

. _ |
23| relevant in answering the question to indicate precisely what|

1
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1 I am doing at each step.

2 1 BY MR. HALL:

3 Q | Doctor, all you were doing. is reading what

41 4is in the text of your testimony. We only need the

5| mathematical calculation.

6 A All right, I will p£oceed io undertake those
71 calculations. The problem is indicating it is relevant

8| because the cost of doing calculations at this hour, an

9} arithmetical error may creep through, so I want to make

‘10| it clear as to what I am doing.

11 78789 is multiplied by .57 and that yields a
12 | value of 45303. The size of the facility is 1055. That is
13| in turn multiplied by minus .208. That yields a value of

14 | minus 219.44.

15 AE is taken as 38 and this in turn is
16| multiplied by minus .102. That yields a value of minus 3.876

17 Northeast is applicable here since we are talking

19| wvalue plus 1.27.

20 The designs of cooling towers, so the tower

i
:
!
!
18 | about a plant located in the northeast. Thus we enter the i
I
1
21| yield is 1.20. |
22 ° There is a common sited facility, that is .91, f
23| and the additional variable was not applied and all this i

24| should be multiplied by 6.46. It is indicated in the equation,

25 Q Doctor, I must confess I have neglected to writ

A WOMERI_ 4 A MITEmsL NG, - 27 M. LOCKwW!LLDW® AVE., . RARRICOURG, PR, 1211% !
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1| down the earlier figures you gave us. %159&
2 - A The NC is 78789, which I multiplied bY the '

3| indicated coefficient and I get 45303,

4 MW is 1055 multiplied by minus .208 which yields

5( 219.44. ' . . .
6 AE was 38 times .102 minus yield minus 3.876.

7 To this we add 1.27, 1.20 and .91, which

8| reflect the dangling and multiply it by 6.46. 1 will
9| proceed to do this. When I add up everything prior to the

10| final multiplication, I get 45083.08.

11 'I am indicating all this subsidiary calculation
12| to forestall the possibility of an arithmetic error which

13| is a danger at this time.

14 Now we want to multiply that by 6.46.

15 Q Well, Doctor, perhaps I can shorten this a

16| little. I note that you multiplied the MW and the EA by

17 || the minus .208, is that correct?

18 A That is correct.

19 Q Those are powers? They are not multiplication.i
|
{

20 Thé .0755 is also a power.
21 A I misread that., - : ‘ i
22 Q Our problem is, Doctor, we have calculated i
23|l what we think the correct figure is and it is $$Fo. which‘
24 is a little less than your $1,002. Could you make your

;
l
1
}
+
i

25| calculation again at some subsequent time and bring it to us?i

MOHABACH B MARSHAL, INC. . 27 N, LOCKWILLOW AVE,. - MARRISHURK. Pa, 17300 cm—= s  —mme—em s e
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A Yes. I will have to/ do that. I am sorry

2| about this. Yes,zﬁggﬁsread those;powers. )
3 Q' Doctor, what are the service dates and the

4| AFUDC determination dates that you have assumed in your

5| calculation for Limerick? What are YOuF”servicE"gatesméﬁd

6| the AFUDC termination date that you have assumed in the

7 calculation of your Limerick plant costs?

8 A Let's see. I guess I can refer you to Table
2| E-4.

10 Q Table 4.

11 | A Table E-4. Under that would be Sheets 5 of 7.

12 | That would indicate an in-service date of some time in 1987.
13 Q Have you chosen a specific month as an in-service
14 date in your analysis?

15 A No, I don't believe so. What we did was we
16| geared the common estimates to the construction budget as
17 provided by the company and proportioned that construction
18 | budget relative to the Komanoff overall estimate.

19 Q And I take it your AFUDC on both units would |
20| continue through 1987, is that right?

21 A That. is correct, as indicated on the exhibit.
22 Q Doctor, on Page 44, would you explain to me

23| what- an adiustéd R square means?

24 A Yes, sure. An adjusted R square is an R square

25| value which represents the sum of the squares of the deviation
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of the initial dependent variables from defeated values of
tﬂe regression relative to the deviations of the dependent
variables from their meaning.

Let me state that again just to make certain
I have it right. |

An R square is one minus the ratio of the sum
of the square deviations of the dependent variables and the
defeated values of the regression divided by, that is the
last ferm, divided'by the sum of the squares of the
deviations of the dependent variable from their meanings.

An adjusted R square divide§ each of the tﬁo
elements of that latter quotient by the respective degrees
of freedom associated with each element of the quotient,

Q Doctor, referring you to Page 52, would you
tell me how you have used the 8.65 per cent-rate for nutiear
plant capital cost of excavation?

A What page is that?

Q Page 52, which I believe you have taken from
M:.'Komanoff.

A Okay. What would you like to know?

Q I would like to know how you used the 8.65

per cent shown in the last line that you have taken from

i

Mr. Xomanoff? %
: : !

A I think that is a typo. That looks like a i

WOHRBACH & “MARSHAL. Ik, .- I7 %, LOCKWILLOW AVE.. . HARRISAURG, Pa, 17111 -
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are referring to the 2.65 that is two lines above. May I
answer that please?
Q Doctor, I will withdraw that last question.
It is gettiﬂg late.
Are you familiar, Doctor, with the term_

immature nuclear unit?

A Not really.

Q You are not?

A No.

Q Is it not true, Doctor, that during the earlier

years of a nuclear plant's existence, that its capacity
factor is lower than in later Yyears?

A Well, I have done some work in this area and
I have done also some collaborative work with some colleagues
at Clark University who alsc have done some research in
this area and our feeling is that while maturation appears
to be consequential for units of relatively small size, that
is between say four to 650 or 700 megawatts, for larger
units, this alleged maturation has not been in evidence
at least through the experience that we have nofed so far,

Now 1 admit that your experiences with smaller

plants obviously were/::::nsive than our experience with the
l1arger plants and the smaller plants were the ones that came

on line earlier in the development of the nuclear energy.

Nonetheless, the work that I am referring to
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- 1] seems to indicate very good maturation for plants of this
’“ 2| kind.
| 3 I believe 1 have some dates to that effect.
4| You will note on Page 39, the chart on top of that page, this
5| is an attempt to track the performance of nuclear plants
6l in terms of capacity factor and the sample is excluded to
7 plants of relatively large size and I would say, except for
8| the one data point associated with large 800 plus megawatts
9 || PWR's, There is the 69 per cent figure. All the other figurer
10 show, I would say,-a fairly insignificant maturation. This
11 | is particularly true for the PWR sample.
12 Q Referring to your Exhibit D, Doctor, can we
13 deduce from that exhibit that you don't have much faith in

14 | President Carter's Wage Price Program?

15 A Which exhibit is this?

16 Q Exhibit D?

17 A Oh, Yes.

18 jfﬂc/' Well, I was frankly very surprised at the faith

191 which the company apparently placed in the same program.

20 | The assumption that inflation rates are going
21 to be maintained at a five. per cent level starting in 1981
22 struck me as nothing short of imaginﬁtive On‘the part of the
23 country from my standpoint. Even the most vigorous price

24 control policy exercised by the government would be unlikely

25 to maintain price increases at that variable level, but I }

i
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(Testimony continued on next page.)
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Q In your inflation rate analysls, Doctor,

have you employed the Consumer Price Index?

A Well,—I don't-see how one would employ

variable over the course of tie past ten years. Vhat we are

course of the next ten years and into the long term, and my
feeling iz that the Consumer Price Index 15, gives some
rough indication of_iﬁcreasing instability in this variable,
‘but ism accurate representation of what things are g;ing to
look like necessarily in the future.

Q Well, have you analyzed and based your
estimate for the future on t£e Consumer Price Incex, Doctor?
That 18 the quesfion.

A Well, as in the case of all these some-
what speculative assumgtions’and my assesment, no matter who
is doing the analysis, when you are talking about inflation
rates into-1990, 1991 and 1992, we are talking about a
certain degre;‘of speculatién. We are not talking sbout hard
and fast analysis.

We look at the Consumer Price Index and we see
how it is tracked over phe course of the last three or four
years, We note in that index an increasing degree of in-

stability, ss you are mp doubt aware. I think one cannot be

alive in this cpuﬂtry today without being aware of that fact,

MOHRBACH & MARSHAL, INC. 2T LT K -LOCKWILLOW AVE.. - HARRISBURG, FA, (7102
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1.lWe have rerlected the lncrease in instability of this measure

2 |by upgrading the company's assumptions by a substantial amount.

3 Q Dﬁctor, the 30C MI coal plant that you propose
4 l|in your optimum generation plant mix -- T - .
51 A | You-méén_the two?
6| Q - Well, the tﬁo'of—;he thrée, depending upon the
? various load --
8 | A Depending on load.
9: | Q@ Those are baseloaded plants, aren't they?
10 o A That is correct.
1| Q  Now, at page 13, Doctor -- well, strike that.

12 |Doctor, there's shown in Exhibit D.a discount rate, and the ESH
13 110w case that's shown to be .l0.5 percent. How have you used
s

14 | this in your analysis?

15 A We have used that to discount the social cost

16 | calculated at the various years indicated in the analysis in
17 | order to get an aggregate social cost, netted down to 1979
18 | dollar units. As I indicated earlier in this cross examination.
194 Q And wouldn't a larger discount rate, Doctor,
20 | result in a.-lowe‘r total social cost?

21 A Not necessarily. It depends upon what the esch-
22| 1ation assumptions are like. If the escalation is at a rate
23 | that when you factor everything in faster than the discount

24| rate, then this will not turn out to be the czse.

25 It 1s falrly complex, since we are talking
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about a number of disparate escalation rates » associations witl[l

fuel operation and maintenance, capital, per factoring .’m
3 AFDUC, It is all 50 complicated that one cannot state with }
dssurance- that 1t is going to turn out one way or the other..”;xg?”:
- Ue are escalating on tle. one—hand and then we j
‘are bringing things back on the other. The,oqtcomes are;likelyu'
to be fairly complicatgd. - | | |
Q The escalation rates‘betweeb the PECO case
anifhe ESRG low case for fuels with thg exception of natural "

10 gas, which I believe you will agree is not used by PECO to

11

generate electriéity, are the same, are théy_ﬁbﬁ? ) R '.;f

12 A Could you repeat that, pléase?

13 ’
Q The escalatlon rates for the fuels, nuclear -

1
4 through oil, are the same?

15 A Yes.

16 Q There is a difference in the inflation rate,

17 isthat not true?

189 A The escalation rates are the same and the effedt

19 ) .
of inflation rates are calibrated with respect to the different

20
inflation rates, I think that's what you are alluding to, Or

21 did I misunderstand it?

22 Q  The inflation rates do differ between the two

23
cases, do they not?

24 A That's correct, yes. 7.5, I believe and 9,

25

Q Now, the inflation rates, though, are only °
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" 1 | applied to certain operating and maintenance expenses, 1s that

not correct?

L]

A In the direct form. But to some degree, the fyel

i

costs are callbrated with respect to the inflation rates. Not

n

entirely., There's some excepti-ons',- in particular cases, but

o8

the disparities in the 1nflaﬁion rates reflect, to some degree;
7 [differences in the various fuel costs. |
8 Q Doctor, referring to pr;ge 13 of your prepared
9 [[statement, you make the stateﬁlent’thz;.t i1t 1s correct that

10 |[g1ven rapidly rising oil prices, ba.seload. oil-firéd plants sholld

11 | not be employed. Is that mot correct?

12 _ A Iet's see, Can you refer me to the lines
13 | there? | |
; 4| Q' It is line ten.
15 A Yes, I do indeed say that.
16 ' Q Referring to page 26, Doctor, table 8, if you

17 | know, what is the fuel source for Delaware 7, Delaware 8 and
18 || Schuylktl 17

19 A Delaware 7, that would be oil, What's the

20 [next one? | |

21 Q  Delaware 8,

22 A Delaware 8 would be oil end Schuylkill 1 would
23|also be oll,

240 Q And what capacity factors ha.v-e you assigned to|

25| these oill-fired units under your optimal expansion mix for 19927
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1 A They are indeed baseload, which is, I assume,

2 .the'point you are éetting at. I would just say that relative
3 lto all the other options, I mean ‘there are ﬁ lot of. other thi.ngs
4 I'to be considered, _in_c_iuding, 'obyiou‘sl-y', the capital costs, -
5 [Presumably, the inflation rate in oil that we sssumed. in
that scensrio which is the ESL 1 scenario, the low sé.énario',-.
so we are talking labou't an inflation rate of ten percent.

If we account that relative to the capital
2 lcost inflation, assoclated with .the Limerick fa.cilities,- given
10 1 projected capital cost inflation rete of what did we use?

11 |Tt's 2,65 percent or something of that order. That weild

12 lyieldaa slightly higher inflation with capital cost associated

13 i yith nuclear plants.

14 ' "I agree that it is somewhat of an anomaly.

15 |land a contradiction to that particular statement as a general

16 matter, but as a particular matter in analyzing PECO's

17 | generation mix and roting the presence of scme already cap-

18 | 1ta11zed plants, presumably those plants were cgpitalized at

19 a t_ime when ca.bitu_.l cost{s were much lower than they are now,

2011t turns out that for these few exceptions, 1t is reasonable
21 to include those in the mix.

22 As you will note, in looking Qt the other

23 lelements in that mix, ou-firéd ;;Lants are generally not

24 baseloaded, so thie is not a very typica.jl occurrence.
25 Q

All right. Doctor, referring you to Sheet 8 |
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1 | 6f Schedule G, now, this is the ESRG load growth and ESRG

2 optimum case, .Angl_”for the ye.axﬂj 1981 with the reserve margin

3of 14 percent, Would you know, Doctor?

4 A Can you refer that to me again? I'm Eorry.
3 Q 'Sheet 8. B

6 A Sheet 8 of exhibit --

! . c.

& A _, Okay. Thank you.

? Q Do you know, Doctor, whethei' there 1s a

10 Squthwﬁrk Unit shown on that page and so there's no suspense
11 sbout 1t, it 1s the 178 frigure.above the two 176 figures half-
.12 way do@? '

13 A I see 1t., It is option 73. 1Is that correct?
14 Q I dort have the numbers on mine,

15 A This is Sheet 8, Exhibit DSC?

16 Q  Right. |

17 A Okay. Yes.

18 Q | Now, referring you to page 10 for tle 22

19 percent res;a_m case, we also lmve one Southwark Unit, don't
20 we? It's line 73.

21 A What sheet 13 this, please?

22 Q Ten.

23 A Ten, No, we have two Southwark Units.

24 Q Only one big one. T?ie other o-ne is a peaking
25 unit?

A Yes. Two Southwark Units,,




Thalioe - eross

l
, | 2987 1171a
1 Q Now, turning to pages 14 and 16 -- and this is

2 [ the 1987 year, with'. reserve margin of 14 percent,'anﬂ the 198?1

3 [lyear reserve margin of 22 percent.

4 : A Yes, '

5 | Q -ﬁo we havé an& Sou@huark units?

6 A No, we do not, | | -
7 Q Now, referring to Sheet§ 20 and 22, which are
8 [at 14 percent, and alao at 22 percent for the year 1992, are-

9 |there any Scuthwark units in that anslysis, Doctor?

10} A Yes. There are.

11 Q . Are there two Southwark units?

12 A That's right.

13 Q Could you exﬁiain to me, Doctor, what has-

14 [nappened 1in that during 1981 we have one Southwark Unit. In
1511987 we have none and in 1992 we have two?
16 A Well, the model indicates that if we allow
17 lretirement and then if we assume that the firm can bring
18 hnits back from, say, a state of some kind of cold storage,

19 lang admittedly, some refinement is in order in this dimension,

‘20 what we are saying 1s that these units should be retired over

21p certain interval and then brought:back.

22 Now, this, in fact, 1s an issue that's been

23 pf some concern to me in terms of a model, because what we are

24 oing is we are optimizing from year to year and as a conse-

25 huence, the possibility exists that a retirement would take
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place iny over a given Iinterval., Now, i will submit that !
reali;tically, that probably is not what would occur in terms !
of company planalng practices, and so I have assured myself,

in reviewing the output from tihe mciel that the presence of . ﬂ
anomalies of this sort 1s extremely rare. This happens only |
with respect to a swall nunber of units,

I specifically cpecked this‘factor out,

So while I admit that the optimization on a ycar-by-year
basis as opposed to what I would call a forward-looking
feature in the medel is, it would be desirable to have that
forward-looking feature in order to aveid this anomaly.

Iin my opinion, after reviewing the output from
the model, I dm't think that that anomaly affects the testimon
in a consequential way. I should also mention that a
colleague of mine at ESRG has analyzed some of the computer -
programs employed by utilities in the course of their own
generation expansion procedures and the incorporation of
a forward-look; ag I have described it, is comparatively
rare among models of this type. So this possibility exists
for many such models. ‘

I would suspect that what happens 1s that after
going through the optimization, there is a second iteration
at which this kind of analysis 1s weeded out. Some kind of

rationalization that goes out. T

) Doctor, do your saial costs contaln any costs |
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1lof retiramnt and then un-retiremnt of. these units? - :

24 . A To s ome degree. T would say the major wa.y in

3 hich .we 1ncorpora.te this 13 through the i.mputatian of the

- v

4 || fixed, Bay, for tl-a older units, of the -fiked maintenance w

I
‘-

5 cha.rges —SO we don' t for example, need,_ in response to some H

of the interrogatories, you actually pursued’ an a.nalysis, I
7 .rorget, with respect to which unit of‘ bringirig a: particula.r
8 |unit out of retirement and you noted that there would be some | -
9 | retroritting that would be necessary in light of ér.w-iroxlment_a!..'-."
10 restrictions. . | _ |
11 , That kind of thing was not factored iht;i: )
12 | the analysis, and in large ._p"a.rt, because we 'we-m._ not pzfcv;ideag
13 lwith this information by the company. "So to tl:n,at'degrée,:

14| the analysis lacks this information, but - and to the extent
15| that 1it, in fact, the operatim; the 'ma.intgna.nce costs in and
16 | gut, 1t does take account of it.

17 ‘ Q It takes account of them when the unit is in

18 | and does not when tle unit iz out?

19 A  Precisely.
20 Q Now, Doctar, on Table 10, the two cases which
21

you show there, there is shown to be a cost penalty of what 1is
22 | determined to be-the PECO plant, and that cost penalty is
23| gtated to be 96.3 million dollars. Can you explain -- and

24( this is 1981, Can you explain to me the reason for that cost

25| penalty?
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1. : A What are we referring to, specific;.ily? The

2 96.37

_ 3| | ) Yes. ,

Ay A Well, T mean this is the difference between - |
_5 qociai cosf_under the PECO plant mix, a.ssmnix-xg PECO fozféce;.sts

6 of load. growth and pla:nf; costs and the ESRG plant mix, assum-
7 ing slso the PECO forecast, but ESRG low estimates of plant

8 cost.

o Q “ Would you agree with me, Doctor, that in

10 1981, there has béen no change in plant mix between the PECO

11} ana EsrG? |
12 A Fo. There's some retirement indicated by

13 . the. ESRG model., That probably 1is what accounts for the

14 differénce, Also, don't forget there were accounting' ‘and also
15 outage costs. |

16 Q In other words, in the ESRG model you have

17 reétired units _t6 get down tc-a pre-arranged or pre-selected

18 reserve ratio?'

19 ..l;L _Well, pre-selected, I think, is a little

20 misleading in that we reviewed the costs assoc‘}ate::l with these
21} pour reserve ms:!.rginls and then shows optimal value? So 1t isn't
22 28 if it was pre-selected. It was selected on the; basis of our
23 observation procedure. That would be a more correct statement|.
24 Q On page 22, Dpcf_:or, you address the agsignment
25 or not asaignment of the Salem 2 facllity. WVWhat do you refer

—
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1l to as. the full cost:of ‘generation as stated -- - R
2| A "ha‘r page 15 that, again" ‘
3 :_; . _.'Q._- Page 22, Uhat ﬁo you refer to as the fUIléirﬂ,ii
4 ‘ee;t of. generatlon ae etated 1n 1ine 2 on that page?m k :
sll i 'Al: Full cost of- generation would presunably be'
6 the estimate that’ was referred to 1n Exhibit DSB under 98
7

under the column Fixed Cap. There 1s a capital cost 1ndicated:

8 of $1,182.00 per kilowatt The full cost: of generation would 1
,2 Factor that cost 1nto the caICulation. .

10 Q -Is that on page 2 of 6?-.;A_ _

11 i Y _Thet 1s on page DSB, Sheet -- 1t doesn't

12

really matter which one. This happens.to be ESRG high,. but |
13';it really doesn't matter., It is true foar all~the scenarios.ﬂ

14 But for example, Sheet 6 of 6 under 98 refers to cap, fixed

15l cap of $1,182.00 per kilowatt And what I am stating 1s

16 that the full cost factors‘in that particular fee,
17 Q And I take it are you saying the t under the \
18

essumption that that cost is collected by the company through

91 the cPU sale and then the sale should be permitted or would

20 be economicelly.desirable from Philadelphia Electric Company's

21 point of view?

22 A Could you say that again, please?

231 Q Doctor, I am trying to determine the nature of
24 '

your statement in that first peragraph,that under the eséump-_
25 - | '

tion that GPU pays for the assigned capacity gga the basls of
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the full costs of generation, the model Indicates that Salem
2 should nevertheless be retained, you say?

A Should be retained?

Q Should be retained.

A Correct. - -—

Q You go on to say where the price paild exceeds
full generation cost, the assignment may be expedient from
the PECO standpoint,

A I haven't gnalyzed this. My understanding is
that the financial factors in that case were very complex,
And within the time constraints I 41d not wish, in this, as =
in other cases, to get involved in what was essentially a par-
enthetical analysis, So I assumed that we assigned it at full
cost and netted my results for that particular assumption, but
did not want to render Judgment on the actual situstion, which
may be considerably more complex than this,

ﬁowever, I have reviewed some of the materials
submitted in régard to that sale, and I have come across some
stetements, particularly in the statement made by the company
to FERC, T belleve it is a July statement, in which 1f T
understood the materials correctly, i1t was claimed that under
this assignment, the plant would be exciuded from the rate basqg
and all income and expenditures associated with the plant

would likewise be excluded from the rate bsase,

30 if that is the case, and if I understand
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this correctly, it suggests that ‘the full cost assumption may !

be, in fact, a proper assumption. If I have understood this

properly and if there aren't any factors of which I anm

presently unaware, it is possible that the analysis is some-
what more relevant than I havé indlcated in my testimcny.

Q Doctor, are you recommending here that the
company retain Salem 2 or are you making no recommendation?
Which 1s $t?

A In my testimony, I make no recommendation. I +m

merely indicating an observation that I have made after review
ing some of these materials. But I have not undertaken a full
analysis. Becauaé'i have not undertaken a full analysis, I
would not submit a yes or no recommendation. That would be-a
l1ittle too strong a statement on my part. I prefer not to make
such statemente without a more complete énalysis. |

Q Now, Doctor, you propose an alteration in the
one day in ten year loss of load reliability standard which
the company employs, ig that not correct?

A Well, I propose a social cost criterion. 7T feel
that one should not gear the choice of a reserve margin fto a
specific LOLP, but rather that the LOLP is, itself, an economi¢-
2lly relevant variable that is to be assessed in terms of its

social nosts and benefits. That's the position I have taken

here in my testimony.

Q And under your ﬁroposal, 1s it not true that
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| the company would routinely employ such devices as voltage
reductions, public sppeals for shedding and even local area
service blackouts as a means of maintalning s generating

capacity which equale its required load?

A I am allowing those options. I am not recom-

What we are doing here is we are comparing the costs associated
with these options to the costs of meintaining what I construe
to be a very stringent reliability criterion and so when one
compares the costs which are not desirgble outcomes, to be
sure, for what I term "soft curtailment options”, 1t turns

ocut that the costs incurred by the consumers as a conséquence
of’ these options, is not so great as to warrant the inclusion
of the additional reserve margin th# would be necessitated

under the company's reliability complement,

(Transcript continues on the next page.)

mending them. I don't think that they are necessarily desirabl
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Q Well, in essence, you are recommending the
Commission make an economic analysis if load blackouts
occur, the cost of these load balckouts, you allow the
blackout,-isn't that correct?

A Yonr question'is a little unclear. I would
appreciate a paraphrase.

Q You are recommending the Commission adopt a
load reliability s:ande:;;d on eco?omic analysis which
assigns éi;;:uto load blackoufsand;;; is considered that Ehe
cost of a load blaékout is less than the cost ;;E;:;;:E““*~J
bi;;;gjzj;ébli;ow the blackout, is that not correct?

A I would express it differently. Allow me,
Please. I would say that in the event that we apply a
low reserve margin, for example, and as a consequence we
incur at an infrequent rate, but at a rate perhaps more
frequent than at a slow curtailment, one should cost that
low curtailment at what we input to be a reasonable social
cost and compare that to the benefits experienced by
consumers as a consequence of the lower reserve margin.

If it turns out on balance, the two sum to an
optimal figure then we should employ the lower reserve
module. . |

Q Referring you to Page 8 of 24 of your Exhibit

C, Doctor, You there show under load probabilities that

)r’l
blackouts under that case will occur in 1.8 days amd ten

1179a

oo MOMRBACH 8 MARSHAL. INC, . 17 N. LOCXWILLOW AVE.. - HWARRISBURG, P&, 17712




e —

10

11

12
13

14
15
16
17
18
19
20
21

22

24

25

"7 ""Shakow-cross T 2996
Years, is that not correct?

A Yes, it is.

Q Now your 1,8 days there, Doctor, is not the
same as one day in ten as cglculated under the normal load

W BRI .k, 2k

L
for liabilityﬁdzé that not correct?

A That is correct. ‘

Q Your calculation there, in fact, is 32. I
guess it is more than that. I£ is close to 40 hours worth
of blackouts in ten years, is it not?

A - 'That's correct.

Q Whereas in one day in ten, it might be two hours

or something -of that nature?

A That is true. That is the whole purpose of

this model to indicate that blackouts at a rate greater |
than those presently allowed for to the extent of say 30 hour%
in ten years, which is not a very appreciable figure and ;
moreover, assuming that these blackouts are confined. !

'Don't forget, this includes the category E
partial blackouts, so we are not implying tﬁat the blackouts |
will be experienced by all customers within the service
area, that this imposes cost to be sure, but it is made.
worthwhile by a very substantial reduction in the reserve
Tequirement.

Q Now in your analysis, which has resulted in i

this figure, what we have just been discussing, the 1.8 days
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in ten Years, You have assumed in your cohpufar program,
héve you not, Doctor, that the company will be able to flip
the switch only when needed and only to the extent needed
and to bring the load back whenever the ;;;swi;ykhere to be
brought back? |

In other words, you have assumed maximum
flexibility on bghalf of the company to make these judgments
as to discarding load and picking up load with no limitations
is that not correct?

A It a55umes, I grant you that point, as a
general matter. However, more concretely what the progranm
does assume is that there is a sequence of measures which are
applied in sequence and we are really assuming that the
company can proceed from one element in the sequence to
the next element. What we are implying is that there is a
certain degree of flexibility implied by that sequence but
at the same time, I have reviewed for a number of companies
planning documents which indicate the procedures in the
event of deficient capacity and the range of options that
I have described, I feel are well within the normal range
of planning procedures in the event that these contingencies

Q And Doctor, in Your analysis oﬁ Page 8 of
Exhibit C, you have not retained any spinning reserve during

this period of the blackout? -

A No, the spinning reserve is not incorporated in

MOHRBACH & MARSMAL. INC. . 3T N. LCCKWILLOW SVE,. i HARPISBURG. FA. 17:012 ——
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“this model. That is correct. B

2 Q If you know, do utilities normally retain

3 spinning Teserve to Prevent cascading system outages during

4 curtailment?

> A Yes, _ ‘ o )

° Q. That would increase the values that you show

7 as curtailment there, wouldn't it?

8 A Yes, I agree. Clearly, I don't regard that as
? being a determinant, but that is what I would call a minor

10 problen,

11 Q ‘Now, Doctor, you have estimated the cost of

12 curtailment for quantification in your social costs on Page
13 9 of your testimony, is that not correct? _
14 A Yes. :
15 Q And I believe one of the papers that you

16 mentioned is that of Mr, Telson in 19757

17 A That is correct.

18 Q  Actually, Doctor, I wish to refer you to

19 Mr. Kaufman's study done in 1975 and does not Mr. Kaufman gay
20 with respect to his study that incurring the reeults of the
21 study, and I am quoting from him on Page 2, "One must keep

22| in mind the fact of evaluation of generation and liability |
23 and reserve planning techniques generally are at an early ;
24| stage of development. That's despite the seeming accuracy §
251 of the computer Eenerated numbers, the results should be %
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1 viewed as an indicator rather than a guide. And the policy

2 action, more work is required.”

3 A Sir, can I respond to that?
4 . Q ' ) Sure.
5 A I merely referred to this study for the record.

6 As you will note, I indicate and I quote, ''Very recent
7 studies indicate that the coét of catastrophic accidents

8 exceed these estimates by a factor of as much as two or

ol three.”

10 I cite a reference that coincidentally was
11 | referred to by interrogatories by the company itself. That

12| is the Corwin Study of 1978. The Corwin Study indicates

13 a value of $3.75 per kilowatt hour: I made this calculation

14 | just several days ago and we assumed in our study a value
15| of $5.00 per kilowatt hour, sSo whatever the merits or

16| deficiencies of the Kaufman Study, we are not taking that
17| study very seriously in our analysis. We are using a factor
18 | five times as great. Therefore, the deficiencies in the

19 | Kaufman Study are very immaterial to this testimony.

20 Q I take it you would say the same with respect

51! to the other studies?
' !

22 A They are immaterial. I think they are interestiqg
23 for the record.

i
I cited them just to indicate the progression:

i
24 and the state of the art in this matter, but we did not want E

25 (to open ourselves up to the criticism that we had employed

3
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blackout cost estimates that were unfavorably biased on the
low side.
Therefore, we considered and employed what
we considered to be highly conservative estimates of $5.00
per kilowatt hour.
i should indicage fhat th;; 3.75H;ﬁp10y;& by
the Corwin Study was most likely an older estimate for the
PECO area in that New York City, as a highly concentrated

urban area, probably more so than Philadelphia, would

Probably represent blackout costs on the extreme high side,
if ’

s0 my estimate is/the Corwin study is to any degree accurate,

ithas been supported by a large number of constituencies,
then the estimates for the PECO area should be somewhat
below the 3.75 figure.

Q Now Page 31 of your statement, Doctor, You
state and I quote, "A technical criteria such as the
LLOP or the preferred modified LLOP constrains the

possibility of blackouts with reference to a fixed

_ probability criteria without considering economic consequence%.

Implicitly, therefore, this method, assumes

that essential desirable outcomes can be identified purely

.on the basis of a technical probablistic analysis.

Preliminary investigation suggests that this assumption is
invalid.”

Are Yyou suggesting{ Doctor, that this Commissioj
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) Shakow-cToss Hh__“;a{_w—}
. re. 1}85&
shpuld alter the reservenliabllity standard for the =
2 Philadelphia Electric Company on the basis of ;E: preliminary
3| investigation?
4 A I am not making anyArecommendatiOns with
5 regard to the procedures tolbe employed by this Commission.
6 I am merely suggesting that in my opinion the
. 7 use of the social cost cfiteria as a criteria without
& referéﬁce to a particular study is a criteria superior to .
9 the LLOP criteria and I would urge régulatory bodies in
10 general to take this particular criteria very seriously
11 in rendering its judgments.
12 I don't want to suggest that any decision be
13 made on the basis of any kind of preliminary analysis, but
14 the superiority of the social cost criteria relative to the
15 LLOP'criteria is very clear in my mind.
16 MR. HALL: Thank you. That is all I have,
170" Your Honor,
18 THE ADMINISTRATIVE LAW JUDGE: Does any other
19 party have any questions of this witness?
20) BY MR, HERSHEY:
21 Q Good afternoon, Dr. Shakow. I am Steven
22l Hershey with Community Legal Services.
23 On Page 1 of your testimony, you indicate thatg
241 in 1975, you directed a study for thé City of Seattle. The ?
25| study was entitled, “Energy 1990," is that correct? |

MOHRBACH & MARSHAL. INE. - 27 M. LOCKWILLOW AYE.. -  HARRISBURS. PA. 17115 cmmmes oo mcoceme ce o
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A That is correct.
2 Q Was that study prompted by debate or on whether
> or not to build a nuclear génerating Plant for the City of
4
Seattle?
> A Yes, it was prompted precisely by that kind
¢ of consideration. Would you like me to elaborate?
’ Q Yes, .please.
8 A The City of Seattle, on a preliminary basis,
) ? voted to participate in a very substantial way to a large
10 size nuclear facility. That would be Whoops 4 and s.facilities.
1 The extent of that participation was in excess of 10 per cent
12 which represented a very §ubstantia1 investment for the
13
City of Seattle. ) ) -
14 I should indicate that Seattle City Lights
13 is a municipally-owned utility, so expenses by that utility
16 are tantamount to the expenses bf the city itself.
17 ﬁpon the-preliminary commitment by the city to
18 that piant, £here was a considerable amount of opposition
19 developed and a settlement was reached between complainants
20 and ‘the city to hire an independent consultant to perform an |
21 independent load forecast in vrder to demonstrate whether
22 the need for these facilities within the Seattle City Service
23 area was established and it was my role as the principal in
24 that study to perform this independent “oad forecast.
25 Q So you were hired by tﬁe eity?
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A Yes.

Q And the ultimate result of that study, am I
correct, was that rtather than building that nuclear generating
plant, the city adopted thése certain conservation measuiés
which at tﬁe time the plant would have gone into_efféct would
have saved equal in generating capacity?

A I don't know if the word equal is precisely
accurate, but the Council was sufficiently persuaded that
the implementation‘of the coﬁservation program would work
to the benefit of the city to a greatef degree than

participation in this facility and therefore, voted against

this.
Q And the plan adopted was based on your
recommendation?
' A That is right, and approximately two mciths

of testimony that I presented before the City Council
virtually continuous debate.
MR. HERSHEY: Thank you, Doctor.
THE WITNESS: You are welcome.
BY MR. NOGEE
Q Doctor, in your testimony, did you figure
in any way in your calculation of nuclear cafital costs

anY redesign that may be required as a result of possibly

the Three Mile Island incident?

A . No, I did not. - ;
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So that would be a source of conservatism in

your capital costs?

A

is Yes.

To the extent these are adopted, the answer

The equations are determined with reference to

experienced ocutcomes from 1971 to 1978, as it is indicated,

and this would predate the Three Mile Island incident. .

Q

Are you aware of any stream of capital cost

incre8se that might be required as a result of that?

A

I have only read.casually on this matter and

would not want to render a definitive judgment.

- -
- T

Q .

.Did your calculation include any possible

capital cost increases that might-be Tequired as a result

of current nuclear regulatory investigation of modification

that might be required for nuclear plant located in densely

populated areas like the Limerick?

A' No, I did not.

Q That would be another source of consideration?
A Yes.

Q In your figures of plant and site factors, are

you familiar with the site of availability:forﬂwater for the

Limerick plant's cooling?

A

I would not call myself sufficiently conversant|

in that matter for the purposes of this testimony.

Q

If it were true that the Limerick plant might

have to be shut. down a certain number of days per year as i

VOMADRLI Y L MITHNATL NG . D) N, tOCKWILLOW AVE., - MARRISBURS, Pa. ITIM] emmmm—m e i
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PECO claims in 1ts construction license application to the
NRC durins the summer months because of lack of water, how

would that effect the cost factor?

MR. HALL: Objection. I think the construction

B I e Tt u..-:-_.:-:.. ST e z-- TS Sy T :_.--“_,—-‘-—-

Jpermit wi11 speak for 1tse1f . ¥ don t wish my silence to

indicate that I agree with the contents of the questlon.
THE WITNESS: To the extent that plants are
not permitted to opt the capacity factor going down. This

is in no way suggesting this is a likely possibility. I

am merely addredsing the contingency asked by the question.

BY MR. NOGEE:

Q In your study, did you calculate the cost
of your alternatives besides 300 megawatf.éoal plants?

A I indicated earlier in-the -cross-examination
the various generic options th#t I have incorporated in my
analysis.

Let me repeat them for your benefit. This
includes generic nuclear plant, generic coal plant of 300
megawatts, a coal plant of 600 megawatts, an oil cycle
Plant and the combustion turbine. Those are the only

alternatives.

Q You did not calculate, for example, the .cost

of possible regeneration or the company investment in

conservation?

A Ne, I 4id not.
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2 Q@ And if it were true that the,cost'of such
3 conservation or wind generatiég programs were in effect less
4 than - the cost of bullding new qoal plants, then presumably, -
5 such options would be even more economical’in §qrms of thelir
61 - -
7 A Strictly speaking, the answer to your question
g8 1s yes. I should indicate that yind is an energy-constralned
9 option. It woulq be treated in analogy to run—og—the—river

10 hydro_fh;ch is thg frgmework of this model. I think'that

11 | erersy conatraint has t¢o be borne in mind.

12 MR. NOGEE: PFine.

13 THE ADMINISTRATIVE LAW JUDGE: Is that all?

14 Would ypu like some time?

15 MR. BURGRAFF: Yes. I don't thinK it would take
16 very long. We would like to go over our notes.

17 THE ADMINISTRATIVE LAW JUDGE: All right.

18 Let's have a brief recess.

19 (A brief recess was taken)

20 -THE ADMINISTRATIVE LAW JUDGE: Let's go back on
21 the record. |

22 MR. BURGRAFF: Thank you, Your Honor. We have
23 only three questions.

24 REDIRECT EXAMINATION

25

BY MR. BURGRAFF:

HORARLLH 8 MAGImd., 8D, . 17 N, LOCKWILLOW AVE,. - HARRISDYREML, P&, 17137
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: . Q Dr. Shakow, you answered some cross examinationi
i
i earlier concerning case four on table one of your prepared i

statement, which iz on page 7, and concerning various

i

|
ﬁ assumptions on where the company, as was noted, eats the
t

\
|
|
I
1
]
b

cost or asslgns it, Wouldn't that be consequential from the

,.

company's point of view? _
i
A It would be very consequential from the company'@

!
polint of view. 0Obviously, the company would much prefer '
i
! to assign rather than eat the cost. However, my model 1s

ﬁ calibrated from the standpoint of social, 1.e. consumer '
% costs, not company costs. Therefore, the important question

; 1s what kind of responsibility do the ratepayers assume

_under these various contingenciles.

And in my Judgment, relative to the overall

- !;
;saasumptions of the model, it would not make any difference.
!

"That's what I indicated earlier in cross examination.

Q Could you please note, once agaln, the outcome
of the model given the assumption of incremental costs for

Limerick and ESRG cost assumptions?
.Agﬁ A Specifically, I would like to note that under those
;
@assumptions, the Limerick units do not ‘enter the generation
:iémix. Limerick unit enters the generation mix only on the
ﬂgqassumption of incremental cost on one hand, but more 1mportantly,

ithe company cost assumptions 1nclud1ng the assumption: of a
25 :
5 percent inflation rate post 1981, which I Jbave indicated =

MOHHBACH & MARSHAL, INC . Yo 1Ot eARLY v- avt,
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earlier-that I-feel 1s very'groqsly unrealistiec.

Q Was the 1977 New Mexlico declision which we
haven't seen but which has been clted related to Mr. Komanoff's
- =~ 13 it related to Mr. Komanoff's current work?

A No, 1t is not. The work of Mr. Komanoff, which
I refer to in his testimony, was pursued in 1978 and 1979.
Therefore, it could not have any bearing at all on the -

New Mexlico declsion.
MR, BURGRAFF: That's all we have on redirect.

MR. HALL: Your Hanor, I have jJust two questions.

i RECROSS EXAMINATION

,  BY MR. HALL:

9 Doctor, am I correct that you have made no

" analysls on what the financial impact on the Philadelphia

Electric Company or 1its abllity to render service would be

of thée necessity that it would, shall we say, "eat" $1 billion

of costs related to Limerick?

A That is quite true. It is one of those many

subsidiary analyses that I have not performed.

Q@ Now, Doctor, referring to the Komanoff regression

.. equations, those equations deplet, do they not, the rate of

'
ron

>

‘cost 1lncrease 1n nuclear plants during the period 1972 to

1978, 1s that not correct?

A They are estimated, based on an historical

J@sample that spans this period during which time there was an

- Fraz . . . .- i
Lera e, el e, b Fraz

FURP Y . ‘ T
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inflationary environment in that sector.
qQ And in addition, was that not a period of major
changes in NRC plant construction regulations which greatly

"inflated the costs of the nuclear plants?

A,. Well, the answer 1s yes. On the other hand,
there i3 PLthing to suggest that this pattern will not continue
; .

over the course of the next ten years, which is the period

under consideration in my analysis, so while your observation

that there 1is assuméd tc be an instability in this sector over
t he course of the historical period 1is correct, I would also
' contend that in all likellhood, thias peried of instabllity is
not about to end in any abrupt way. It 1z likely to continue.
At least over the immediate term.
MR. HALL: Thats all I have.
THE ADMINISTRATIVE:LAW JUDGE: No further questions?
. If not, Doctor, you are excused. This hearing will stand
adjourned until 10:00 o'clock tomorrow morning.
. (Whereupon at 6:33 p.m. the hearing was

adjourned)
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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION

PHILADELPHIA ELECTRIC COMPANY
Rate Investigation Docket No. 865

Testimony of Thomas H. Weiss
on behalf of
Office of Consumer Advocate

November 1979
Mr. Weiss, please state your address and occupation.

I live in Arnold, Maryland. I am a public utilty rate
consultant with Hess & Lim, Inc. Our business address is

5809 Annapolis Road, Hyattsville, Maryland 20784.

What is your educational background and experience in the

public utility field?

In January, 1970, I graduated from North Carolina State
University in Raleigh, North Carolina with the degree of
Bachglor of Science in Electrical Engineering. I then
joined General Telephone Company of the Southeast at its
general éffices in Durham, North Carolina, where I held
the positions of Supervising Plant Exteﬁsions Engineer
and Supervising Planning Engineer. In these positions, I
was responsible for the development of tactical and
strategic capital expansion plans and recommendations
involvingﬂ}ikely rate and revenue impacts resulting from

those plans. While assigned to these positions, I




11.
12.
13.
14,
15.
16.
17.
18,
19,
20.
21,
22.
23.
24,
25,
26,
27.
28.

1195a

attended the Duke University Graduate School of Business
Administration and in May, 1973, I received the degree of

Master of Science in Management.

In June, 1973, I was assigned as the Company's
Alabama Division Engineering Manager, where I had
responsibility for all telephone engineering functions
for the Company's operations in the state of Alabama. In
1975 I was returned to the Company's general offices as
Revenue and Earnings Maﬁager, where I had responsibility
for the-development and filing of rate increase petitions
before regulatory bodies in the states of Tennessee;
South Carolina and Alabama. Iﬁ 1976, I was named Service
Manager-Budgets and Results, again at the Company's
general offices, where I was responsible for the develop-
ment of the Company's total operating e%pense budgét and
the monthly analysis of expenditures and productivity

factors associated with it.

In July, 1978, I accepted my present position with
Hess & Lim, Inc. Since coming with the firm, my duties
have included the analysis of rate increase petitions
before the Federal Energy Regulatory Commission and
regulatory bodies in the states of New York, New Mexico,
South Dakota, Pennsylvania, and Texas.‘ These analyses

have been related to cost of service, rate design, and

engineering matters pertaining primarily to telephone,

gas, electric and steam utilities,
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I am a registered professional engineer in the

states of Maryland and Alabama.

Are you a member of any professional organizations?

Yes. I am a member of the North Carolina Society of

.Professional Engineers and the National Society of

Professional Engineers.

Have you testified previously in public utility rate

proceedings?

Yes, .I have testified in proceedings before the New York
Public Service Commission with regard to telephone cost
of service and rate design issues, as those issues affect
central station alarm companies in that state. I have
testified before the Federal Energy Regulatory

Commission with regard to the ratemaking determinations
of electric rate base, revenues, operation and
maintenance expenses, and depreciation. 1 have testified
before the Pennsylvania Public Utility Commission with
regard to The Bell felephone Company of Pennsylvania
(R.I.D. 719) request for increased rates. This testimony
dealt with the analysis of the Company's claims for
increased operating expenses stemming from labor cost

projections which the Company made.

Py




13.
14.
15.
16.
17.
18.
19,
20,
21.
22.
23,
24.

1197a

What is your responsibility in this proceeding?

on behalf of the Commonwealth, Office of Consumer Advo-
cate, I am responsible for analyzing the Philadelphia
Electric Company;s claimed cost of service and for making
recommendations with respect to the overall level of
revenues requested. I will present-testimony in two
parts; the‘first of which will contain my analysis and
recommendations regafding the Philadelphia Electric
cémpany'claims for original cost rate base, The second
part of my testimony will déal with the Company's claims
for adjusted levels of book operating revenues,

expenses and the overall need for increased revenues by

Philadeiphia Electric Company.

Have you reviewed the Company's testimony and exhibits
that have been presented to the Commission thus far in

the proceeding?

Yes, I have. In addition, I have requested and received
from the Company and have reviewed variocus documents
supporting its testimony and exhibits, I‘have also
examined other data which I consider relevant to the

Company's application for general rate relief,
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Q.

Have you relied on the testimony of any other witness in
developing your recommendations as to the cost of service

for the Philadelphia Electric Company?

Yes. I have adopted the recommendations of the Consumer
Advocate witness, the Energy Systems Research Group, with
regard t6 its forecasts of energy, peak load and PECO
system reliability. I have adopéed the capital structure
and cost rates as recommended by Dr. Marcus, the rate of
return witness for the Office of Consumer Advocate. 1In
addition, my analysis relies on the testimony and
exhibité of my aséociates, Robert G. Towers and

Michael L. Arndt, as to their recommendations regarding
tax normalization and the cash component of working

capital, respectively.

Would you please summarize your conclusions with regard

to the Company's claims for its original cost rate base?

The Company has overstated its claim for original cost

rate base in five areas:

(1) The Company's rate base reflects the full
cost of owning and operating all of its existing
generating plant, even though a substantial portion
of its generating capacity is unnecessary to render

adequate and reliable service.
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1. (2) The Company's claim for an estimated

2, average balance of nuclear fuel in the reactor of
3. Salem Unit No. 1 for the twelve months ending

4, March 31, 1980, is overstated because it fails to
5. properly reflect the scheduled period of reload.
6. '

7. (3) The Company's claim for fossil fuel

8. inventory based on 45-day supply at the mine mouth
9. étations and a 60-day supply in the Philadelphia
10. area stations is inflated due to the Company's
11. unsupported claim for a "desired" base inventory
1z, level. |
13,
14. {4) The Company has failed to reflect tﬁe

15. effects of the Commission's decision in R.I.D. 438
16. as it relates to the Theodore Barry & Associates
17. audit report (May, 1977) of the Salem Unit No, 1.
18,
19, (5) The Company has overstated its working
20. capital claim., The analysis of the Company's

21, working capital claim and recommended changes
22, to it are addressed by Mr. Arndt, |
23,

24, q. With regard to the issue of excess generating capacity,

25, would you please state the Company's generating capacity
26, reserve for 19787
27.

28. A. Based on a peak lcad of 5,318 megawatts at the time of

29, system peak in 1978 and the total installed capacity

6
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connected- to load of 7,926 megawatts at the time of

system peak load, the Company had an installed reserve

capacity of 49 percent of system peak demand. At the
time.-of the peak, however; for various reasons, only-
7,215 megawatts were available to supply the demand which

results in a net reserve generation capability of

35.7 percent. ‘It must be noted that the figures just
quoted are actual statistics for the year ended
December 31, 1978, and are in no way modified to reflect

an adjustment for normal weather conditions.

Does the Company's projected installed reserve capacity

for 1979 differ from that experienced in 19787

Yes, it does. For 1979, according to Company witness
Boyer, the Company projects an installed reserve capacity

of 36 percent of projected system peak demand.

Is a reserve generating capacity in the 1978 range of 36
to 49 percent necessary to insure the provision of

adequate and reliable electric service?

No. As a matter of fact} maintaining such a large
reserve generating capacity can be a severely detrimental
position for a company to be in from the standpoint of
providing electrical service at the lowest possible cost.

In the case of Philadelphia Electric Company, a
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1. substantial portion of its generating capacity is

2. | represented by oil-fired plants which have

3. characteristicallj high heat rates which, in turn, mean

4. relatively high fuel costs and a susceptibility to

5. unstable fuel priées which have existed since 1973, the

6. begihning of our first hard-hitting experience with the use of
7. 0il as an economic weapon in the world market.

8. -

9. Q. Is there a generally accepted standard for reserve

10. margins employed throughout the electric utility
11. industry?
12.

13. A. No, there is no generally accepted industry-wide

14. standard. But, in my experience, I am aware of

15. recommended or contractually-agreed-to reserve margins
16. in the range from aﬁproximately 15 percent to 25 percent
17. of estimated peak demand for a given system. As an

18. example, the Staff of the Federal Energy Regulatory

1¢. Commission in a Staff Report entitled "Projected 1977
20. 1978 Winter Electric Load-Supply Situation, Contiguous
21. United States™, dated December 1, 1977, has noted that
22, electric utilities genefally plan for an installed

23. reserve margin of between 15 percent and 25 percent of
24, peak demand. This range of reserve margins is comparable
25. to the 49 percent installed reserve margin carried by

26. Philadelphia Electric Company in 1978.
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Q.

What major factors govern the installed reserve margin

level for a given system?

Reserve margins can be a function of a number of iteﬁs,
which include system economic dispatch criteria, the type
and aﬁailgbility of the %uel useé by the system, the
degree of separation between the two major peaks which a
system will experience during the measured period, the
adequacy of the transmission and switching system to
ﬁhich the generation units are attached, etc. All of
these factors will play into the decision of the proper
reserve margin applicable to a given generation system.
Needless to say, various individuals will assess the
imbortance of each of the factors in widely differing
ways. For example, the Company has determined that a
reserve margin of as high as 25 percent would be required
in the 12 months ended March 31, 1980. The Mid-Atlantic
Area Council (MAAC), in wh}ch Philadelphia Electric
Company and its Pennsylvania-Jersey-Maryland

Intereonnect Agreement associates are participants,
suggests that a 22 percent margin should be sufficient to
insure a loss of load prpbability not gréater than one
day in ten years. The Energy Systems Research Group, the
Consumer Advocate's load forecasting and system
reliability consultants in this case, suégest that, for

the year 1981,,;n,9;dgg,;ouipsure a loss of load

LA L N |
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Electric Company will require an installed reserve
capacity margin in the range of 14 to 22 percent. So,
clearly, the number of reserve margins which may be
suggested for a gﬁven'system are partly a function of the
number of opinions which are solicited regarding the
matter. In ne cése, however, is the reserve margin
ranging upwards of the Company's 1979 figure of

36 percent deemed justified, even by its own suggested

criteria.

What is the effect on the Company's claimed rate base of

maintaining excess generating capacity?

The original cost rate base as stated is excessive
because it includes in net electrical plant that portion
of the investment associated with the unneeded generating
capacity. Rate base is further overstated by the
inclusion of fuel inventories and materials and supplies

related to the unneeded generating capacity.

In addition, the operating expenses claimed by the
Company are too high because they include various fixed
charges associated with the redundant investment. These
fixed costs include depreciation, property taxes, and
maintenance. Production expenses may be marginally

overstated because they tend to be related to actual use.

10
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Q.

Is it reasonable for ratemaking purposes to assess the

Company's current ratepayers with all of these costs?

It would be reasonable to assess current ratepayers yith
these costs if the Company can demonstrate: (1) that its

investment in the unneeded plant was a prudent decision

., when made, (2) that the excessive capacity currently

existing is the result of changes in circumstances beyond
the Company's control, and (3) that it is taking prompt
action to eliminate the uneconomic condition. It must be
emphasized that, in order to allow the Company to assess
its current ratepayers with the burden of paying for
excess capacity, all three of the aforementioned criteria
must be met., Failure to meet any one or indeed all of
these criteria would indicate that the Company had failed
to act in the best interests of its customers and its

stockholders.

In your opinion, has the Company failed to meet any or

all of the three criteria which you have just mentioned?

Yes, the Company's current excess capacity stems from
decisions which were in the process of being made in the
early to mid-sixties, when the Company was planning the
Eddystone 3 and 4 generating units.‘ buring this time,
oil-fired generation appeared to be a viable long-term

base load generation alternative and these plants were so

11
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planned. By_thé"iéE;‘1960's, expenditures were being
made to effect the completion of the Philadelphia
Electric Company interest in nuclear plants at Peach
Bottom and Salem.- The decisions to build these plants
appeared to be prudent at that time. By the early to
middle 1970's, when these plants were still in the
construction stages, it was becoming very apparent that
the costs required to effect completion of nuclear plants
were being inflated by needed improvements in nuclear
safety regulations. Also during this time it was
becoming clear that fossil fuels and, in particular, fuel
cil were becoming so expensive as to nearly preclude
electric utilities from any further consideration of
constructing oil-fired capacity. Electric energy rates
began to rise generally tovreflect these higher costs of
generation and utilities began to see a slowdown in their
previously predicted growth rates. 1In spite of these
factors, Philadelphia Electric Company continued with

its construction plans in an unmodified fashion and even
planned the construction of the additional capacity at
the Limerick Station, which was scheduled to go in
service in the 1983/85 time frame but has now been
delayed unti) 1985/87 because its capacity is deemed by
the Company not to be needed until the later time frame.
As a result of these actions, the Eddystone 3 and 4 units
which were originally planned as base load units now have

load factors more characteristic of intermediate to

12
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peaking-type facilities. Throughout this entire period
between the mid-sixties to the mid-s2venties, when
economic change in the energy industry was so prevalent,
the Company failed to recognize the ramifications of
these higher fuel and construction costs and thereby
failed to make appropriate arrangements for the orderly
retirement of what clearly could be seen as uneconomical
excess capacity. Only now is the Company making any
effort to adjust its admittedly excess capacity by
retiring the previously mothballed units at Richmond 12
and Barbadoes 3 and 4. These retirements come only after

this Commission's findings in R.I.D. 438,

In summary then, while the Company's most recently
constructed units were in the planning stages, all indi-
cations seemed to point. to the need for the capacity
which those units would provide. However, as these units
were in the construction pﬁase, operation and
construction costs were escalating at unprecedented
rates, thereby precipitating higher operation costs for
existing oil-fired units {peakers) and higher electric
rates were causing a trend toward more stable
adjusted peak demands. It is during this period that the
Company failed in its burden of attending to the
interests of both its customer population and its
stockholders by failing to adequately plan for the
orderly retirement of its most expensive and unneeded

generating capacity.

13
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Mr. Weiss, how can the investment associated with
Philadelphia Electric Company's excess generating
capacity be eliminated from rate base for ratemaking

purposes in this case?

There are several ways of adjusting rate base to
recognize the existence of excess capacity. One way is
to exclude the investment in designated units based on an
analysis of the current use of production plant,
efficiencies of the various plants, and the Company's own

retirement plans.

A second méthod would be to reduce the investment
and related costs in all production plant by a factor
representing the unnéeded capacity as a percentage of
total capacity. This, however, is a less desirable
method in that it fails to adeguately assess the

operating efficiencies of individual units.

5till another method for adjusting rate base to
remove excess capacity would be to designate older
facilities as those which are representative of the
unneeded capacity and remove the investment from the
determination of the Company's revenue requirement. This
method is inéppropriate again because; although the
plants may be the oldest in the Company's production

plant inventory, there is no guarantee that they are, in
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1. fact, ~the -least efficient and, hence, the method may T anm e
2. confer upon the Company a significant advantage in that,
3, since the plants are the earliest producéion vintages,

4. they would tend to be the most highly depreciated an@,

5. hence, the adjustment would have minimum impact on the

6. Company's stockholders.

7.

8. Q. Are there any other techniques available for dealing with
g, the problem of excess capacity?

10.

11. A. Yes, there is one other method which I would view to be
12. viable if it were determined that the present excess

13. capacity may be needed at sometime in the future. This
14, method involves the removal from rate base of the

15. investment representing the excess capacity and the

16. capitalization of a modified allowance for funds used

17. during construction (AFUDC) on the removed plant until
18. such time as the plant is deemed to be needed. 1In order
19, that the financial risk of this temporary excess capacity
20. be borne by the appropriate party, it would be necessary
21. that the AFUDC rate used for this purpose include equity
22, return at the zero cost level. In this regard, the AFUDC
23, rate would represent only the embedded cost of debt at
24, the time of the declaration of capacity excess and would,
25, therefore, be lower than the rate which the Company would
26, be applying to new construction. This approach also

27. would require a cessation of annual depreciation expense.
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1. Q. Why should the AFUDC rate applied to the investment in

2. excess capacity be less than the rate currently applied
3

. to new construction?

By eliminating the equity éomﬁonent, éhe Compaﬁy's
investors are prope?ly not being given the opportunity to
accrue a return on the excess capacity. It would be fair
to the investors since, after the plant was returned to
service, they would be permitted to recover a full

return on their legitimate investment and not be
penalized by bearing the full burden of the debt costs
associated with the excess capacity. This method has a

severe drawback; however, in that, although present

customers would avoid the costs associated with excess
capacity, future customers would be required to pay those
costs even thohgh they had no responsibility for them.

In addition, employment of this method of recognizing,
for ratemaking purposes, an allowance for excess

capacity would require clear evidence thét the Company
had no plans for the construction of additional capacity

in the near future.
What method are you recommending for dealing with the

costs associated with excess generating capacity in this

case?

le




1. A. My recommendation involves a determination of the level

2, of excess capacity and the subsequent identification

3. of the pnits representative of the excess on the basis
4, of the elimination of the least economical units.

5. In addition, I recommend that the Commission should

6. follow its. previously-established precedents of flowing
7. through to the Company's customers the benefits of

8. recurring tax savings associated with its construction
9. program.

10.

11. Q. How have you determined the level of Philadelphia Electric
12, : Company's excess capacity in this case?
13.l

14. A. I began with the 7,689 megawatt installed generating

15, capacity which the Company shows will be installed

16. ~at the time of its estimated peak in the summer of

17. 1981. FProm this installed capacity, I subtract 6,914
18. megawatts which represents the capacity necessary to
19. service the Company's 1981 peak demand (per Energy

20. Systems Research Group Inc. (ESRG)_base case forecast)
21, with an installed generating reserve margin set at

22. .the midpoint of the 14 pércent to 22 percent range

23, as identified by the ESRG witnesses in their testimony as
24, adequate to maintain a loss of load probability of

25. one day in ten years. These calculations yield an
26. excess capacity of some 775 megawatts during the 1981
27. summer peak. It should be noted that the installed

17
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1. capacity used in this calculation reflects the recent
2. retirement of the Company Richmond No. 12 and Barbadoes 3
3. ~and 4 units,
4.
5. In order to decide which units should be eliminated
6. for ratemaking purposes to reflect the removal of excess
7. .capacity from rate base, I réviewed statistics describing
8. the utilization of the Company's generating units in
9, 1978 as obtained from its filings with the Federai
10. Energy Regulatory Commission (Forms 1 and 12), the
11. Companyfs retirement plans as outlined by Mr. Boyer
12. in his testimony and exhibits and the Company response
13, to data request IR-3, Q. 82. On the basis of my review,
14, I would exclude Fhe costs associated with the following
15. units:
16.
17. Chester 5 and 6 124 megawatts
18. Richmond No. 9 166 megawatts
19, Barbadoes Nos. 6 and 7 38 megawatts
20. Southwark Units 1-6 420 megawatts
21. Total 748 megawatts
22,
53_ These adjustments imply a reduction in generating
24, capacity for ratemaking purposes to the level of 6,944
25, megawatts, based on the estimated peak load of 5,860
26 . megawatts and the mid-point (18%) of the recommended installed
27. reserve requirement as projected by ESRG for the summer
28. of 198B1. -

18
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1. Based on this load reduction scenario, I have

2. determined that the depreciated original cost of these
3. units totals $25,043,000. This amount is eliminated
4. from rate base as the reduction associated with excess
S. capacity. - . _

6.

7. Q. Turning to the issue of the Company's fossil fuel inven-

8. tory levels, would you please state your concern over
9. the Company's rate base claims in this area.
10.

11, A. My concern stems from the fact that the Company is

12. requesting a "desired®™ base inventory level which they
13. have been unable to support based on any consideration
14. of projected fuel usage (TR 1297-1299), In other words,
15. the Company has failed to demonstrate that, beginning )
16. with its level of fuel inventory on hand at the beginning
17. of the test year less the fuel usage projected for

18. the test year, plus the volume of fuel purchased through-
19, out the test year, yields a requirement for the base

20. inventory levels as shown at DPS-2, p. C-24.

21.

22. Q. Have you made a study of the Company's inventory requirements
23, for coal and 0il?

24.

25. A. Yes, I have. Using the Company's actual reported data

26. for 1978 as developed from its FERC Form 1, I developed

19
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a level of fuel inventory requirements by individual
generating- station and priced these inventories at

the cost levels suggested by thé Company at Exhibit DPS-2,
p. C-24, The results of my analysis indicate that

the Company has overstated the cost of maintaining

an objective inventory level for coal by approximately

$9 million. My analysis of the Company's o0il inventory
levels has indicated that there is no reason to adjust

for a change in working capital requirements associated

with this fuel type.

Now, let us turn to the issue of the Company's claim
for nuclear fuel balance in the Salem Unit Neo. 1 reactor.

Would you please explain your concern about this matter,

The Company's claim for average nuclear fuel balance
associated with the Salem No. 1 nuclear plant is over-
stated in that it fails to adequately weight the fuel
balance on hand during the test year, even assuming

the Company's own numbers. I have performed an adjustment
to rectify this deficiency. This adjustment is out-

lined in my Exhibit__ (THW~1), p. 2 which shows that

the Company has overstated its average nuclear fuel

balance by some $2,250,000.
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Are there any other adjustments which you have made
to the Company's claimed original cost rate base in

this case?

Yes, based on the Commission decision regarding Theodore
Barry & Associates' audit of the Salem No. 1 construc-
tion practices and the .resulting Commission decision

in R.I.D, 438, I have eliminated from rate base .in

this case a total of $10,500,000 from the Company’s

claimed rate base.

In addition, 1 have adopted the cash working capital
recommendations of my associate, Mr. Arndt, and, in
doing so, reduced the Company's rate base by a total

of some $13 million.

My Exhibit___ (THW-1) summarizes my adjustments
to the. Company's rate base and shows my recommendation
of $§2,441 million as the rate base in this case as
opposed to the Company's $2,501 million claim, a reduction

of some $60 million.

It must be noted that the figures appearing on
this exhibit have not been adjusted for any changes
in ocur recommendations regarding deferred income taxes.

Any adjustment to this category of rate base will,

21
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of.pecessity, depend on our further .analysis of the
éompany's revenue reguirements, including its claims

for pro forma operating revenues and expenses as outlined
in Exhibit DPS-2. This analysis is due to be complete
and the testimony prepared for distribution to the

interested parties at a later time.
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In the process of redirect examination of Mr. Weiss on  _
December 11, 1979, Mr. Hall requested references to support

Mr. Weiss' statement regarding .the non-taxablity of revenues col-
lected from customers for ultimate use as payment for spent
nuclear fuel disposal and nuclear plant decommissioning.

Mr. Weiss contended in his statement that such funds collected from
customers and held by an escrow agent would not be subject to
income tax. The suggested treatment is based on the concept of
constructive receipt of income as defined in the Revenuse
Regulations. The following are the references requested by
Mr.Hall: .

1. Income tax regulations Section 1.451-2 {a), Constructive
receipt Of income-General rule. This section clearly
indicates that the receipt of cash or other assets in
advance of their being earned is taxable at the time of
receipt if the recipient has complete unhampered use of the
funds. Conversely, if the receipt of the funds is subject
to substantial limitations such as those described in Pa.PUC
Decision at R.I.D. 392, no tax would apply until the ‘
funds are made available for use by the Company. Under
such circumstances, funds so collected would be included in
gross income only when the Company withdrew them from
escrow for use to meet the future storage and de-
commissioning expense., At that time, deductible expense
will be booked in an amount equal to the escrow dis-
bursement to income thereby resulting in no increase in
taxable income. To gquote from the Regulation:

"{a) General Rule., TIncome although not actually reduced to
a taxpaver's possession is constructively received by him
in the taxable year during which it is credited to his
account, set apart for him, or otherwise made available so
that he may draw upon it at any time, or so that he could
have drawn upon it during the taxable year if notice of
intention to withdraw had been given. However, incomeﬁ%sL
not constructively received if the taxpayer's control ©

its receipt 1s subject to substantial Iimitation or
restrictions™ (emphasis added).
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Pa.PUC v. Pennsylvania Electric Company,

R.I.D. 392 (June 28, 1978). At pages 24 and 25 of its
Order in this case the Commission outlines very specific
circumstances under which an annuity collected from
ratepayers is invested in a heavily restricted escrow fund
consisting of Commonwealth of Pennsylvania. general
obligation bonds. This finding sufficiently encumbers the
receipts so as to render them excluded from income until
needed to meet the offsetting expense and is consistent
with Income Tax Regulations Section 1l.451.
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Weiss-cross 3026
you, either? '
A No, sir.
Q Mr. Weiss, was or is the opinion which you

exPress as to the propriety and level of an adjustment on
account of what you view as excess capacity infiuenced to
a significant degree by what you have c;iculatéé as the
indicated reserve margin of 49 per cent during 19787

A Is my adjustment related to the 49 per cent

Q I don't mean in a matﬁematical sense, but in
a judgmental sense?

A | No. It is, however, related to the net
reserve geneTation capacity of 35.7, which I quoted earlier.

Q Mr, Weiss, if you know, is the standard for
electric system reliability stated in terms of reserve

margins or in terms of some other formulation?

A In its purest sense, it is stated in some other
formulation. -
Q And could you state for us what that other

formulation is?

A I hatjeve the prob;bility or the average
probability of an outage creating at least a partial blackout\
of one day in ten years in the case of PECO and the Mid- %
Atlantic Counci).

Q Is that same reserve reliahbility or is that sam
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