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The Company has estimated annual cost e s c a l a t i o n rates f o r 

2 nuclear, c o a l , and o i l f u e l s . These are 8.2 percent, 8.0 percent, 

3 and 10.0 percent (8.0 percent a f t e r 1985) f o r these three f u e l s , 

4 r e s p e c t i v e l y . The ESRG LOW scenarios embody these assumptions. 

5 I n the case of n a t u r a l gas the Company's i m p l i c i t r e a l p r i c e 

6 e s c a l a t i o n r a t e i s added to the ESRG LOW i n f l a t i o n r a t e . 

7 I n the ESRG HIGH case I have assumed r e a l p r i c e e s c a l a t i o n rates 

8 f o r o i l t o be 4 p e r c e n t ( 1 9 8 0 ) , 5 p e r c e n t (1981 t h r o u g h 1984), and 

9 3 percent ( t h e r e a f t e r ) . These are comparable w i t h the Company's assumed 

10 r e a l e s c a l a t i o n r a t e s 3.5 percent (1980), 4.5 percent (1981), 5 percent 

11 (1982 through 1984), and 3 percent ( t h e r e a f t e r ) . Coal and nuclear f u e l 

12 p r i c e s escalate a t r e a l rates of 2 percent (19 80), and 3 percent 

13 (thereafter) s i m i l a r t o the Company's r e a l p r i c e escalations f o r these 

x4 f u e l s . 

15 Q. What e s c a l a t i o n rates have you assumed f o r other costs? 

16 A. Operation and maintenance costs have been assumed t o escalate a t 

17 the p r e v a i l i n g r a t e of i n f l a t i o n . • Non-generation options are 

18 assumed t o escalate a t the same r a t e as o i l p r i c e s . Since the cost 

19 of t h i s group of options i s dominated by economy imports of 

20 e l e c t r i c i t y , t h i s i s a reasonable assumption. The discount r a t e or 

21 i n t e r e s t r a t e (expressing the time preference f o r money) i s assumed 

22 t o be 8 percent, 10.5 percent, and 12 percent f o r the PECO, ESRG LOW 

23 and ESRG HIGH cases, r e s p e c t i v e l y , 3 percent above i n f l a t i o n . 

24 
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1 Q. Please describe your estimates of the c a p i t a l costs of new 

2 e l e c t r i c generation supply options. 

3 A. The c a p i t a l costs of coal and nuclear p l a n t s were made using 

4 regression equations developed by Charles Komanoff of Komanoff 

5 Energy Associates, Inc. i n New York c i t y . (Ref. ) Mr. Komanoff has 

6 provided c a p i t a l cost regression equations f o r d i r e c t c o n s t r u c t i o n 

7 costs i n 1979 c o n s t r u c t i o n d o l l a r s f o r a l l coal f i r e d u n i t s w i t h 

3 capacity•greater than 100 Mw i n s t a l l e d by U.S. u t i l i t i e s from 

9 January 1972 through December 1978, and f o r a l l nuclear generating 

10 u n i t s i n s t a l l e d from December 1971 through December 1978 {except 

11 f o r several "turnkey" p l a n t s supplied under f i x e d fee c o n t r a c t s ) . . 

12 The data base f o r coal p l a n t s included 116 u n i t s w i t h a t o t a l of 

13 70,509 Mw, ranging from 114 Mw t o 1300 Mw and averaging 608 Mw. 

14 The data base f o r nuclear p l a n t s consisted of 46 u n i t s w i t h a 

15 t o t a l of 39,265 Mw, ranging from 514 Mw to 1130 Mw and averaging 

16 854 Mw. 

17 Mr. Komanoff's regression equation f o r coal p l a n t s i s 

18 given by: 

19 Cost (S./Kw i n 1979 c o n s t r u c t i o n d o l l a r s ) = 
t - r a t i o s 

20 
0.303 x .686 

21 (Coal Capacity) u*= , a t J x 4.09 
1.26 i f Scrubber x 4.84 

22 .90 i f common-sited u n i t x 3.43 
1.26 i f West x 5.45 

23 .77 i f South Central x 4.22 
.74 i f Southern * 5.56 

24 .85 i f Southeast (but not Southern Company) * 3.19 
1.16 i f Northeast x 1.93 

25 1.19 i f American E l e c t r i c Power * 2.37 

26 R2 = .670 F - value =* 23.9 
Adjusted R2 = .642 

27 
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"where COAL CAPACITY i s the t o t a l i n s t a l l e d capacity of coal f i r e d 

u n i t s i n the U. S. a t the time a u n i t i s ordered. 

Mr. Komanoff's regression equation f o r nuclear p l a n t s i s 

given by: 

Cost ($/Kw i n 1979 c o n s t r u c t i o n d o l l a r s ) = 

6.46 x 
(Nuclear Capacity) x 

(MW)" 0' 2 0 8 X 

( A E ) " 0 - 1 0 2 X 

1.27 i f Northeast x 
1.20 i f Tower x 
.91 i f Common-Sited'x 

1.35 i f "Dangling" 

t - r a t i o s 

2.69 
13.40 

2.63 

6.08 
6.39 
5.24 
2.36 
4.75 

R2 = .921 
Adjusted R2 = .907 

F - Value = 63.5 

where NUCLEAR CAPACITY i s the t o t a l nuclear capacity 

operating or under c o n s t r u c t i o n a t the date a u n i t ' s 

c o n s t r u c t i o n permit i s issued, 

MW i s the capacity o f the u n i t i n megawatts 

AE i s the number of u n i t s designed by the 

arc h i t e c t - e n g i n e e r ( i n c l u d i n g the c u r r e n t 

p l a n t ) i n c l u d i n g any o f the e a r l y commercial 

sized r e a c t o r s excluded from the cost data 

base 

"Dangling" i s a d e s c r i p t i o n ascribed t o fo u r u n i t s 

i n the data base whose d u p l i c a t e partners 

had not been completed and t h e r e f o r e 

d i d not yet have f i n a l reported costs. 

Estimation of new u n i t costs does not 

include t h i s v a r i a b l e . 

(45) 
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1 A l l costs are i n 1979 c o n s t r u c t i o n d o l l a r s , t a k i n g account 

2 of rates of i n f l a t i o n and c o n s t r u c t i o n cost e s c a l a t i o n during the 

3 period when these u n i t s were b u i l t . Separate treatment of coal and 

4 nuclear u n i t s were developed from the Handy-Whitman Index o f 

5 Public U t i l i t y Construction Costs. Furthermore, the regression 

6 equation gives d i r e c t c o n s t r u c t i o n costs only, excluding i n t e r e s t 

7 during c o n s t r u c t i o n . 

8 These equations were used t o o b t a i n 1979 c o n s t r u c t i o n $ per 

9 Kw cost estimates f o r 300 Mw coal p l a n t s , 600 Mw coal p l a n t s , 1000 

10 Mw coal p l a n t s and 1200 Mw nuclear p l a n t s . 

11 The coal p l a n t s were assumed t o have scrubbers, and, of course, 

12 northeast l o c a t i o n . The 300 Mw u n i t s were assumed to be commonly s i t e d 

13 i n groups of three and the 600 Mw u n i t s i n groups of two. The 

14 u n i t s were assumed to be ordered i n 1980, and the size of the coal 

15 sector was.estimated t o be 356,565 Mw i n t h a t year. The r e s u l t s are: 

16 300 Mw coal $757.6 per Kw i n 1979 c o n s t r u c t i o n d o l l a r s 

17 600 Mw coal 773.8 per Kw i n 1979 c o n s t r u c t i o n d o l l a r s 

18 1000 Mw coal 814.6 per Kw i n 1979 c o n s t r u c t i o n d o l l a r s . 

19 I n estimating t o t a l u n i t costs, i n c l u d i n g c o n s t r u c t i o n cost 

20 esc a l a t i o n and i n t e r e s t during c o n s t r u c t i o n , i t was assumed t h a t 

21 the 300 Mw, 600 Mw, and 1000 Mw u n i t s would be constructed over 7, 

22 8, and 9 year periods, r e s p e c t i v e l y . The d i r e c t c o n s t r u c t i o n expendi-

23 tures i n 1979 c o n s t r u c t i o n d o l l a r s were spread out over these years 

24 i n a t y p i c a l p a t t e r n as shown below. 
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1 DIRECT CONSTRUCTION EXPENDITURES 
IN MILLIONS OF 19 79 CONSTRUCTION DOLLARS 

2 

3 
300 Mw 600 Mw 1000 Mw 

4 Coal Unit Coal U n i t Coal U n i t 
5 

6 

7 

8 

9 

10 

11 

Year 1980 18.2 15.5 16.3 
1981 15.2 7.7 4.9 
1982 36.4 10.8 4.9 
1983 153.8 37.1 9.8 
1984 267.4 157.1 39.1 
1985 217.4 273.2 165.4 
1986 49.2 222.1 287.5 
1987 - 50.3 233.8 
1988 - - 53.0 

T o t a l 757.6 773.8 814.6 

12 

13 Construction cost e s c a l a t i o n was taken t o be 2J.65 percent 

14 per year above the i n f l a t i o n r a t e , the same as was used f o r 

15 nuclear p l a n t r e a l c o n s t r u c t i o n e s c a l a t i o n costs as reported by ESRG 

16 i n previous studies (Refs. 22 and 23 ) . I n t e r e s t d uring c o n s t r u c t i o n 

17 was assumed t o be 2 percent above i n f l a t i o n i n the ESRG Low Case 

18 (10.5 percent i n 1980, 9.5 percent t h e r e a f t e r ) , and 1.5 percent above 

19 i n f l a t i o n i n 1980 {11.5 percent) and 3.0 percent above i n f l a t i o n 

20 t h e r e a f t e r (12.0 percent) i n the ESRG High Case. The steps i n the 

21 procedure f o r e s t i m a t i n g the c a p i t a l costs are summarized i n Tables E - l 

22 through S-3 i n E x h i b i t (DS-E ) . Column 1 i n these t a b l e s 

23 re s t a t e s the y e a r l y d i r e c t c o n s t r u c t i o n expenditures { i n 1979 c o n s t r u c t i o n 

24 d o l l a r s per k i l o w a t t ) given above. Column 2 gives the y e a r l y i n f l a t i o n 

25 r a t e . Columns 3 & 4 are obtained from column 1 by conver t i n g t o c u r r e n t 

26 d o l l a r c o n s t r u c t i o n expenditures by 2.65 percent plus.the i n f l a t i o n r a t e 

2 7 i n t h e Low arid High cases, r e s p e c t i v e l y . Column 5 gives the y e a r l y AFDC 

28 r a t e . Columns 6 and 7 are obtained by applying the i n t e r e s t 

(47) 
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1 rates (Low and High) t o the t o t a l accumulated p r i o r expenditures 

^ i n a given year, and one-half the i n t e r e s t r a t e t o the year's 

3 curr e n t expenditures. Columns 8 and 9- then take the t o t a l y e a r l y 

4 expenditures f o r c o n s t r u c t i o n and i n t e r e s t (the boxed numbers 
5 i n columns . 3, and 8 and 4, and 7 and convert them t o 1979 d o l l a r s accordinc 

6 to the y e a r l y i n f l a t i o n r a t e assumptions. The t o t a l estimated costs 

7 ( i n c l u d i n g i n t e r e s t and e s c a l a t i o n during c o n s t r u c t i o n ) f o r the 

8 coal p l a n t s i n 1979 d o l l a r s are: 

9 

10 COAL PLANT CAPITAL COSTS 

11 
300 Mw 600 Mw 1000 Mw 

12 Coal Units Coal Units Coal Units 

13 

14 

15 

ESRG Low $1058/Kw $1103/Kw $1197/Kw 

ESRG High $1111/Kw $1164/Kw $1257/Kw 

^Q. What c a p i t a l cost e s c a l a t i o n r a t e d i d you assume f o r these coal 

17 

plants? 

Ifl A. We assume t h a t the e a r l i e s t years these p l a n t s can come on l i n e are 

19 1985, 1986, and 1987 f o r the 300 Mw, 600 Mw,and 1000 Mw coal p l a n t s , 

20 r e s p e c t i v e l y . Of course, the ESRG generation expansion o p t i m i z a t i o n 

21 r o u t i n e could choose t o b u i l d these plants a t l a t e r dates. The conse-

22 quences would l i k e l y be t h a t c o n s t r u c t i o n would be i n i t i a t e d l a t e r or d e -

23 layed. I n such instances, a y e a r l y e s c a l a t i o n r a t e which includes (1) the 

24 i n f l a t i o n r a t e , and (2) coal p l a n t r e a l construction, cost e s c a l a t i o n 

25 r a t e s , must be applied. The Komanoff regression equation gives 

26 coal p l a n t d i r e c t c o n s t r u c t i o n costs in.1979 c o n s t r u c t i o n d o l l a r s . 

•7 Applying h i s equation t o t y p i c a l coal p l a n t s i n the U. S., Komanoff 
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estimates a r e a l c o n s t r u c t i o n cost e s c a l a t i o n r a t e of 3.6 percen-

2 f o r p l a n t s completed between 1978 and 1988. I have c o n s e r v a t i v e l y 

3 taken 4.0 percent as the average annual r e a l c a p i t a l cost 

4 e s c a l a t i o n r a t e f o r coal p l a n t s . This plus the ESRG Low or High annual 

5 i n f l a t i o n rates i s applied t o the above c a p i t a l cost estimates ( i n 

6 1979 d o l l a r s ) t o account f o r c a p i t a l cost e s c a l a t i o n s ' d u r i n g years 

7 of delay i n i n i t i a t i n g or completing c o n s t r u c t i o n . 

8 Q. Would you please continue by d e s c r i b i n g your c a p i t a l cost estimates 

9 f o r nuclear u n i t s . 

1 0 A. I have developed c a p i t a l cost estimates f o r the completion of 

1 1 Limerick Units 1 and 2 ( e a r l i e s t completion dates 1995 and 1987, 

12 r e s p e c t i v e l y ) , and f o r generic new nuclear u n i t s coming on l i n e 1990 

13 and t h e r e a f t e r . 

- 1 For Limerick 1 and 2 I have used the Komanoff regression equation 

1^ w i t h the f o l l o w i n g i n p u t s : Since these u n i t s received c o n s t r u c t i o n 

1 6 permits i n 1974, the v a r i a b l e NUCLEAR CAPACITY i s given the value 

1 7 78739, the size of the nuclear sector i n megawatts i n t h a t year. The 

18 v a r i a b l e MW i s taken t o be 1055, the size of each Limerick u n i t . The 

19 v a r i a b l e AF i s taken t o be 38, the number of u n i t s designed by the 

20 a r c h i t e c t - e n g i n e e r , Bechtel, by the year 1974. Since the two u n i t s are 

21 commonly s i t e d , i n the northeast, and are designed t o have c o o l i n g towers, 

22 these v a r i a b l e s were also used i n the regression equation. The r e s u l t 

2 3 obtained was: 

2 4 Limerick 1 and 2 D i r e c t Construction Costs 

25 i n 1979 Construction D o l l a r s 

26 $1002 per Kw 

I have not a p p l i e d the 9 percent d i f f e r e n c e between the costs 

2 3 o f Limerick 1 and 2 to express the economies achieved due t o higher 
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1 f i r s t u n i t costs f o r common-sited u n i t s t h a t i s embodied i n the 

2 Komanoff regression equation. The two u n i t s were, c o n s e r v a t i v e l y , 

3 assumed t o share f u l l s t a t i o n costs equally. 

4 The generic nuclear u n i t was assumed to receive i t s c o n s t r u c t i o n 

5 li c e n s e i n 1982. At t h a t time the si z e of the nuclear sector i s 

6 estimated t o be 169,171 Mw. The u n i t was assumed to have 1200 

7 Mw capacity and to be b u i l t w i t h c o o l i n g tower. The AE v a r i a b l e 

8 was taken a t an intermediate value of 20 by i n s p e c t i o n of 

9 estimated average experience of a l l major a r c h i t e c t - e n g i n e e r firms 

10 by 1982 (Ref. 24 ) . The u n i t was not assumed to be common-sited. 

11 The r e s u l t obtained was: 

12 Generic 1200 Mw Nuclear U n i t 

13 D i r e c t Construction Costs i n 19 79 Construction D o l l a r s 

14 $1683 per Kw 

15 The t o t a l c a p i t a l costs of the Limerick and generic nuclear 

16 plants were estimated using the same procedure as described f o r 

17 the coal p l a n t s . For the Limerick p l a n t s y e a r l y d i r e c t c o n s t r u c t i o n 

18 expenditures were obtained from the Company. The Company's 

19 yea r l y d i r e c t c u r r e n t d o l l a r c o n s t r u c t i o n expenditures from 1970 

20 through 1979 and estimates through 1987 were converted t o 1979 

21 c o n s t r u c t i o n d o l l a r s using nuclear power p l a n t c o n s t r u c t i o n cost 

22 e s c a l a t i o n rates obtained from the Handy-Whitman index (see 

23 Ref. 25 ) f o r the years 1970 through 1977, and at 2.65 plus i n f l a t i o n 

24 t h e r e a f t e r (see Refs. 22 and 23 ) . This allowed a y e a r l y 

25 apportioning of f r a c t i o n s of the $1002/Kw 1979 d o l l a r d i r e c t 

26 c o n s t r u c t i o n expenditures estimated by the Komanoff equation. 

27 
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1 " For generic u n i t s a t y p i c a l y e a r l y spread df d i r e c t constant (1979) 

2 d o l l a r c o n s t r u c t i o n expenditures, assuming a twelve year 

3 schedule beginning i n 1979 was estimated. The breakdowns f o r 

4 these u n i t s are given below: 

5 NUCLEAR UNITS 
DIRECT 1979 CONSTRUCTION DOLLAR 

6 EXPENDITURES IN DOLLARS PER KW 

7 

8 Limerick 1 and 2 Generic Nuclear U n i t 
9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

^ 1 These d i r e c t 1979 c o n s t r u c t i o n d o l l a r expenditures were then 

22 used t o develop t o t a l p l a n t costs i n the same manner as described 

23 f o r the coal p l a n t s . The d e t a i l s are given i n Tables E-4 and 

24 E-5 i n E x h i b i t (DS-E). The h i s t o r i c i n t e r e s t rates during 

25 c o n s t r u c t i o n r a t e s (1970-1978) were estimated using the Company's 

26 cost breakdowns ( d i r e c t vs. IDC) during t h a t p e r i o d . Construction 

27 cost e s c a l a t i o n rates were obtained from Ref. O f 0 r 1970-1977 period 

(51) 

1970 7.0 — 
1971 33.1 — 
1972 41.0 — 
1973 63.1 — 
1974 75.1 — 
1975 77.1 — 
1976 99 .2 — 
1977 100.2 — 
1978 30.1 — 
1979 55.1 11. 3 
1980 60.1 20.2 
1981 64.1 16.9 
1982 65.1 43. 8 
1983 61.1 106.2 
1984 53.1 143.3 
1985 42.0 217.. 5 
1986 19.0 296.7 
1987 7.0 338.9 
1988 — 241.1 
1989 — 118.0 
1990 — 28.7 

1002 1683 
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1 and were taken t o be 2.65 percent plus i n f l a t i o n t h e r e a f t e r . 

2 The r e s u l t s obtained were: 

3 

6 

CAPITAL COSTS OF NUCLEAR UNITS IN 
4 19 79 DOLLARS 

5 
Limerick 1 and 2 Generic 1200 Mw Nuclear U n i t 

ESRG LOW $176 4/Kw $2913/Kw 

7 ESRG HIGH $190 7/Kw $3158/Kw 

8 Using experienced 1970 through 1979 i n f l a t i o n r ates and Company 

9 expenditure data, I estimate t h a t the Company w i l l have spent a 

10 t o t a l of $755/Kw i n 1979 d o l l a r s f o r Limerick l a n d 2.through 1979. 

11 Thus, the remaining (or marginal) costs of the Limerick u n i t s 

12 are $1009/Kw and $1152/Kw i n the ESRG Low and ESRG High cases, 

13 r e s p e c t i v e l y . As I s h a l l describe l a t e r , i n discussing the 

14 s e n s i t i v i t y analyses I have developed, I have constructed scenarios 

15 and obtained r e s u l t s w i t h the ESRG Model assuming t h a t (1) 100% 

16 and (2) 0% of the costs '($755/Kw) already i n c u r r e d f o r the Limerick 

17 p l a n t s are included i n the a c t u a l costs of these u n i t s f o r planning 

18 purposes. 

19 Q. what c a p i t a l cost e s c a l a t i o n r a t e d i d you assume f o r nuclear u n i t s ? 

20 A. Based upon Komanoff r e s u l t s f o r 1978-1988 r e a l cost (1979 

21- c o n s t r u c t i o n d o l l a r ) escalations estimated f o r t y p i c a l U.S. nuclear 

22 plants and an estimated 12.65 percent average annual c o n s t r u c t i o n 

23 cost e s c a l a t i o n r a t e (Refs.22 t2J)t Ihave represented the nuclear 

p l a n t c a p i t a l cost e s c a l a t i o n as 8.65 percent plus i n f l a t i o n . 
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1 Q. What assumptions have you made regarding the costs of the Salem 2 

2 nuclear u n i t ? 

3 A. Using Company data and annual i n f l a t i o n r a t e s f o r the per i o d 

4 19 68 through 1979, I have c a l c u l a t e d Salem 2 t o t a l c a p i t a l costs 

5 ( i n c l u d i n g i n t e r e s t d u r ing c o n s t r u c t i o n ) t o be $1182/Kw i n 

6 19 79 d o l l a r s . As w i t h the Limerick u n i t s we have constructed 

7 s e n s i t i v i t y scenarios i n which (1) 100% and (2) 0% of these 

8 costs are ascribed t o t h i s u n i t . Of course, no c a p i t a l cost 

9 e s c a l a t i o n i s assumed. 

10 Q. What c a p i t a l costs have you assumed f o r other new generic 

11 generating capacity options? 

12 A. By examination of the l i t e r a t u r e I have assigned costs ( i n 1979 

13 d o l l a r s ) of 225/Kw f o r new combustion t u r b i n e s , 1460/Kw 

J.4 f o r new c o a l - f i r e d combined cycle u n i t s , and 520/Kw 

15 f o r new o i l - f i r e d c y c l i n g p l a n t s . The c a p i t a l cost 

16 - e s c a l a t i o n rates were estimated t o be the i n f l a t i o n r a t e plus 4 

17 percent and 2 percent, r e s p e c t i v e l y , f o r coal and o i l p l a n t s . 

18 Q. How were these c a p i t a l costs annualized? 

19 A. The t o t a l c a p i t a l cost of each p l a n t was annualized on a l e v e l i z e d 

20 basis by applying a f i x e d charge r a t e . The f i x e d charge r a t e was 

21 c a l c u l a t e d by applying the mortgage formula assuming a 30 year 

22 l i f e t i m e (L) or a m o r t i z a t i o n p e r i o d . The formula, embodied i n 

23 the ESRG generation expansion program i s : 

25 ( l + d ) 1 - 1 

26 This f i x e d charge r a t e does not include taxes and d e p r e c i a t i o n 

^7 which were separately assigned t o each new u n i t i n the FIXCC 

28 v a r i a b l e i n E x h i b i t DS-B. 
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1 The discount i n t e r e s t r a t e (dj i s assumed to be 3 percent plus 

2 the long term i n f l a t i o n r a t e , t h a t i s , 8 percent i n the PECO 

3 scenarios and 10.5 percent and 12 percent i n the ESRG Low and 

4 ESRG High scenarios, r e s p e c t i v e l y . 

5 Q. What other f i x e d costs r e l a t e d to p l a n t c a p i t a l costs, have 

6 you assumed? 

7 A.- We have assigned f i x e d costs to nuclear p l a n t s , other s t e a m - e l e c t r i c 

8 p l a n t s , and combustion t u r b i n e s separately based upon average 

9 Company d e p r e c i a t i o n rates estimated by Tom WeiS3 - To each 

10 of these we have added 0.15 percent f o r r e a l estate and property 

11 taxes estimated as a Company average' over t o t a l investment by 

12 1 i o m y e ^ s s . The r e s u l t i n g c o n t r i b u t i o n s t o f i x e d c a r r y i n g 

3̂ charges (FIXCC i n E x h i b i t DS-B ) are: 

1 4 New Nuclear: 3.10 percent * C a p i t a l Cost (FIXCAP) 

15 New Coal/Oil Steam:-3.36 percent * C a p i t a l Cost (FIXCAP) 

I 5 New Combustion Turbines: 3.55 percent x C a p i t a l Cost (FIXCAP) 

17 These costs are assigned only to new pl a n t s (Salem 2, Limerick, and 

the generic options) as are the p l a n t c a p i t a l costs. Furthermore, 18 

19 they are added to estimates of f i x e d o peration and maintenance 

20 costs to o b t a i n the f i x e d c a r r y i n g charges (FIXCC i n ExhibitDS-B ) . 

2 1 Q. "Please describe your assumptions regarding operation and maintenance' 

2 2 costs 

2 3 A. These costs were estimated i n 1979 d o l l a r s f o r f i x e d ($ per Kw) 

2 4 and v a r i a b l e ($ per Kwh) components separately. Recent Company 

2 5 data f o r t o t a l p l a n t - s p e c i f i c O & M costs (Ref.^ ) 
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were used. The breakdown between f i x e d and v a r i a b l e costs was 

2 made using estimates f o r each p l a n t type provided i n an EPRI study 

3 (Ref.9 ) , and using PECO p l a n t - s p e c i f i c generation data. For the 

4 Cromby and Eddystone u n i t s , Company data ( I n t e r r o g a t o r y Response A.GLF.3) 

5 on estimated a d d i t i o n a l O & M costs, associated w i t h environmentally 

6 r e l a t e d charges, were included. The v a r i a b l e and f i x e d 6 & M costs 

7 appear as VAROD and, r e s p e c t i v e l y as FIXCC i n E x h i b i t f o r a l l 

8 e x i s t i n g p l a n t s . For new u n i t s the f i x e d and' v a r i a b l e O & M costs 

9 , were assumed t o be the same as Cromby 1 f o r c o a l , Eddystone 3 and 4 

10 f o r o i l , about the same as the Peachbottom u n i t s f o r nuclear. The f i x e d 
i 

11 O & M costs f o r new u n i t s were added t o the f i x e d costs f o r d e p r e c i a t i o n 

12 and taxes t o o b t a i n FIXCC f o r these u n i t s . 

13 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 • 

25 

26 
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Q. You have argued f o r the existence of three major biases 

2 r e s u l t i n g from the PECO supply planning a n a l y s i s , which you have i d e n t i -

3 f i e d as d e r i v i n g from the cost assumptions employed i n the PECO 

4 Planning Case, i . e . ; 

5 1. the bias toward baseload 

6 2. the bias toward nuclear baseload, and 

7 . 3 . the bias toward high reserve margins. 

g I s i t possible to provide some rough order of magnitude i n d i c a t i o n 

9 of the impact of these biases on u t i l i t y costs, a p r o p o r t i o n or a l l 

IQ of which w i l l no doubt be passed on to the PECO ratepayer? 

Xi A. I n a d d i t i o n to my e a r l i e r discussion of the r e s u l t s t h a t appear i n 

12 Table I , one can address t h i s issue f u r t h e r i n the f o l l o w i n g way. 

13 (See Table X.) Beginning w i t h the PECO Planning Case, except i n c l u d i n g 

f u l l c a p i t a l costs t h a t appeared i n row #1 of Table I ( c a l l e d " I n i t i a l 

15 Scenario" here), I have again i d e n t i f i e d the expected cost of 

16 generation f o r the years 1981, 1987 and 1992, as i n Table I . I then 

17 examine a r e v i s i o n of row #4 i n Table I , c a l l e d the "Revised Scenario" 

18 here, assuming the ESRG co n s t r u c t i o n program and p r i c e s . I n t h i s 

19 "Revised Scenario"., I assume, however, t h a t the PECO demand f o r e c a s t 

20 comes t r u e , i n c o n t r a s t to row #4 i n Table I where the ESRG demand 

21 fo r e c a s t was assumed. Again, we see t h a t the cost penalty to the PECO 

22 customer of the PECO c o n s t r u c t i o n program exceeds $140 m i l l i o n 19 79 

23 ' d o l l a r s per year throughout the 1980's. This i s f u r t h e r evidence 

24 t h a t the PECO c o n s t r u c t i o n program cannot be j u s t i f i e d on the basis of 

25 t h e i r demand f o r e c a s t . 

26 
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TABLE X 

AN ASSESSMENT OF THE SOCIAL COST PENALTY DUE TO 
MISSPECIFICATION OF THE OPTIMAL SUPPLY EXPANSION 

PLAN 
( M i l l i o n s of 1979 d o l l a r s ) 

S o c i a l Cost Social Cost Cost Penalty 
Year PECO PLANT MIX* ESRG PLANT MIX** of PECO Plan 

1981 $739.7 $643.4 $ 96.3 

1987 940.3 753.5 186.8 

1992 • 914.0 798.3 116.7 

To t a l *** 10,515.8 8,768.7 1,747.2 

* Based on PECO Forecasts of load growth and p l a n t costs. 

** Based on PECO Forecast of' load growth and ESRG-LOW estimates 
of p l a n t costs. 

*** I n t e r p o l a t e d cumulative t o t a l s , 1981-1992. 
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1 Furthermore, I claim t h a t t h i s i m p l i e s a lower bound on the 

2 cost penalty i m p l i e d by using the PECO planning procedures and 

3 assumptions on the order of 1.4 b i l l i o n l e v e l i z e d 1979 d o l l a r s per 

4 decade. This i s because a t r u e comparison at costs a n t i c i p a t e d by 

5 ESRG would r e q u i r e t h a t the estimates i n the PECO case be i n f l a t e d 

6 by the higher ESRG p l a n t c a p i t a l costs, thus i n c r e a s i n g the discrepancy 

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

S assumptions most favorable to PECO, i n c l u d i n g assuming t h e i r 

9 u n r e a l i s t i c a l l y high demand f o r e c a s t , the cost penalty t o t h e i r 

10 ' customers involved i n b u i l d i n g the Limerick p l a n t s r a t h e r than small 

11 coal p l a n t s i s very l a r g e , and could p o t e n t i a l l y be several times 

12 t h i s "lower bound" estimate, as can be seen i n r e f e r r i n g back t o 

13 Table I . 

14 Q. Does t h i s conclude your testimony? 

15 A. Yes. i t does. 
16 

17 

20 

24 
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EXHIBIT A 

THE ESRG ELECTRICAL SYSTEMS GENERATION EXPANSION MODEL 
1 

2 INTRODUCTION 

3 This e x h i b i t summarizes the aims and methodology of the ESRG 

4 E l e c t r i c a l Systems Generation Expansion Model (ESGEM). A f t e r s t a t i n g 

5 i t s major o b j e c t i v e s , the e x h i b i t describes the a l g o r i t h m i c procedures 

6 utilized by the model in carrying out these objectives. 

1 

8 MODEL OBJECTIVES 

9 ESGEM was conceived as a t o o l f o r the ana l y s i s of capacity 

10 planning as presently implemented by e l e c t r i c a l supply systems. I t 

11 was designed i n p a r t i c u l a r t o be adaptable t o the requirements of an 

12 i n d i v i d u a l u t i l i t y and t o be easy and inexpensive t o run. 

13 I n c o n s t r u c t i n g the model, the authors had i n mind a number of 

14 issues which f r e q u e n t l y a r i s e concerning the merits of a given genera-

15 t i o n expansion plan: the f o l l o w i n g twelve issues addressed by the 

16 model convey the range of problems which informed i t s design: 

17 1, The Costs of Over- Versus the Costs of Under-Forecasting 

18 Even the best load forecast incorporates a s u b s t a n t i a l 

19 e r r o r band. U t i l i t y planners should, t h e r e f o r e , be required 

20 t o determine the economic consequences of e r r o r , both on the 

21 low as w e l l as on the high side. These sources of e r r o r 

22 include (1) systematic f o r e c a s t e r r o r , p l u s , (2) s t o c h a s t i c 

23 f l u c t u a t i o n s i n demand, e.g., those caused by weather. This 

24 issue can be addressed d i r e c t l y through the use of ESGEM, which 

T5 c a l c u l a t e s the expected s o c i a l cost of operation of a u t i l i t y 

26 system at various l e v e l s of r e l i a b i l i t y , and which accounts 

27 
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d i r e c t l y f o r the costs of c u r t a i l m e n t (.including blackouts) 

2 r e l a t i v e t o the costs of excess capacity. 

3 2. The Magnitude of P o t e n t i a l Energy D e f i c i e n c i e s 

4 ESGEM c a l c u l a t e s the. expected l e v e l of energy d e f i c i e n c y 

5 i n a u t i l i t y system. I t disaggregates t h i s d e f i c i e n c y i n t o 

6 various subcategories defined i n terms of measures t h a t are 

7 undertaken.to r e c t i f y the d e f i c i e n c y , s h o r t of p r o v i d i n g new 

g g e n e r a t i n g u n i t s -

g 3. The P r o b a b i l i t y o f Demand S h o r t f a l l s and Overcapacity 

10 Given a defined capacity mix, the model c a l c u l a t e s the 
\ 

11 p r o b a b i l i t y of any given l e v e l of capacity s h o r t f a l l or excess,. 

12 Included here i s the c l a s s i c l o s s - o f - l o a d p r o b a b i l i t y parameter 

13 as a s p e c i a l case. 

_ 4 4. The Impact o f Load Management and Demand Curtailment Options 

15 The need f o r generating capacity ( i n c l u d i n g reserve) can 

16 be o b v i a t e d . e i t h e r through load management ( i . e . , the a l t e r -

17 a t i o n of load p a t t e r n s subject t o an o v e r a l l energy c o n s t r a i n t ) 

18 or through inn o v a t i v e demand c u r t a i l m e n t , i . e . , the short-term 

19 reduction o f demand i n such fashion as t o m i t i g a t e economic 

20 impacts. ESGEM i s s p e c i f i c a l l y designed t o analyze p o t e n t i a l 

21 costs associated w i t h both types of opt i o n s . 

22 5. The C a l c u l a t i o n of an Optimal Reserve Margin 

23 ESGEM c a l c u l a t e s the expected present value o f s o c i a l 

24 costs ( f o r energy served and unserved) associated w i t h a l t e r n a -

25 t i v e reserve margins and then chooses t h a t l e v e l of reserve 

2g which .minimizes s o c i a l cost. 
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1 6. The S p e c i f i c a t i o n of an Optimal Capacity Mix 

2 ESGEM chooses an optimal mix o f pl a n t s y e a r l y so as t o 

3 minimize the expected cost of generation t o the consumer, sub-

4 j e c t t o various t e c h n i c a l c o n s t r a i n t s on p l a n t operation (as, 

5 f o r example, energy l i m i t a t i o n s on hydro f a c i l i t i e s or l i m i t s 

6 on the continuous operation of peakers). 

7 7. Random Loads and Outages 

8 ESGEM i s constructed so as t o account both f o r random 

9 v a r i a t i o n s i n the load as w e l l as f o r random forced outages 

10 i n s p e c i f i c generation u n i t s . 

11 8. Load Curve Analysis 

12 ESGEM assimilates as in p u t an hourly load curve f o r an. 

1 e l e c t r i c a l supply system defined over an e n t i r e year. The 

14 impact of any changes i n t h i s load curve can be d i r e c t l y 

15 assessed. For instance, the model can be employed f o r the 

16 analysis o f impacts on a u t i l i t y system induced by non-central 

17 s t a t i o n generation w i t h i n i t s service area (e.g., co-generation, 

Ig low-lead hydro, and wind power). 

19 9. Generation Planning - R e l i a b i l i t y Feedback 

20 Systems which employ a smaller number of sizeable p l a n t s 

21 may r i s k the p o s s i b i l i t y o f consequential outages and r e s u l t i n g 

22 excess demand. By c o n t r a s t , systems comprised of a large number 

23 of small p l a n t s may penalize r a t e payers by foregoing p o t e n t i a l 

economies of scale. These t r a d e o f f s and. t h e i r p o t e n t i a l r a t e 

2^ impacts can be d i r e c t l y explored through ESGEM. 
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1 10(a). Optimal Retirement 

2 ESGEM i d e n t i f i e s p l a n t s t h a t w a r r a n t ^ r e t i r e m e n t on 

3 economic grounds: i t i n d i c a t e s appropriate dates o f r e t i r e m e n t . 

4 10(b). Change i n Plant Operations 

5 ESGEM i d e n t i f i e s d e s i r a b l e changes of e x i s t i n g p l a n t 

6 ope r a t i o n , e.g., from Baseload t o Cycling o p e r a t i o n , since 

7 i t outputs the exact number of hours per year t h a t i t i s 

8 o p t i o n a l f o r each p l a n t t o run. 

9 11. Interconnect and Energy Imports 

10 The need f o r capacity can also be m i t i g a t e d through an 

11 increase i n transmission interconnections and the formation o f 

12 c e n t r a l l y dispatched power pools. ESGEM incorporates these 

3 options e x p l i c i t l y and can analyze economy and emergency 

14 power purchases separately. I t c a l c u l a t e s the r e q u i r e d energy 

15 and the changes i n t o t a l system costs which would occur through 

16 such arrangements. I t also c a l c u l a t e s the e f f e c t of a l t e r n a -

17 t i v e i n t e r c o n n e c t i o n arrangements on system r e l i a b i l i t y (LOLP, 

18 blackout p r o b a b i l i t y , etc.) and on the optimal reserve margin. 

19 12. Long-Term Capacity Assignments 

20 The p o s s i b i l i t y of assigning capacity f o r i n t e r v a l s o f 

21 one or more years w i t h i n the framework o f a vigorous market 

22 f o r energy exports (and i m p o r t s ) , may impact the s o c i a l costs 

23 of generation. ESGEM i s designed t o account costs both i n 

24 the presence and i n the absence o f assignment. I t i s thus 

25 able to analyze p o t e n t i a l b e n e f i t s t h a t would accrue from 

greater economic c o o r d i n a t i o n among separate u t i l i t y systems. 
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1 SUMMARY •OF MODEL OPERATION 

2 Major subcomponents o f the ESRG model are shown i n Figure 1. 

3 For a given e l e c t r i c a l supply system a l i s t of pl a n t s ( i n c l u d i n g 

4 t h e i r c a p a c i t i e s , forced outage r a t e s , maximum capacity f a c t o r s , planned 

5 maintenance periods, c a p i t a l costs, and f i x e d and v a r i a b l e costs) i s 

6 introduced as data. These include (.1) f a c i l i t i e s already on l i n e , 

7 (2) s p e c i f i c p lants under c o n s t r u c t i o n , and (3) a series of "generic" 

8 options'representing a set of f e a s i b l e technologies of d i f f e r i n g f u e l 

9 types and sizes. 

XQ Given t h i s set o f plants and t h e i r associated cost and t e c h n i c a l 

11 c h a r a c t e r i s t i c s , the generation expansion module c a l c u l a t e s f o r each 

12 year of a s p e c i f i e d time i n t e r v a l and f o r s p e c i f i e d l e v e l s of generating 

13 reserves, an "optimal" mix of both new and o l d p l a n t s . The model i s 

j "forward l o o k i n g " i n the sense t h a t p l a n t s already p a r t i a l l y o r f u l l y 

15 constructed can be accounted a t t h e i r incremental cost. Costs expended 

16 i n the past w i l l f i g u r e i n t o the o p t i m i z a t i o n process only a t the o p t i o n 

17 of the user. This o p t i o n may be u s e f u l , however, i n the case when the 

18 u t i l i t y can recover some o f the cost o f t h e i r p l a n t s through f i r m sales. 

19 Once the time stream of p l a n t constructicm, p l a n t r e t i r e m e n t s , and 

2Q p l a n t assignments i s determined by the generation expansion module, the 

21 module moves t o the dispatching module. Here a sequence of simulations 

22 i s performed w i t h the number of simulations s p e c i f i e d by the user. For 

23 a given chronological curve the model simulates dispatch of supply options 

24 so as t o minimize operating costs (economic d i s p a t c h ) . The model f i r s t 

25 employs generation options and economy imports. Once these are exhausted 

26 

. / 

the model assesses the p o s s i b i l i t y o f imported emergency power, and 

f i n a l l y i t dispatches the " s o f t " c u r t a i l m e n t o p t i o n s , i . e . , options which 
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Figure 1 

SCHEMATIC OF THE ESGEM MODEL 
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DUE SEPT. 2, 1982, 

1983, 1984, 1985, 1986, 
1987 & 1988 - PRINCIPAL 

IS PAYABLE 526,875.00 
ANNUALLY EXCEPT FINAL PAYMENT -

DUF. DUE DUE DUE SEPT. 2, 1988 IS $30,000.* DUI 
SEPT. 2, 1977 DUE AUG. 13, SEPT. 2, INTEREST AMOUNT IS SEPT 

1978 St 1979 SEPT. 2, 1980 1981 1981 FOR PAYMENT DATE INDICATED. 19? 

5 - $ - $ - S - S - $ 

: - 81,000.00 
- J - 976.44 

27,500.00 
($26,875.'00 TO $30,000.00 

26,875.00 > - 26,875,00 ANNUALLY) 
17,150.00 - 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, l^?-*•-"*•' 
2,100.00 Sept. 2, 1988 

34,125.00 34,125.00 - . 34,125.00 34,125.00 • 34,12: 

10,000.00 10,000.00 - 10,000.00 
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i i n v o l v e the mandatory, c o n t r o l l e d , or v o l u n t a r y c u r t a i l m e n t of load 

^ ( i n c l u d i n g voltage r e d u c t i o n s ) , but whose s o c i a l costs are small r e l a t i v e 

^ to blackouts. The costs of unmet energy i n the form of l i m i t e d or f u l l -

4 system blackouts are c a l c u l a t e d only where there i s s t i l l a d d i t i o n a l demand 

5 on the systeni.after the s o f t c u r t a i l m e n t options have been invoked. 

6 As p l a n t s are loaded by the dispatch module, t h e i r outage c h a r a c t e r i s -

7 t i c s are simulated. Forced outages are assumed t o f o l l o w a B e r n o u l l i 

8 (on-off) d i s t r i b u t i o n w i t h parameters s p e c i f i e d as data, based on 

9 experienced forced outage r a t e s . Planned maintenance i s allowed f o r by 

10 d e r a t i n g plants over an "allowed planned maintenance season" which i s 

11 also user s p e c i f i e d . 

1 2 As plants are loaded or used f o r generating power, the model 

aggregates operating costs i n c o r p o r a t i n g f u e l costs, v a r i a b l e operations 

14 and maintenance costs, and v a r i a b l e environmental costs. T o t a l production 

15 costs are s t a t i s t i c a l averages over a l a r g e r number of s t o c h a s t i c or 

16 Monte Carlo simulations of demand and p l a n t outage f l u c t u a t i o n s i n 

17 order t o e l i m i n a t e the p o s s i b i l i t y of anomalous outcomes. The t o t a l 

IS s o c i a l costs of operation are c a l c u l a t e d by adding the costs of imports 

19 and energy not served ( c u r t a i l m e n t o p t i o n s ) . 

20 Such a series o f simulations are undertaken f o r each load at a 

21 given year f o r a s p e c i f i e d reserve margin. The simulations y i e l d a 

22 f u n c t i o n f o r the s o c i a l cost of operation under those c o n d i t i o n s . The 

23 expected s o c i a l cost i s c a l c u l a t e d by weighting the cost at a given 

24 load by the p r o b a b i l i t y of the given load determined by the t y p i c a l 

25 annual load curve and the s t o c h a s t i c f l u c t u a t i o n s or randomness t o be 

expected i n t h i s load curve. This y i e l d s an expected t o t a l s o c i a l cost of 

27 operating f o r a given year at a given reserve margin. 
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T- The program then adds t o t h i s expected cost of op e r a t i o n , the 

2 incremental f i x e d costs associated w i t h the c a l c u l a t e d generation mix. 

3 This includes f i x e d operation and maintenance costs, annulized c a p i t a l 

4 costs, and f i x e d c a r r y i n g charges such as depreciation-and taxes. This 

5 y i e l d s a time stream of t o t a l incremental s o c i a l costs a t a given reserve 

6 margin. These costs are then discounted t o a s i n g l e year's constant 

? d o l l a r s . 

s A more d e t a i l e d d e s c r i p t i o n o f each module f o l l o w s : 

9 MODULE #1: Generation Expansion 

10 The operation of t h i s module i s shown i n Figures 2 and 3. Given 

H an hourly load curve L C ( T ) f o r a u t i l i t y , we c a l c u l a t e the load 

12 duration curve defined as 

13 8760 

15 

17 

J.S 

(1) LDC-1(MW0) = /LC(T)dT X L o g i c a l + /LC(T)-MW 0| 

J o ^ 
,+ J l i f L C ( T ) " MW 

where l o g i c a l = \ 0 , 
16 0̂ i f L C ( T ) < MW0> 

For MW1 and MW2 shown i n Figure 2, LDC 1 (MŴ ) and LDC'^Mt^) are 

19 both equal t o the i n t e g r a t e d length of the broken l i n e s shown. LDC~1(MW0) 

20 i s the number o f hours i n a year where the load i s greater than or equal 

21 t o MW . 
o 

22 For a c a l c u l a t e d load d u r a t i o n curve (see Figure 3) we decompose 

23 the area under the curve, i . e . , the energy requirements of the system, 

24 i n t o a set of d i f f e r e n t i a l energy elements which represent the energy 

25 corresponding t o a given l e v e l o f load MW and required by the system 

26 f o r LDC(MW*) hours. 
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J- Below the load d u r a t i o n curve i n Figure 3 are cost curves f o r a 

2 s e l e c t i o n o f f a c i l i t i e s , both o l d and new. These are c a l c u l a t e d as the 

3 cost ( i n d o l l a r s ) of a u n i t of generating technology i operating f o r 

t hours among a l t e r n a t i v e s a, b, c and d. For example, c i s the cheapest. 

5 way of p r o v i d i n g energy at MW megawatts f o r t hours as r e q u i r e d by the 

6 system. 

7 The module searches a l l such d i f f e r e n t i a l bands of energy, s t a r t i n g 

8 w i t h base load energy, f i n d s the minimum cost means of serving t h a t 

9 energy, and then assigns a u n i t megawatt of t h i s optimal technology t o 

10 the mix. The i n d i v i d u a l costs of each d i f f e r e n t i a l band are then summed 

11 t o produce the t o t a l cost of supply. 

12 C a l c u l a t i n g the Reserve Margin 

Were we t o f o l l o w t h i s procedure over the e n t i r e load d u r a t i o n 

14 curve, we would indeed determine a l e a s t cost mix of p l a n t s whose t o t a l 

15 capacity i s e x a c t l y equal to the peak load. I n f a c t , i t i s prudent f o r 

16 u t i l i t y planners t o account f o r the p o s s i b i l i t y of supply requirements 

17 i n excess of peak loads due t o such contingencies as forced outages, 

IS u n c e r t a i n t y i n load, -forecast e r r o r , e tc. The excess of supply r e l a t i v e 

19 to peak i s termed reserve. 

20 ESGEN ca l c u l a t e s the reserve i n the f o l l o w i n g manner ( i l l u s t r a t e d 

21 schematically i n Figure 4). For every d i f f e r e n t i a l energy element at 

22 a given load, Module I f i r s t c a l c u l a t e s the l e a s t cost f a c i l i t y capable 

23 of meeting the load. I t then t e s t s to see whether the p l a n t can run t 

24 hours i n l i g h t of i t s maximum annual capacity f a c t o r entered as data. 

25 Where t h i s indeed l i m i t s operation t o less than t , the c a p i t a l cost i s 

m u l t i p l i e d by t/(MAX t ) , and y i e l d s the cost per derated k i l o w a t t . 



E x h i b i t (DS-A) 

1002a 
Sheet 12 o f 19 

FIGURE 4 
Schematic Flow Chart o f O p t i m a l 

G e n e r a t i o n Module (Module I ) 
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J- I f t h i s expanded cost i s s t i l l o p t i o n a l , the module introduces 

2 (t/MAX t ) - l of t h i s f a c i l i t y ' s capacity as reserve. 

3 Reserve i s accumulated u n t i l the s p e c i f i e d reserve margin i s 

4 exceeded. Where the reserve i s never exceeded throughout the c o s t i n g 

5 i t e r a t i o n procedure, the program introduces a sequence of unused p l a n t s 

6 as reserve. These w i l l include e i t h e r o l d p l a n t s which had not h e r e t o f o r e 

7 entered the optimal mix or new generics i n order o f i n c r e a s i n g costs.. 

S This sequence terminates once the reserve margin i s exceeded. 

9 Capacity Assignments 

10 Module #1 i s capable at the users' o p t i o n o f assuming a market 

11 f o r excess capacity from any given f a c i l i t y . I n t h i s case, the program 

12 would mandate a given ( o p t i o n a l ) number of megawatts from a p a r t i c u l a r 

"1 f a c i l i t y . This amount would be wholly independent of the size o f the 

14 f a c i l i t y . I m p l i c i t l y we are assuming here t h a t the u t i l i t y can mandate 

15 c o n s t r u c t i o n of the p l a n t and then assign the excess over i t s own 

15 needs- to some other e l e c t r i c a l supply system at cost. 

17 Where the assignment of a r b i t r a r i l y small p o r t i o n s o f a power p l a n t 

IS to another u t i l i t y i s assumed t o be u n r e a l i s t i c , as i t u s u a l l y i s , the 

19 program i s able at the users' o p t i o n t o round o f f the capacity included 

20 w i t h i n a s i n g l e u t i l i t y ' s mix t o any given block size or f r a c t i o n of the 

21 o v e r a l l capacity of the p l a n t . This allows f o r the scenarios of no 

22 assignments or assignment i n d i s c r e t e blocks. 

2 3 Energy L i m i t e d Generation Options 

24 Module I can accommodate the p o s s i b i l i t y o f such options as run-

25 o f - t h e - r i v e r hydro, pumped storage, or economic energy imports, where the 

^ l i m i t a t i o n on o v e r a l l use i s constrained on the basis of energy as w e l l 

27 as power capacity. 
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The Use o f Incremental Costs 

2 I t should be noted t h a t the d e f a u l t o p t i o n on Module I i s t h a t 

3 c a p i t a l costs include only the incremental r a t h e r than the f u l l costs 

4 of c a p i t a l . I f a p l a n t has been i n operation f o r twenty years, the 

5 f i x e d costs already long committed do not play a r o l e i n the economic 

6 comparison w i t h other p l a n t s . Current c a r r y i n g charges and f i x e d 

7 O and M are r e l e v a n t , however, and are included as f i x e d charges i n 

8 the cost comparison. 

9 This d e f a u l t option can be waived f o r p l a n t s where c a n c e l l a t i o n 

10 implies a f u l l or nearly f u l l recovery of costs of i t s c o n s t r u c t i o n to 

11 date,, e i t h e r through tax w r i t e o f f s or assignments of capacity. 

12 MODULE #2: Economic Dispatch 

13 Given the generation mix selected, the operation of t h i s module 

14 proceeds f i r s t by d e f i n i n g a given load l e v e l and then by ranking 

15 generation options (plus economy imports) i n order of in c r e a s i n g operating 

16 cost i n c l u d i n g f u e l cost, v a r i a b l e cost of operations and maintenance, 

17 and v a r i a b l e costs due t o reduced e f f i c i e n c y as a consequence of 

18 environmentally mandated r e t r o f i t s . 

19 The program successively loads p l a n t s i n order of i n c r e a s i n g 

20 operating costs. I t t e s t s whether the p l a n t i s i n f a c t o n - l i n e 

21 by generating a random number between 0 and 1 and a s c e r t a i n i n g whether 

22 t h i s number i s less than the p l a n t forced outage r a t e . I f the t e s t i s 

23 p o s i t i v e , the p l a n t i s assumed o f f l i n e and the program proceeds t o 

24 the next p l a n t u n t i l a l l plants have been dispatched. 

25 Non-Generation Options 

*>5 The above procedure i s i t e r a t e d u n t i l , such time as the hourly load 

27 i s exhausted. Where the t o t a l i t y of generation options i n c l u d i n g economy 
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1 imports i s i n s u f f i c i e n t t o meet load, the f o l l o w i n g sequence of non-

2 generation options i s invoked, i n the order l i s t e d . 

3 I . Emergency imports 

4 I I . C o n t r o l l e d access hot water heating 

5 I I I . C o n t r o l l e d access space heating 

6 IV. C o n t r o l l e d access a i r c o n d i t i o n i n g 

7 V. I n t e r r u p t a b l e c o n t r a c t s 

8 V I . V o l u n t a r y appeals 

9 V I I . 5% voltage reductions 

10 V I I I . 8% voltage reductions 

11 IX. Limited and r o t a t i n g blackouts 

12 X. F u l l system blackouts 

13 I n the course of the dispatch procedure, the operating costs 

are accumulated. The costs of non-generation supply i s accounted f o r 

15 at very conservative or high values on the basis of the most recent 

16 s t u d i e s . 

17 Together these costs define the expected operating cost f o r a 

18 given load and a s i n g l e s i m u l a t i o n . These expected costs are then 

19 averaged over a large"number of simulations as s p e c i f i e d by the user, 

20 i n order t h a t average simulated p l a n t a v a i l a b i l i t y match the h i s t o r i c a l 

21 data. 

22 Planned Maintenance 

23 For each load a p a i r of expected costs are s p e c i f i e d . During one 

24 p o r t i o n of the year, we assume t h a t planned maintenance i s p o s s i b l e : d u r i n g 

2 5 the peak demand pa r t s o f the year, planned maintenance i s precluded. The 

26 costs are c a l c u l a t e d f o r the planned maintenance period by d e r a t i n g the 

capacity of a l l p l a n t s . The d e r a t i n g f a c t o r i s equated t o the length 
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1 of the maintenance (or r e f u e l i n g ) period d i v i d e d by the length of the 

2 season over which maintenance i s allowed. For the no maintenance pe r i o d 

3 no d e r a t i n g i s imposed. 

4 Defining the Expected Cost Function 

5 Figure 5 shows the range of loads over which expected costs are 

6 c a l c u l a t e d by Module I I . Both peak and minimum annual loads are subject 

7 to some random v a r i a t i o n . Given assumed p r o b a b i l i t y f u n c t i o n s f o r these 

g parameters, we extend the range upward from the peak and downward from 

9 the minimum a given number of standard d e v i a t i o n s ( t ) as defined by 

10 the user. This generates a f u n c t i o n of the f o l l o w i n g form: 

11 

12 Expected operating Cost =f { t o a d , Maintenance/No Maintenance J-

13 ^minimum b " T ) ~ Load - (peak Peak+b 0t) 

i 

15 MODULE I I I : C a l c u l a t i o n of Load P r o b a b i l i t i e s 

16 Given an expected annual load curve, LClT), Module I I I assumes f o r 

17 each hour of the year a normal p r o b a b i l i t y d i s t r i b u t i o n , w i t h expected 

18 value LC(T) and a standard d e v i a t i o n equal t o A 0 X L C { T ) w i t h A 0 defined 

19 by the user. I n other words, the dis p e r s i o n corresponding t o any load 

20 value i s d i r e c t l y p r o p o r t i o n a l t o the magnitude of the load. 

21 Given t h i s p r o b a b i l i s t i c f o r m u l a t i o n , the program c a l c u l a t e s the 

22 j o i n t p r o b a b i l i t y f u n c t i o n 

23 

24 P{Load, Maint/No M a i n t ) , 

25 

26 which describes the p r o b a b i l i t y of a given load assuming e i t h e r t h a t i t 

7 occurs during the no maintenance or the maintenance season. The user 
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inputs those hours of the year where maintenance i s possible. Using 

2 the desired p r o b a b i l i t y f u n c t i o n s , the module sums the p r o b a b i l i t y of 

3 a given load over a l l hours of the year where maintenance i s possible 

4 and then over a l l hours of the year where maintenance i s disallowed. 

5 MODULE IV: The C a l c u l a t i o n of Expected Social Cost 

6 This module computes expected s o c i a l cost a t a given reserve 

1 margin by weighting the c o n d i t i o n a l values found i n Module I I w i t h 

8 the p r o b a b i l i t y values c a l c u l a t e d i n Module I I I . This y i e l d s the 

9 expected operating cost at a given reserve margin. To t h i s are 

10 added the f i x e d costs associated w i t h the optimal generation mix output 

11 from Module I . 

12 I n mathematical terms: 

14 TOTAL SOCIAL COST = Tot a l Fixed Cost (Reserve Margin, Year) 

15 + ̂ QQ̂ g P r o b a b i l i t y (Load, Maint) xExpected Operating Cost 
(Load, Maint) 

+ L o a d s P r o b a b i l i t y (Load, No Maint) xExpected Operating Cost 
17 (Load, No Maint) 

IS 

19 MODULE V: The Optimal Reserve Margin 

20 This f i n a l module consists of two steps: 

21 A. The expected s o c i a l cost f o r each year at a given reserve margin 

22 i s discounted by the nominal s o c i a l r a t e of discount. The o v e r a l l 

23 present value of the cost stream i s then c a l c u l a t e d over a user 

24 defined time i n t e r v a l . 

25 B. The program searches among discounted streams f o r a l l allowable 

reserve margins and s p e c i f i e s t h a t margin where t o a l expected 

27 s o c i a l cost i s minimized. 
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i Output Format 

2 Apart from t o t a l expected l e v e l i z e d s o c i a l cost and the optimal 

3 reserve margin, the model generates a large q u a n t i t y of a d d i t i o n a l 

4 i n f o r m a t i o n . E x h i b i t C displays sample output from the program. The 

5 a c t u a l reserve margin i s always greater than the t a r g e t when the 

6 assignment o p t i o n i s l i m i t e d and p l a n t s have to be incorporated i n 

7 w e l l - d e f i n e d increments. 

8 Under the heading o p t i o n are l i s t e d supply options e n t e r i n g the 

9 optimal mix at a l e v e l greater than zero. For each of these options 

10 expected t o t a l hours of operation and expected energy generated i s 

11 p r i n t e d out. Hours are disaggregated i n t o hours w i t h i n the allowed 

12 maintenance pe r i o d and hours where no maintenance i s allowed t o occur. 

13 Also l i s t e d f o r each o p t i o n are rate d c a p a c i t i e s and capacity f a c t o r s . 

F i n a l l y , the expected costs associated w i t h each o p t i o n are disaggregated 

15 • i n t o four categories: energy, v a r i a b l e operations and maintenance, 

16 c a r r y i n g charges, and c a p i t a l costs. For f a c i l i t i e s c u r r e n t l y on l i n e , 

17 c a p i t a l costs are accounted at t h e i r incremental values only. For 

18 f a c i l i t i e s under c o n s t r u c t i o n , c a p i t a l costs are accounted a t e i t h e r 

19 f u l l or incremental cost depending on the p a r t i c u l a r scenario. F a c i l i t i e s 

20 planned but as yet not constructed are, of course, always accounted a t 

21 f u l l cost. 

22 

23 

24 

25 

26 
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Nf inELIST PEi 

BARBS 
BARB7 
CHEST7 
CHESTS 
CHESTS 
C1?0NB1 

B CR0MS2 
9 Ct?QYll 

XO CJ?DY12 
11 CI?OY2l 
12 CRQYZ2 
13 CR0Y3 L 
14 CR0Y32 
15 Cf?0Y4l 
IG CR0Y4-2 
17 D£LA7 
18 UELME 
13 DELA9 
ZO DELALO 
11 DELAll 
22 DELAi2 
23 EDDY I 
Z4 EtjDYZ 
25 EUDYJ 
IS E0DY4 
27 E0DY1O 
ZB EDDY20 
13 EDDY30 
30 EDDY40 
31 FALLS1 
32 FAULSZ 
33 FALLS3 
34 MQSER1 
•35 HOSERZ 
3G n0SER3 
37 MUDDY 1 
38 MUDDY2 
39 MUDDY3 
40 MUDDY4 
41 MUDDY5 
41 MUDDY6 
43 MUDDY? 
44 MUDDYS 
45 PEACH2 
46 PEACH3 
47 DIESEL 
4B PLMT9 
49 PL,'1T15_ 
50 RICH9 
51 RlCh2J 
52 RlCHZZ 
53 RICH31 
54 RICH3Z 
55 RICH41 
55 RICH42 
57 RICH43 

PTYPE 

3_ 
3 
3 
3_ 
3 
3 

_ i _ 
1 
2 
2 
Z 

FTYPE CAP 

17. 

FOUTR FUEL UAROP FIXCAP 

0.042 0.025 0.0142 

F:XCC 

0. 72 

MAINT CAPFAC 

19. 
17. 

13. 
13. 

13 7_, 
""183. 
49. 
43. 
49. 
43. 
43, 

0 . 2 3 2 
0.073 
0.089 
0.089 
0.089 
0.140 
0.151 
0.323 

0.323" 
0.323 
0.323 

0.026 
0.026 
0.058 
0.058 
0.058 
0.015 
0.046" 
0.048 
_0.q48_ 
0"."048 
0.048 
0.048 

0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 1 4 2 

~0\"0142 
0 . 0 1 4 2 
0 . 0 0 3 4 

0 . 0 0 3 4 
0 . 0 0 4 7 
0-j3047_ 
0 ^ 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 4 7 

0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 

1 4 . 6 1 
0 . 2 7 

__t3.27^ 
6 . 2 7 
0 . 2 7 
0 . 2 7 

I S 80 
672 
672 

1344 
168 
336 

1344 
3 3 6 

0 
0 
0 
0 
0 

49. 
49. 
48. 

126. 
124, 
13. 
13. 
13. 
13, 

"301" 
311 . 
380. 

13. 
13. 
i s ; 
15. 
15. 
Ts; 
15. 
15. 
15. 
15. 

110. 

0.323 
0.323 
0.323 
6.040" 
0.040 
0.042 
"07(539" 
0.089 
0.083 

" 0 7 1 8 0 
0 . 2 0 0 
0 . 2 3 0 

T>T23S-
0 . 0 8 9 
0 . OSS 
0 . 6 4 2 
0 . 0 4 Z 
0 . 0 4 2 
0 . 0 4 2 
0 . 0 4 2 
0 . 0 4 2 
' 0 . 0 4 Z 
0 . 0 4 2 
0 . 0 9 2 

0.048 
0.048 
0.048 
0"; 038 
0.038 
0.065 

1*7065" 
0 . 0 6 5 
0 . 0 6 5 
0 . 0 1 4 
0 . 0 1 5 

_ 0 . 0 4 5 
0 7 ^ 4 5 " 
0 . 0 3 8 
0 ^ 0 5 8 
6 . 0 5 8 
0 . 0 5 8 
0 . 0 5 8 
" 6 . 0 5 8 
0 . 0 5 B 
0 . 0 3 3 
6." "059 
0 . 0 5 3 
0 . 0 

0.0047 
0.0047 
0.0047 
0.0027 
0.0027 
0.0142 

0.27 
0.27 
0.27 
8.14 
8.14 
0.72 

"T)Tiyr42" 
0.0142 
0.0142 
"6:0030 
0.0030 
0.0030 

"intrô 'o 
0.0142 
0.014Z_ 
' 0". 0142 
0.0142 
0.0142 
^JTO142' 
0.0142 
0.0142 
0.0142" 
0.0142 
0.0 

110. 
110. 
110. 

" i Io" 
110. 
_110. 
110. 
447, 
433. 

0.092 
0.092 
0.092 
0.092 
0.092 
0.092 

0.0 
0.0 
0.0 
'670" 
0.0 
0.0 

0.0 
0.0 

o._o 
0.0 
0.0 
0.0 

0.0S2 
0.200 
0.200 

0.0 
0.004 
0.004 

0.0 
0.0009 
0.0003 

13, 
29. 
29, 

0.850 
0.413 
0.413 

0 . 0 4 8 
0 . 0 6 4 
0 . 0 6 4 

0.0009 
0.0142 
0.014Z 

~ 0 7 7 r 
0 . 7 2 
0 . 7 2 

"10.17 
IO. I 7 

J _ U 9 5 
1 1 . 9 5 " 

0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 

- 0 - . 7 2 
0 . 7 2 
0 . 7 2 

' 0 . 7 2 
0 . 7 2 

_ 2 . 7 4 
2 . 7 4 " 
2 . 7 4 

_ 2 . 7 4 
2 . '74 
2 . 7 4 

_2_ : J4_ 
2 . 7 4 

1 7 . 4 2 
_17,42_ 

0 . '72 
0 . 7 2 
0 . 7 2 

1 6 6 . 
3 3 . 
3 3 . 

0 . 1 5 0 
0 . I l l 
0 . 1 1 1 

3 3 ; 
3 3 . 
2 1 . 
2 1 . 
2 1 . 

0 . 1 1 1 
0 . 1 1 1 
0 . 2 1 6 
0 . 2 1 6 
0 . 2 1 6 

0 . 0 3 3 
0 . 0 5 5 
0 . 0 3 5 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 5 3 
0 . 0 5 5 
0 . 0 5 5 

0.0043 
0.0142 
0.0142 
0.0142 
0.0142 
0.0142 
0.0142 
0.0142 

23.39 
0.72 
0.72 
0.72" 
0.72 
0.72 
0.72 
0. 72 

0 
0 
0 

""336" 
336 
840 

"~672~ 
672 
672 

1680 
1344 
_33G_ 
1680 
672 
672 

"i6B0 
1680 
1008 
840 
1G8 
168 
168 
840 
336 
336 

0 
0 
0 
0 

672 
" 672' 
940 
940 
336 
33G 
336 
IBS 
S72 

_672 
336 
336 
1008 
1008 
1008 

0. 30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.71 
0.81 
0.30 
0. 30 
0.30 
0.30 
0.30 
6.30 
0.30 
0.3O 
0.35 
0.65 
0. 30 
'o;3o 
0.30 
0.30 
0. E3 
O.SS 
0.71 
6.56 
0.30 
0.30 
6. 30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.3C 
0. 3C 
0. l£ 
O'.'iE 
0. IS 
0. l£ 
O.'lE 
0. 1£ 
0. IE 
0. IS 
0.7C 
0.7C 

0.3-: 
0.3C 
0.3C 
"o.e: 
0.3'." 
0.3C 
0. 3<:. 
0.3*: 
0. 3C 
0.3« 
0.3i 
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5S 
59 
90 
61 
GZ 
63 
64 
65 
Go 
G7 
GG 
69 
70 
71 
71 
73 
74 
75 
75 
77 

7a 
75 
GO 
61 
82 
G3 
84 
85 
86 
87 
88 
89 
30 
Si 
ar 

52 
94 
55 
SE 
S7 
98 
39 

100 
101 
IOZ 
103 
104 
105 
106 
107 
108 
109 

no 
111 
112 
113 
114 
115 
116 
117 

RICh44 
RICH5i 
RICH52 
RICH61 
RICH62 
RICH71 
RICH7Z 
RICHGl 
RICH91 
RICH92 
SCHY1 
SCHY3 
SCHYS 
SCHY10 
SCHY11 
SOUTHl 
SOUTH2 
SuUTH3 
S0UTH4 
SOUTHS 
SOUTHS 
CGNEHI 
CONEnZ 
CONEMO 
KEYSTl 
KEYSTZ 
KEYSTD 
SALEni 
SALEH3 
C0N01 
CONOZ 
CQNQ3 

C0N04 
CONOS 
C0N06 
CQNO? 
C0N08 
C0N09 
CONOlO 
CONOU 
SALEF12 
LIMERIKI 
LinERIKZ 
GNUC 
GC0HL3 
GCOALG 
QC0AL10 
COMBINED 
OILCYCLE 
PKGCT 
ECONOMY 
EMRGENCY 
INTERUPT 
LMHU 
LM9H 
LMAC 
VOLAP 
6RN0UT5 
BRN0UT8 
PARTIAL 

6 
6 
S 

" "S 
G 
6 
6 

99 

4 21 , 
4 33. 
4 33. 
_4 33. 
4 33. 
4 21 , 
4 21, 

0.216 
0.111 
0.111 
0.111 

51 
S I 
51 

^ 159. 
3 4 9 , 
3 3 2 . 
4 13. 
4 15. 
3 178 . 

0 . U l 
0 . 2 1 G 
0 . 2 1 6 
0 . 2 6 9 
0 . 2 6 9 

_0 L 259_ 
0 . 1 5 0 
0 . 120 
0 . 1 2 0 
0 . 0 8 9 
0 . 0 4 2 
0 . 130 

178-. 
13. 
13. 

" ts: 
13. 

176. 
176. 
2. 

173. 
"173. 

2. 
469. 

0.130 
0.093 
0.089 
0". 099' 
0.089 
0.379 
0.3S1 
0.060 
0.273 
" 0". 265 
0.092 
0.200 

~IS" 
36. 
36. 
"36. 
36. 
36. 
"36. 
3G. 
63. 
65. 
65. 
65. 

7 
7 
7 
1 f 7 4" 
I 1055. 
1 1055. 
1 10000. 
2 10000. 
Z 10000. 
"2 10000. 
2 10000, 
_3 10000. 
4 idOOO, 
5 913. 
5 500. 

0 . 0 4 3 
0 . 0 9 0 
0 . 0 9 0 
"OTDSO 
0.090 
0.090 
"0.090" 
0.030 
0.030 
""07690" 
0.090 
0.090 
"0".i6<r 
0.160 
0. 160 
"0.160 
0.160 
0.210 
0.2G0 
0.110 
0. 110 
0.050 
0. 100 
0.500 

0 . 0 3 5 
0 . 0 5 8 
O . ' / f 2 
0 . 0 5 8 

0.0142 
0.014Z 
0.0142 
0.014Z 

0 . 0 3 8 
0 . 0 3 3 
0 . 0 5 5 

" 0 . 6 5 0 " 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 3 5 " 
0 . 0 1 6 
0 . 0 6 0 

0.060 
0.060 
0.050 
0.050 
0.063 
0.063 
0.063 
0.053 

_0.014_ 
0 . 0 1 4 
0 . 0 4 8 
0 . 0 1 4 

"6 ."01 4 
0 . 0 4 B 
0 . 0 0 4 

•"07^56' 
0 . 0 
0 . 0 

" 0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

"070" 
0 . 0 
0 . 0 

-O70"O4" 
0. 004 
0.004 
0.004 
0.014 
0.014 
0.014 
0.012 
0.040 
"0.048 
0.046 
0.096 

0.014Z 
0.0142 
_0.0142 
0".0l42"" 
0.0142 
_0.0l42_ 
0 70030 
0.0030 
0.0030 
0.0142 
0.0142 
0.0019 
0.0013 
0.0142 
0.0142 
0.0142 
0.0142 
_0.00l3 
0.0013 
0.0142 
0.0023 

" 0 . 0 0 2 3 
0 . 0 1 4 2 
0 . 0 0 1 0 

0. 
8 4 . 

0 , 

0 . 0 
0 . 0 
0 . 0 

5 0, 
5 170 , 
5 150 . 

"s TOD: 
5 1 0 0 0 0 . 

0 . 0 
0 . 0 
0 . 0 

~07Ti" 
0 . 0 

0 . 0 
0 . 2 0 0 
0 . 2 0 0 

"07200" 
0 . 2 0 0 
0 . 1 0 0 

"tfTTSO" 
3 . 0 0 0 0 . 0 

0 . 0 
0 . 0 

" 6 . 0 
0 . 0 
0 . 0 

" " 0 . 0 
0 . 0 
0 . 0 

""07 0 
0 . 0 
0 . 0 

0 . 0 0 1 0 
0 . 0 0 1 0 
0 . 0 0 1 0 ' 
0 . 0 0 3 4 
0 . 0 0 3 4 

' 6 . 0 0 3 4 
0 . 0 0 3 9 
0 . 0 0 3 0 

V . 0 1 4 2 ' 
0 . 0 
0 . 0 

o".o 
0 . 0 
0 . 0 

" ~ 0 . 0 
0 . 0 
0 . 0 

— 

— 
0 . 
0 . 

"rr82; 
1508. 
1509. 
2913. 
1050, 
1000, 
1150, 
1410. 
520, 
225. 
0. 
0. 

0 . 7 2 
0 . 7 2 
0 . 7 2 
0 ^ 7 2 
6 . 7 2 " 
0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 72_ 

17. '32 
1 7 . 3 2 

_ 1 7 . 3 2 
" 6"."72 " 

0 . 7 2 
9 . 12 
3 . 1 2 
0 . 7 2 

_ 0 . 7 2 
0 . 7 2 
0 . 7 2 
3 . 5 6 
3.56"" 
0 . 7 2 
3 . 3 3 
8 . 3 3 ' 
0 . 7 2 

1 8 . 6 7 
0 7 7 2 " 
4 . 0 0 
4 . 0 0 

" 4 . 0 0 
4 . 0 0 
4 . 0 0 
4 . 0 0 
4 . 0 0 
4 . 0 0 
47 00 
4 . 0 0 
4 . 0 0 

_ 5 6 . 2 G 
6 6 . 7 5 
S 6 . 7 5 

" 1 1 0 . 3 0 
4 5 . 3 2 

_ 4 7 . 0 0 
5 0 . 3 5 
3 3 . 3 3 
2 9 . 4 2 

" "8.71" 
0.0 
0.0 

0. 
0, 

50, 
"so; 
0, 
0, 

—o"; 
o, 

o.o 
o.o 
o.o 
"6 76" 
o.o 
0.0 
"u'.O 
0.0 

1 008 
672 
672 

_33G 
"336" 
1008 
1008 
100B 
2016 
Z01G 
1008' 
84 
84_ 

168 
1680 
336 

""33G" 
840 
840 
168 
168 

_168 
i 5 B " 
169 
B72 
ISO 
0 

840 
"B40 

0 
0 

" 0 
0 
0 
"0 
0 
0 

o 
0 
0 

i l 4 B 
1 148 
1148 
840 
336 
336 
336 
840 
336 

""'lS9 
0 
0 

" 0" 
0 
0 
0' 
0 
0 
~0" 
0 

0.30 
0.30 
0.30 
0.30 
0.30 
0.30-
0.30 
0. 30 
0.30 

0.73 
0.B7 
0.67 
0.30 
0.30 
0.91 
"6.81 
0.30 
0.30 
.30 
.30 
.SO 
.63 

0.30 
O.ES 
0.71 
0.30 
0.70 
"0.30 
0.40 
0.40 
0. 40 
0. 40 
0.40 
"0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0170 
0.70 

70 
70 
80 
75 

0.70 
0.80 
0.85 
0.30 
0.50 
, 10 
, 10 
,25 
10 
. 10 
. 10 
. 10 
. 10 

1.00 
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NAMELIST fcW-i' 

PTYPE FTYPE CAP FOUTR FUEL OAROP F.IXCAP FIXCC MAINT CAPFAC 

1 BARBS 
_2 BAR8S 
3 BARB? 
4 CHEST? 
_5_CHESTB_ 
~ G CHESTS 
7 CROMB1 
8 CR0M8_2 

"9 "CROY11 
10 CR0Y12 
_U_CR0YZ1_ 
12 CR0Y22 
13 CROYSl 
14_CR0Y32_ 
15 CRbY4'l 
IS CR0Y42 
I J DELA7 
18 OELAS 
19 0ELA9 
20 DELAlO 
21"DELA11 
22 DELA12 
23 EDDY! 
24 EuDY2 
25 EDDY3 
2B EDDY4 
"27 EDDY 10 
29 EDDY20 
29 EDDY30_ 
30 EDDY40 
31 FALLS! 
32_FALLSZ 
'33 FALLS3 
34 M0SER1 
35 M0SER2 
36 M0SER3 
37 MUDDY1 
39 MUDDY2 
39 MUDDYS 
40 MUDDY4 
41 MUDDYS 
42 MUDDYG 
43 MUDDY7 
_44 MUDDYS 
45"PEACH2 
46 PEACH3 

•8 PLMT9 

17, 
19. 

49 PLMT15 
50 RICH9 
51 RICH21 
32 RICH22 
53 RICH31 
54 RICH32 
55 RICH41 
5G RICH42 

17. 
13. 

_13. 
13" 

137. 
183. 
49; 
49. 
49. 

0.042 
_0^232 
0.075 
0.069 
.(KO 6 9 

0.089" 
0.140 
0.151_ 
0.323 
0.323 
0.323 

0.026 
0_.026 
"6.02S 
0.058 
0.058 
0.058 
0.015 
0.048 

" 0 . 0 4 8 
0 . 0 4 8 
0 . 0 4 8 

4 9 . 
4 9 . 
4 9 . 
49 , 
4 9 . 

_12S_, 
124 . 

13. 
13. 
13, 
13. 

301 , 
T I T ; 
3 8 0 . 
3 8 0 . 

13. 

I S , 

i s ; 
15 . 
15 . 

i s ; 
15 . 
15 . 
15 . 

U O . 
1 1 0 . 
110 , 
1 1 0 . 
110 . 
1 1 0 . 
n o . 

_110. 
4 4 ? ; 
4 3 9 . 

19 . 
2 3 . 
2 9 . 

1 6 6 . 
3 3 . 
3 3 . 
3 3 . 

0 . 3 2 3 
0 . 3 2 3 
0 . 3 2 3 
0 . 3 2 3 " 
0 . 3 2 3 
0^040_ 
"67040 
0.042 
0.083 
"0.089 
0.089 
0. 180 
"07260" 
0.250 
0.250 

33. 
21. 
21. 

0.083 
0.089 
I' . 042 

~07^"42" 
0.042 
0.042 

.6".0"42 
0 . 0 4 2 
0 . 0 4 2 
0 . 0 4 2 
0 . 0 9 2 
0 . 0 9 2 
0 . 0 9 2 
0 . 0 9 2 
0 . 0 9 2 
0 . 0 9 2 " 
0 . 0 9 2 
0 . 0 3 2 
0 . 2 0 0 
0 . 2 0 0 
0 . 8 3 0 

0.415 
0.415 
0.150 
0.111 
0.111 
0. 111 
0.111 
0.216 
0.216 

0 . 0 4 8 
0 . 0 4 8 

_ 0 . 0 4 8 
0 . 0 4 8 
0 . 0 4 8 
0 . 0 3 8 
0 . 0 3 8 
0 . 0 6 5 
0 . 0 6 5 
0^065 
0 . 0 6 5 
0 . 0 1 4 

^TTOTS 
0 . 0 4 5 
0 . 0 4 5 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 5 8 
"0T059 
0.058 
0^058 
0.058 
0.058 
0.059 
0.059 
0.0 
0.0 
0.0 
0.0 
_0.0 
0.0 
0.0 
0.0 
0 . 0 0 4 
0 . 0 0 4 

_0_ 1048 
0.0"6"4 
0 . 0 8 4 
0 . 0 3 8 
0.035 
0.055 
0 • 058 
0 . 058 
0.055 
0.055 

0 . 0 1 4 2 
0 . 0 1 4 2 
6 . 6 1 4 2 
0 . 0 1 4 2 
0.0_l 42_ 
' 0 . 0 1 4 2 
0 . 0 0 3 4 
0 . 0 0 3 4 
0\"6d47 ' 
0 . 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 4 7 
0 . 0 0 2 7 
0 . 0 0 2 7 
0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 0 3 0 
"O7D03O" 
0.0030 
0_. 0030 
0 ."01 42 ' 
0.0142 
0.0142 
"OTtfl^Z" 
0.0142 
_0.0l42 
6.0142 
0.0142 
0.0142 
0.0142 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
_0.0 _ 
0.0009 
0.0009 
0.0009 
0.0142 
0.0142 
0.0049 
0.0142 
0.0142 
0.0142 
0.0142 
0.0142 
0.0142 

0.72 
0.72 
6.72 
0.72 
0 . 7 2 ^ 
0.72 

11.72 
_14._61_ 
"6. 27 
0.27 

__0.27 
0:27' 
0.27 
0.27 
0.27 
0.27 
_S. 14 
a." i 4 
0.72 

_ 0 ^2 
0.72 
0.72 

10. 17 
~i o; i ? 
11 .35 
_1 1 . 35 
"5772 
0.72 
0.72 

- 0 . 7 2 
0.72 
0.72 

""0.72 
0.72 
0.72 
0.72 
2.74 
2.74 
2. 74 
2.74 

_2.74 
2.74' 
2.74 

_2._74 
17.42" 
17.42 
0.72 

1680 
_672 
872 

1344 
_168 
'336 

1344 
336 
0 
0 
0 

0.72 
0.72 
:3.39 
0.72 
0.72 
_0_.J72 
0.72" 
0.72 
0.72 

0 
0 
0 
O 

336 
33S 
840 
672 

'" 672 
G72 
1680 
1344 
336 

_1680 
672 
672 
1680 
1S80 
1008 
840 

"""168 
168 
166 
840 
336 
33G 
0 
0 
0 
0 

B72 
_ S 7 Z 

840 

840 
336 
336 
336 

_168 
672 
672 

„ 3 3 G 

336 
1008 
1008 

0.30 
0 . 30 
0.30 
0.30 
0.30 
0.30 
0.71 
0.81 
0.30 
0.30 
JD. 30 
0.'30 
0.30 
0.30 
0. 30 
0. 30 
0.85 
6.85' 
0.30 
0.30 
0.30 
0.30 
0.63 
O.SS 
0.71 
_0.56 
0.30 
0.30 
0.30 
0. 30 
0.30 
0.30 
0 .30 
0.30 
0.30 
0.30 
0. IS 
0. 13 
0.19 
0. 19 
0. 19 
0. 19 
0. IS 
0.19 
0.70 
u. 70 
0. 30 

"6.30 
0.30 
0.93 
0.30 
0.30 
0.30 
"0.30 
0.20 
0.30 
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57 
58 
59_ 
60 
Gl 
62 
G3 
64 
65 
66 
67 
68 
"63 
7 0 

71 
~72" 

73 
74 
75 
76 

_ T 7 
78 
73 
80 
81 
82 

_ 83^ 
"84 
85 
86 
"87 
88 
83 
"30" 
91 
32 
S3' 
94 
95 
96" 
97 
98 
'99 
100 
101 
10Z 
103 
104 
105 
106 

J-07 -
108 
109 
110 

RICH43 
RICH44 
RXCH_51 
'RiCH52 
RICH61 
RICH62 
'RICH?!' 
RICH72 
RICHai 
RICH91 
RICH32 
SCHY1 
"SCHY3 
SCMY3 

SCHY10 
"SCrtV'l 1 
SOUTHl 
S0UTH2 
S0UTH3 
S0UTH4 
SOUTHS 
SOUTHS 
C0NEM1 
C0NEh2 
CONEMD 
KEYSTl 
KEYST2 
KEYSTD 
SALEM1 
SALEM3 _ 
CONO'i 
CQN02 
C0N03 
"C0N04 
CONOS 
CDN06 
C0N07 
CONOS 
CONOS 
CONOlO 
CONOU 
SALEMZ 
LIMERIKI 
LIMERIK2 
GNUC 
GCdHL3 
GCOALS 
GC0AL10 
COMBINED 
OILCYCLE 
PKGCT 
ECONOMY 
EMRGENCY 
INTERUPT 

21. 
21. 
33 , 

0 . 2 1 6 
0 . 2 1 6 
0 . 1 1 1 

111 
112 

_ t l 3 
114 
I I S 
116 

LMHU 
LMSH 
LMAC 

117 

VOLAP 
BRN0UT3 
BRNOUTa_ 
PARTIAL 

33, 
33. 

_33. 
21". 
21 . 
51 . 

~S1. 
31. 

153. 
- 49. 
32. 
13. 
i s ; 

179. 
178. 
13. 
13. 
13. 
13. 

176. 
176. 

179. 
_179. 

"2. 
1 468, 
4 16. 
'7 36; 
7 36. 
_7 36. 
7 36'. 
7 36. 
_7 36. 
7 36; 
7 55. 
7 65. 
"7 65. 
7 65. 
1 474. 

~ l i"055. 
1 1053. 
1 10000. 
2 10000. 
2 10000. 
2 10000. 
2 10000. 
3 10000. 
4 10000. 
5 913. 
3 500. 
3 0. 

0 . 1 1 1 
0 . 1 1 1 
O . l l l 

""0.216 
0.216 
0.2G3 

"'0.2G9 
0.263 
0. 150 
" 0 .'120 
0. 120 
0.083 

—07042" 
0. 150 
0. 130 

"0.083 
0.089 
0.099 

'0.089 
0.379 
0.351 
0. OGO 
0.273 

_0. 2S5 
0';092 
0.200 
0.043 
0.090 
0.090 
0.090 
b".'090 
0.090 
0.090 
0.090 
0.090 
0 . 090 
"OTO'SO" 
0.090 
0.260 
0.2G0" 
0.260 
0.260 
0. 1 GO 
0.210 
0. 260 
0. 140 
0. 110 
0.030 

0. 100 
0.300 
0.0 

0.055 
0.055 
_0.058 
0"."058 
0.058 
0.038 
""0.055 
0.055 
0.050 
"0.050 
0.050 
0.035 
"0.016' 
0. OSO 
0 .060 
"076GO" 
0.050 
0.050 
"0.063 
0.063 
0. 083 
"0.063 
0.014 
0.014 
0 . 048 
0.014 

_0 ̂ 01 4 
"b TO 48" 
0.004 
0.056 
0.0 ~ 
0.0 
0.0 
6.0 
0.0 
0.0 
6.0 
0.0 
0.0 

~07"0 
0 . 0 
0 . 0 0 4 
0 . 0 0 4 
0 . 0 0 4 
0 . 004 
0 . 0 1 4 
0 . 0 1 4 
0 . 0 1 4 
0 . 0 1 2 
0 . 0 4 0 

_ 0 A 0 4 S _ 

0 . 0 4 6 
0 . 0 9 6 
0 . 0 

0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0^42 

" 0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 1 4 2 

"0 70142 
0 . O l 4 2 
0 . 0 1 4 2 

' 0 r 0 l " 4 2 
0 . 0 1 4 2 
0 . 0 0 3 0 
0 . 0 0 3 0 " 
0 . 0 0 3 0 

0 . 7 Z 
0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 
0 . 7 2 

" 0 . 7 2 
0 . 72 
0 . 7 2 

—6"."72" 
0 . 7 2 

1 7 . 3 2 
"17 :32 
1 7 . 3 2 

O . 7 2 

0 . 0 1 4 2 
0 . 0 0 1 9 
0 . 0 0 1 9 
0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 1 4 2 
0 . 0 0 1 9 
0 . 0 0 1 9 
0 . 0 1 4 2 
0 . 0 0 2 3 

J I . 0 0 2 3 
0 . 6 1 4 2 " 
O.OOlO 
0 . 0 1 4 2 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

"OT75 
0 . 0 
0.0010 
0.00 lO 
0.0010 
0.0010 
0,0034 
0.0034 
0.0034 
0.0039 
0.0030 
0.0142 

0.0 
0.0 
0.0 

0, 
0, 
0. 
6, 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 

'"' 0. 
0. 

1192. 
1764. 
1764. 
2313. 
1059. 
1103. 
1197. 
1460. 
320. 

_225. 
0. 
0. 
0. 

0.72 
9.12 
3. 12 
0.72 
0.72 
0.72 
0.'72' 
9.56 
9. 56 

"* 0.72 
8.93 

__B.93 
0.72 

19.67 
0.72 
'4 
4. 
4, 

" 4. 
4. 
4, 
4, 
4, 

_4, 
4; 
4, 

64. 
0, 
0, 

0.0 
0.0 
0.0 

3 170, 
3 150. 
5 100. 

0.0 
0.0 
0.0 

99 10000. 0.0 

0.200 
0.200 
0. 200_ 
0.200 
0.100 
0. 150 
S.OOO 

0.0 
0.0 
0.0 

0, 
30, 
50. 

0.0 
0.0 
0.0 
"0.0 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

56.26 
"74.68 
74.69 

110.30 
47.27 
48.78 
51.94 
Gl .01 
29.42 

8 . 71_ 
0.0 
0.0 
0.0_ 
0.0 
0.0 

_ 0.0 _ 

6." 6 
0.0 
0.0 

"0.0 

i OOG 
-.008 

_ a l ~ 
G72 
33G 

__335 
1008 
1008 
1008 
"2016 
20 IG 
100a 

_ " B4 
84 

1 sa 
"1830" 

336 
336 
840 
S40 
168 
168 
168 
1G8 
168 
G72 
168 
0 

840 
840 
0 
0 

o 
0 
0 
0 
0 
0 
0 

~ "' 0 
0 

;i4a 
114a 
1 146 
840 
336 
33G 
336 
S40 
336 

_JGa 
0 
0 

_ 0 
0 
0 
0 
0 
0 

0.30 
u. 30 
0. 30 
0.30 
0.30 
0.30 
0.30 
0. 30 

"0.30 
0. 30 
0.73 
0.87 

o.a? 
0.30 
0.30 
0.81 
0.91 
0.30 
0.30 
0.30 
0.30 
0.60 
0.63 
0.30 
0.65 
0.71 
0.30 
0.70 
0.30 
0. 40 
0.40 
0. 40 

40 
40 

0. 40 
0.40 
0. 40 
0. 40 
0.40 
0. 40 
O.SO 
0. SO 
0. GO 
0. 60 
0 .60 
0. 75 
0. 70 
0. SO 
0.85 
.0.30 
0.50 
1.10 

10 
25 
10 
10 
10 

0.10 
0. 10 
1 .00 
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1017a 

8ARB5 
BARBG 
BARB-
CHEST? 
CHESTS 
CHESTS 
CRGnBi 

B CROflBZ 
S CROY11 

10 CR0Y12 
11 CRDY21 
iZ CRQYZ2 
13 CRQYai 
14 CR0Y3Z 
15 CR0Y41 
16 CR0Y42 
17 DELA7 
IS OELAS 
19 DELA9 
ZO DELAlO 
21 DELAU 
22 DELA12 
23 EDDYl 
24 EDDY2 
25 EDDY3 
Z6 EDDY4 
2 7 EDDY 10 
28 EDDYZO 
Z9 EDDY30 
30 EDDY40 
31 FALLS 1 
3Z FALLS2 
33 FALLS3 
34 MOSERl 
35 M0SER2 
36 M0SER3 
3? MUDDY 1 
3B MUDDY2 
39 MUDDY3 
40 MUDDY4 
41 MUDDYS 
42 MUDDYS 
43 MUDDY? 
44 MUDDYS 
45 PEACH2 
46 PEACH3 
47 DIESEL 
46 PLMT9 
49 PLMT15 
50 RICHS 
51 RICH21 
52 RICH22 
53 RICH31 
54 RICH32 
55"RICH41 
56 RICH42 
57 RICH43 

PTYPE 

"3 
3 
3_ 

" 3 
3 
3_ 

" " l 
1 

FTYPE CAP FOUTR FUEL VAROP FIXCAP FIXCC MAINT CAPFAC 

17. 
19 . 
1 7 . 

0 . 0 4 2 
0 . 2 3 2 
0 . 0 7 3 

13. 
13. 
13. 

137 . 
193 . 

4 9 . 

4 9 . 
4 9 . 
49"; 
4 9 . 
4 9 . 

~59" i 
1 2 6 . 
1 2 4 . 

i s ; 
13 . 
13. 

3 0 1 , 
3 1 1 . 

"1360, 
3 8 0 . 

13. 
13. 
15. 

_ 1 5 . 

is. 
13. 
15. 

0 . 0 8 9 
0 . 0 8 9 
0 . 0 9 9 
0 . 140 
0 . 1 5 1 
0 . 3 2 3 

"S7323 
0 . 3 2 3 
0 . 3 2 3 
"0.323' 
0.323 
0^3 £3 
"6.323' 
0.040 
0.040 
"0;042 
0.089 
0.089 
"07569" 
0.180 
0.200 
"OVZSO" 
0.250 
o.oes 
"oVoas 
0.042 
0.042 
"0.042 
0.042 
0.042 

0 . 0 2 6 
0 . 0 2 S 

J K O 2 6 
0 . 0 5 8 " 
0 . 0 5 8 

J?*0 5 8 

0 . 0 1 5 " 
0 . 0 4 6 
0 . 0 4 8 

0.0142 
0.0142 
_0_. 0142 
0.0142" 
0.0142 
0^0142 
0.0034" 
0.0034 
0.0047 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
11.72 
14.61 
0.27 

1680 
672 
672 

1344" 
169 
336 
1344 
336 
0 

0.048" 
0.04B 
0.048 
0.048 
0.048 
0.048 
"07048" 
0.038 
0.038 
0". 065 
0.065 
0.065 

T)7-065" 
0 . 0 1 4 
0 . 0 1 5 
0 7045 
0 . 0 4 5 
0 . 0 5 8 
'0.038 
0.038 
0.058 
0.058 
0.058 
0.038 

0.0047 
0.0047 
0^0047 
0.0047 
0.0047 
0.0047 
"0.0047" 
0.0027 
0.0027 
0.0142 
0.0142 
0.0142 

,0.0i42" 
0.0030 
0.0030 
"070030" 
0.0030 
0.0142 
0".0i42 
0.0142 
0.0142 
0.0142 
0.0142 
0.0142 

0 . 2 7 
0 . 2 7 
0 . 2 7 

' O ' . Z l 
0 . 2 7 
0._27 
0 . 2 7 
8 . 1 4 
8 . 1 4 
0."72" 
0 . 7 2 
0 . 7 2 

— 0 7 7 2 ' 
1 0 . 1 7 
1 0 . 1 7 

"VITUS' 
U . 9 5 

0 . 7 2 
0". 72 
0 . 7 2 

__0 .72 
0".'72" 
0 . 7 2 
0 . 7 2 

13 . 
15 . 
13 . 

1 10. 
110 , 
110 , 

0 . 0 4 2 
0 . 0 4 2 

_0^042_ 
0 . 0 S 2 
0 . 0 9 2 
0 . 0 9 2 

0 . 0 3 S 
0 . 0 S 9 
0 . 0 5 9 
0.0 
0.0 
0.0 

0.0142 
0.0142 
0.0142 
0.0 
0.0 
0.0 

no. 
no. 
uo. 

0.092 
0.092 
0.092 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

1 10 . 

uo. 
4 4 7 . 
4 3 9 . 

19 . 
2 9 . 
2 9 . 

166 . 
3 3 . 

0 . 0 9 2 
0 . 0 9 2 
0 . 2 0 0 
0 . 2 0 0 
0 . 8 5 0 
0 . 4 1 3 
0 . 4 1 5 
0 . 1 3 0 
0 . I U 

~5T, 
3 3 . 
3 3 . 

"TT 
21. 
21 

O . l l l 
0 . 1 1 1 
0 . 1 1 1 

' £ . 2 1 6 
0 . 2 1 6 
0 . 2 1 6 

0 7 b 
0 . 0 
0 . 0 0 4 
0 . 0 0 4 
0 . 0 4 8 
0 . 0 6 4 
0 . 0 6 4 
0 . 0 3 3 
0 . 0 3 5 

"OTtTSS" 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 3 3 " 
0 . 0 5 5 
0 . 0 5 5 

0.0 
0.0 
0.0009 
0.0009 
0.0009 
0.0142 
0.0142 
0.0049 
0^0142 
"0.0142" 
0.0142 
0.0142 
0.0142" 
0.0142 
0.0142 

0.72 
0.72 

_0.72 
2. 74" 
2.74 
2^74 
2.74" 
2. 74 
2.74 
2.74 
2.74 

17.42 
17.42 
0.72 
0.72 
0.72 

23.38 
0.72 

~0772" 
0.72 
0_._72 
0.72 
0.7Z 
0. 72 

0 
O 

_ 0 
"' " 0 

0 
0 

-~ 0 
336 
336 

' _840 
G7Z 
572 

~S72" 
1680 
1344 

_33G 
1880 
672 
"672 
1680 
1680 
"1008 
840 

1GS 
168 
840 
338 

' 335 
0 
0 
0 
0 

~672 
672 
840 
840 
336 
335 
336 
168 
672 
672" 
336 
336 

loos 
1008 
1008 

0.30 
0.30 
0 .30 
0.30 
0.30 
0.30 
0.71 
O.Gl 
0.30 

"0.30 
0.30 
0.30 
' 0.30 
0.30 
0.30 
0 . 30 
0.85 
0.85 
0.30 
0. 30 
0.30 
0.30 
0.63 
0.65 
'0"."71 
0.3G 
0.30 
0.3C 
o. 3>: 
0.3C 
0.3': 
0.3! 
_0.3< 
0.3' 
0.3' 
0.3' 
0.1 
0. 1 
0. 1 
0.1 
0. 1 
0. 1 
0.1 
0. 1 
0. 7 
0. 7 
o.; 
o.; 
o.: 
O.E 
o.: 
o.. 
o.. 
o.. 
o. 
0. 
0. 
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38 RICH44 
39 RICH51 
60 RICH3Z 
61 RICH61 
6Z RICH62 
63 RICH?! 
64 RICH7Z 
65 RICH81 
66 RICH91_ 
67 RICH92 
68 SCHY1 
69 SCHY3__ 
"70 SCHYS 
71 SCHY10 
72 SCHYil 
•"73 SOUTH 1 
74 SOUTHS 
75 S0UTH3_ 

~76"SDUTH4 
77 SOUTHS 
78 SOUTH6 
•"79 CONEMl 
90 C0NEM2 
81 CONEfID 

""92 K E Y S T T 
83 KEYSTZ 
84 KEYSTD 
85" SALEM 1 
86 SALEM3 
J7_C0N01 
88 CONOg-

89 CONOS 
90 _C0N04 
'gT CONOS' 
92 C0NOG 
93 C0N07 
94 CONOQ 
95 CONOS 
JG CONOlO 
97 C0NQ11 
98 SALEMZ 
88 LIMERIKI 

100 LIMERIKZ 
101 GNUC 
102 GC0AL3 
103 GCOALS 
104 GC0AL10 
105 COMBINED 
106 OILCYCLE 
107 PKGCT 
108 ECONOMY 
103" EMRGENCY 
U O INTERUPT 
111 LMHW 
112 LMSH 
113 LMAC 
114 VOLAR 
115 BRN0UT5 
116 BRNOUTB 
117 PARTIAL 

2 1 . 
3 3 . 
3 3 . 

0 . 2 1 6 
0 . 1 1 1 
O . l l l 

0 . 0 5 5 0 . 
0 . 0 5 8 0 . 
0 . 0 3 8 0 . 

0142 
0142 
0142 

0.72 
0.72 
0.72 

33. 
33. 
21. 

0.111 
0.111 
0.Z1G 

6 
G 
6 
6 
6 
6 
6 
6 

99 

21 
51 
51. 

4 51. 
3 159. 
3 49, 

0.216 
0.269 
0.289 
"0.2GS 
0.150 
0.120 

3 3 2 . 
4 13. 
4 13. 
3 178 . 
3 178, 
4 13. 

13. 
13. 

176: 
1 7 6 . 

2 . 
2 1797 
2 179. 
4 Z. 
1 ?6B; 
4 16. 
7 3 6 . 
7 38 " 
7 3 6 . 
7 3 6 . 
7 "36; 
7 3 6 . 
7 3 6 . 
7 6 5 . 
7 6 5 . 
7 GS. 

0 . 1 2 0 
0 . 0 8 5 
0 . 0 4 2 

""07! 50" 
0 . 1 5 0 

_ 0 . 0 B 3 
O'/OBS" 
0 . 0 8 S 
0 . 0 8 9 
0 . 3 7 5 
0 . 3 5 1 
0 . 0 6 0 

" 0 : 2 7 5 " 
0 . 2 6 5 
0 . 0 9 2 
0 . 2 0 0 
0 . 0 4 3 
_0^090 
0.090" 
O.OSO 
0.090 
0.090 
0.090 
0.030 
0.090" 
0.090 
0.090 

7 65. 
1 474. 
I 1055. 

~ l TOSS: 
1 10000. 
2 10000, 
2 10000. 
2 10000. 
2 10000. 

0.090 
0.260 
0.260 
0.280" 
0.260 
0. 160_ 
"0".2T0 
0.250 
0. 140 

0 . 0 5 8 0, 
0 . 0 5 8 0, 
0 . 0 5 5 0. 
6 . 0 5 5 " 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 0 " 
0 . 0 3 5 
0 . 0 1 8 
0 . 0 6 0 
0 . 0 6 0 

0 . 0 5 0 " 
0 . 0 5 0 
0 . 0 6 3 
0 . 0 6 3 
0.OG3 
0 . 0 6 3 
0" .6 l 4 
0 . 0 1 4 
0 . 0 4 8 

0142 
0142 
0142 

OlO14 6 
0.014 0 
0.048 0 
-07004 0" 
0.056 0 
0.0 0 

0142 
0142 
0142 
0142 
0030 
0030_ 
0030 
0142 
0142 
0019 
0019 
0142 
0142 
0142 
0142 
0019 
0019 
0142 
0023 
0023 
0142 
0"6lO 
0142 
0 

0.72 
0.72 

_0_.72 
0.72" 
0.72 
0^72 
0.72 

17.32 
17.32 
17.32 
0.72 
0.72 
9.12 
9.12 

_ _0.72 
6.72 
0.72 
0.72 
9.'56 
9.56 
0.72 

' "3.33' 
8.93 
0.72 
i3767" 
0.72 
4.00 

U 
0 
0 

"~0" 
0 

_ 0 
0 
0 
0 

"̂ 76" 
0.0 
0.0 
0.0 
0.0 
0.0_ 
0.0 
0.0 
0.0 
TTTo" 0 
0.004 0 
_ ^ 1 0 0 4 _ 0 

0.004 "0 
0.004 
0 . 0 1 4 
0; 014" 
0.014 
0.012 

;o~ 
,0 
,0 
.0"' 
,0 
,0-
.6 
,0 
.0 

47b0 
4.00 
4.00 

0. 
0. 
0. 
"O." 
0. 
0. 

.0 

.0010 

.0010 

. oo'io 

.0010 

.0034 
;0034" 
.0034 
.0039 

10000. 
10000. 

913. 
500. 

0, 
64. 
0. 
0, 

170. 
150. 
100. 

10000. 

0 . 1 1 0 
0 . 0 5 0 

_0_. 100_ 
0 . 5 0 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0.040 0 
0.04S 0 
0^046 0 
0.096 0" 
0.0 

.OOW 
0142 
.0 

• uez. 
1907. 
1307. 
3138. 
1111. 
1154; 
1257. 
1510. 
"320: 
225. 

0. 

0.200 
0.200 
0.200 
0.200 
0.100 
0.150 
5.000 

u. 
0. 
0. 

50. 
50. 
0. 
0. 
0. 

^ 0. 

4,00 
4.00 
4,00 
4.00' 
4.00 
4.00 
4 ;oo' 

fs.ze 
__73. 12 
79". 12 
117.90 
49.05 
"30.83 
S3.S6 

^_62.69_ 
23; 42 
B. 71 
0.0 
0.0 " 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1008 
672 

_ 6 7 2 

336" 
336 

_ i ooa_ 
1008 
looe 
2016 
2016 
1008 
- 8 4 

'94' 

158 
1680 
33G 
33G 

_840_ 
840 
158 
168 
168 
158 

_168 
672 
168 
0 

"840" 
840 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

" 0 
1148 
1 148 
1148" 
840 
336 

' 335 
336 
840 
336' 
168 
0 

0.30 
0.30 
0.30 
0.30 
0.30 
0. 30 
"6.30 
0.30 
0.30 
0.30 
0.73 
0.87 
0.87 
0.30 
0.30 
0.B1 
0.81 
0.30 
0.30 
0.30 
0.30 
0.60 
0.63 
0.30 
0.65 
0.71 
0.30 
.0.70 
0.30 
0.40 
"0.40 
0.40 
0. 40 
0.40 
0. 40 
0. 40 
0.40 
0.40 
0.40 
"0.40" 
0.60 
0.60 
"0.60" 
0.60 
0.80 
"6". 75 
0.70 
0.80 
0.85 
0.30 
0. 50 
1. 10 
1.10 
0.25 
i i o 
1.10 
0.10 
0.10 
0. lO 
1.00 

J 
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EXHIBIT C 

SAMPLE ESGEM RUN 

BASED UPON: 

PECO CONSTRUCTION PROGRAM 

PECO DEMAND FORECAST 

& FULL PECO PLANT CAPITAL COSTS' 
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, 7 . 3 Jv lS 
1 . -• 1' j -

i J - i j j - ' i ; : -
! J . z i . : : 

™ 

I ' — " ; 

. J 

. •;'•: 
' i c 

. . \ 
: 
= - i ; - : 

_*.:•::-'? 
• nc 

f n 
- ; j , i i : j 

:::;?!:: 

THJ 

: : c r s y i 

:-:ErS7i> 

i j '. . 

11-

21. 

1:1. 
2 j . 

3 3 . 
3 J . 
2 3 . 
J J . 

S: 
r j . 

J : . 

; j . 

15. 
i r s . 
i - ' j . 

13 . 
13 . 
13 . 
I J . 

174 . 
17o . 

2 ; 
17? . 
179. 

2 . 

2:-.-.> 

r : . j 

- . Z L . Z : - 7 ^ , J 

.' • ' ; ' - . -•. r . - i 
J J . ' . . •: L ; J . 2 

J 3 . 2 : 2 7 . 3 
•K.V- L > Z . 2 ' 0 3 . 1 

30i3^. 'J - 3 1 2 . - ^CT.i,.1? 
S l . ' - f . i . ^ r " ? . ? 75 S-J . 2 

2 . 1 ' . 2 2 . 4 
j . : . • : : 2 . j 

v . : : . 2 J . 0 
. 2' : . : ^ < - - ^ J . : 
^ 2 - - . . - 2 ' . ; i - i , • ' 

j . : : . . 

C.2 
; .3 
v . : 

1.3 

: •: 
T.l 
J . 4 

. " i - ; . ; i 2 _ ' - . - . i ? 3 - i . . -

. • : 2 . . ; u r ? . ; - f - v - . f 
= j j . ; . . - .S-J . . . ^ 
a^-r .J : I ^ J . J ; i . ; - . : . j 
r j i . ' . - - . . j 

22;n.: m:z.? SA-r-c.r, 
zz-so.z .u-jr.r J - L C J 

rr. i Jt-i, e I T : . r 
i.e 2.2 

2 9 3 1 . 
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1 1 7 P A L T I A L + 0 . 0 0 . 4 0 . 4 0 . 0 J . 9 9 0 . 0 0 . 0 0 . 0 1 . 9 9 0 . t 
1 1 0 T O T A L * I T * U * 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 

o 
o 
o 

SIJHMAh'Y RiriiULTS 

LUKS-OF-LUAl i P R O U M C I L 1 I IK f i i 
1AKT1A1. KLACKOUI3 0 . 0 0 0 1 = 0 . 2 Id 
10' IAL m.ACklHJTli 0 . 0 - 0 . 0 HAY 
ALL CURlAtLMENT OPMOHS 0 . 0 0 0 6 

3 I f l TIC.) .TfAKO 
Lit [ I'M 'iTr-ikH 
. 2 I'AYS l i ! TEN Yfc'AKr. 

ru iAL avsi'EM c i j ' j r * 2405.8 M I L L / D M u?9 ' j> - % 914.0 MILLTOW niTsnmiHTEn-TO 1979) 

TOTAL ELECTR] Cl TY (iENtRATED 42643. CiUII 
INCKEMGHTAL ELECILIOITY COST 5,0 1992 CENTS PER KUH ~ 2.1 1979 CENli! PER KUH 
LOAD KACTDK 59.3% 

I 0 I Al LUU I \i iN I 972 4-111 l.i 11 IN 
EUt'L 0 1 2 . 
u A k i A H L E o^f i j i s . 

CARRYINO CHAROEO 4 9 0 . 
INCREMENT Al. CAP f TAL 8 3 0 . 

U I OCDIIM 1 EH Hi 1 9 / 9 

i i l l ' O R I (IPI lOHSi 
ECONIlin 
Ei-iK(JEMI7. 

COSI' IN 1992 I N I L L I I I r ! 

' t i l 1 LL 11.IN 
7 9 9 , 

4 2 . 
1 0 3 . 
3 0 8 . 

U 1 SCUUNTfTH TO 19 7'.' 

I'OTAi.- r.i)i;i..iLi-itriii n i s i i. 2 . A -
1.LACUIII I COST i I . t i l LL 1 UN 

i i . ! l L I i i i ! ^ J 

^MILLION 
VS. 99 

w. IG 

I. o . i i J L L M)ii (rusci i i iNrEH ru 1979) 
liJLLiu.' j ;iir.';(' 'Oiimi:ii TO 1979) 

ENLKOY IN OOli 
190.'. .9 

I .0 

o 
Mi 

O 
to 
CD 

a 
I 

n 
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EXHIBIT C 

SAMPLE ESGEM RUN 

BASED UPON: 

ESRG CONSTRUCTION PROGRAM 

ESRG DEMAND FORECAST 

ESRG LOW COST AND FULL PLANT CAPITAL COSTS 

R G 



E x h i b i t (DS-C) 

Sheet 7 o f 24 
1027a 

PLANT DATA: ESL: LOAD GROWTH: ESRG RESERVE FIARGINS: INPUT 6.0V.; ACTUAL 5.57. 

176 

i 7S 
•J£3 

'S? 

SS 

s; 

-Alf.T N C - A : N 7 TOTAL 

--»a 

3 . 7 

2 ~3 
T j f g ; 
7 46?* 
Z 4311 

: 693 

9 10S3 
5 i c e s 

: IC-IJ 

2 '.v ' fE 

r : 401 

4 fi207 
- - ; S 4 . : 
f 1 0 . 5 
£ ^ S . S 
4 4C-50 . I 
5 4 - 1 1 . 0 
S 3 ^ 5 0 . 5 
3 Jd i>5 .5 

S 2 
0 ~1Z'- . -

- - l a i 

- 1 :30 
: 1 :01 

= : ; 3 S 

G 2154 
: 
4 37S? 
e 4011 
s 73 
e ? : 

1. 

i s i a . * 
. 1 1 2 3 1 . 1 
.? S994 .S 
. : i a * . ; 
. c 1*4 .7 
. £ 1 4 9 . 3 
. 3 1 0 4 . a 
.3 7393.7 
.0 7723.7 
.7 GSSS.Z 
.: 543".9 
. 2 S33.3 

1049.S 
4 1B71.4 
0 1873.3 
: 1983.7 

5 1753.7 
2 1540.-
5 193S.7 
0 Z1S4.7 
1 I l S S . l 
0 6846.4 
1 S7S3.4 
5 30 . 1 
S SZ3e.5 

S5S1 .G 
7332.6 
3387.1 
3S30.S 
S238.3 
5407.3 
S 7 2 i . 2 

Z 3393.3 
1 3393.9 
9 3684.1 
0 3363.4 
3 33EB.? 
1 3536.3 
G 3G17.0 
0 3751.G 
3 3703.fl 
0 3631.B 
3 3376.6 
3 3839.3 
7 6471.4 
3 33.1 
3 107.1 
3 79.3 
Z 23.3 
3 20.3 
7 7.3 
0 0.0 

ANNUAL 
CAPFAC 

0 . 3 0 6 
0 . 3 0 6 
0 . 3 0 B 
0 . S 6 6 
0 . 0 1 3 
O.OZO 
0 . 0 1 7 
0 . 0 1 2 
0 . 3 1 3 
0 . 8 3 6 
0 . 3 S I 

o.sia 
0.038 
0.067 

0.206 
0.215 
0.201 
0.210 
0.Z10 
0.2=3 
0.226 

• 0.702 
0.694 
0.003 
O.SGO 
0.533 
0.833 
0.B03 
0.S33 
0.637 
0.717 
0.638 
0.410 
0.410 
0.421 
0.407 
0.407 
0.406 
0.413 
0.423 
0.*23 
0.415 
0.403 
0.373 
0.336 
0.004 
0.011 

o.oos 
0.003 
0.001 
0.0 
0.0 

COSTS i n l L L l O N S OF L 9 B I DOLLARS} 
ENERGY VARQiM CARCHG CAPITAL TOTAL GUH GENERATED 

1.34 
1.71 
1 .34 

13.73 
0.46 
0.50 
0.42 
0.23 

41.38 
41.73 
24.32 
23.82 
6.36 

12. 13 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

11.88 
12. 49 
0.03 

43.30 
40.67 
G.32 

14.76 
13.48 
16.30 
17.81 
13.40 
0.0 
0.0 
0.0 

o-.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

11 .26 
171.30 

1.90 
1.43 
2.11 
0.42 
0.18 
13.87 
0.0 

0.76 
0.34 

0.03 
2.83 
2.86 
3.43 
3.89 
0.43 
0.79 
0.0 
O.O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.89 
2.80 
0.00 
3.49 
3.36 
1.23 
2.06 
2. I S 
2.73 
3.01 
3.34 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
2. SO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.01 
0.02 
0.01 
1.87 
0.02 

o.oz 
0.02 
0.02 
1.20 
1.18 
3.37 
3.69 
3.30 
5.30 
0.35 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.35 
3. OB 
8.32 
0.02 
4.33 
3.21 
0.9S 
1 .36 
1 .SS 
1.86 
1 .86 

10. 13 
0. 17 
0. 17 
0.17 
0.17 
0.17 
0. 17 
0. 17 
0.30 
0.30 
0.30 
0.30 

31.10 
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 
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 
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 
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 
0.0 
0.0 
0.0 
0.0 
0.0 

2.31 
2.57 
2.32 

19.32 
0.34 
0.56 
0. 47 
0.34 

4 5 . 4 1 
4 5 . 7 7 
3 3 . 3 4 
3 8 . 4 0 
1 2 . 7 0 
1 9 . 2 2 
0.35 
0.35 
0.33 
0.35 
0.33 
0.33 
0.33 
0-33 

24.83 
24.21 
0.03 

33.32 
47.24 
9. IS 

18. 7B 
19.52 
20.31 
22.67 
26.32 
0. 17 
0.17 
0.17 
0.17 
0.17 
0. 17 
0.17 
0.30 
0.30 
0.30 
0.30 

45. 16 
171.30 

1 .30 
1 . 43 
2.11 
0.42 
0.18 
13.87 
0.0 

43. 
50. 
43 , 

793. .4 
8. 3 
B.S 
7.2 
3.1 

333. S 
307.6 

1338.4 
1683.4 
127.8 
z z n . 1 
198.1 
198.4 
207.2 
134.0 
202.4 
202.4 
220.3 
218.0 

2730.7 
26SS.1 

0.5 
360.0 
360.3 
357. S 
929.7 
373.3 

1026.9 
1 121.6 
2B60.S 
123.4 
129.3 
132.6 
123.3 
12S.3 
12B.0 
130.2 
244. 3 

240.9 
236. 1 
232.3 

2403.B 
3089.3 

15.3 
6.0 

a . 7 
3.3 
1.0 
2.3 
0.0 

& 

o 
on 
o 
o 
Q. 

o^OEAeiLITlES: 
.;L--= 0.0002 • 2 . 1 DAVS IN TEN YEARS 
-?S 0.0 * i j . 0 DAYS IN TEN YEARS 
I.N? OPTIONS 0.0122 * -14.5 OAYS IN TEN YEARS 

CCST * 734.3 n l L L Z O N ( 1 3 8 1 ) • 
:I:TY GENERATED SOBSB. GWH 
;L£CTRIC:TY COST 2.4 tssi CENTS PER KUH 

601.4 MILLION (DISCOUNTED TO 1979) 

1.3 1379 CENTS PER KUH 

:N 1381 sn I L L ION 
38*. 

:GES 

:AP:TAL 

36. 
103. 

0. 

DISCOUNTED TO 1373 •MILLION 
3 1 * . 
46. 
84. 
0. 

COST IN 1391 «f1ILLI0N 
171.30 

1.30 

DISCOUNTED TO 1379 »nlLLION 
140.73 

I .35 

ENERGY IN GWH 
3038.3 

16.3 

'.ENT COST s 13.03 MILLION l i 9 B l ) - « 14.77 MILLION (DISCOUNTED TO 1979) 
« 13.37 MILLION 11981) - « 11.36 MILLION (DISCOUNTED TO 1373) 
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Exhibit (DS-C) 
Sheet 8 oI~2A 

LOAD CURUE: PECO PLANT DATA: ESL1 LOAD GROWTH: ESRG RESERVE rtAflGINS: INPUT 14.0X1 ACTUAL 14.Or. 

"lEGAHATTS HOURS OF USE 
CAPACITY MAINT NONAINT TOTAL 

17 . 
I S . 
1 7 . 

137 . 
4 3 . 
4 9 . 

- 4 9 . -
4 9 . 
4 9 . 
4 9 . 
4 9 . 
4 9 . 

1ZS. 
1Z4 . 
301 . 
3 1 1 . 
3 8 0 . 
3 8 0 . 
1 1 0 . 
1 1 0 . 
1 1 0 . 
no. 
i :o. 
uo. 
no. 
uo. 
4 4 7 . 

" 4 3 9 . 
1 3 . 

• 166 . 
5 1 . 

1 1 3 9 . 
- 4 9 . 
: I 7 S . 

17G. 
. 17G. 

2 , 
173 . 
1 7 9 . 

Y 
CY 

4 6 8 . 
1 6 . 
3 6 . 
3 6 . 
3 S . 
3 6 . 
3 6 . 
3 6 . 
3 6 . 
S3 . 
6 5 . 
6 3 . 
6 3 . 

4 7 4 . 
9 1 3 . 
3 0 0 . 

6 4 . 
1 7 0 . 
130 . 
100. 

••••**• 

1 1 3 7 . 1 
i i se . s 
1 0 3 4 . 2 
2 6 3 E . 7 

4 2 . E 
4 8 . Z 

- 3 6 . 3 
2 1 . 9 
3 6 . 3 
3 4 . 3 
3 1 . 2 
3 6 . 8 

Z96S .3 
3 0 7 8 . 7 
2 3 0 0 . 6 
1 3 9 2 . 9 

1 8 3 . 3 
411 .4 

' 748.4 
793.2 
774,1 
736.1 
771.6 
763.6 
746. I 
739.3 

2311.1 
2473.B 

23.9 
2373.2 

29.7 
2660.0 
3004.6 

37.e 
2146.S 
2230.1 

33.3 
2368.0 
2552.6 

33.2 
2321.1 

IS.4 
1436.3 
1433.7 
1431.9 
1432.3 
1441.S 
1420.7 
1438.3 
1440.5 
1330.4 
1443.6 
1472.1 
2223.0 
2302.1 

14.4 
13.3 
U.O 
6.3 
3.6 
3.2 
0.0 

2413.3 
19S3.9 
1980.3 
4312.1 

30. 8 
33.7 

--33.4 
51.8 
64.4 
73.3 
48.3 
43.0 

4*33.1 
4B33.3 
4336.8 
4031.2 
422.4 
774.7 

1097.2 
1383.3 
1092.1 
1094.2 
1068.0 
1043.3 
1379.4 
1332.1 
4163.7 
4230.7 

33.0 
3794.2 

30.0 
4300.1 
4413.5 
161.4 

3283.0 
3401.3 

22.7 
36S8.S 
3861.1 

31.4 
4233.0 

18.8 
2220.2 
2101.2 
2213.3 
2112.3 
2242.4 
2203.3 
2173.3 
2J23.7 
2223.8 
2146.3 
21B7.6 
3808.3 
3878.0 

3.3 

1 2 . 7 
3 . 6 
2 . 3 
1.1 
1.0 
0 . 0 

3 3 7 0 . 4 
•3044 .3 
3 0 6 5 . 1 
7 1 4 8 . 7 

3 3 , 4 
103 .S 

71 . 7 
7 3 . 6 

1 2 0 . 7 
1 2 3 . 4 

7 3 . 7 
7 9 . 7 

7 4 2 1 . 3 
7 7 7 4 . 2 
6 G 9 7 . 4 
6 4 * 4 . 0 

6 0 7 . 7 

uss.: 
1843.6 
2178.5 
1866.2 
1380.3 
1933.7 
1819.5 
2123.3 
2031.6 
6675.S 
6738.5 

56.3 
61S7.4 

56.7 
6360.1 
7424.2 
239.0 

3433.7 
3631.6 

36.0 
6057.0 
6413.5 

64.6 
S734.2 

28.2 
3716.5 
3334.9 
3645.2 
3564.3 
3634.0 
3623.3 
3618.3 
3364.3 
3734.2 
3335.3 
3E33.7 
6031.8 
6130.1 

24.4 
26.2 
14.6 
8.8 
4.8 
4.2 
0.0 

ANNUAL 
CAPFAC 

0.318 
0.313 
0.320 
0.673 
0.010 
0.011 
0.1)07 
0.006 
0.013 
0.013 
0.003 
0.003 
0.731 
0.833 
0.603 
0.614 
0.037 
0.076 
0.203 
0.233 
0.213 
0.213 
0.210 
O.ZOB 
0.222 
0.213 
0.666 
0.631 
0.006 
0.G48 
O.OOG 
0.691 
0.836 
0.022 
0.608 
0.S33 
0,006 
0.S37 
0.718 
0.007 
0.583 
0.004 
0.424 
0.404 
0.416 
0. 407 
0.421 
0.414 
0.413 
0.407 
0.429 
0.410 
0.413 
0.393 
0.383 
0.001 
0.003 
0.001 
0.001 
0.001 
0.0 
0.0 

COSTS (MILLIONS OF 1381 DOLLARS > 
ENERGY VAffOArt CAftCHG CAPITAL TOTAL 

1.60 
1.79 
1.61 

14.05 
0.25 
0.27 
0.18 
0.16 
0.32 
0.33 
0.22 
0.22 

40. 13 
41 .72 
23.43 

ze.63 
6 . 6 4 

1 3 . 3 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 2 . 3 7 
1 Z . 4 4 

0 . 0 6 
4 4 . 4 9 

0 . 1 3 
4 0 . 7 8 

6 . 9 4 
2 . 0 7 

1 4 . 8 9 
1 3 . 4 9 

0 . 0 1 
1 3 . 6 2 
1 7 . 8 2 

0 , 0 1 
1 3 . 3 1 

0 . 0 4 
0 . 0 
0 . 0 
O.O 

"0 .0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 1 . 5 3 
1 7 1 . 2 8 

0 . 6 6 
0 . 3 4 
0 . 4 4 
0 . 12 
0 . 0 0 
6 . 7 9 
0 . 0 

0.78 
0.38 
0.79 
3.23 
0,02 
0.03 
0.02-
0.01 
0.03 
0.03 
0.02 
0.02 
2.73 
2.86 
3.36 
3.35 
0.43 
0.89 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.82 
2.73 
0.00 
5.33 
0.04 
3.37 
1 .28 
0.08 
2.08 
2.16 
0.00 
2.67 
3.01 
0.00 
3.32 
0.01 
0.0 
0.0 
0.0 • 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.87 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0-
0.0 

0.01 
0.02 
O.Ol 
1 .37 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
1.20 
1.18 
3.57 
3.63 
3.30 
5.30 
0.33 
0.35 
0.35 
0.33 
0.33 
0.35 
0.33 
0.33 
3.03 
8.92 
0.02 

• 4.53 
0.04 
3.21 
0.S9 
1.39 
1.36 
1.96 
0.00 
1.86 
1.86 
0.00 
10.19 
0.01 
0.17 
0. 17 
0.17 
0. 17 
0.17 
0. 17 
0.17 
0.30 
0.30 
0.30 
0.30 

31 . 10 
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 
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 
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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o.o. 
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 
0.0 
0.0 
0.0 

2.33 
2 . S 3 
2.41 
19.15 
0.23 
0.31 
0.22 
0. 19 
0.36 
0.33 
0.26 
0.2G 
44.08 
43.73 
34.36 
38. 17 
12.37 
1 9 . 3 3 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.35 
0.33 

.24.47 
Z4. 15 
0.08 

34.41 
0.24 
47.37 
3.13 

4.04 
13.33 
13.51 
0.01 

20.35 
22.63 
0.01 

26.82 
0.05 
0, 17 
0.17 
0. 17 
0, 17 
0.17 
0. 17 
0. 17 
0.30 
0.30 
0.30 
0.20 

45.51 
171 .29 

0.66 
0.34 
0.44 
0. 12 
0.08 
6.78 
0.0 

GWH GENERATED 

47.4 
33. 1 
47.7 

815.0 
4.3 
4.7 

-•-3.2 
Z.7 
5.3 
3.7 
3.3 
3.3 

872.3 
907.3 

1530.2 
1672.Z 
122.0 
233.5 
193.3 
223.8 
203.3 
205.8 
202.4 
200. 1 
214.3 
2 1 1 . Z 

2663.0 
2637.3 

1.1 
942.9 
2.3 

963.0 
33B.7 
34.2 

338.1 
373.4 

0.1 
336.4 
1122.7 

0.1 
2842.3 

0.6 
133.8 
127.3 
131.2 
126.3 
132.6 
130.3 
130.3 
231. 7 

2 4 4 . 0 
2 3 3 . 7 
Z 3 7 . 9 

Z4SZ-2 
3 0 7 7 . 3 

3 . 7 
1.4 
1.8 
1.0 
0 . 3 
1.1 
0 . 0 

iSULTS 

:AD PROBABILITIES; 
-ACKOUTS 0.0005 - 1.8 DAYS IN TEN YEARS 

•.OUTS 0.0 - 0.0 DAYS IN TEN YEARS 

LMENT OPTIONS 0.0030 - 10.A DAYS IN TEN YEARS 

• E M C O S T » 7 2 6 . 7 M I L L I O N 1 1 3 8 1 ) - * 5 9 5 . 1 M I L L I O N ( D I S C O U N T E D TO 1 3 7 9 ) 

Z T R I C I T Y G E N E R A T E D 3 0 8 5 8 . GWH 

I L E L E C T R I C I T Y C O S T 2 . 4 1 3 8 1 C E N T S .PER K U H - 1 . 3 1 3 7 3 C E N T S P E R K H H 
2R 33.3X 

"S IN 1381 » n I L L I O N 
3 8 6 . 

3&M 3 6 . 
.'HARGES 1 0 3 . 
I L CAPITAL 0 . 

DISCOUNTED TO 1373 »MILLION 
3 1 6 . 

4 6 . 
SG. 

0 . 

•IONS:- COST IN 1961 SrttLLIGN 
171.29 

0.66 

DISCOUNTED TO 1973 W I L L I Q N 
140.28 
0.34 

ENERGY I N CUH 
3077.3 

3.7 

rAILMENT COST » 7.77 MILLION (1381) « * 6.37 MILLION (DISCOUNTED TO 13731 
:OST t 6.78 MILLION (1381) - » 5.56 MILLION (DISCOUNTED TO 1379) 



PLANT DATA: ESLl LUAD GUUHTH: tSHG fttstnvt MARGINS: INPUT 22.07.; ACTUAL 22. iv. 

MLCIWAIIS HUIIRS DF U!jE COSTS (MILL1UNS OF i S B l DOLLARS) 
O P T I O N C A P A C I T Y M . U N T NOMA I NT T U T A L CAPFAC t N E R G Y UrtRQAM CARCHG C A P I T A L T O T A L GWH GE 

I BAlVl iS 1 7 . 1 1 1 3 0 2 4 0 P 5 3 1 i l 9 5 r, 3 1 3 1 5 7 0 7 7 0 0 1 0 0 2 . 3 6 4 6 . G 
2 1 9 . 1 1 0 4 e I B 3 5 . 3 3 0 0 0 1 0 3 1 5 1 7 6 0 8 7 0 0 2 i j 0 2 . 6 5 5 2 . 4 

3 BARB 7 1 7 . 1 1 2 3 2 1 B 9 1 7 3 0 1 4 3 0 3 1 6 I 5 8 0 7 8 0 0 1 0 0 2 . 3 8 4 7 . 0 
4 C H E S T 7 1 3 . 3 0 2 6 5 6 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
3 C H E S T B 1 3 . 4 0 2 7 6 G 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
E C H E S T S 1 3 . 3 5 2 7 G 2 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
7 C R O M B l 1 3 7 . 2 5 3 7 3 4 3 G 2 9 6 3 0 0 2 0 6 5 7 1 3 6 0 3 1 3 1 8 7 0 0 1 6 . 6 0 7 8 8 . 0 

9 C R O V I 1 4 9 . 3 3 7 5 9 2 9 2 3 0 0 1 0 0 2 6 0 0 2 0 0 2 0 0 0 . 3 0 4 . 3 
1 0 C R 0 Y 1 Z 4 9 . 4 7 6 1 0 8 0 1 5 5 G 0 0 1 s 0 . 3 3 0 0 4 0 0 2 0 0 0 . 4 3 6 . 3 

1 1 C R D V 2 1 4 9 . 2 1 9 5 0 G 7 2 5 0 0 0 7 0 I S 0 0 2 0 0 2 0 0 0 . 2 2 3 . 2 
12 C H 0 Y 2 2 4 9 . I S 6 3 1 G 4 7 2 0 0 0 5 0 1 2 0 0 1 0 0 2 0 0 0 . 1 3 2 . 1 
13 C H 0 Y 3 1 4 9 . 4 7 4 1 4 3 7 1 9 1 1 0 0 1 9 0 4 7 0 0 4 0 0 2 0 0 0 . 5 3 8 . 1 
14 C R Q Y 3 2 4 9 . 5 1 7 1 2 B 1 1 7 3 7 u 0 1 3 0 4 7 0 0 4 0 0 2 0 0 0 . 5 3 8 . 0 
13 C R Q Y 4 1 4 9 . 1 3 1 4 7 B GO a 0 0 0 5 0 14 0 0 1 0 0 2 0 0 0 . 1 6 2 . 4 
I S C R a Y 4 2 4 3 . 3 1 4 5 4 2 8 5 7 0 0 0 8 0 1 3 0 0 2 0 0 2 0 0 0 . 2 2 3 . 3 
1 7 D E L A 7 1 2 6 . 2 9 3 8 1 4 4 7 3 7 7 4 1 2 a 0 7 8 5 4 0 3 3 2 7G 1 2 0 0 0 4 4 . 2 9 8 7 7 . 1 

I Q D E L A 6 1 2 4 . 3 0 3 6 0 4 7 1 7 0 7 8 1 3 0 0 8 4 3 4 2 0 8 2 8 8 1 1 8 0 0 4 6 . 1 4 9 1 3 . 2 

2 3 EDDY 1 3 0 1 . 2 2 3 7 0 4 3 4 0 0 6 G 3 7 0 0 5 9 8 2 5 2 1 5 3 2 3 5 7 0 0 3 4 . 2 8 1 5 7 6 . 4 

2 4 E D D Y 2 3 1 1 . 2 3 5 7 2 4 3 4 8 1 6 7 1 3 3 0 B 3 5 2 3 6 0 B 0 5 3 6 9 0 0 3 9 . 3 4 1 7 2 8 . 9 

2 5 E D D Y 3 3 3 0 . 2 1 2 7 4 3 8 7 G 5 1 3 0 0 4 2 7 6 6 0 4 3 5 3 0 0 0 1 3 . 4 3 1 4 0 . 6 
2 5 E D b Y 4 3 8 0 . 4 4 7 5 B I S 2 1 2 6 2 7 0 0 8 0 1 4 5 4 0 3 3 5 3 0 0 0 2 0 . 7 7 2 6 7 . 0 
2 7 EDDY 1 0 1 3 . 3 2 2 4 5 7 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 . 0 2 0. 1 
2 a E D D Y 2 0 1 3 . 3 8 3 2 6 9 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 O . O Z 0 . 1 
2 9 E D D Y 3 0 1 5 . 3 B 3 2 6 9 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
3 0 E D D Y 4 0 1 5 . 3 4 3 1 6 6 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
3 1 F A L L S 1 I S . I 3 2 6 4 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
3 2 F A L L S 2 1 5 . 2 2 2 7 4 9 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 . 0 2 0 . 1 
3 3 F A L L S 3 1 5 . 3 9 3 2 7 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 O . O Z 0 . 1 
3 7 MUDDY 1 1 1 0 . 7 9 7 5 1 1 1 9 1 1 8 1 6 6 0 2 1 1 0 0 0 0 0 3 5 0 0 0 . 3 3 2 0 2 . 8 
• a MUDDV2 1 1 0 . 7 6 7 1 1 3 S 9 8 2 1 2 B 9 0 2 3 3 0 0 0 0 0 3 5 0 0 0 . 3 5 2 2 4 . 3 
3 9 MUDDY3 1 1 0 . 7 7 2 4 1 0 8 2 9 1 8 5 5 3 0 2 1 2 0 0 0 0 0 3 3 0 0 0 . 3 5 2 0 4 . 1 
4 0 MUDDY4 n o . 7 4 3 8 1 0 6 8 3 1 8 1 4 7 0 2 0 7 0 0 0 0 0 3 9 0 0 0 . 3 5 1 8 3 . 8 
4 1 MUDDYS 1 1 0 . 7 4 3 B 1 0 3 7 7 1 7 8 1 3 0 2 0 3 0 0 0 0 0 3 5 0 0 0 . 3 5 1 8 5 . 8 
4 2 MUDDYS 1 1 0 . 7 5 4 8 1 0 5 8 2 1 6 1 3 0 0 2 0 7 0 0 0 0 0 3 5 6 0 0 . 3 5 1 8 9 . 4 
4 3 MUDDY7 1 1 0 . 7 5 5 3 1 4 0 1 7 2 1 S 7 0 0 Z 2 6 0 0 0 0 0 3 5 0 0 0 . 3 5 2 1 7 . 4 
4 4 MUDDYB 1 1 0 . 7 6 1 3 1 4 2 S 2 2 1 8 6 7 0 2 2 3 0 0 0 0 0 3 5 0 0 0 . 3 5 2 2 0 . 4 
4 5 P E A C H 2 4 4 7 . 2 5 4 2 8 4 1 0 0 5 6 6 4 3 3 0 6 8 3 1 2 S 3 2 8 1 a 0 8 0 0 2 4 . 4 2 2 6 7 4 . 7 
4 6 P E A C H 3 4 3 9 . 2 5 4 3 3 4 0 0 4 9 6 S 4 B 7 0 6 7 4 1 2 14 2 7 2 8 9 2 0 0 2 3 . 7 8 2 3 9 2 . I 
4 7 D I E S E L 1 3 . 2 3 7 5 1 7 7 7 4 0 0 0 8 0 0 8 0 0 0 0 0 2 0 0 0 . 1 0 1 . 4 
5 0 R I C H S I B S . 2 4 3 0 3 3 7 9 5 E 6 2 2 5 8 0 G 6 3 4 5 5 2 5 5 1 4 3 3 0 0 5 5 . 5 6 3 6 4 . 6 
S I R I C H 2 I 3 3 . S 4 5 2 13 6 0 0 0 1 0 0 3 0 0 1 0 0 3 0 0 O . O B 0 . 4 
5 2 R I C H 2 2 3 3 . 9 2 4 4 13 8 0 0 0 1 0 0 3 0 0 1 0 0 3 0 0 0 . 0 6 0 . 4 
5 3 R l C ) i 3 1 • 3 . 3 7 2 B 8 5 0 0 0 1 0 0 1 0 0 0 0 0 3 0 0 0 . 0 4 O . Z 
5 5 H I C H 4 1 2 1 . B 3 1 3 7 za 0 0 0 0 2 0 0 2 0 0 1 0 0 2 0 0 0 . 0 4 0 . 3 
5 6 I V I C H 4 2 2 1 . 5 I 4 1 9 2 0 0 0 1 0 0 1 0 0 0 0 0 2 0 0 0 . 0 3 0 . 2 

l i 7 R I C H I 3 2 1 . 3 2 2 a £ 0 0 0 0 1 0 0 1 0 0 0 0 0 2 0 0 0 . 0 3 0 . 1 

5 6 H I C I H I 2 1 . 4 i j 3 1 7 I 0 0 0 1 0 0 1 0 0 0 0 0 2 0 0 0 . 0 3 0 . I 
G3 i i I C H 7 1 Z1 . li 0 • 4 a 4 0 • I I J 1 0 O l 0 O M 0 0 2 0 0 0 . 0 3 u . 2 
G4 _ ] . G 3 Ll j •) 0 1 . 0 1 t . 0 1 u . j n 0 2 0 0 0 . 0 3 0 . 2 
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Ul3 \< l i : i i : i l 'J l . i :>. - 'JO 2 45.3 i j 003 0 03 J- 0 01 O.O '0 16 1.5 

ev li ICHUZ Ii 1 . 18. 1 23 1 4 1.2 0 00 4 0 10 

•J 
03 0 04 0.0 0 16 1 .6 

be i i i : i i v i lS>tl. -•lias. t 4282 6 89 78.0 i . i UEI3 40 88 3 38 3 21 0.0 47 47 965.3 

sa -CJ. ^027.5 44 18 6 7448.u • j ["HO 6 98 1 26 0 S3 0.0 9 24 360.7 

73 sum HI 1 /O. 102.3 237 8 3^0. 1 0 028 2 60 0 10 I QQ 0.0 4 58 43.i> 

7B stjurne 13. 1 . 7 2 6 4.3 0 000 0 00 0 uO 0 01 0.0 0 o2 0. 1 

7a CONEMl 17G. 'J 1 14 . 2 2993 5 5107.8 0 572 14 00 1 95 1 36 0.0 17 32 862.0 

80 i VS. 224G.7 3417 2 5883.9 0 634 15 52 2 17 1 36 0.0 19 65 977.5 

81 CONEMD 2, 22. a 32 1 55 .0 0 006 0 01 0 oO 0 00 0.0 0 01 0. i 

82 KEYST1 179. 2361.6 3845 a 6207.5 0 652 16 13 2 74 1 B6 0.0 20 78 1019.7 

83 Kt;Ysr2 179. 2571.4 3882 3 G433.7 0 722 17 83 3 03 1 B6 0.0 22 62 1123.7 

84 KEYSTD 2. 23.0 24 6 47. a o 005 0 01 0 00 0 00 0.0 0 01 ' 0. 1 

as SALEM 1 480. 2520.4 4289 2 GBu9,7 0 699 13 41 3 34 10 13 0.0 28 94 28G4.0 

86 SALEH3 16. 4.3 3 2 7.5 '0 001 0 01 0 00 0 01 0.0 0 02 0.1 

87 CONDI i G . 1433.8 2J34 0 3567.6 0 407 0 0 0 0 0 17 0.0 0 17 128.4 

88 CONOS 36. 1511.6 2178 I 3688.6 0 421 0 0 0 0 0 17 0.0 0 17 132. a 

89 C0N03 38. 1530.1 2128 4 3G58.G 0 418 0 0 0 0 0 17 0.0 0 17 131.7 

80 CQN04 36. 1436.0 2221 2 3637.3 0 417 0 0 0 0 0 17 0.0 0 17 131 .7 

91 CONOS 36. 1432.1 2033 1 3525.1 0 402 0 0 0 0 0 17 0.0 0 17 126.8 

92 CONDB 36. 1448.3 2101 5 3550.a 0 405 0 0 0 0 0 17 0.0 0 17 127.8 

93 CONO? 36. 1418.5 2105 0 3523.6 0 402 0 0 0 0 0 17 0.0 0 17 126.8 

•4 CONOQ 65. 1443.7 2129 5 3573.2 0 403 0 0 0 0 0 30 0.0 0 30 232.3 

95 CQN09 BS. 1416.9 2224 6 3G43.S 0 416 0 o o.o 0 30 0.0 0 30 236.8 

aa CQNQ10 65. 1431 .7 2116 0 3547,7 0 4 03 0 0 0,0 0 30 0.0 0 30 230,6 
97 CONDI 1 65. 1423.3 2157 1 3580.4 0 409 0 0 0 0 0 30 0.0 0 30 232.7 

98 5AI.£M2 474. 2Z07.4 3803 3 8010.7 0 591 1 1 49 2 86 31 10 0.0 43 45 2452.8 

108 ECONOMY 813. 2459.3 4089 2 G548.5 0 400 177 38 0 0 0 0 0.0 177 33 3187.S 
109 EMRGENCY 500. 0.9 1 0 1 .9 0 000 0 05 0 0 0 0 0.0 0 OS 0.5 

1 1 1 LMMM 64. 1 .6 1 3 2.3 0 000 0 04 0.0 0 0 0.0 0 04 0.2 

114 VOLAP 170. O.S 0 6 1 .5 0 000 0 04 0 O o 0 0.0 0 04 0.2 

115 BftNOUTS ISO. o.a 0 1 0.8 0 000 0 01 0 0 0 0 0.0 0 01 0. 1 

1 16 BRNOUTQ 100. O.Q 0 0 0.8 0 000 0 01 0 0 0 0 0.0 0 01 0. 1 

117 PARTIAL *•<•»•a 0.5 0 0 0.5 0 0 0 7B 0 0 0 0 0.0 0 78 0. 1 

1 16 TOTAL 0.0 0 0 0,0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 

© 
CO 
© 
fi3 

SUMMARY RESULTS. 

LOSS-OF-LOAD PROBABILITIES: 
PARTIAL BLACKQUTS O.OOOl • 0.2 DAYS IN TEN YEARS 
liJTAl- BLACKOUTS 0.0 = 0.0 DAYS IN TEN YEARS 
ALL CURTAILMENT OPTIONS 0.0003 - 1.2 DAYS IN TEN YEARS 

10TAL SYSTEM COST t 730.7 MILLION (19811 
TOTAL ELECTRICITY GENERATED 30858. GWH 
INCREMENTAL ELECTRICITY COST 2.4 1881 CENTS PER KWH 
LOAD FACTOR 59.SV. 

• 538.5 MILLION < DISCOUNTED TO 1879) 

l.B 1379 CENTS PER KUH 

IUTAL COSTS IN 1981 
FUEL 
i.'flll I ABLE DAM 
C/)«Ri'IND CHANCES 
INCREMENTAL CAPIIAL 

IMPURT OPTIONS: 
ECONOMY 
EMRGENCY 

t M l l . L I O N 
3 9 0 . 

5 6 . 
10E. 

0 . 

DISCOUNTED TO I 8 7 S • f f l l . L IOW 
3 1 3 . 

4 6 . 
6 6 . 

0 . . 

COST IN 1981 ̂ MILLION 
177.93 
0.05 

DISCOUNTED TO 1879 tMlLLION 
145.77 
0.04 

ENERGY IN GWH 
3197.9 

0.3 

TOTAL CUHTA1LMEN1 COST * 0.88 MILLION 113611 = * 0.73 MILLION (DISCOUNTED TO 1873) 
BLACKOUT COST » 0.70 MILLION (1381) ^ » 0.64 MILLION (DISCOUNTED TO 1973) 
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m m PtCl) L O A D C U H V E : PECO I'L AN I DATA: ESLl LOAD GltOHTH; ESRG RESERVE MARGINS: INPUT 3 0 . O X ! ACTUAL 31 .6X 

f-ltLiflMAT IS 

UP! 1 ON CilP-lC 1 T V 

HOURS OF USE 
MAINT NOMAINI 1 0 I A L 

ANNUAL 
CAPFAC 

COSTS (MILLIONS OF 1 DE) 1 DOLLARS i 
ENERGV MAtvaan CARCHG CAPITAL TOTAL GWH GENERATED 

1 l l A t f B 5 1 7 . 1 0 8 0 . B 2 4 5 1 4 3 5 3 2 2 0 3 1 3 1 5 7 0 . 7 7 O . O l U 0 2 3 5 4 6 . G 
-1 8AIV66 1 8 . 1 0 8 3 . 4 1 8 7 5 4 2 9 5 8 8 u 3 0 a 1 7 3 o.es 0 . 0 2 0 0 2 S 3 5 1 . 3 

3 B A R B ? 1 7 . 1 1 1 0 . 9 1 3 5 0 5 3 0 6 I 3 0 3 1 3 1 GO 0 . 7 8 0 . 0 1 0 0 2 4 0 4 7 . G 

4 C H E S T ? 1 3 . 2 . 5 1 7 4 2 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 1 0 . 0 

1 3 . a .a 1 2 * v> •i o 0 . 2 

S CHESIS 1 3 . 3 . 3 1 0 . 1 13 4 0 0 0 1 0 0 1 0 . 0 0 0 . 0 1 0 0 o 0 3 0 . 2 

7 C k O M B l 1 3 7 . 2 6 1 3 . 5 4 3 3 3 0 6 8 4 6 . 5 0 6 8 2 1 3 6 9 3 . 1 5 1 . 8 7 0 0 I Q 7 2 7 9 4 . 4 

a C R 0 V 1 I 4 9 . 2 5 . 0 5 5 6 BO 6 0 O o S 0 2 2 0 . 0 2 0 . 0 2 0 0 o 2 5 3 . 7 

1 0 C R O Y t Z 4 9 . 2 5 . 0 4 6 0 7 3 0 0 0 0 8 0 2 0 0 . 0 2 0 . 0 2 0 0 0 2 3 3 . 4 

11 C R 0 Y 2 1 4 9 . 1 3 . 7 3 1 0 4 4 7 0 0 0 4 0 1 1 0 . 0 1 0 . 0 2 0 0 0 1 3 1 . 9 

1 2 C f t O Y 2 2 4 9 . 2 0 . 2 3 5 B SB 0 0 OOG 0 1 5 0 . 0 1 0 . 0 2 0 0 o 1 8 2 . 6 
1 3 C R 0 Y 3 1 4 8 . 3 3 . 2 5 7 a 9 1 1 0 0 1 0 0 2 6 0 . 0 2 0 . 0 2 0 0 0 3 0 4 . 4 

14 C R 0 Y 3 2 4 8 . 3 6 . 6 8 6 8 1 2 3 4 0 0 1 1 0 2 9 0 . 0 3 0 . 0 2 0 0 o 3 3 4 . 9 

15 C R 0 Y 4 1 4 9 . 2 1 . 3 2 3 6 4 5 3 0 0 0 5 0 1 2 0 . 0 1 0 . 0 2 0 0 0 I S 2 . 1 
16 C R 0 Y 4 2 4 9 . 2 3 . 6 4 7 0 7 0 G 0 0 0 8 0 2 0 0 . 0 2 0 . 0 2 0 0 0 2 3 3 . 4 
17 D E L A 7 1 2 6 . 2 3 6 4 . 6 4 4 3 7 5 7 4 0 2 1 0 7 9 1 4 0 1 2 2 . 7 5 1 . 2 0 0 0 4 4 0 6 8 7 2 . 6 

IQ D E L A B 1 2 4 . 3 1 0 3 . 3 4 6 7 4 7 7 7 7 7 8 0 8 3 7 4 1 ao Z . B 6 1 . 1 8 0 0 4 3 8 4 6 0 8 . 1 
1 8 D E L A 9 1 5 . 0 . 3 0 8 1 6 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 o 0 1 0 . 0 

ZO D E L A l O 1 3 . 0 . 7 0 6 1 4 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 1 0 . 0 

2 1 DE1.A1 1 1 3 . 0 . 7 0 G 1 4 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 1 0 . 0 

2 2 D E L A 1 2 1 3 . 0 . 7 0 6 t 4 u 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 1 0 . 0 

2 3 E D D Y l 3 0 1 . 2 2 7 9 . 3 4 2 7 4 4 G 5 5 4 3 0 5 9 1 2 4 9 1 5 . 4 5 3 . 5 7 0 0 3 3 8 3 1 5 5 7 . 7 
2 4 E D D Y 2 3 1 1 . 2 3 7 3 . 0 4 0 8 7 6 6 4 6 5 6 0 6 1 3 2 8 6 1 5 . 8 5 3 . 6 8 0 0 3 8 14 1 6 7 0 . 7 
2 5 E D 0 V 3 3 8 0 . 2 2 8 . 0 4 3 9 7 7 2 7 7 0 0 5 3 9 6 4 0 . 6 2 5 . 3 0 0 0 13 5 6 1 7 7 . 1 

2G EDDY4 3 G 0 . 3 6 2 . 2 7 1 1 8 1 0 7 4 0 0 0 7 2 1 3 1 0 0 . 8 4 S . 3 0 0 0 1 8 2 4 2 4 0 . 7 

2 7 EDDY 1 0 1 3 . 2 . 5 9 9 12 5 0 0 0 1 0 0 1 0 . 0 0 0 . 0 1 0 0 0 0 2 0 . 1 
2Q E D D Y 2 0 1 3 . 2 . 5 1 3 3 a 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 1 0 . 0 

2 9 E D D Y 3 0 1 5 . 2 . 5 3 8 1 2 4 0 0 0 1 0 0 1 0 . 0 0 0 . 0 1 0 0 0 0 2 0 . 1 
3 0 E D D Y 4 0 1 5 . 2 . 0 9 a 1 1 8 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 2 O . I 
3 1 F A L L S 1 1 5 . 1 . 0 1 2 2 2 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 2 0 . 0 

3 2 F A L L . S 2 1 3 . 1 . 0 1 3 2 3 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 2 0 . 0 

3 3 F A L L S 3 I S . 2 . 6 9 9 12 3 0 0 0 1 0 0 1 0 . 0 0 0 . 0 1 0 0 0 0 3 0 . 2 
3 4 M O t i E R l I S . 0 . 3 1 2 2 1 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 2 0 . 0 
3 5 M0SER2 I S . 0 . 8 1 2 2 0 l> 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 1 0 . 0 

3G M 0 S E R 3 I S . 0 . 3 1 1 Z 1 0 0 0 0 0 0 0 0 . 0 0 0 . 0 1 0 0 0 0 2 0 . 0 
3 7 MUDDY 1 n o . 7 5 3 . 7 1 3 7 4 3 2 1 2 8 6 0 2 3 3 0 0 0 . 0 0 . 3 5 0 0 0 3 5 2 2 4 . 4 

3 6 MUDDY2 1 1 0 . 7 4 7 . 7 1 0 7 2 9 1 Q Z 0 G 0 2 0 0 0 0 0 . 0 0 . 3 5 0 0 0 3 3 1 9 2 . 7 

3 8 MUUDY3 1 1 0 . 7 7 5 . 0 1 0 7 4 0 1 8 4 9 1 0 2 1 1 0 0 0 . 0 0 . 3 5 0 0 0 3 5 2 0 3 . 4 
4 0 MUDDY4 1 1 0 . 7 2 7 . 8 1 0 4 5 0 1 7 7 2 8 0 2 0 2 0 0 0 . 0 0 . 3 5 0 0 0 3 5 1 3 5 . 0 
4 1 MUDDYS 1 1 0 . 7 8 5 . 8 1 0 2 2 G 1 8 0 8 6 0 2 0 6 0 0 0 . 0 0 . 3 5 0 0 0 3 5 1 9 8 . 9 
4 2 MUDDYG 1 1 0 . 7 5 7 . 1 10G7 4 1 8 2 4 6 0 2 0 8 0 0 0 . 0 0 . 3 5 0 0 0 3 5 2 0 0 . 7 
4 3 MUDDY7 I I O . 7 5 Q . 4 1 4 2 3 6 2 1 8 1 3 0 2 2 8 0 0 0 . 0 0 . 3 5 0 0 0 3 5 2 1 9 . 9 
44 MUDDYS 1 1 0 . 7 5 8 . 4 1 3 7 0 2 2 1 2 8 6 0 2 2 3 0 0 , 0 . 0 " 0 . 3 5 0 0 0 3 5 2 1 4 . a 

4 5 H t r t C t l 2 44 7 . 2 5 5 5 . 5 4 2 2 7 2 6 7 6 2 7 0 8 9 7 12 7 7 2 . 8 6 9 . 0 8 0 0 2 4 7 2 2 7 2 7 . 9 
4G PEACH3 4 3 9 . 2 5 1 3 . 9 4 1 0 3 2 5 6 1 7 1 0 6 8 0 1 2 2 5 ' 2 . 7 5 8 . 9 2 0 0 2 3 3 1 2 6 1 5 . 2 
4 7 D I E S E L 1 8 . 1 8 . 6 4 9 3 6 8 S 0 0 0 7 0 0 7 0 . 0 0 0 . 0 2 0 0 0 0 3 1 . 2 

4Q P L M T 8 2 9 . 0 . 2 0 6 0 6 0 0 0 0 0 0 0 O . u O 0 . 0 2 0 0 0 0 3 0 . 0 
4 9 P L M r i 5 2 9 . 0 . 1 0 8 0 3 0 0 0 0 -0 0 0 0 . 0 0 0 . 0 2 0 0 0 0 3 0 . 0 
5 0 R I C H S 1 6 6 . 2 3 2 0 . 8 3 6 2 S 4 5 3 4 6 1 0 6 3 3 4 3 6 0 5 . 2 8 4 . 3 3 0 0 5 3 4 0 9 2 3 . 8 
5 1 R I C M 2 1 3 3 . 1 4 . 8 1 7 3 3 2 7 0 0 0 3 0 0 7 0 . 0 2 0 . 0 3 0 0 0 1 I 1 . 0 
5 2 R I C I I 2 2 3 3 . 3 . 1 1 7 3 2 8 4 0 u 0 2 0 0 5 O . O l 0 . 0 3 0 0 0 0 9 0 . 7 
5 3 R I C H 3 1 3 3 . 1 . 3 1 0 2 £ 0 0 0 0 0 0 1 0 . 0 0 0 . 0 3 0 0 0 0 3 0 . 1 
5 4 R 1 C H 3 2 3 3 . 1 . 1 1 2 2 3 0 0 0 0 0 0 1 0 . 0 0 0 . 0 3 0 0 0 0 3 0 . 1 
5 5 H I C I M 1 2 1 . 5 . 6 2 u 7 G 0 0 0 1 0 0 1 0 . 0 0 0 . 0 2 0 0 0 0 3 0 . 1 
5 6 R I C I I 4 Z 2 1 . 5 . 6 9 0 1 4 6 J 0 0 1 0 0 2 0 . 0 0 0 . 0 2 0 0 0 0 4 0 . 2 
5 7 R I C M 4 3 2 1 . 1 1 . 0 17 G 2 8 7 0 0 0 3 0 0 4 O . O l 0 . 0 2 0 0 0 0 6 0 . 5 
5 8 R I C I H I 2 1 . 4 . 5 9 7 1 4 2 • 1 0 0 1 0 0 2 0 . 0 0 0 . 0 2 0 0 0 0 4 0 . 3 
5 8 l i I C H 5 l 3 3 . 1 . 1 1 3 2 3 I ) 0 0 0 0 0 0 0 . 0 0 0 . 0 3 0 0 0 0 3 0 . 1 
Gu H I C H 5 2 3 3 . _ I* 1 7 J 7 IJ oOO 0 O l 0 . 0 0 0 . 0 3 0 0 0 0 4 • 0 . 1 
f j l R I C H 6 1 3 J . 1 . 0 M •J 1 8 IJ MOO 0 0 0 0 . 0 0 0 . 0 3 0 0 0 0 3 0 . 1 
GZ 

t; i 
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uG i . 13 it i d a 31 •J 002 0 08 02 0.04 0 0 0 12 I I 
l i ? I<II:HO2 s i . 15 2 15 7 30 a Ll .,03 0 06 •j 02 0.04 u 0 0 14 1 2 
SB SCMYl l'G4 4 4 4234 4 8U78 8 o bU3 40 28 3 33 3.21 0 0 46 B2 851 0 
GO SCHV3 4a. 304 1 1 4482 tl 7b 2 3 3 643 7 05 I 28 0.93 0 0 9 32 364 4 
71 SCHYlu 13. 0 8 0 3 1 1 000 6 00 0 00 O.Ol 0 0 0 01 0 0 
72 SCHYI 1 i b . 0 8 9 1 7 000 0 00 0 uO O.Ol 0 0 0 01 0 0 

73 SOUTHl 178. 100 4 270 2 370 b 030 2 84 0 10 1 .39 0 0 4 84 47 0 
74 50L1TH2 1 78. 57 a 108 4 1G7 0 014 1 37 0 05 1 .88 0 0 3 31 22 6 
73 SOU 1113 13. 0 e 0 a 1 6 0 000 0 00 0 00 0.01 0 0 0 01 0 0 

76 sourH4 13. 0 6 0 3 1 5 0 000 0 00 0 00 0.01 0 0 0 01 0 0 
77 SOUTHS 13. 0 8 0 9 1 7 0 000 0 00 0 00 0.01 0 0 0 01 • 0 0 
78 SGUTH6 13. 0 B o 9 1 7 0 000 0 00 0 00 O.Ol 0 0 0 01 0 0 

73 CONEMl 176. 2102 6 3153 0 5255 6 0 588 14 40 2 01 1.96 0 0 18 37 307 1 
80 C0NEM2 17G. 2243 8 3406 1 SG49 3 0 632 IS 4B 2 16 1 .96 0 0 13 60 873 1 
81 CUNEMD i _ 22 5 32 3 54 8 IJ 006 0 01 0 00 0.00 0 0 0 01 0 1 
82 KEYSTl 17S. 2302 0 3651 1 5353 1 ii 626 IS 54 2 63 1 .88 0 0 20 02 078 8 
83 KEYST2 179. 2S32 4 3813 2 G347 3 0 711 17 64 2 98 1 .86 0 0 22 4B 1 1 1 1 1 
84 KEYSTD 2. 23 7 32 4 36 1 0 OOG 0 01 0 00 0.00 0 0 0 01 0 1 
83 SALEM1 468. 2S39 4 4133 0 6737 4 0 632 13 28 3 31 10. 13 0 0 26 73 2637 1 
88 EALEM3 16. 4 9 10 1 15 0 0 001 0 01 0 00 0.01 0 0 0 03 0 2 
87 CON01 36. 1534 3 2123 3 3G64 0 0 416 o 0 0 0 0.17 0 0 0 17 131 6 
88 CONQZ 36. 1439 6 2128 8 3568 4 0 407 0 0 0 0 0.17 0 0 - 0 17 128 S 
88 CONOS 36. 1456 3 2244 6 3701 4 0 423 0 0 * 0 0 0. 17 0 0 0 17 133 2 
30 CON04 36. 1497 a 2215 8 3713 7 0 424 0 0 0 0 0. 17 0 0 0 17 133 7 
81 CONOS 36. 1515 5 2163 8 36B5 4 0 421 0 0 0 0 0.17 0 0 0 17 132 7 
32 C0N06 36. 1436 3 21GG 3 3603 4 0 4 1 1 0 0 0 0 0.17 0 0 0 17 128 7 
33 CON07 36. 1444 0 2038 3 3S42 3 0 404 0 0 0 0 0. 17 0 0 0 17 127 3 
84 CONOS 63. 1433 I 2118 a 3555 1 0 406 0 0 0 0 0.30 0 0 0 30 231 1 
S3 CONOS 63. 1456 6 2144 6 3601 4 0 4 11 0 0 0 0 0.30 0 0 0 30 234 1 
36 CONOlO GS. 1 422 3 2123 G 3346 0 0 40S 0 0 0 0 0.30 0 0 0 30 230 3 
87 CONG I 1 SS. 1442.0 2144 5 3566 6 0 403 0 0 0 0 0.30 0 0 0 30 233 1 
88 SALEH2 474. 2239 3 4034 1 6273 4 0 813 11 SS 2 98 31 . 10 0 0 46 04 2353 3 

108 ECONOMY 913. 2512 7 3885 8 648B 3 0 4 02 178 81 0 0 0.0 0 0 178 91 3214 3 
109 EMRGENCY SOO. 0 5 0 1 0 6 0 000 0 01 0 0 0.0 0 0 0 01 0 0 
1 1 i LMHM 64. 0 2 0 0 0 2 0 000 0 00 0 0 0.0 0 0 0 00 0 0 
1 14 VOLAP 170. 0 2 0 0 0 2 0 000 0 01 0 0 0.0 0 0 0 01 0 0 
113 SRNOUTS 150. 0 2 0 0 0 2 0 000 0 00 0 0 0.0 0 0 0 00 0 0 
1 16 BRNOUTB 100. 0 0 0 0 0 0 0 000 0 00 0 0 0.0 0 0 0 00 0 0 
117 PARTIAL • 0 0 0 0 0 0 0 0 0 00 0 0 0.0 0 0 0 00 0 0 
116 TOTAL • 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 0 0 

o 
CO 
to 
to 

SUMMARY RESULTS 

LOSS-OF-LOAD PROBABILITIES: 
PARTIAL BLACKOUTS 0.0000 - 0.0 DAYS IN TEN YEARS 
TO IAL BLACKOUTS 0.0 - 0.0 DAYS IN TEN YEARS 
ALL CURTAILMENT OPTIONS 0.0000 - 0.1 DAYS IN TEN YEARS 

I OT AL SYSTEM COST * 730.1 MILLION ( I SB 1 I ' 
IOIAL ELECTRICITY GENERATED 30858. GUH 
INCREMENTAL ELECTRICITY COST 2.4 1901 CENTS PER KHH 
LOAD FACTOR 53.37. 

597.6 MILLION (DISCOUNTED TO 1S79) 

1.3 1873 CENTS PER KWH 

IOTAL COSTS IN isai »MILLION 
FUEL 387. 
VARIABLE O&M 56. 
CARRYING CHARGES 108. 
INCREMENTAL CAPITAL 0. 

(tlHURT OPTIONS: CUST IN 
ECONOMY 
EMRGENCY 

DISCOUNTED TQ 1978 4MILLI0N 
317. 
46. 

ea. 
0. 

1981 *MILLION 
178.81 

0.01 

DISCOUNTED TO 1373 tMILL ION 
I4G.52 
0.00 

ENERGY IN GWH 
3214.3 

0.0 

TUIAL CURTAILMENT COST » O.Ol MILLION (19811 r t 0.01 MILLION (DISCOUNTED TO 18791 
BLACKOUT COST » 0. >»0 MILLION ( I S B l i •• * 0.00 MILLION (DISCOUNTED 10 1873) 

ro rr ro K rt cr 
p. 

H* ft 
lo 

O 
hh 

to — 

01 
I 

O 



POOR ORIGiNAL 
Exhibit 
Sheet' 13~oI 

(DS-C) 
24 

1033a 

HCUftS OF L'Sc 
r!-i:,N7 NOHAINT 

PLANT DATA: ESLl - LOAD GROWTH: ESRG RESERVE MARG IN:;: INPUT G .0'/.' ACTUAL B.OV. 

I t s . 

3 6 . 

sr. 

sr. 

4 7 4 . 

170 . 
ISO. 
100. 

: s = ; 

2 7 6 . 
7E9. 

.7 CSG- I 

. J • 4 

.5 3 •.•>.= 
-OTT.B 

.S l-S-l 

.2 ISO.* 

.7 se-s 

, - :3r.3 
,-; iss-? 
• .z 

'.a i l a . 3 
,a i rss .s 
.5 3 S 7 Z . 3 
,0 4 : 3 6 - Z 
.0 4 1 2 2 . 7 

2a* .O 
1 2 7 - • 6 

. s . ^ . - • -

. C I O J J - ' 

.6 iOZS-S 

i s . ? 
: = 7 S . £ J Z I Z - O 

I f f ; . 1 iijiT'd 
: -277.S a 0 6 2 . 2 
Z : - : . 2 2 2 S 2 . 3 
2 1 3 : . G 3 4 0 2 - 4 

i r : i . S 3ES3.3 
I S S L - . O - : 5 v - 4 

7 : . S U-S-3 

- = 5 , 
5 0 7 , 

4 I v . 
5 : 4 , 
5 2 i . 
3 0 3 . 
4 9 5 . 
491 , 

2 4 2 . 

0 . 0 

2 i : £ . 9 
Z < ° J . » 
2 : 6 3 - 3 
2 2 : 9 . 0 
2 : 7 2 . 0 
2 2 2 3 . 0 
2 1 6 7 . 2 
2 1 7 0 . B 
2 1 7 1 . 3 
2 : 7 2 . 3 
3 6 5 3 • 7 
3 : 3 3 . 7 
3:S5.4 

66-6 
42. 1 
30.3 
20. S 
l l . O 
9.7 
0,0 

TOTAL 

496.9 
364.7 
313. 1 

SG44.2 
227.0 
260.7 
113.3 
311.1 
31B.7 
2BG.7 
157.4 
179. 1 

6364.7 
G270.0 
64Z6.3 
6363.7 
6*0. 7 

2066.4 
2119.9 
1628.7 
130G.5 
1620.2 
2113.7 
2102.4 
2091.3 
3734.3 
5493.7 

33.7 
3100.8 
6 6 0 4 . I 
67*0.9 
3404.6 
3637.0 
6 1 7 7 . I 
G404.2 

6710.4 
160.8 

33S7.3 
337^.3 
3702.3 
3711.1 
3639.B 
3696.9 
3743.0 
3672.4 
3666.6 
3662.6 
3393.0 
6103.7 
9436.1 
4963.8 

33.4 
93.3 
73.4 
47.4 
27.9 
2Z.3 
0.0 

ANNUAL 
CAPFAC 

0.046 
0.039 
0.033 
0.629 
0.022 
0.031 
0.011 
0.033 
0.034 
0.032 
0.02B 
0.017 
0.733 
0.637 
0.332 
0.61 1 
0.047 
0.227 
0.232 
0.203 
0.206 
0.206 
0.241 
0.221 
0.220 
0.691 
0.668 
O.OlO 
0.528 
0.644 
0.736 
0.603 
0.631 

- 0.S4B 
0.717 
0.630 
0.018 
0.410 
0.409 
0.423 
0.424 
0.416 
0.421 
.0.428 
0.419 
0.419 
0.418 
0.410 
0.600 
0.798 
0.275 
0.003 
0.009 
0.007 
0.005 
0.003 
0.0 
0.0 

C05T5 (MILLIONS OF 1967 DOLLARS) 
ENERGY OAROAM CARCHG CAPITAL TOTAL 

0.4B 
0.46 
0.36 
17.43 
0.S4 
1 .30 
0.47 
1.40 
I .42 

1.36 
1.16" 
0.70 

62.86 
34.9B 
32. SS 
38. IS 
14,32 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.34 
19.31 
0. 16 

60.76 
63.71 
10.34 
19.84 
Z0.70 
21.57-
23.83 
21.24 
0.23 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
18.72 
63.20 

203.30 
3,37 
2.09 
4.43 
1.24 
0.77 

44.73 
0.0 

0.17 
0. 16 
0.20 
4.62 
0.08 
0. 11 
0.04 
0. 12 
0.12 
0.12 
0. 10 
0.06 
3.96 
3.47 
3.28 
8.99 
0.83 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.38 
4.16 
0.00 
6.77 
4.B3 
1 .73 
3. 19 
3.33 

- 4 . 2 0 
4.64 
3.09 
0.07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.48 

23.66 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0. 
0.0 

-!-JL~S 

0.02 
0.02 
0.02 
2.89 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
O.OZ 
0.02 
1.83 
1.82 
3.31 
3.SS 
8.17 
0.34 
0.34 
0.34 
0.3* 
0.34 
0.3* 
0.34 
0.34 
14.02 
13.77 
0.02 
6.99 
4.96 
1 .33 
3.03 
3.03 
2.87-
2.37 

13.73 
0.02 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.47 
0.47 
0.47 
0.47 

48.00 
31 .03 
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 
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 
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 
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 
0.0 

136.03 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 

-: PRCSAEILITIES: 
• I S D U T S 0 . 0 0 2 5 - 9.3 DAVS I N T E N YEARS 

2-JTS 0 . 0 • 0 . 0 DAYS I N T E N YEARS 

.^E.NT OPT:CNS 0 . 0 1 0 7 • 3 9 . 0 DAYS I N T E N YEARS 

"-* COST * 1 3 2 6 . 0 M I L L I O N ( 1 9 8 7 ) • • 3 9 6 . 6 M I L L I O N ( D I S C O U N T E D TO 1 3 7 9 1 

" ' - C I T Y .GENERATED 3 3 1 1 4 . GWH 

- E L E C T R I C I T Y COST 4.0 1 9 B 7 CENTS PER KHH - I . A 1 9 7 9 CENTS PER KUH 

t 39.3X 

= IN 1987 »MILLION 
G21 . 
104. 

-ASGES Z02. . 
- CAPITAL 136. 

DISCOUNTED TO 1979 *MILLIDN 
279. 
47. 
81 . 
61 . 

;ONS: COST IN 1987 * n i L L I O N 
2 0 5 - 3 0 

3 . 9 7 

DISCOUNTED TO 1979 • M L L I O N 
9 2 . 4 3 

1.78 

0.68 
0.63 
0.73 

24.94 
1 .04 
1 . 44 
0.33 
1 .34 
1.36 
1.30 
1.29 

. 0.79 
68.67 
60.26 
46.66 
52. 87 
23.33 
0.34 
0.34 
0.34 
0.34 
0.34 
0.34 
.0.34 
0.54 

3B.74 
37.24 
0. I B 

74.33 
73.31 
13.82 
26.06 
27.03 
28.64 
31.36 
42.06 
0.36 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.47 
0.47 
0.47 
0.47 

71.21 
301.94 
203.30 

3.97 
2.09 
4.43 
1.24 
0.77 

44.73 
0.0 

GWH GENERATED 

6.8 
6.4 
7.9 

734.7 
9.6 
:3.4 
4.8 
14.3 
14.5 
13.9 
11.9 

7 . 2 
6 1 3 . 4 
7 1 3 . 1 

1 5 3 3 . 8 
1 6 6 4 . I 

1 3 6 . 9 
2 1 8 . 3 
2 2 3 . 9 
2 0 1 . 2 
1 3 8 . 7 
2 0 0 . 2 
2 3 2 . 3 
2 1 2 . 5 
2 1 1 . 7 

2 7 0 6 . 7 
2 3 7 0 . 0 

1.6 
7 6 B . 0 
8 9 7 . 2 
3 2 4 . 7 
9 3 2 . 7 
3 7 2 . 8 

IdHH-O 
1 1 2 0 . 2 
2 8 2 7 . 3 

2 . 6 
1 2 3 . 2 
1 2 8 . 9 
1 3 3 . 3 
1 3 3 . 6 
1 3 1 . 0 
1 3 2 . 7 
1 3 4 . 8 
2 3 3 . 7 
2 3 8 . 3 
2 3 8 . 1 
2 3 3 . 7 

2 4 9 1 . 3 
4 1 9 2 . 4 
2 2 0 2 . 0 

2 0 . 4 
3 . 1 

1 0 . 9 
6 . 1 
2 . 3 
4 . 4 
0 . 0 

ENERGY IN GWH 
2 2 0 Z . 0 

2 0 . 4 

AILMENT COST S 5 3 . 2 7 M I L L I O N (1SB7) - S 2 3 . 3 7 M I L L I O N (DISCOUNTED TO 1373) 
-3ST » 4 4 . 7 3 M I L L I O N ( 1 9 8 7 ) - S 2 0 . 1 3 M I L L I O N (DISCOUNTED TO 1979) 



1034a 
L3ftD CURVE: PECO 

E x h i b i t (DS-C) 
Sheet 14 of 24 

PLANT DATA: ESLl LCD GROUTH I ESRG RESESUE MflfiGINS: INPUT 14.0X1 ACTUAL 14.2:' 

•'EGAUATT3 HOURS CF USE ANNUAL C2ST5 ( . I ILL IONS OF ISS? DOLLARS) 

OC:TY rtAINT NOflAINT TOTAL CAPFAC ENERGY oARaan CARCHG CAPITAL TOTAL GWH BE 

17. 100.2 132 5 232 •7 0.022 0 24 0 08 0.02 0.0 0 34 3 3 

19. SI .9 133 0 214 a 0.022 0 27 0 10 0.02 0.0 0 39 3 7 

:?. 38. 2 133 0 233 I 0. 024 0 26 0 03 0.02 0.0 0 37 3 6 

137 . 2599.7 4041 3 6642 0 0.523 17 44 4 S2 2. S3 0.0 24 33 733 1 

45. •»l .0 33 7 30 7 0 . 002 0 37 0 03 0.02 0.0 0 42 3 3 

43. 46.5 15 0 102 4 o. o i : 0 13 0 04 0.02 0.0 l j 32 4 7 

49. 23.3 13 6 41 3 0.005 0 :2 0 02 0.02 0.0 0 23 2 0 

42. 43.7 63 3 : :3 5 0.012 0 30 0 04 0.02 0.0 0 56 3 1 
4= . 42. S SB 7 138 3 0.013 0 sz 0 05 0.02 0.0 0 70 6 4 

as . 43.3 32 5 :36 5 0.013 0 SI 0 03 0.02 0.0 0 53 6 3 
43. 40. 0 33 4 93 4 O.OLO 0 41 0 04 0.02 0.0 0 47 4 2 
a9. 32.2 61 4 S3 6 0.009 0 40 0 03 0.02 0.0 0 45 4 1 

'.23. 2771.3 4237 2 702S 0 0. 746 63 51 4 00 I .83 0.0 3S 35 823 5 
:;4. 2523.3 4081 ^ SS09 7 0.62E 38 2G 3 37 I .32 0.0 62 73 733 S 

301 . I J O G . 3 4246 3 53r-» S 0.532 33 46 B 43 3.31 0.0 47 40 1561 4 

3 1 : • 2253.4 4052 7 6406 1 0.533 37 33 3 80 5.53 0.0 31 86 1629 3 

230. 260.7 450 0 710 7 0.051 15 40 0 31 8.17 0.0 24 48 168 7 

390. 12S.6 173 2 29S 3 0.013 5 36 0 33 5.17 0.0 14 07 60 S 

: :•>. 500.0 1306 5 2106 5 0.231 0 0 0 0 0.34 0.0 0 34 222 3 

110. 791 .3 1332 4 2144 0.225 0 0 0 0 0.54 0.0 0 34 225 3 

: i o . ' 766.2 1257 a 2036 1 0.235 0 0 0 0 0.54 0.0 0 3* 225 2 

: :o. 748.4 996 z 1744 6 0. 139 0 0 0 0 0.54 0.0 0 34 131 3 

1 10. 792. 2 1273 0 20S3 1 0.236 0 0 0 0 0.34 0.0 0 54 227 2 
: i o . 77? .5 1062 1 1937 S 0.210 0 0 0 0 0.3* 0.0 0 3* 202 1 

::o. 7SI.S 1328 s 2:21 3 0.223 0 0 0 0 0.54 0.0 0 54 214 6 
: i o . 787.0 1213 1 2102 1 0.221 0 0 0 0 0.34 0.0 0 34 2:2 5 
447. 1344,6 4164 7 S723 3 0.691 20 3d 4 33 14.02 O.O 36 74 2707 1 
439. 2501.3 4101 z 5602 3 0.678 13 50 4 23 13.77 0.0 37 60 2G0S 3 
13. 12.3 13 0 27 3 0.003 0 05 0.00 0.02 0.0 "0 07 0 3 
:SG. 1357.3 3333 5 5221 1 0.333 63 54 7 03 6.39 0.0 77 72 804 3 

::. 42.9 41 0 53 e 0.008 0 27 0 OS 0.07 0.0 0 53 3 6 
?:. 20.3 21 4 41 3 0.004 0 17 0 04 0.07 0.0 0 28 1 7 
31 . 19.3 19 7 38 5 0.004 0 16 0 04 0.07 0.0 0 27 I 5 

133. 2ES5.1 3933 3 S639 S 0.656 64 84 4 93 4.36 0.0 74 73 313 2 
49. 2875.6 4238 0 7134 3 0.803 1 1 13 1 86 1 .33 0.0 14 58 344 6 
17S. 2144 . 6 3210 7 3235 2 0.600 13 67 3 16 3.03 0.0 25 96 S24 3 
175. 2223.9 3341 0 3374 9 0.624 20 47 3 29 3.03 0.0 26 73 962 3 

2. 29.3 33 6 73 1 0.006 0 02 0 00 0.00 0.0 0 02 0 2 
179. 2303.4 3631 4 3936 a 0.630 20 37 4 08 2.S7 0.0 27 32 365 6 
173. 2340.4 3784 3 £323 3 0.708 23 56 4 38 2.67 0.0 31 01 1107 3 

2. J3.B 42 7 sa 5 0.010 0 02 0 01 0.00 0.0 0 03 0 2 
JGB. 2349.8 4140 1 56SO 0 0.688 21 13 3 07 13. 73 0.0 41 S3 2319 2 
3G. 1123.6 2240 1 3663 7 0.413 0 0 0 0 0.26 0.0 0 2G 131 3 
23. : 4 I 9 . 3 2177 3 3337.3 ' 0.411 0 0 0 0 0.26 0.0 0 2E 129 5 
36. 14:8.8 2183 9 3602 7 : 0. 4 I I 0 0 0 0 0.26 0.0 0 2G . 23 7 

36. 1429.7 2209 8 3G39. 4 0.413 0 0 0 0 0.26 0.0 0 25 131 0 

35. 1467.3 2136 8 3524 7 0.414 0 0 0 0 0.26 0.0 0 26 130 5 
3E. 1172.a 2121 9 3394 7 0.410 0 0 " 0 0 0.26 0.0 0 25 123 4 

2S. 1113.8 2216 6 3646 4 0.416 0 0 0 0 0.2S 0.0 0 26 131 3 
S3. 1303.S 2145 3 3634 ; 0.417 0 0 0 0 0.47 0.0 0 47 237 5 
63. 1483.7 2127 3 3610 3 0.412 0 0 0 0 0.47 0.0 0 47 224 7 
S3. 1434.S 2204 6 3639 2 0.418 0 0 0 0 0. 47 0.0 0 47 237 9 
65. 1322.1 2170 1 3633 ? 0.422 0 0 0 0 0. 47 0.0 0 47 240 ; 

474. 2:32.6 3730 2 3322 1 0.561 IS 13 4 34 48.00 0.0 70 47 2412 5 
600. 3329.3 3033 s 9363 1 0.787 86 00 23 31 31 .03 136.03 300 33 413G 1 

913. 1S11.4 3336 0 52S7 4 0.264 211 36 0 0 0.0 0.0 211 66 2270 1 
500. 21.3 20 8 32 6 0.003 2 44 0 0 0.0 0.0 2 44 12 3 
64. 18. 1 6 2 24 3 0.003 0 37 0 0 0.0 0.0 0 37 1 4 

170. 16.0 5 4 21 4 0.002 1 24 0 0 0.0 0.0 1 24 3 0 
130. 11 .3 3 4 15.0 0.001 0 37 0 0 0.0 0.0 0 37 I 3 
100. 7.2 2 3 6 3 0.001 0 27 0 0 0.0 0.0 0 27 0 3 

G.4 2 2 6.6 0.0 13 33 0 0 0.0 0.0 13 33 1 3 
•»*»#• 0.0 0 0 0 0 0.0 0 0 0 0 0.0 0.0 0 0 0 0 

Ji-TS 

:- PRoaAeiLiTiEs: 
^OUTS 0.0010 - 3.5 DAYS IN TEN YEARS 
JTS 0.0 • 0.0 DAYS IN TEN YEARS 
ENT OPTIONS 0.0023 - 10.1 DAYS IN TEN YEARS 

CCST • 1308.4 MILLION (1937) • 
ICITY GENERATED 33114. GWH 
ELECTR-IC-I-T-Y—COST 4-,*-tGS7-CENTS PER-KWH 

59.3X 

586.6 MILLION (DISCOUNTED TO 1S79) 

• l-»8-tS79 CENTS PER-KWH - • 

:N 1987 tMILLION 
629. 
104. 

?GE5 2 1 0 . 
lAPITAL 1 3 6 . 

DISCOUNTED TQ 1979 «MILLION 
2 8 2 . 

4 7 . 
9 3 . 
6 1 . 

:NS:' COST IN ISS? »MILLIGN 

211.86 

2.44 

DISCOUNTED TO 1379 »MILL:ON 
93.31 
1 . 10 

ENESGY IN GWH 
2270.1 

12.5 

LMENT COST * IB.00 MILLION (1987] • » 7.20 MILLION (DISCOUNTED TO :S7S) 
:T S 13.33 MILLION 11397) - » 6.10 MILLION (DISCOUNTED TO 1979) 



!UU7 PECQ LUAD LUK'.'E: PECO PLANT U A l . i : ESL l JADJtllVOHTH: ESftG ftesEHvE M A R G I N S : I N P U T 2 2 . 0 ; ; : ACIUAL 

HEGANATTG HOURS OF USE ANNUAL COSTS (MILLIONS OF 1987 DOLLARS 1 

OPT ION CAPACITY MAINT NOMA INT TOTAL CAPFAC ENERGY '.'AROdM CARCHG CAPITAL TOTAL GWH GEr 

t BARBS 17. 63.8 1 12 8 176.7 ' 0.01G 0.17 0.06 0. o2 0.0 0.25 2.3 
2 BARB6 18. 57.6 103 2 1 GO. 9 0.016 0. 19 0,07 O.MZ 0.0 0.28 2.7 
3 BAHB7 17. 62.9 1 12 3 1 75.2 0.018 0.18 0,07 0.02 0.0 0.28 2.7 
4 CHEST7 13. 5.3 2 3 7.G 0.001 0.01 0,00 0.02 0.0 0.03 0. 1 
5 CHESTB 13. 3.4 2 3 S.G 0.001 O.Ol 0.00 0.02 0.0 0.03 0. 1 
6 CHESTS 13. 6.7 2 5 8.2 0.001 0.01 O.OO 0.02 0.0 0.03 0. 1 
7 CROMBl 137. 2620.4 4324 3 6844.7 0.6S4 18.12 4 .80 2.89 0.0 23.81 784.3 

a CR0Y11 48. 21 .7 11 3 33.2 0.004 0.15 0,01 0.02 0.0 0. 18 1.5 
10 CR0V12 48. 30.2 33 2 63.4 0.006 0.23 0.02 0.02 0.0 0.30 2.6 
11 CR0V21 48. 18.7 16 3 3G.0 0.004 0.13 0,01 0.02 0.0 0. 18 1.6 
12 CROY22 49. 33.8 40 8 74.7 o.ooa 0.34 0.03 0.02 0.0 0.36 3.5 
13 CR0Y3I 49. 35. 4 67 a 103.3 o.on 0.46 0.04 0.02 0.0 0.32 4.7 
14 CR0Y32 49. 48.0 71 2 120.2 0.012 0.52 O.OS 0.02 0.0 O.SB 5.4 
15 CR0Y41 48. 28.8 67 4 97.2 0.008 0.33 0.03 0.02 0.0 0.41 3.8 
IB CRDr42 4B. 17.8 16 9 34. a 0.004 0. 16 0.01 0.02 0.0 0.20 1.7 
17 DELA7 128. 2702.0 4271 3 6973.3 0.733 62.36 3.03 1 .65 0.0 68.13 808. a 
IB DELAB 124. 2385.7 3800 1 6185.8 0.658. 34.80 3.46 1 .82 0.0 ao. ia 712.1 
23 EDDYl 301 . 2312.8 4261 5 GS74.4 0.584 33.56 B.46 5.31 0.0 47.33 13GB.3 
24 EDDY2 31 1 . 2339.7 3964 6 6324.3 0.383 37.03 8.72 5.66 0.0 31 .48 1614.4 
25 EDDYS 360. 239.6 448 3 687.9 0.042 12.75 0.75 8.17 0.0 21.66 139.7 
26 EDDY4 380. 133.7 172 a 306.3 - o . o i e 5.62 0.33 6.17 0.0 14.13 61.3 
27 EDDY10 13. 10.1 3 a 13.8 0.002 0.02 0.00 0.02 0.0 0.04 0.2 
26 EDDY20 13. 12.0 4 0 16.0 0.002 0.02 0.01 0.02 0.0 O.OS 0.2 
26 EDDY30 13. 12.3 3 e 16. 1 0.002 0.03 0.01 0.02 0.0 0.03 0.2 
30 EDDY40 13. 11.7 4 2 1B.0 0.002 0.03 0.01 0.02 0.0 0.03 0.2 
31 FALLS 1 I S . 12.3 3 a 16.2 . 0.002 0.03 0.01 0.02 0.0 0.03 0.2 
32 FALLS2 I S . 11.2 3 a 13.0 0.002 0.03 O.Ol O.OZ 0.0 0.03 O.Z 
33 FALLS3 I S . 11.8 3 7 15.5 0.002 0.03 0.01 0.02 O.O ' O.OS 0.2 
37 MUDDY 1 110. 789.4 1281 4 2070.7 0.227 0.0 0.0 0.34 0.0 0.34 21B.7 
38 MUDDY2 110. 792.5 1313 7 2106.2 0.231 0.0 o.o 0.54 0.0 0.54 222.8 
38 MUDDY3 110. 744.9 1003 1 1749.9 0.200 0.0 0.0 0.54 0.0 0.34 182.3 
40 MU0OY4 UO. ' 757.8 1248 3 2006.3 0.229 0.0 0.0 0.34 0.0 0.34 220.7 
41 MUDDYS 110. 762.2 1041 a 1824.1 0.206 0.0 0.0 0.54 0.0 0.34 200.6 
42 MUDDYG 110. 821 .9 1050 a 1B72.7 0.214 0.0 0.0 0.34 0.0 0.34 206.0 
43 MUDDY7 I 10. 797.4 13S4 0 2131.5 0.226 0.0 0.0 0.54 0.0 0.34 217.3 
44 HUDDYB 1 10. BIO.2 1334 a 2143.0 0.225 0.0 0.0 0.54 0.0 0.34 217.1 
43 PEACH2 447. 2547.4 4142 6 6690.0 0.686 20.23 4.36 ' 14.OZ 0.0 38.61 2682.6 
46 PEACH3 438. 2481.3 4168 6 6680.1 0.6B3 19.61 4.27 13.77 0.0 37.64 2636.1 
47 DIESEL 19. 7.3 7 a 15.3 0.002 0.03 0.00 O.OZ 0.0 0.03 0.3 
SO RICHS 166. 18B8.B 3047 5 4S36.3 0.517 59.54 6.64 6.89 0.0 73. 17 752.3 
51 RICH21 33. 18.2 6 7 26.8 0.003 0.08 0.02 0.04 0.0 0. IS O.B 
52 RICH22 33. 13.2 6 3 18.6 0.002 0.07 0.02 0.04 0.0 0. 13 0.6 
53 RICH31 33. 10.8 3 3 14.4 0.002 0.05 • O.Ol 0.04 0.0 0. 11 O.S 
54 RICH32 33. B.2 2 8 11.2 0.001 0.04 0.01 0.04 . 0.0 O.OB 0.4 
55 HICH41 2 1 . 10. S 4 3 15.0 0.002 0.03 O.Ol 0.03 0.0 0.07 0.3 
56 RICH42 2 1 . 11.9 4 a 16.7 0.002 0.04 0.01 0.03 0.0 0.07 0.3 
57 RICH43 21 . 11.6 4 8 16.5 0.002 0.04 O.Ol 0.03 0.0 0.07 0.3 
58 RICK44 2 1 . 12.1 4 9 IG.9 0.002 0.04 0.01 0.03 0.0 0.07 0.3 
50 RICHS1 33. 8.4 2 7 12. 1 0.001 0.03 o.Ol 0.04 0.0 0.08 0.3 
GO RICH52 33. '5.3 2 6 8.5 0. uO 1 u.o3 0.01 O.04 0.0 0.08 0.2 
81 RICHCl 33. 3.4 2 2 7 0.001 0.02 0.00 0.04 0.0 0.07 0.2 
62 R1CHG2 33. 12.2 1 u Ui . 2 0. in'2 0.00 O . 0 1 0 . t)4 o.O 0. 12 0.5 

H l i : i l / l i ' l . 1" . 6 1 1 5 . ;) 0. OO 2 0. O.J O.Ol 0 .M3 •".. l i 0.07 0.3 
C-l if 11:11 2 1 . 1 4 . i i ;. .1 u:.'.: I.l .MM2 •'.. ..1 -l • j . 0 1 •J . 03 • •. 0 0.O6 o. 4 
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11.2 U J 2o :> 0 Oi)2 0 0 02 0.07 O.U 0 17 O.B 
G7 U ICHii * 51 . 17.2 G 2 23 4 0 0 o 02 0.0 7 0.0 0 10 0.3 
UU i:i : i i Y i 15-J. 2 4 U 7 . B J 3 G247 i o Guy Iio 23 4 58 4.8b 0.0 89 77 848.3 

Gil bCllY3 1'J. 2001.2 42.>1 2 7002 4 0 788 10 as 1 82 I .53 0.0 14 3o 337.5 
79 CDNEm I'/Q . 21GG.7 3231 'J 54 IB G 0 60 7 13 ao 3 2 I J 3.03 0.0 26 13 335 . 3 
UO C0NEM2 I7G. 2243.3 3 4 OS 2 SG54 5 0 G33 20 76 3 34 3.03 0.0 27 13 375.9 

t i l 2. ^2.3 13 J 35 G 0 uiiH u IJ 1 o Ou 0.00 0.0 0 01 0 . 1 
62 KEYSTl 179. 2345.6 J7G7 5 0113 1 0 642 21 37 4 IU 2.87 0.0 28 40 1004.6 
U'J hEYST2 179. 2S34.4 3883 ti 6398 0 0 716 23 83 4 G4 2.87 0.0 31 33 1119.9 
OA KEYSTD 2. 23.4 1 2 6 38 u 0 u04 0 u l U 00 0.00 0.0 0 01 0. 1 

SALEHI HUB. 2529.7 4U30 I GG19 6 u 681 20 87 5 02 15.73 0.0 4 1 72 2790.2 

ac SALEn3 16. 11.1 4 4 IS 5 0 002 0 03 0 01 0.02 0.0 0 OS 0.2 
87 CONDI 36. 1510.8 2144 3 3G55 2 0 4 17 0 0 0 0 0.26 0.0 0 26 131.6 

aa CONQZ 36. 1465.3 2248 4 3733 7 0 4 26 0 0 0 0 0. 2G 0.0 0 26 134.4 
99 CON03 3G. 1511.8 2180 7 3700 5 0 422 0 0 0 0 0.2G 0.0 0 26 133.2 
90 CUNU4 36. 1448.8 2214 1 3662 8 0 416 0 0 0 0 0.28 0.0 0 26 131.9 
91 CUNOb 36. 1493.3 21B4 5 3883 8 0 421 0 0 0 0 0.26 0.0 0 26 132.6 
92 CONOB 36. 1520.5 2200 1 • 720 G 0 425 0 0 0 0 0.26 0.0 0 2B 133.8 
93 CDND7 3B. 1502.0 2182 9 3GB4 9 0 421 0 0 0 0 0.26 0.0 0 28 132.7 
94 CONOS 65. 1508.6 2204 5 3713 4 0 424 0 0 0 0 0.47 0.0 0 47 24 1.4 
95 CONOS G5. 1428.2 2234 2 3862 4 0 418 0 0 0 0 0.47 0.0 0 4? 238. 1 
9G CONOlO 65. 1524.0 2214 7 3738 7 0 427 0 0 0 0 0.47 0.0 0 47 243.0 
97 CONOl1 63. 1483.7 2162 1 3651 8 0 417 0 0 0 0 0.47 0.0 0 4? 237.4 
99 SALEMZ 474. 2143.1 3828 6 5371 7 0 586 • 8 27 4 38 48.00 0.0 70 63 2431.7 
IOZ GCOALS GOO. 3283.8 5130 0 8429 6 0 786 8a 87 25 38 51 .05 138.03 301 64 4181.7 
108 ECONOMY 913. 1968.6 3297 a 5286 4 0 295 220 1 1 0 0 0.0 0.0 220 1 1 23S8.6 
109 EMRGENCY 500. 3.5 1 a 5 4 0 000 0 20 0 0 0.0 0.0 0 20 1.0 
1 1 1 LMHU 64 . 1.2 0 5 1 7 0 000 0 03 0 0 0.0 0.0 0 03 0.1 
114 OOLAP 170. 0.3 0 3 0 6 0 000 0 02 0 0 0.0 0.0 0 02 0. 1 
115 BRN0UT5 ISO. 0. 1 0 I 0 2 0 000 o OO 0 0 0.0 0.0 0 00 0.0 
1 1S BRNDura 100. 0. 1 0 1 0 2 0 000 0 00 0 0 0.0 0.0 0 00 0.0 
117 PARTIAL 

•>••••• 
0.0 0 0 0 1 0 0 0 05 0 0 0.0 0.0 0 05 0.0 

i i a TOTAL 

•*•*••> 
0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0 0 0.0 

o 
CO 
Oi 

SUMMARY RESULTS 

LOSS-OF-LOAD PRUBABIL1TIES; 

PARTIAL BLACKOUTS 0.0000 - 0.0 DAYS IN•TEN YEARS 
TOTAL BLACKOUTS 0.0 - 0.0 DAYS IN TEN YEARS 
ALL CURTAILMENT OPTIONS 0.0002 • 0.7 DAYS IN TEN YEARS 

TOTAL SYSTEM COST * 1284.0 MILLION 118871 
TOTAL ELECTRICITY GENERATED 33114. GUH 
INCREMENTAL ELECrfi-IC I TV COST 3.9 Ji)87 CENTS PEB KMH 
LOAD FACTOR 59.3'/. 

* 577.7 MILLION (DISCOUNTED TQ 19791 

1.7 1979 CENTS PER KMH 

IOTAL COSTS IN 1087 *MILLION 
PUEi. G13. 
'.Ml< 1 AbL E O&M 103. 
CftliRY I NG CHARGES 211. 
INCREMENTAL CAPITAL 138. 

DISCOUNTED TO 1978 •MILLION 
27G. 
4G. 
ys. 

81 . -

I M P C I H I OCT I O N K : 
ECONUMY 
L : I I I U . L . N { : Y 

r n I .l< l . i u * 1.111 r.L;\ I 

COST I N 11)8? • I t i I L L i O.1 

£ 2 0 . I 1 

M I I . I ; M. 

• i / :• -• 

I UISCGUNTEU TO 18 79 *MILL10N 
JU.IJ2 
•i . .-.a 

• J I I . 1 . - i " . ' J ? f t i i . i . U N i u I ; ; L U I J N T £ D I O i t i 7 u ) 

• . . .•2 r':iLi_im-i u j i t i C u c N i t D i o l a v a ) 

ENERGY IN GHH 
2 3 5 8 . 6 

i . 0 

o 
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I9U? PECQ LUrtl) CURVE." PECQ PLANT DATA.* ESLl .AD GIVOHTH: ESRG RESERVE MARGINS: INPUT 30.0/.; ACTUAL 32.1% 

HEiiAMATlS 
OPTION CAPACITY 

HOURS OF USE 
HAINT ' NQnAINT 

ANNUAL 
CAPFAC 

COSTS (MILLIONS OF ISH7 DOLLARS* 
ENERGY VAR04M CARCHG CAPITAL TOTAL 

I 8AR8S 17. 101 .5 146.0 247 3 0 . 0 2 2 0.24 0 08 0.02 

z 8ARB6 19. 66. B 109.5 176 3 0 . 0 1 8 0.21 0 OB 0.02 

3 BARB7 17. 103.6 157.5 2B1 I 0 . 0 2 6 0.28 0 10 0.02 

4 CMEST7 13. 2.5 0.6 3 3 0 . 0 0 0 0.00 0 00 0.02 

S CHESTS 13. 2.3 0.3 3 4 0 . 0 0 0 0.01 0 00 0.02 

e CHE6T9 13. 2.6 0.9 3 5 0 . 0 0 0 0.01 0 00 0.02 

7 CROMBl 137. 2588.8 416G.2 G7G6 1 0 . 6 3 6 17.67 4 68 2.89 

9 CR0Y11 49. 14.3 14.8 29 2 0 . 0 0 3 0. 13 0 01 0.02 

10 CR0Y12 49. 17.2 14.5 31 8 0 . 0 0 3 0. 14 0 01 0.02 

11 CR0Y21 49. 7.4 6.6 14 0 0 . 0 0 2 0.06 0 01 0.02 

I Z CROY22 48. 14.3 18.9 33 *> 0 . 0 0 4 0. 13 0 01 0.02 

13 CR0Y31 48. 18.0 22.5 40 6 0 . 0 0 4 0.19 0 02 O.OZ 

14 CR0Y32 49. 21.6 42.8 64 2 0 . 0 0 6 0.26 0 02 0.02 

I S CR0Y41 49. 10.2 13.0 29 2 0 . 0 0 3 0. 12 0 01 0.02 

I S CRaY42 4B. 1 1.2 13.5 24 7 0 . 0 0 2 0.08 0 01 0.02 

17 D6LA7 126. 2628.3 4135.6 6764 1 0 . 7 1 8 61 .12 3 83 I .85 

18 DELAB 124. 2367.3 3889.3 6256 8 0 . 6 4 9 34.37 3 43 1.62 

I B DELA9 13. 2.3 O.B 3 1 0 . 0 0 0 0.01 0 00 0.02 

2 0 DELAlO 13. 0.3 O.S 1 0 ' 0 . 0 0 0 0.00 0 00 0.02 
2 1 DELAI1 13. 2.3 0.8 3 0 0 . 0 0 0 0.01 0 00 0.02 

2 2 DELA12 13. 2.3 0.3 2 S 0 . 0 0 0 0.00 0 00 0.02 

2 3 EDDYl 301 . 2283.1 4293.8 6576 7 0 . 3 9 3 33.31 8 43 3.51 

2 4 EDDY2 31 1. 2390.6 4185.8 6576.7 0 . 6 1 2 38.27 9 01 3.68 

2 3 EDDY3 380. 288. 1 435. 1 731 2 0 . 0 3 0 13. 18 0 80 6.17 

2 6 EDDY4 360. 147.8 2G2.9 410 8 0 . 0 2 6 7.80 0 46 e. 17 
2 7 EDDYl0 13. 4.3 2.3 6 7 0 . 0 0 1 O.OI 0 00 0.02 

2 8 EDDY20 13. 6.2 3.2 9.3 0 . 0 0 1 0.01 0 00 0.02 

2 9 EDDY30 IS . 6.4 4.6 10 9 0 . 0 0 1 0.02 0 00 0.02 
3 0 EDDY40 15. 8.7 4.7 1 1 4 0 . 0 0 1 0.02 0 00 0.02 

3 1 FALL6I 13. 3.6 2.S 8 1 0 . 0 0 1 0.01 0 00 0.02 
3 2 FALLS2 15. 3.7 2.3 8 2 0 . 0 0 1 0.01 0 00 0.02 

3 3 FALLS3 15. 3.3 1.3 4 7 0 . 0 0 0 0.01 0 00 0.02 
3 4 M0GER1 I S . 0.7 O.B 1 3 0 . 0 0 0 0.00 0 00 O.OZ 
3 5 MQSERZ IS . 2.4 0.9 3 3 0 . 0 0 0 O.OI 0 00 0.02 
3 6 MQSER3 I S . 2.3 0.9 3 4 0 . 0 0 0 0.01 0 00 0.02 
3 7 MUDDY1 110. 791 .3 1300.3 2091 7 0 . 2 2 9 0.0 0 0 0.34 
3 8 MUDDY2 1 10. 782.3 1275.3 2057 7 0 . 2 2 6 0.0 0 0 0.34 
3 8 MUDDY3 110. 752.6 1021.8 1774 4 0 . 2 0 3 0.0 0 0 0.34 
4 0 MU0DY4 110. 674.9 1021.3 1696.1 0. 1 9 4 0.0 0 0 0.54 
4 1 MUDDYS 1 10. 781 .4 1041.2 1832 7 0 . 2 0 9 0.0 0.0 0.34 
4 2 MUDDYG 1 10. 782.7 1058.0 1640 7 0 . 2 1 0 0.0 0 0 0.S4 
4 3 MUDDY7 1 10. 660.8 1273.1 1959 9 0 . 2 0 5 0.0 0 0 0.54 
4 4 MUDDYS 110. 77B.4 1371.4 2149 9 0 . 2 2 S 0.0 , 0 0 0.54 
4 5 PEACH2 447. 2499.3 4165.5 666S 0 0 . 6 8 4 20. 14 4 34 14.02 
4 8 PEACH3 438.' 2S33.3 4139.3 6674 7 0 . 6 8 6 18.82 . 4 27 13.77 
4 7 DIESEL 19. 12.8 12.0 24 9 0 . 0 0 3 0.04 0 00 O.OZ 
4 8 PLMT8 Z'J. 0.2 o.S i> 7 0 . 0 0 0 0.00 0 Ou 0.04 
"49 PLhTtS 29. 2.3 o.e 3 1 0 . 0 0 0 O.OI 0 Ou 0.04 
5 0 RICHS IGG. I682.B 3 0 ( J 2 . ? 4UU,j i 0 . 5 1 4 53.08 6 ss 6.93 
S i iVICH2 1 23. 6.3 8 ." 14 _ i >>. Ou 1 0, UL) 0 Ol 0.04 
5 2 l(;CH22 J3. G.4 t i . l i 1 2 O 0. u u 1 0 . 0 4 0 Ol 0.04 
3 J k i C H J 1 'J'J. 1 .U 6 i l u . Ou 1 u . I J 2 u 01 0.04 
S4 R ICH32 l i J . 4.9 1 .2 G 2 0 .'>•> 1 O.OJ 0 O H u. 04 
S*j K ICH-t 1 :.-1. 5.9 •. . Li" l - j .) u . u u 1 0 , 0 2 u 0 1 0.03 
5 u l( 1 Cl i i J 2 l . G.G *1 . . lO u •. 1 . 0 2 <i O i u.03 
'.W HlCln'") l : . l i . S i 1 l l 1" . "0 1 n . u J u U ( 0. 03 
f l l H iL:h'i4 2 i . •1. 1 H.J " U -1 " . >IV> I U . 11J 0 ( i i ' . u. O.M 

I'lLr.'J 1 3'.i. 2 . u • •. ..i • i.. " 1 0 Ou 0. u4 
i . " K.Ci-'ji:: ru. ^. 5 I -1 • J 1.' . l.'UU O.u. IJ On u . i > 4 
li i H l C . ' l . i . i J . / ' - . i . l k i . uuO v . D n II 00 u.O 4 

i ; . ' l -'ICHt. .1.".. . ;.'/ 1. 0.001 u u l O.O 4 

. ' . I ' l l . * : f t.. •( i i r. . O i l i 0 0. u3 

.I.I-:I 

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 
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 
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 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
. 0 

O.u 
i).0 
j . 0 

0.35 
0.31 
0.40 
0.02 
0.02 
0.02 

23.25 
0. 17 
0.17 
0.08 
0.19 
0.23 
0.30 
0.13 
0.11 

66.82 
38.81 
0.03 
0.02 
0.02 
O.OZ 

47.46 
3Z.97 
24.2B 
16.44 
0.03 
0.03 
0.04 
0.04 
0.04 
O.04 
0.03 
0.02 
0.03 
0.03 
0.34 

o.qt 
0.34 
0.31 
0.34 
0.54 
0.34 
0.34 

38.48 
37.66 
0.07 
0.04 
O.OS 

72.67 
0.10 
0.08 
0.07 
O.07 
0.03 
• >.06 
0.06 
0. OS 
u. uG 

. O.OB 
O.OS 
0 .07 
0.05 
LL vS 

GUH GENERATED 

3.3 
3.0 
3.9 
0.0 
0.0 
0.0 

763. 1 
1.4 
1.4 
0.7 
1.6 
1.9 
2.7 
1.2 
0.9 

762.9 
703. Z 
0.0 
0.0 
0.0 
0.0 

1563.8 
1667.7 
166.4 
83.9 

0.1 
0. 1 
0. 1 
0.1 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 

220.8 
217.3 
183.2 
166.6 
201.6 
202.3 
197.3 
217.1 

2679.8 
Z637.B 

0 . 3 
0 . 0 
0 . I 

7 4 6 . 8 
0 . 4 
0 . 4 
0 . 2 
0 . 2 
0 . 2 
0 . 2 

; 0 . 2 
' 0 . 2 
0 . I 
0.1 
0 . 0 
0 . 2 
u . 2 
u . 2 
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CHSil 5 1 . 7. 7 3.1.1 1 1 . LJ U . M i . i l u . ur u . i i i V . 'J / y . -J • J . . - . . _ 
iCH92 51 . 11.6 IC. 4 M.MOI 0. Ol 0 .0 1 0.07 0 . 0 0.13 0.5 

SCHY I vn. t 33ij4,l3 12543,2 U.G33 62.59 4.76 4.96 0. 0 72.31 8B1 .5 

ea SCHYS 4a. 2u29.1 40Bu.0 6709.8 0 . 753 10.43 1 .74 1 .53 0. 0 13.76 323. 1 
71 SCHY10 13. 2 . 4 O.U 3.2 0. 000 O.Ol 0.00 0.02 0.0 0 .02 0.0 
72 SCHY11 15. 2 . 4 0.9 3.3 0. 00'j 0.01 0 .00 0.02 0.0 O.OS 0.0 
73 SOUTH1 I 78. 47.3 60. 4 107.7 0.011 1 .74 0 .06 2. 92 0.0 4.72 17.1 
74 S0UT'H2 178. St i . 3 131.5 217.9 0.017 2.65 0.09 2.92 0.0 5.66 26. 1 
75 SOUTHS 13. 2.3 o.a 3. 1 0.000 0.00 0.00 0.02 0.0 0.02 0.0 
76 S0UTH4 13. 2.4 0.9 3.3 0.000 0.01 0. 00 0.02 0.0 0.02 0.0 
77 SOUTHS 13. 2.3 O.B 3. 1 0.000 0.01 0.00 0.02 0.0 . 0.02 0.0 
78 SOUTHS I S . 2.4 0.9 3.3 0.000 0.01 0.00 0.02 0.0 0.02 0.0 
79 CONEHI 176. 2146.9 3299.1 5446.0 0.610 IB.33 3.21 3.OS 0.0 26.24 939.8 
BO C0NEri2 176. 2235.8 3346.0 5581 .8 0.625 20.50 3.30 3.03 0.0 26.82 963.5 
Ql CONEMD 2. 9.6 14.4 24.0 0.003 0.01 0.00 0.00 0.0 0.01 0.1 
82 KEYSTl 173. 2363.0 3886.S 6255.2 0.657 21 .66 4.25 ' 2 . 8 7 0.0 28.99 1027.3 
03 KEYST2 179. 2561.7 3695.1 6456.8 0.72S 24.04 4.68 2.B7 0.0 31 .59 1130 . 2 
B4 KEYSTD 2, 7.4 14.2 21.6 0.002 0.00 0.00 0.00 0.0 0.01 0.0 
EI5 SALE t i l 4 6 8. 2534.4 4237.3 6771.7 0.695 21 .42 5.13 15.73 0.0 42. 2B 2850.2 
BG SALEI13 16. 6.4 4.a 11.2 0.001 0.02 0.00 0.02 0.0 0.04 0.2 

a? CONOl 36. 1505.9 2160.5 3666.4 0.418 0.0 0.0 0.26 0.0 0.2B 132.0 
SB CONOS 36. 1423.4 2032.6 3522.0 0.402 0.0 0.0 0.26 0.0 0.26 126.8 

ea CONOS 36. 1501.0 2187.4 3688.4 0.421 0.0 0.0 0.26 0.0 0.26 132.8 
£10 CQN04 36. 1416.5 2221.7 3638.1 0.415 0.0 0.0 0.26 0.0 0.26 131.0 
91 CONOS 36. 1473.6 2247.3 3720.B 0.425 0.0 0.0 0.26 0.0 0.26 133. a 
92 CONOS 36. 1525.6 2216.2 3741.8 0.427 0.0 0.0 0.26 0.0 0.26 134.7 
93 C0N07 36. 1520 . 4 2217.5 3737.9 0.427 0.0 0.0 0.26 0.0 0.26 134.6 
94 CONQa 65. 14 26.6 2214.3 3642.0 0.416 0.0 0.0 0.47 0.0 0.47 236.8 
95 CONOS S3. 144B.7 2248.a 3687.6 0.422 0.0 0.0 0.47 0.0 0.47 240.3 
96 CONOlO 65. 1437.7 2206.2 3643.9 0.416 0.0 0.0 0.47 0.0 0.47 236. 9 
• 7 CONOl1 65. 1451 .2 2229.7 3660.8 0.420 0.0 0.0 0.47 0.0 0. 47 239.3 
98 SALEMZ 474. 2159.0 3B06.1 5965.1 0.585 I B . 27 4.38 48.00 0.0 70.64 2430.9 

102 GCOALS GOO. 3339.1 5093.0 8432.1 0.788 88. 14 25.36 51 .05 136.03 300.58 4142.9 
108 ECONOMY 813. 1BS0.2 3159.5 4989.7 0.277 207.00 0.0 0.0 0.0 207.00 2218.1 
109 EMRGENCY 500. 0.2 0.3 0.7 0.000 0.03 0.0 0.0 0.0 0.03 0. t 
1 1 1 LMHW 64. 2.1 0.3 2.4 0.000 0.06 0.0 0.0 0.0 0.06 0.2 
1 1 4 OOLAP 170. 2. 1 0.3 2.4 0.000 0. IE 0.0 0.0 0.0 0. 16 0.4 
115 BftNOUTS 150. 2. 1 0.2 2.3 0.000 0.03 0.0 0.0 0.0 0.03 0.1 
116 BRNOUTB 100. 0.3 0.2 0.5 0.000 0.02 0.0 0.0 0.0 0.02 0.1 
1 17 PARTIAL 0.2 0.2 0.4 0.0 J .34 0.0 0.0 0.0 J .34 0.1 
1 18 TOTAL 

*«*•**• 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

o 
oo 
to 

SUMMARY RESULTS 

LOSS-OF-LOAD PROBABILITIES: 
P A / V T I M . B L A C K O U T S 0 . 0 0 0 0 = 0 . 2 D A Y S I N T E N Y E A R S 

l U T f l L B L A C K O U T S 0 . 0 = 0 . 0 DAYS I N TEN YEARS 

A L L C U R T A I L M E N T ftp I'I ONS 0 . 0 0 0 3 = I . O D f t Y d I hi TEN YEARS 

l O T A l . S Y i i T E H COST * K ' O i i . ? M I L L I O N i l 3 b 7 > = 
f U T A L E L E C T R I C I T Y L ' I I I N E R A TED 3 3 1 1 4 . i jNi- i 

I N C R E M E N T A L E L E C TR I C I TY COST 3 . 9 19117 CENTS PUR KWH = 
LOAD FACTOR t - 9 . 3 > : 

5 7 0 . 9 M I L L I O N ( D I S C O U N T E D TO 1 9 7 9 , 

'10 TAL COSTS; I N 1 9 Q 7 * i - : I L L H J N 

F U E L 1 3 2 1 . 
'.'AR I A B L E 0 * 1 ' ! l O I J . 
CARRY I NG CHAiVCiEii 2 : 7 . 
I N C R E M E N T A L C A P I T A L 1 3 l i . 

D l i i C a U N f E I i TO 1 9 7 9 

1.7 I 979 CENTS PER KWH 

•4M I L L I O N 
2tJu . 

4 7 . 
3 0 . 
t i l . 

w ra 
(D tr 

rt tr 
H-

M r t 
CD 

o 
H i 

K ) —. 

tn 
i 

n 

I '-fHORT u p m i i M i 

M J i l N l l l l V 

CMRLit'NCY 

C J l i t I M l U U V •SJM i.i 

^ 0 7 . M'-

i t . 0 3 

.UN i j 1 SCUUNT ED I'i I U / U - H - I I L L I O N 

U.'1. 1 3 

0 . •') 1 

ENERGY IN GWH 
221B.1 

0. 1 
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--AD IL'P'.'E: PLANT DATA: ESLl LOAD GROWTH: ESRG RESERVE MARGINS: INPUT S . O S ; ACTUAL S . 1 X 

.-iCL'PS 0 r - i c - ANNUAL COSTS ( M I L L I O N S OP 1932 DOLLARS) 

-A : ,\" NOfTA INT TOTAL CAPFAC ENERGY UARO&M CARCHG CAPITAL TOTAL GUH GE 

- 7 . 5: = : . ; •=. 7 1 7 0 . 5 0 . 0 1 3 0 . 3 0 0 . 0 8 0 . 0 3 0 . 0 0 . 4 2 2 . 3 
: S . :•-•: .7 1 3 7 . 3 0 . 0 1 6 0 . 3 6 0 . 1 0 0 . 0 4 0 . 0 0 . 4 9 2 . 7 

: . 7 1 3 5 . 7 0 . 0 1 6 0 . 3 2 0 . 0 9 0 . 0 3 0 . 0 0 . 4 4 2 . 4 

: r ". I!; 21 '.> f - 2 2 2 . 2 S7S2 .7 0 . 6 4 6 2 2 . 3 6 6 . 8 1 4 . 1 3 0 . 0 3 3 . 8 2 7 7 3 . 3 
- i . 

~ •_ 
I s;. z 1GS.7 0 . 0 1 8 1 .11 0 . 0 9 0 . 0 3 0 . 0 1.24 7 . 8 

-Z. ic-s.e 171 . a 0 . 0 1 8 1 .08 0 . 0 3 0 . 0 3 0 . 0 1.20 7 . 3 

. '. . 2 ;S7 .5 2 S 1 . 3 0 . 0 3 0 1 .84 0 . 1 6 0 . 0 3 0 . 0 2 . 0 3 1 2 . a 
^1 . 3-: ; : - i v . 4 1 6 4 . 3 0 . 0 1 B 1 .11 0 . 0 9 0 . 0 3 0 . 0 1 . 2 3 7 . 7 

. . _£ 7 : 2 3 . - 209 . 0 0 . 0 2 3 1 . 4 1 0 . 1 2 0 . 0 3 0 . 0 1.36 9 . 9 
- - i . r l 1 SE.S 1 8 4 . 7 0 . 0 2 0 1 .24 0 . 1 : 0 . 0 3 0 . 0 1.36 8 . 7 

-; . . : f : S 2 . 2 2 E 7 . B 0 . 0 2 9 1 .77 0 . 13 0 . 0 3 0 . 0 1 .S3 1 2 . 4 

-: . 

• 
2 : 2 2 . 2 2 4 3 . 6 0 . 0 2 6 I . 5 0 0 . 1 4 0 . 0 3 0 . 0 - 1 . 7 7 1 1 . 2 

- 2 = 32 * **<>e. 3 7 3 4 0 . 0 0 . 7 8 4 9 8 . 0 7 6 . 0 4 2 . 6 3 0 . 0 1 0 5 . 7 5 8 6 5 . 8 

: ; - . 2 0 - 2 ; - f ? 2 . 3 7 3 9 6 . 4 0 . 8 1 6 1 0 0 . 4 3 G.'19 - 2 . 6 1 0 . 0 1 0 9 . 2 3 8 8 6 . 6 

: . . . 2 2 7 - - 2 i ; . 0 5 3 1 3 . 9 0 . 3 6 8 4 2 . 4 0 1 Z . 0 2 - 7 . 6 1 0 . 0 6 2 . 3 4 1 5 5 0 . 6 

;: -. r : : - T 2 3 . 0 5-»90. 7 O.S IS 4 9 . 1 2 1 3 . 0 0 8 . 1 7 0 . 0 7 0 . 3 0 I S 7 V . 4 

si: . 

• ; " 
7 5 5 5 . o 6 2 1 . 3 0 . 0 3 3 2 4 . 7 4 1 .43 1 1 . 7 3 0 . 0 3 7 . 9 1 1 3 4 . 3 

Z E . S : s . i 1 4 1 1 . 4 0 . 0 9 3 4 1 . 5 2 2 . 4 0 1 1 : 7 3 0 . 0 3 3 . 5 3 3 0 3 . 3 
5 - . I O T . J 1 8 3 2 . 2 0 . 2 0 3 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 6 1 9 5 . 9 

- : 123 . 1 1 3 3 7 . : 0 . 2 0 1 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 1 9 4 . 1 

1 : = vE = , g 1 7 8 7 . 4 0 . 2 0 4 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 1 3 6 . 6 
" 2 : • : - : • ; ? . : : S 2 4 . s 0 . 2 0 8 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 2 0 0 . 7 
~3 . lO- iZ .S • 1 7 7 4 . 0 0 . 2 0 3 . 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 1 9 3 . 1 

:: * 7 . ; : : 0 2 . 3 ' : B 2 0 . 9 0 . 2 0 8 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 2 0 0 . 3 

::-'•• 
" I I . ; S 4 . 2 ; 8 7 8 . 0 0 . 137 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 1 3 0 . 2 

: L - 1 . ™ 1 2 7 5 . 2 2 : 3 4 . 2 0 . 2 2 3 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 2 1 3 . 3 
I - - 7 S 3 c 2 . S 0 . 5 7 6 2 3 . 5 0 6 . 1 6 2 0 . 12 0 . 0 3 3 . 76 2 6 4 7 . 4 

~ - IT Z 4 : 2 4 . : 5E34.G • 0 . 6 6 4 2 5 . 3 1 6 . 1 2 1 9 . 7 6 0 . 0 3 3 . 1 3 2 S 3 0 . 2 

- G i . : : 0 5 . 5 0 . 0 1 2 0 . 2 9 0 . 0 0 0 . 0 4 0 . 0 0 . 3 2 1.3 
r * c- - 3 3 S 0 7 . 9 3 0 0 0 . 7 0 . 6 3 9 1 0 8 . 0 6 1 1 . 7 7 1 0 . 0 3 0 . 0 1 2 9 . 6 6 9 2 9 . 5 

z 3" r 2 4 1 f S . 1 S B 3 Z . 7 0 . 6 7 8 9 8 . 3 6 7 . 3 2 7 . 1 2 0 . 0 1 1 3 . 0 0 3 4 4 . 7 
-2 • 2" f v •j 4 3 4 2 . 4 7 2 9 2 . 4 0 . 8 2 2 1 6 . 8 2 2 . 7 3 2 . 1 3 0 . 0 2 1 . 7 3 3 5 2 . 8 

. " { . 2 : 2 1 : 2 : 3 S . S 3 2 5 6 . 0 0 . 3 9 0 2 4 . 6 6 4 . 4 6 4 . 3 3 0 . 0 3 3 . 4 9 9 0 3 . 0 
1 7 5 . 222" 3 3 0 3 . u 3 3 4 0 . 0 0 . 6 2 0 2 3 . 3 7 4 , 7 0 4 . 3 3 0 . 0 3 3 . 0 1 9 3 6 . 3 
: 7 5 . 2252 - 27G3.0 G 1 1 6 . 4 0 . 6 4 3 2 7 . 3 0 3 . 3 8 4 . 1 2 0 . 0 3 7 . 3 9 1 0 0 3 . 3 
: 7? • 2?S- 2SC1 . 5 G 3 3 3 . 9 0 . 7 1 2 3 0 . 2 1 6 . 5 1 4 . 1 2 0 . 0 4 0 . 3 3 1 1 1 2 . 7 

2T22 : 4 2 ; 0 . S 5 7 4 3 . 9 . 0 . 6 9 3 31 . 6 7 7 . 3 4 2 2 . 3 8 0 . 0 6 1 . 3 9 2 3 4 2 . 0 
r 5 . ; - - ^ c -? 2 3 5 6 . 0 0 . 4 0 9 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 1 2 3 . 1 

- 2:7— . 7 3 6 0 5 . 2 0 . 4 1 2 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 1 2 3 . 3 
2 5 . 1^2. 2 2 2 ; . . 2 2 6 3 2 . 6 • 0 . 4 1 3 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 1 3 0 . 8 
2S • . - 3 2 5 2 I i Z . B 3 6 6 3 . 6 i 0 . 4 1 8 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 1 3 2 . 0 
25 . . - ; £ 2 2 : 3 3 . 4 3 3 8 1 . 6 0 . 4 0 3 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 1 2 8 . 9 
2S • i - - - I I - O . 0 2 3 7 4 . 3 0 . 4 1 9 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 1 3 2 . 3 
2 5 • . " j 2 2 2 . 4 5 . 3 3 5 4 3 . 7 0 . 4 1 7 0 . 0 0 . 0 0 . 3 7 0 . 0 0 . 3 7 131 . 4 

• 
. -SS 2 2 : j c . s 2 5 5 3 . 2 0 . 4 0 9 0 . 0 0 . 0 0 . S 7 0 . 0 0 . 6 7 2 3 3 . 1 
; I'.'-E A 2 : 4 3 . 3 3 6 3 2 . 1 0 . 4 1 7 0 . 0 0 . 0 0 . 6 7 0 . 0 0 . 6 7 2 3 7 . 4 

SS. :S0'5 : 2 1 3 6 . 7 3 5 6 4 . 8 0 . 4 1 8 0 . 0 0 . 0 0 . 6 7 0 . 0 0 . 5 7 2 3 9 . 2 
o i . ' ^ 7 T 2 : 2 s . : 3 6 1 2 . 0 0 . 4 1 2 0 . 0 0 . 0 0 . 6 7 0 . 0 0 . 6 7 2 3 4 . 8 

C 7 - . 2 : i 7 a 2 6 : 5 . e 6 0 0 4 . 2 0 . 3 8 0 2 7 . 2 3 6 . 3 3 6 8 . 9 1 0 . 0 1 0 2 . 5 2 2 4 4 S . 3 
3'D-> • 2222 -- ; : - : . S 8 4 6 3 . 9 0 . 7 9 6 1 1 3 . 3 7 3 5 . 7 3 7 3 . 2 9 1 3 6 . 0 3 3 3 9 . 6 4 4 1 8 2 . 3 

-. ^ _ S 2E7S.S 5 3 3 2 . 7 0 . 4 1 7 4 3 7 . 6 3 0 . 0 0 : 0 0 . 0 4 3 7 . 6 3 3 3 3 7 . 4 
2 : £ G I . O 9 6 . 9 0 . 0 0 4 3 . 4 0 0 . 0 0 . 0 0 . 0 3 . 4 0 1 8 . 3 

. -a 3 3 S . 4 6 7 . 7 ' 0 . 0 0 6 2 . 0 3 0 . 0 0 . 0 0 . 0 2 . 0 3 3 . 4 

: ro. IE 3 2 1 . 3 3 9 . 5 0 . 0 0 3 2 . 8 2 0 . 0 0 . 0 0 . 0 2 . 8 2 4 . 7 
•.50. :- 0 G.4 2 0 . 4 0 . 0 0 2 0 . 6 6 0 . 0 0 . 0 0 . 0 0 . 5 6 2 . 2 

:oo. 7. 6 •4.2 1 2 . 3 0 . 0 0 1 0 . 4 4 0 . 0 0 . 0 0 . 0 0 . 4 4 1.0 
G. 7 :.s 8 . 6 0 . 0 4 7 . 9 3 0 . 0 . 0 . 0 0 . 0 4 7 . 3 3 3 . 2 
0 . '• 0 . 0 0 . 1 0 . 0 1 0 . 3 9 0 . 0 0 . 0 0 . 0 1 0 . 3 3 0 . 7 

' . • iCSAS lL IT ISS: 
U T S 0 . 0 0 : 0 * 3 . 6 DAYS IN TEN YEARS 
"= 0 . 0 0 0 0 • 0 . 0 DAYS IN TEN YEARS ' 
T DPTIONS 0.OO77 - 2 8 . 2 DAY8 IN TEN YEARS 

IZST * 2 0 7 3 . 7 - I L L I O N ( 1 3 3 2 ) • 
JITV 3E-NERATED 3 4 8 7 6 . GUH 
-2;-R:C:TV COST e.o 1932 CENTS PER KHH 

:-.2X 

366.8 MILLION (DISCOUNTED TO 1379) 

l.B 1979 CENTS PER KHH 

[£82 «K:LLIC]N 
333. 
133. 

= 302. 
ITAL 135. 

DISCOUNTED TO 1979 IHILLION 
261. 
42. 
92. 
37. 

COST IN 1992 sniLLION 
437.63 

3.40 

DISCOUNTED TO 1979 SHILLIDN 
124.97 
1.48 

ENERGY IN GWH 
3337.4 

18.3 

2NT COST » 64.88 MILLION (1932) • • 17.72 MILLION (DISCOUNTED TO 1973) 
» 39.33- MILLION -(1992) --•—16.09 MILLION (DISCOUNTED TO 1379)-



1040a 
LOAD CURVE: PECD PLANT DATA: E5L : tOAD 'GROUTH: EERG 

E x h i b i t (DS-C) 
Sheet ̂ 0 of 24 
RESERVE MARGINS: INPUT 14.OX! ACTUAL 13.32 

MEGAWATTS HOURS OF USE 
CAPACITY MAINT NOMA INT TOTAL 

ANNUAL CGSTS (MILLIONS OF 19S2 DOLLARS) 
CAP-AC ENERGY VARC4M CARCHG CAPITAL TOTAL 

'.7. 

:s. 
17. 

127. 
4S. 
49. 
43. 
49. 
49. 
4S'. 
4S. 

49. 
1ZS • 

260. 
360. 
110. 
::0. 
:;0. 
no. 
uo. 
::o. 
1 10. 
: :0. 
447 . 
423. 

'.SG. 
33. 

31 . 
51 . 
31 . 
133. 
49. 
176. 
176. 
:7S. 
176. 

17S. 
:7S. 

•IS 3 . 
36. 
26. 
3G. 
26. 
36. 
36. 
36. 
63. 
65. 
S5. 
63. 

600. 
313. 
500. 
G4. 

170. 
130. 
100, • •»••»* 

42. 2 
36.3 
35.7 

25S5.3 
44 . 4 
31 .2 
70. S 
37.2 
44.6 
66.4 
69.0 
61.0 

2B23.4 
30: G.S 
22SS.7 
2414.3 
242.3 
452.7 
706. S 
730.6 
727. S 
'723.8 
730,4 
751 .6 
SS0.3 
GS-,7 

2548.1 
2337.3 

jO.G 
2313.5 

18.5 
:7.2 
:7. : 
20.6 
23.3 
20.7 
34. G 

2632.3 
2891.3 
164.4 
118.6 

2:30.1 
2231.5 

36.4 
2321..S 
2356.4 

36. 1 
2337.5 
1421.6 
l i 4 3 . 3 
:433.8 
1425.3 
'.447.2 
1453.3 
1435.3 
1441.4 
144Z.G 
1430.2 
143fl.5 
21.37. : 
3305.3 
2380.5 

3.5 
12.6 
12.8 
1.6 
0.5 
0.4 
0.0 

46 
33 
34 

4244 
46 
7S 
97 
34 
62 
90 
81 
103 

4232 
4332 
41B4 
4076 
457 
842 

1103 
:136 
1 104 
1082 
1087 
1093 
1339 
1335 
4210 
4224 

31 
3616 

36 
43 
36 
41 
31 
36 
37 

4239 
4309 
243 
180 

3243 
3451 

45 
3809 
3865 

46 
4161 

2:48 
2219 
2134 
2183 
2237 
2210 
2225 
2230 
2241 
2213 
2179 
3834 
5036 
3774 

15 
17 
IG 
3 
1 
0 
0 

85. 
74, 
70. 

6S33. 
92, 

•30. 
lEE. 

2 71 . 
4 107. 
.5 157, 
0 150. 
8 155. 
5 7035. 
.5 734.3. 
1 6483. 
8 5303. 
7 700. 
2 1234. 

1S09. 
1667. 
1832. 

ieoe. 
1318. 
1650. 
2090. 
2050. 
G732. 
G7S2. 

81 . 
533 i . 

55, 
60. 

60. 
37. 

6=50, 
7191 . 
407, 
2S9. 

3273. 
57:2. 

84, 
5:21 , 
6443. 

S4. 

3 S53S.3 
3633. 
3663, 
3630, 
3614. 
3684, 
3663. 
3661 , 
3672. 
3683. 
3614, 
3614. 
G081 , 

.3 8401. 

.9 6155, 

.0 20, 

3 0 . 

0 . 0 0 9 
0 . OOB 
0 . 0 0 7 
0 . S 3 1 
0 . 0 1 0 
0 . 0 1 2 
0 . 0 1 9 
0 . 0 0 7 
0 . 0 1 2 
O.OlS 
O .OiS 
O .OlS 
0 . 7 5 1 
O . S l I 
0 .S37 
0 . 8 1 3 
0 . 0 5 0 
0 . 0 8 4 
0 .1SS 
0 . 2 0 3 
0 .20S 
0 . 2 0 6 
0 . 2 0 6 
0 . 2 1 1 
0 . 2 1 9 
0 . 2 1 4 
0 .6S4 
0 . 5 9 4 
0 .009 
O.S30 
0 . 0 0 6 
0 . 0 0 6 
0 . 005 
O.OOE 
O.OOG 
0 . 0 0 3 
0 . 0 0 6 
0 . 6 8 5 
0 . 8 1 1 
0 . 0 3 8 
0 . 0 2 3 
0 . 6 0 2 
0 .33S 
O.OOS 
0 . 5 4 4 
0 , 7 2 1 
0 , 0 1 0 
0 . 6 8 S 
0 , 4 : 5 
0 . 4 1 3 
0 . 4 1 7 
0 . 4 1 2 
0 . 421 
0 . 4 I S 
0 . 4 1 6 
0 . 4 1 3 
0 . 4 2 1 
0 . 4 1 6 

0 . 4 1 3 
0 . 5 3 7 
0 . 3 0 6 
0 . 3 7 3 
O.OOl 
0 . 0 0 3 
0 .002 
0 . 0 0 0 
0 . 000 
0 . 0 
0 . 0 

0 . 1 7 
0 . 1.7 
0 . 1 3 

2 3 . 0 1 
0 . 6 3 
O. 74 
1.16 
0 . 4 6 
0 . 73 
1 .01 
1 .01 
1 . 13 

3 3 . 3 3 
3 9 . 9 1 
4 2 . 2 9 
4 8 . 3 4 
2 2 . 3 2 
3 7 . 5 5 

0 . 0 
0 . 0 

0.0 
0.0 
0.0 
0.0 
0.0 

30.22 
29.73 
0.21 

106.35 
0.27 
0.27 
0. IS 
0. IB 
0.33 
0.32 
0.41 

99.7G 
16.51 
6.78 
3. 75 

23. 16 
2G.77 
0.03 

27.34 
30.63 

0 . 03 
31.45 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

27. SO 
113.03 
413.18 

0.92 
1.14 
1.44 
0. 17 
0.07 
7.29 
0.0 

0.05 
0.05 
0.04 
6. SS 
0.03 
0.06 
0. 10 
0.04 
0.06 
O.OS 
0.09 
0.10 
5.79 
6.13 

11.39 
12.33 
1.2S 
2. 18 
0.0 
' 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.32 
6.21 
0.00 

U . S l 
O.OG 
O.OS 
0.03 
0.04 
0.03 
O.OS 
0.10 
7.41 
2.70 
0.23 
0. 19 
4.33 
4.94 
O.OI 

S.70 

o.o: 
7.29 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 -
0.0 
6.40 

37.22 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.03 
0.04 
0.03 
4 . 13 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
2.65 
2.Si 
7.91 
8. 17 

11.73 
11.73 
0. 73 
0.78 
0.73 
0.78 
0.78 
0.73 
0.78 
0.78 

20. 12 
19. 76 
0.04 
10.03 
O.OS 

OS 
0^ 
04 
OS 
03 
03 

0, 
0, 
0 
0, 
0, 
0, 
7.12 
2.19 
4.20 
4.20 
4.35 
4.25 
0.00 
4 . 12 
A. 12 
0.00 

22.58 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.57 
0.57 
0.S7 
0.67 

35.31 
73.29 
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 
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 
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 
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 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

126.03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.24 
0.25 
0.22 

34.02 
0 . 72 
0.33 
1.30 
0.53 
0.83 
1.12 
1,13 
1.26 

102.39 
109.66 
62. 13 
70.06 
33.35 
51 .36 

0 . 78 
0.78 
0.7S 
0, 78 

3S.74 
55.73 
0 .25 

129.19 
0.39 
0.39 
0.23 
0.27 
0.37 
0.50 
0.60 

114.26 
21.51 
13.2G 
10.13 
34.06 
35.3£ 
0. 04 

37 .-3 
41 . 45 
0.04 

61 .32 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.S7 
0.67 
0.67 
0.57 

102.S2 
361.38 
415.16 

0.62 
1.14 
: .44 
0.17 
0.07 
7.23 
0.0 

GWH GENERATED 

1.3 
1.3 
L. 1 

780. 7 
4 . 4 
3.2 
8.: 
3.2 
5. I 
7.1 
7 . 1 
7.S 

829.4 
862. 1 

1543.3 
1671.0 
£56.4 
230.7 
131 . 3 
137.4 
201 .3 
198.7 
200.0 
203.6 
210.1 
20G.3 

27:6.5 
2670.2 

1.3 
SlS.5 

1.7 
1 . 7 

2.7 
356. 1 
3*8.3 
36.3 
38 . 5 

327.4 
563.3 

0.2 
1007.0 
1127,E 

0.2 
2822.0 
131.0 
:31 .= 
131 .4 
130.1 
132.6 
132.0 
131 .6 
226.7 
239.4 
236.3 
224.3 

2477.0 
423S.4 
3027.B 

2.3 
1.9 
2.4 
0.5 
0.2 
0.5 
0.0 

IJLTS 

-o pfraBAsiLiriES: 
ACKOUTS 0.0002 * O.S DAYS IN TEN YEARS 
-iuUTS 0.0 • 0.0 DAYS IN TEN YEARS 
.-MENT QPTIDNS 0.0034 - 12.5 DAYS IN TEN YEARS 

Sn COST « 1998.2 MILLION (1992) • 
~I?:C:TY GENERATED 3487B. GWH 
- ELECTRICITY COST 5.7 139Z CENTS PES 
- S3.3X 

542.3 MILLION (DISCOUNTED TO 1373) 

l.S 1379 CENTS PER KWH 

E IN 1332 »MILLION 
953. 

- i f l L36. 
fAffGES 3 1 1 . 
_ CAPITAL 12G. 

DISCOUNTED TO 1379 •MILLION 
252. 
*3. 
35. 
37. 

:ONS: COST I N is32 *niLLION 
" 415.19 

0,82 

DISCOUNTED TO 1379 * n l L L I O N 
113.38 

0.22 

ENERGY IN GUH 
3027.8 

2.9 



9 t l i " PHCO LOAD C I J I ( 0 £ : PLC J P L i i r i f DATA: ESL • A D G R O W I H : ESRG H E S E K U E M A R G I N S : I N P U T 2 2 . 

l l l i L i A M A T T S HOUHS OF USE i t N N U A L COSTS 1 M I L L I O N S OF 1 8 8 2 D U L L A l i S 1 
t J P T I Q N CAPACI rv M A I N T N O n A I N T r G T . l u C A P F A C ENt£ f tG\ CARCHG C A P I T A L T U T A L GWH GENERATED 

1 1 7 . 3 3 . 1 4 7 . 8 uO.u 0 . 0 0 ? 0 . 14 0 . 0 4 u . 0 3 0 . 0 0 . 2 0 1 . 0 

2 UtWBG i a . 2 1 . 7 1 1 . 2 3 2 . U 0 . 0 0 3 0 . 0 8 0 . l > 2 0 . 0 4 0 . 0 0 . 1 3 O . B 

3 B A H B 7 1 7 . 3 0 . 4 3 7 . 4 6 7 . U 0 . 0 0 7 0 . 1 4 u . 0 4 0 . 0 3 0 . 0 0 . 2 1 1 . 0 

4 C H E S T 7 1 3 . 6 . 7 2 . 3 9 . 2 0 . 0 0 1 3 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 0 . 0 3 0 . 1 

\ 1 . 1 . 1 2 . 1 Q . l •a. KiZ 1.<it ~ •j.<a. •a .15 • i . l 
9 C H E S T S 1 3 . 9 . 5 2 . 5 1 2 . 0 0 . 0 0 1 0 . 0 3 0 . 0 1 0 . 0 2 0 . 0 , 0 . 0 6 0 . 2 

7 CkOHBl 1 3 7 . 2 5 5 6 . 2 4 3 3 0 . 2 8 8 8 6 . 3 0 . 8 5 4 2 3 . 14 6 . 8 0 4 . I S 0 . 0 3 4 . 1 9 7 8 4 . 9 

9 C R O Y I 1 4 9 . 3 7 . 0 7 3 . 3 1 1 0 . 4 0 . 0 1 2 0 . 7 3 0 . 0 6 0 . 0 3 0 . 0 0 . 8 3 3 . 1 

1 0 C R U y i 2 4 9 . 3 4 . 0 4 1 . 3 7 5 . 3 0 . 0 0 7 0 . 4 3 0 . 0 4 0 . 0 3 0 . 0 0 . 5 0 3 . 0 

1 1 C R a Y 2 1 4 9 . 4 5 . 9 G 9 . 0 1 1 4 . 9 0 . 0 1 3 6 . 7 7 0 . 0 7 0 . 0 3 0 . 0 0 . B 7 5 . 4 

1 2 C R Q Y 2 2 4 9 . 2 8 . 2 2 6 . 8 5 3 . 1 0 . 0 0 6 0 . 3 8 0 . 0 3 0 . 0 3 0 . 0 0 . 4 4 2 . 6 

1 3 C R 0 Y 3 1 4 9 . 4 9 . 4 9 6 . 7 1 4 6 . 1 0 . 0 1 4 0 . 8 8 0 . 0 7 0 . 0 3 0 . 0 0 . 9 8 6 . 1 

14 C R 0 Y 3 2 4 9 . 3 8 . 8 6 2 . 3 1 0 1 . 1 0 . 0 1 1 0 . 6 8 0 . 0 6 0 . 0 3 0 . 0 0 . 7 7 4 . 8 

1 5 C R 0 Y 4 I 4 9 . 3 7 . 1 7 1 . 3 1 0 8 . 4 0 . 0 1 2 0 . 7 5 0 . 0 6 0 . 0 3 0 . 0 0 . 8 3 3 . 2 

1 6 C f t O Y 4 2 4 9 . 4 9 . 0 7 5 . 0 1 2 4 . 0 0 . 0 1 3 0 . B 2 0 . 0 7 0 . 0 3 0 . 0 0 . 9 2 5 . 7 

1 7 D E L A 7 1 2 6 . 2 8 4 7 . 7 4 2 4 4 . 2 7 0 9 1 . 9 0 . 7 6 4 8 3 . 4 7 3 . 8 8 2 . 6 3 0 . 0 1 0 4 . 0 0 8 4 2 . 8 

i a D E L A B 1 2 4 . 3 0 2 0 . 7 4 5 0 4 . 3 7 5 2 5 . 0 0 . B O 5 8 9 . 0 0 6 . 10 2 . 6 1 0 . 0 1 0 7 . 7 1 B 7 4 . 0 

23 E D D Y l 3 0 1 . 2 2 3 3 . 3 4 1 8 6 . 8 6 4 4 0 . 2 0 . 5 B 1 4 1 . 9 2 1 1 . 8 9 - 7 . 8 1 0 . 0 6 1 . 7 2 1 3 3 3 . 1 

2 4 E D D Y 2 3 1 1 . 2 3 1 8 . 9 4 1 8 2 . 6 6 5 0 1 . 4 0 . 6 1 3 4 6 . 9 3 1 2 . 9 G B . 1 7 0 . 0 7 0 . 0 8 1 6 7 1 . 4 
2 3 E D D Y S 3 6 0 . 2 8 2 . 3 S O O . 6 7 6 2 . 9 ' 0 . 0 5 2 2 3 . 2 3 1 . 3 4 1 1 . 7 3 0 . 0 3 6 . 3 1 1 7 3 . 2 
2 6 EDDY4 3 B 0 . 4 7 7 . 4 8 3 8 . 9 1 3 1 6 . 3 0 . 0 8 0 4 0 . 0 2 2 . 3 1 1 1 . 7 3 0 . 0 3 4 . 0 7 2 9 9 . 4 

2 7 E D O Y I O 1 3 . B . 7 2 . 6 1 t . 3 0 . 0 0 1 0 . 0 2 O . O I 0 . 0 2 0 . 0 O . O S 0 . 1 

2 9 E D D Y 2 0 1 3 . 8 . 8 2 . 7 1 1 . 5 0 . 0 0 1 0 . 0 2 0 . 0 1 0 . 0 2 0 . 0 0 . 0 3 O . I 

2 9 E D D Y 3 0 1 3 . 8 . 7 3 . 0 1 2 . 7 O . O O l 0 . 0 3 . 0 . 0 1 0 . 0 3 0 . 0 O . 0 6 0 . 2 

3 0 E 0 D Y 4 O 1 3 . 9 . 1 3 . 2 1 2 . 2 0 . 0 0 1 0 . 0 3 0 . 0 1 0 . 0 3 0 . 0 O . 0 6 0 . 2 

3 1 F A L L S 1 1 5 . 9 . 0 3 . 4 1 2 . 4 0 . 0 0 1 0 . 0 3 0 . 0 1 0 . 0 3 0 . 0 0 . 0 6 0 . 2 

3 2 F A L L S 2 . I S ­ 1 0 . 3 3 . 7 1 4 . 0 0 . 0 0 2 0 . 0 3 0 . 0 1 0 . 0 3 0 . 0 O . 0 7 0 . 2 
3 3 F A L L S 3 I S . 1 0 . 5 4 . 0 1 4 . 5 - 0 . 0 0 2 0 . 0 4 0 . 0 1 0 . 0 3 0 . 0 O . 0 7 0 . 2 
3 4 M O S E R l 1 5 . 2 . G 1 . 3 3 . 9 0 . 0 0 0 0 . 0 1 0 . 0 0 0 . 0 3 0 . 0 O . 0 4 0 . 1 
3 5 M 0 S E R 2 I S . 2 . 6 1 . 4 4 . 0 0 . 0 0 0 0 . 0 1 0 . 0 0 0 . 0 3 0 . 0 O . 0 4 0 . 1 
3 6 H 0 S E R 3 1 5 . 4 . 9 1 . 4 6 . 3 0 . 0 0 1 O . O I 0 . 0 0 0 . 0 3 0 . 0 0 . 0 4 0 . 1 
3 7 MUDDY 1 1 1 0 . - 6 8 8 . 8 1 1 2 4 . 6 1 8 1 3 . 5 0 . 1 6 8 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 6 1 9 1 . 3 
3 8 MU0DY2 1 1 0 . 7 2 8 . 7 11 O B . 6 1 8 3 8 . 3 0 . 2 0 2 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 B 1 8 4 . 4 

3 9 M U 0 D Y 3 U O . 7 3 3 . 6 1 1 3 5 . 7 1 9 7 1 . 3 0 . 2 1 4 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 6 2 0 3 . 8 
4 0 MU0DY4 1 1 0 . 7 3 2 . 3 1 0 9 1 . 6 1 8 2 4 . 3 0 . 2 0 B 0 . 0 0 . 0 0 . 7 B 0 . 0 0 . 7 9 2 0 0 . 7 

4 1 MUDDY9 1 1 0 . 7 1 4 . 3 1 0 9 5 . 0 1 8 0 9 . 3 0 . 2 0 7 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 B 1 8 8 . 0 

4 2 M U 0 D V 6 1 1 0 . 7 3 7 . 1 1 1 2 5 . 7 1 8 6 2 . 8 0 . 2 1 3 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 2 0 4 . 9 

4 3 MUDDY? 1 1 0 . 7 1 8 . 6 1 4 0 5 . 3 2 1 2 4 . 1 0 . 2 2 2 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 2 1 3 . 8 
4 4 MUDDYS 1 1 0 . 7 0 8 . 3 1 3 6 8 . 7 2 0 7 7 . 0 0 . 2 1 7 0 . 0 0 . 0 0 . 7 8 0 . 0 0 . 7 8 2 0 9 . 1 

4 5 P E A C H 2 4 4 7 . 2 4 8 3 . 1 4 2 5 6 . 2 6 7 4 1 . 3 0 . 6 9 1 3 0 . 1 7 6 . 3 0 2 0 . 1 2 0 . 0 5 6 . 3 9 2 7 0 7 . 2 
4 6 P E A C H 3 4 3 8 . 2 4 8 3 . 1 4 0 8 3 . 1 G S 6 S . 3 0 . 6 7 5 2 8 . 9 2 6 . 0 4 1 9 . 7 6 0 . 0 5 4 . 7 1 2 5 9 5 . 0 

4 7 D I E S E L 1 9 . 1 6 . 3 8 6 . 0 1 0 2 . 3 0 . 0 1 0 0 . 2 4 0 . 0 0 0 . 0 4 0 . 0 o.za 1 . 7 

SO R1CHB 1 6 6 . 2 4 1 1 . 6 3 6 1 9 . 5 6 0 3 1 . 1 0 . 6 4 6 1 0 9 2 1 1 1 . 8 0 1 0 . 0 3 0 . 0 1 3 1 . 1 4 9 3 9 . 4 
S I h I C H 2 1 3 3 . 1 2 . 7 6 . 8 1 9 . 6 0 . 0 0 2 0 . 1 0 0 . 0 2 0 . 0 6 0 . 0 0 . 1 9 1 0 . 6 
5 2 R I C H 2 2 3 3 . 1 2 . 7 7 . 3 2 0 . 0 0 . 0 0 2 o-. 1 0 O . 0 2 O . O G 0 . 0 0 . 1 9 0 . 6 
5 3 ftlCHjl 3 3 . 3 . 8 1 . 8 ' 7 . G o . 0 0 1 0 . 0 4 O . O t i O . O G 0 . 0 0 . 11 0 . 2 
5 4 R I C H 3 2 3 3 . 3 . 4 i . a 7.-J 0 . 0 0 1 0 . 0 4 O . O I O .OG " 0 . 0 0 . 1 1 0 . 2 
5 b R [ C H 4 1 2 1 . 1 3 . 3 U . G 1 9 . 8 0.002 0 . 0 6 0 . 0 1 0 . 0 4 0 . 0 O . 11 0 . 4 
SU i i 1 CH4 2 2 1 . 1 5 . 4 • j . J; 2>J . 7 i ' . 0 0 2 0 . 0 6 • i . Oi 0 . 0 4 0.0 0 . 1 2 0 . 4 
: -7 S I C H 4 3 2 1 . 1 4 . 8 •J . ii 2 i , . 7 •:•. 0KI2 0 . 0 7 > • . 0 2 0 . O i 0.0 0 . 1 2 0 . 4 
f ' l ' j f i : t : i i - i - . : : i . 1 4 . 2 • i . . i u . . ; O . O I I 2 0. Oti ' • i . u t 0 . 0 4 • i . v 0 . 1 1 0 . 4 

:•':) i ' ICHS 1 j j . B . d J . 2 . . iJ M . 0>' l 1 0 , 0*> 0 . OG 0 . 0 u . 13 0 . 3 
L O a i c m o ^ 3 . : : . 9 2.."1 l i . > i _ . . i j . : . ; 0 . . .5 o.u: 0 . 0 6 0 . 0 0 . 12 0 . 3 
O l ft i r . m i i : j j . C . O . 2 . •"• l i . . > 0 . ' ' 0 i >"•. 0 : i 0 . •'• i 0 . I J G l > . V 0 . 1 2 0 . 3 
G I » I r l i i j J . j . > . L . I j i . . • . V ,p 

•.. .II.: 
i 0 . OG >.•../ 0 . 0 0 0 . 1 

L i l i : . : i . . t 7 i i . i - . .*. • • . " . / ] M . > - I • <. o i '•' .«'n • 1 . . . 0 . i.0 0 . 3 
G l 11: i ; 11 / ! • 1 1 . 

. .•;.. 
.......... •.•....•1 • • . i l t O . i . . . . 0 6 0 . 2 

-o o o 
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l i i j fiicii'.i: : > i . 21.0 .• J . 1 •1 'I '2. 0.003 0,05 0.03 0.0 0.36 1.4 
KV. KlllHUl' 5 1 . ib.U . Li 42 3 0.003 0,05 0.08 0.0 0.37 l.S o l i t l 1 b-i. 2G7G.5 4 i < / H . ' j 5 0.G7O 37.40 7.24 7. 12 o.o 1 1 1 . 75 933.5 
atj 40. 2tJ^4.3 H27I.7 722G 0 0.812 16.63 2 ,70 2. 19 0.0 21.52 34B.6 ro 71 SLHVK. 1,1'. 1.7 I . 1 B 0.000 O.Ol 0,00 0.02 

•:•. •'. 
0.03 0.0 

?Z 6CHY1l l-j . 2.5 1 . 2 3 7 0. uOO O.Ol 0 .00 0.03 0.0 0.04 0.0 

73 SOU/ril I 7 f l . 148.7 273.0 42 1 7 0.038 8.85 M . 29 4.20 0.0 13.33 58.4 

74 iiuurii2 178. 91 .5 164 . 5 25d o 0.023 5.33 0,18 4.20 0.0 3.70 35.8 

75 aouiiia 13. 2.4 1.2 3 6 0.000 O.Vl 0,00 - 0.02 0.0 0.03 0.0 
7B bOU!H4 13. 1.5 1 . 1 2 G 0.000 0.01 0,00 0.02 0.0 0.03 0.0 
73 CONEM] 176. 2148.5 3248.0 5397 3 0.604 25.29 4.57 4 . 35 0.0 34,22 331 .5 

30 C0NEI12 176. 2240.1 331B.2 5558 4 0.622 26.05 4.71 4.35 0.0 35. I I S38.5 
31 CONEMD 2. 23.7 3B.6 60 3 0.007 0.02 0.00 0.00 0.0 0.03 0.1 

32 KEYSTl 173. 2350.4 3752.8 6103 3 0.G42 27.24 5. 36 4.12 0.0 37.32 1003.2 

33 KEYST2 179. 2567.7 3872.1 6439.8 0.721 30.61 6.70 4. 12 0.0 41 .43 I 127.3 
84 KEVBTD 2. 25.6 37.0 62 6 0.007 6.02 0.01 0.00 0.0 0.03 0. 1 

as SALEMl 468. 2545.8 4136.1 6681 3 0.BB7 31 .38 7,28 22.58 o.o 61 .23 2813.8 

86 6ALEI13 16. 10.5 5.0 15 5 0.002 0.04 O.OI 0.03 0.0 0.08 0.2 

37 CONOl 36. ISOO.S 2148.7 3G49 2 0.417 0.0 0.0 0.37 0.0 0.37 131.4 
83 C0N02 36. 1495.5 2165.2 36G0 6 0.418 0.0 0,0 0.37 0.0 0.37 131 .8 
89 C0N03 36. 1456.8 2103.1 3560 0 0.406 0.0 0.0 0.37 0.0 0.37 128.2 
80 C0ND4 36. 14G3.9 2222.0 3691 9 0.421 0.0 0.0 0.37 0.0 0.37 132.9 
91 C0N05 36. 1476.1 2232.1 3706 2 0.423 0.0 0.0 0.37 0.0 0.37 133.3 
92 CONOS 36. 1426.2 2141.4 3567 6 0.407 0.0 0.0 0.37 0.0 0.37 128.4 
93 C0N07 36. 1434.0 2127.1 3561 0 0.407 0.0 0.0 0.37 0.0 0.37 128.2 

94 CONOS 63. 1464.1 2149.0 3613 1 0.412 0.0 0.0 0.B7 0.0 0.67 234.8 
93 CDN09 65. 1466.9 222G.0 3712 9 0.424 O.O 0.0 0.67 0.0 0.B7 241 .3 
33 CONOlO 65. 1486.0 2101.5 3589 5 0.410 0.0 0.0 0.67 0.0 0.67 233.3 
87 CONOl1 65. 1434.0 2191.5 3625 5 0.414 0.0 0.0 0.67 0.0 0.67 235.7 
96 SALEM? 474. 2183.1 3826.8 6103 9 0.539 27.71 6.43 68.31 0.0 103.03 2486.8 
102 CC0AL3 600. 3321.6 3080.3 8412 0 . 0.791 112.82 '36,31 73.28 136.03 358.63 4133.1 

108 ECONOMY 913. 2482.3 3821.5 6303 8 0.404 443.59 0.0 0.0 0.0 443.56 3234.S 
109 EMRGENCY SOO. 0.5 1 .0 1 5 0.000 0. 12 0.0 0.0 0.0 0.12 0.4 
111 LMHU 64. 1.1 0.2 1 3 0.000 0.03 0.0 0.0 0.0 0.03 0.1 
114 VOLAP 170. 1 . 1 0.2 1 3 0.000 0. 11 0.0 0.0 0.0 0. 11 0.2 
1 IS BRN0UT5 150. 0. 7 0. 1 0 8 0.000 0.04 0.0 0.0 0.0 0.04 0. 1 

116 BRNOUTS 100. 0. 7 0.1 0 8 0.000 0.04 0.0 0.0 0.0 0.04 0. 1 
117 PARTIAL 

**»••»# 
0.7 0. 1 0 8 0.0 1 .86 0.0 0.0 0.0 1 .88 0.1 

118 TOTAL •••••*« 0.0 0.0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

SUMMARY Rt'SULTS 

LOSS-OF-LOAD PROfiHBILITIES: 

PARTIAL BLACKOUTS O.OOOl • 0.3 DAYS IN TEN YEARS 
IUTAL eLrtCKOUTS 0.0 • 0.0 DAYS IN TEN YEARS 
ALL CURTAILMENT OPTIONS 0.0002 = O.G DAYS IN TEN YEARS 

TllVAL SYSTEM COST * 2006.1 MILLION 11382) 
TOTAL SLECTftlCITY GENERATED 34878. GUM 

547.8 MILLION (DISCOUNTED TO 19791 

INCREMENTAL ELECIH1C1TY COST 
LOAD FACTOR 53.37. 

IOIAL COSIS IM 1332 *MILLION 
FUEL 
•.'.If* I d U L i l l ' l i .1 
Ci'infc". ING C M U K L I G S 

iNCi«ei-.i:Mfit. c."..Ji: r... 

l iCDi'*. . : . . . i , ; , : 

i i.nl'ilJr.'i 

2 l ' i . n . i ' . ' . l . ' i 

.'HT... i.:;" ;,.. ... 

•:i ..i.V I ' I I ) ; t'.u ."V , i , 

il:i7. 
, 'Mi. 

.36. 

3.8 1382 CENTS PER KMH 1.6 IS78 CENT6 PER KUH 

DISCOUNTED TO 1979 ̂ MILLION 

42 . 
. j * . ; . 
3 7 . 

i n . u - . ; . : H - I . L : . : I : I . 

' l i • . . i i * : 

I l I d L i l l l N l L G 1"CI I ' J 7 i l » M I L L I O N 
1 2 \ . 1 3 

" . 0 3 

- i n l ; . . i ' . jK l u I ' i C O U N T t D TLI l d 7 3 i 
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LOAD curj-.'t:: fiicu pLfiia DATA: E S L I LOAD CROMTH: ESRG RESERVE MARGINS: INPUT 30.0X1 ACTUAL 30. £7. 

.•ii-; i. AW A ITS HGUkS Oi-" tliiL CUSTS (MILLIONS OP 1232 DOLLARS I 
OPTKJI; c.'.rV.t; i TY M.1INY NOMnlNl TUTAL CAPPAC ENc.VGY UA.TOdM CARCHG CAPITAL TOTAL GWH GENERATED 

1 B Aft 05 17. 24.2 34.0 58. I • 0.005 O.U 0.03 0.03 0.0 0.17 0.8 

J- BUftbG 19. 22. 1 28.3 51.4 0.005 0. 12 0.03 0.04 0.0 0.19 0.9 

3 BASB7 17. 18.3 23.7 42.0 0.004 0.09 0.02 0.03 0.0 0.14 0.6 
4 CHEST7 13. 2.2 2.0 4 . 2 0.000 0.01 0.00 0.02 0.0 0.03 0.0 

3 CHESTB 13. 3.4 2. 1 5.5 0.001 0.01 0.00 0.02 0.0 0.04 O.I 

a CHESTS 13. 2.2 l . B 4.0 0.000 0.01 0.00 0.02 0.0 0.03 0. 1 

7 CRQnfii 137. 2 5 8 4 . I 4375.8 6953.3 0.657 23.26 6.83 4.15 0.0 34.34 7B8.8 

a CRonaz 183. 167.8 328. 1 315.3 0.045 3.B3 0.64 8.31 0.0 17.48 72.4 

a CROV11 48. 31 . I 48. 3 77. 4 0.008 0.48 0.04 0.03 0.0 0.33 3.3 

10 CR0V12 49. 21 .5 22.3 43.9 0.004 0.26 0.02 0.03 O.O 0.32 1.9 

I I CR0V21 49. 52.6 81 .6 134.2 0.014 0.84 0.07 0.03 0.0 0.9S 5.8 

12 CfiQV22 49. 19.1 22.8 41.9 0.004 0.27 0.02 0.03 0.0 0.33 I .9 
13 CH0V31 49. 32.1 44.0 76. 1 O.OOB 0.52 0.04 0.03 o.o 0.60 3.6 

14 CR0V3Z 49. 38.7 55.0 83.7 0.010 0.83 O.OS 0.03 0.0 0.72 4.4 

13 CR0Y41 49. 46.6 43.2 91 .8 O.OlO 0.61 0.05 0.03 0.0 0.G9 4.2 

16 CRar42 49. 42.8 63.4 108.2 0.010 0.B2 O.OS 0.03 0.0 0.71 4.3 

17 DELA7 126. 2664.4 4326.0 7190.4 0.769 36. 19 3.92 2.63 0.0 104.77 648.2 

18 DELAB 124. 3063.1 4374.7 7639.9 0.818 100.61 G.21 2.61 0.0 108.62 889.8 

19 DELA9 13. 0. 1 0.4 0.5 0.000 0.00 0.00 0.03 . 0.0 0.03 0.0 

20 DELAlO 13. 0.1 0.4 0.6 0.000 0.00 0.00 0.02 0.0 0.03 0.0 

21 DELA11 13. 0.1 0.4 0.5 0.000 0.00 0.00 0.02 o.o 0.03 0.0 
22 DELA12 13. 0. 1 0.3 0.4 0.000 0.00 0.00 O.OZ o.o 0.03 0.0 
23 EDDYl 3 0 1 . 2230.8 4246.3 6537.3 0.580 42.57 12.07 7.91 0.0 62.34 1336.S 

24 EDDY2 3 1 1 . 2328.8 4157.5 6466.4 0.613' 48.93 12.85 8. 17 o.o 70.06 1676.7 

25 EDDY3 380. 265.0 466.7 731 .7 0.052 23.04 1.33 1 1 .73 0.0 36.10 171.7 

26 EDDY4 380. 466.7 778. 1 1244.8 0.084 37.58 2.17 11 .73 0.0 31 .48 2B0.1 

27 EDOYIO 13. 3.4 2.3 5.7 0.001 0.01 0.00 0.02 0.0 0.04 0. 1 

29 EDDY20 13. 3.6 2.3 5.9 0.001 0.01 0.00 0.02 0.0 0.04 O.i 
29 EDDY30 15. 3.8 2.4 6.1 0.001 0.01 0.00 0.03 o.o 0.04 0.1 
30 EDDY40 13. 3.8 2.5 6.3 0.001 O.OI 0.00 0.03 o.o 0.04 O.I 
31 PALLS1 13. 1.4 2.6 7.0 0.001 0.02 0.00 0.03 o.o 0.03 0.1 
32 FALLS2 15. 4.2 2.3 6.6 0.001 0.02 0.00 0.03 0.0 0.03 0.1 
33 FALLS3 13. 4.5 2.B 7.4 0.001 0.02 0.00 0.03 0.0 0.03 0.1 
34 MOSERl 15. 0.2 O.G 0.8 0.000 0.00 0.00 0.03 0.0 0.03 0.0 
35 M0SER2 13. 0.3 0.6 0.8 0.000 0.00 0.00 0.03 0.0 0.03 0.0 
36 M0SER3 13. 1.4 0.7 2.1 0.000 0.00 0.00 0.03 0.0 0.03 0.0 
37 MUDDY1 110. 705.4 1082.3 1787.7 0. 136 0.0 o.o - 0.78 0.0 0.78 188.0 
38 MUDDY2 no. 707.2 1084.7 1791.9 0. 187 0.0 0.0 0.78 0.0 0.78 168.4 

38 MUDDY3 110. 742.7 1089.0 1831.7 0.208 0.0 0.0 0.76 0.0 0.78 201 .3 

40 MUDDY4 110. 737.8 1074.8 1612.5 0.207 0.0 0.0 0.78 0.0 0.78 188.4 

41 MUDDYS 110. 723.8 1082.2 1818.0 0.207 0.0 0.0 0.76 0.0 0.78 188.8 

42 MUDDYG I I O . 7 t 3 . 8 1114.2 1628.1 0.208 . 0.0 0.0 0.78 0.0 0.78 201 . 1 
43 MUDDY7 110. 709.3 1382.4 2081.7 0.21B 0.0 0.0 0.78 0.0 0.78 210.3 

44 MUDDYG 1 10. 712.2 I3B2.2 2084.4 0.218 0.0 0.0 0.78 0.0 0.78 210.8 

45 PEACH2 447. 2502.0 4 110.1 6612. 1 0.673 29. G4 6. 19 20. 12 o.o 53.85 2G60.I 
46 PEACH3 439. 2507.2 41*75.3 6683.1 0.686 29.41 6. 14 18,76 o.o 33.31 ZB3B.0 
47 DIESEL I S . 34.9 55. i 90.0 O.OlO 0.23" o.oo • O.04 o.o 0.27 1.6 
46 PLMT9 29. 0.1 i>.'S O.G 0.000 0.00 0.00 O.OS 0.0 O.OG 0.0 
49 PLM T 1 * j 23. 0. 1 

• '.'.( 
0 .2 0.000 0.0" 0. uO 0.03 0.0 0.06 0.0 

50 HI Cny i i;u. 2 3 4 6 . i 341JS.7 504 3.3 0.615 104..,2 1 1 .33 10 .03 0.0 125.39 634. B 
5 1 :I:J. 4.8 2.6 7 .H O.r.Ot o . . j 4 -•i.O I 0.06 0.0 0.11 0.2 
SJ n ICI.J:: JJ. 4 . -1 : /.•J i> .'JOI I . , i d .1.01 • i , 0 G 0. I J 0. 1 1 0.2 
SJ If I..HJ 1 .-.3. 1 . i j 1 . Li • 1 . 1 '>. 000 i • ». 00 0.06 M . IJ O.OB 0.1 
S4 m c i . ' j - UJ. 1 .6 

• •. / 
:• . i i •J. • ".••J .i.» i 0. 00 0 .06 O . l> 0.08 0. 1 

5:; w : l U i - i; - 1 . j . I i j.'.' 0. <J'J i 0. t J 2 i " i . 0 0 0.04 0.0 0 .07 O.I 
' j n ' i .'i I .'1 'S .* 1 . •i . . i . i i . :J 0. I'.U i i . ' . . i i . i l> . M . 0.04 0. 0 0.07 0.2 
1*7 l< ; i . r . 4 . i • ' i • : ••. i 

,.•< 
0 . 0 " 1 ... OJ •*•. 0 • 0 .o4 l l . . . . 0.07 0.2 

I: i . 

•\ .<• 
.' .'.1 

'.'."'•! • •. 
0.1.1 • j . r . 4 • 1. •'/ 0.07 0. 1 

L-:J t l i L r l * . ! 1 . 1 . . ; i . 000 •J i II . 1 1 . <>IS 0.0 0.08 0. I 
l l H:..'J.. . i . \:. . •>.'. i * _ ** 0 . <>*'*J i . . •.. i n . 0 0 0 . ob" >'•. >-' 0 . 07 o.O 

1.1 1 . ' 1 . 'i • j . 0 0 0 ...•'.2 I I . 0 0 0.06 .0. i j 0 . i-U 0 . 1 

.. ' KH::; . L . . r . . . i i .... 1 . . . ! 0. OC 0. i i li.^.I 1 

o 
o 

0 

? £• 
n- tr 
NJ rt 
LJ 

O 
l-h 

to 
D 
(fl 
I 
O 

o 
CO 
P 



f( l l . r . l l : b l . .1 3 

•; 
l i . d 1 . . .1 . . J1 J.I>4 0 0 1 0 . " ! J O . O 0 . 1 4 0 . 3 

li'/ h ' ! O i U - " i i 1 . C J 5 l i i . J . J 0 . i..01 0.07 0 0 2 0 . 0 0 0 . 0 0 . 1 8 0 . 5 

litl i i C h Y i 1 5 0 . : ' G 8 3 8 4 1 2 7 3 L L J U 1 . 1 0 . i i 7 4 9 7 . 8 9 7 2 8 7 . 1 2 O . O 1 1 2 . 3 8 9 3 9 . 3 

Gtl l i t l H ' i T i 4 8 . 2 8 1 7 3 435 -J S 7 2 7 2 . 5 0 . 8 1 8 1 8 . 7 4 2 7 2 2 . 1 9 0 . 0 2 1 . 6 5 3 5 0 . 9 S3 
7 ] U l I H V l •> 1 3 . i j 1 'r il M . 3 0 . 0 0 0 0 . 0 0 • i LlO 0.02 0 . 0 0 . 0 3 0 . 0 

S3 

7 2 i j i " :nY 11 1 5 . 0 z il G 0 . 7 0 . 0 0 0 0 . 0 0 o 0 0 0 . 0 3 0 . 0 0 . 0 3 0.0 

7 3 i i O U I H I 1 7 9 . 1 2 7 a 18G 5 3 2 4 . 3 0 . 0 2 9 G . 7 8 0 2 2 4 . 2 0 0 . 0 1 1 . 1 8 4 5 . 4 

7 4 t i U U l H ^ 1 7 0 . 8 8 4 1 0 3 • 1 8 1 . 8 0 . 0 1 9 4 . 2 7 0 14 4 . 2 0 0 . 0 8 . 6 0 2 8 . 6 

7 b s n i j i n 3 1 3 . o i t'i 5 O . G 0 . 0 0 0 0. 00 0 0 0 0 . 0 2 0 . 0 0 . 0 3 0 . 0 

713 SOU I I H 1 3 . 0 i 0 G 0 . 7 0 . 0 0 0 0 . 0 0 o 0 0 0 , 0 2 0 . 0 0 . 0 3 0 . 0 

7 7 SOUTHS 1 3 . 0 

• 
0 6 0 . 7 0 . 0 0 0 0 . 0 0 0 0 0 0 . 0 2 0 . 0 ' 0 . 0 3 0 . 0 

7 8 G 0 U 1 H G 1 3 . 0 i 0 3 0 . 5 0 . 0 0 0 0 . 0 0 0 0 0 0 . 0 2 0 . 0 0 . 0 3 0 . 0 

7 8 C U N E r t l 1 7 8 . 2 1 3 2 3 2 5 5 6 5 3 8 7 . 7 0 . 6 0 3 2 5 . 2 5 4 5 7 4 . 3 5 0 . 0 3 4 . 16 9 2 9 . B 

8<> C0N£h2 1 7 8 . 2 2 8 9 8 3 4 7 3 2 5 7 7 3 . 0 0 . 6 4 6 2 7 . 0 5 4 6 9 4 . 3 5 0 . 0 3 6 . 3 0 9 9 6 . 4 

B l CDNEMD 2 . 2 1 7 3 1 4 5 3 . 1 O . O O S 0 . 0 2 0 0 0 0 . 0 0 0 . 0 0 . 0 3 0 . 1 

8 2 K t Y S T 1 1 7 9 . 2 3 1 1 8 3 7 1 8 3 6 0 3 0 . 7 0 . 6 3 4 2 6 . 9 1 5 6 3 4 . 12 0 . 0 3 6 . 3 2 9 9 1 . 1 
8 3 K E Y S [ 2 1 7 8 . 2 5 4 G 3 8 1 0 4 8 3 5 6 . 6 0 . 7 1 2 3 0 . 2 2 6 6 1 4 . 1 2 0 . 0 4 0 . 9 5 1 1 1 2 . 8 

8 4 K E Y S T D 2 . 2 1 3 3 1 7 5 3 . 0 0 . 0 0 6 0 . 0 2 • 0 0 0 0 . 0 0 0 . 0 0 . 0 3 0 . 1 

as 4 6 9 . 2 5 2 9 8 4 2 1 2 2 8 7 4 2 . 0 0 . 6 9 2 3 1 . 6 3 7 3 3 2 2 . 5 8 0 . 0 6 1 . 5 4 2 6 3 8 . 2 
8 8 S A L E M S I S . 3 4 3 0 6 . 3 0 . 0 0 1 0 . 0 2 0 0 0 0 . 0 3 0 . 0 0 . 0 3 0 . 1 

8 7 C O N O l 3 G . 1 4 2 3 5 2 1 0 3 G 3 6 1 7 . 1 0 . 4 1 3 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 3 0 . 2 
B 8 CONOS 3 6 . 1 4 9 8 3 2 1 4 5 4 3 6 4 3 . 9 0 . 4 1 6 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 3 1 . 2 

8 9 C 0 N 0 3 3 G . 1 4 4 1 8 2 2 3 1 4 3 6 7 3 . 2 0 . 4 1 8 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 3 2 . 2 

9 0 C 0 N 0 4 3 G . 1 5 1 0 6 2 1 8 3 3 3 6 7 3 . 3 0 . 4 1 8 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 3 2 . 3 

8 1 CONOS 3 B . 1 4 3 8 a 2 1 G 8 3 3 6 0 7 . 2 0 . 4 1 2 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 2 8 . 8 

9 2 CONOG 3 G . 1 4 2 7 6 2 1 7 6 8 3 6 0 4 . 5 0 . 4 1 1 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 2 3 . 8 

9 3 CONO? 3 6 . 1 4 1 B B 2 1 5 5 3 3 5 7 4 . 1 0 . 4 0 8 0 . 0 0 0 0 . 3 7 0 . 0 0 . 3 7 1 2 8 . 7 

9 4 CONUB G S . 1 4 3 2 1 2 0 3 3 1 3 5 2 5 . 2 0 . 4 0 2 0 . 0 0 0 0 . 6 7 0 . 0 0 . 6 7 2 2 9 . 1 
9 5 CONOS 6 5 . 1 4 5 5 0 2 2 1 3 1 3 6 6 8 . 1 0 . 4 1 9 0 . 0 0 0 0 . 6 7 o.o 0 . G 7 2 3 8 . 4 

BB C O N O l O 6 5 . 1 5 0 3 3 2 1 3 7 8 3 G 4 6 . 8 0 . 4 1 6 0 . 0 0 0 0 . 6 7 0 . 0 0 . 6 7 2 3 7 . 0 

a? C O N D I 1 G S . 1 5 1 5 1 2 1 G 6 4 3 G B 1 . 3 0 . 4 2 0 0 . 0 0 0 0 . 6 7 0 . 0 0 . 6 7 2 3 8 . 3 
8 8 S A L E t l 2 4 7 4 . 2 2 0 2 3 3 9 4 6 6 6 1 4 8 . 9 0 . 6 0 3 2 7 . 9 0 6 4 7 6 8 . 9 1 0 . 0 1 0 3 . 2 B 2 5 0 3 . 3 < . 

1 0 2 C C 0 A L 3 8 0 0 . 3 3 2 3 1 5 1 2 B 0 8 4 5 1 . 1 0 . 7 9 8 I 1 3 . 9 5 3 6 8 7 7 3 . 2 8 1 3 6 . 0 3 3 6 0 . 1 4 4 1 9 6 . 5 

1 0 7 PKGCT 1 4 0 . 2 1 9 3 1 7 5 3 . 5 0 . 0 0 4 0 . 7 0 0 1 8 3 . 1 3 1 0 . 4 4 1 4 . 4 7 4 . 9 

ioa e c o N O n v 9 1 3 . 2 3 8 6 2 3 7 7 3 0 B 1 5 9 . 2 0 . 3 9 5 4 3 2 . 9 8 0 0 0 . 0 0 . 0 4 3 2 . 3 8 3 1 3 7 . 6 
1 0 8 EMRGENCY 5 0 0 . 0 1 0 2 0 . 3 0 . 0 0 0 0 . 0 2 0 0 0 . 0 0 . 0 0 . 0 2 0 . 1 

1 1 I LMHU 6 4 . 0 0 0 1 0 . 1 0 . 0 0 0 0 . 0 0 0 0 0 . 0 0 . 0 0 . 0 0 0 . 0 i 
1 1 4 O O L A P 1 7 0 . 0 0 0 1 0 . 1 0 . 0 0 0 0 . 0 1 0 0 0 . 0 0 . 0 O . O l 0.0 >' 
1 1 5 8 R N 0 U T S I S O . 0 0 0 1 0 . 1 0.000 0 . 0 0 0 0 0 . 0 0 . 0 0 . 0 0 0 . 0 

1 I G B R N O U 1 8 1 0 0 . 0 0 o 0 o.O 0 . 0 0 0 0 . 0 0 0 0 0 . 0 0 . 0 0 . 0 0 0 . 0 
1 1 7 P A R T I A L 

*••***• 
0 0 0 0 0 . 0 0 . 0 0 . 0 4 0 0 0 . 0 O . O 0 . 0 4 0 . 0 

1 ) 8 T O T A L 0 0 0 0 0 . 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 0 . 0 0 . 0 

SUMMARY flfc'SUL TS 

i OSS-OP-LQAD PROBABILITIES: 
PARTIAL DLACKOUTS 0.0000 ^ 0.0 DAV8 IN TEN YCARS 
IUTAL BLACKUUTtd 0.0 - 0.0 DAYS IN (tN YEARS 
/fc-L CUf* T AI LndN T OPTIONS u.OoOO - 0.1 DAYS IN TEN YE A I* id 

IOTAL SYtiT£M COST • 2ul7.4 MILLION (11132) = * 550.9 MILLION (DISCOUNTED TO 1878) 
IOTAL ELECrklCITV GLNCRATED 34878. fiWH 
INCRL'tlENIAL ELECTRICITY COGI 5.8 1832 LLN TS PER KUII = 1.6 1379 CENTS PER KNH 
LUAD PAL'IUfi 53.3K 

TOTAL COSTS IN 1992 *MlLLION 
FUEL 960. 
VARIABLE O&M 1 5 6 . 
LMtf tYIND CHAHGES 3 2 2 . 
INCI i tnLNTAL CAPI IAL 148 . 

DISCOUNTED TU 1973 I M I L L I ON 
2 6 2 . 

4 3 . 
BB. 
4 0 . 

IMPORT OPTIONS: 
ECONOMY 
enuutNCY 

COST IN iau2 *MILLI UN 
43L.1JU 
0.02 

DISCOUNIED TO 1979 *MILL1 ON' 
118.24 
0.00 

ENERGY IN GUH 
3157.6 

0.1 

IUTAL CIIKTAII.MENT COST * 0. vG MILLION 1 1992) = * 0.02 MILLION (DISCOUNTED TO 1979) 
ULACKUlll CUUP 1 0.K4 MILLION .18821 - * O.OI MILLION IDIGCQUNTED TO 1973) 

(D ^r 
fD H -
rt er 

to f t 

O 
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ESCALATION RATES 

{Annual Percentages) 
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E x h i b i t (DS-D) 
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ESCALATION RATES 

(Annual Percentages) 

PECO 

1980 1981 1982 1983 1984 1985 and beyond 

INFLATION 

FUELS: 
Nuclear 
Coal 
O i l 
NG 

NON GEN 
OPERATION & 
MAINTENANCE 

DISCOUNT 

INFLATION 

FUELS: 
Nuclear 
Coal 
O i l 
NG 

NON GEN 
OPERATION & 
MAINTENANCE 

DISCOUNT 

INFLATION 

FUELS: 
Nuclear 
Coal 
O i l 
NG 

NON GEN 
OPERATIONS & 
MAINTENANCE 

DISCOUNT 

6.5 5.5 5.0 

8.2 
8.0 

10.0 
12 .3 

8.2 
8.0 

10.0 
12 .3 

8.2 
8.0 

10.0 
12 .3 

10 .0 
11 .3 

10 .0 
10 .8 

10 .0 10 .0 8.0 — 

8.2 
8.0 

10.0 
12 .3 

10 .0 
11 .3 

10 .0 
10 .8 

10 .0 10 .0 10 .0 10 .0 10 .0 8.0 — 

6.5 5.5 5 .0 6.5 5.5 5 .0 

8.0 

8.5 

8.2 
8.0 

10.0 
14.3 

10.0 

8.5 

10.5 

10.0 

12.0 
12.0 
14.0 
15.8 

14. 0 

10.0 

12.0 

7.5 

10.0 
13.3 

10.0 

7.5 

9.0 

14.0 
14.8 

14. 0 

9.0 

ESRG LOW 

10.0 

10.0 

10.0 . 

10.0 

10.0 . 

10.0 

8.0 

3.0 — -

ESRG HIGH 

14.0 14. 0 

14.0 14.0 

14 .0 

14.0 

12.0 — * 

12.0 — * 

i 
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CAPITAL COSTS 
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1048a 

1980 I n i t i a l 

1981 

1982 

1983 

1984 

1985 

1986 

P r i o r 
Current 
T o t a l • 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
"Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

E x h i b i t (DS-E) 
Sheet 1 oF~7 TABLE E-l 

CAPITAL COSTS 

300 MW NEW COAL UNIT 

TOTAL 
Year ly ESRG ESRG YEARLY 
D i r e c t Yearly D i r . AFDC Year ly INFLATION EXPEND. 

Constr . Exp. Constr . Exp. RATE AFDC Expend. RATE (1979 
:i979 Constr . (Current (PERCENT)(Current ?/Kw)(PERCENT) $/Kw) 

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

5/Kw) 

18.18 20.21 20.48 10.5 12.5 2.12 2.36 8.5 10.0 20.6 2t 

15.15 

36.36 

22.33 22.84 2.12 2.74 
118.551 119.051 9.5 12.0 .88 1.14 7.5 9.0 18.5 1* 
40.88 41.89 |3 . f l f l l 13.881 

43.88 45.77 4.17 5.49 
M j j l j f Igl .b6) 9.5 12.0 2.33 3.06 7.5 9.0 4 
92.91 96. 83 I6.5fll 19.551 

4.3 

99.41 105.38 9.44 12.64 
153.78 1523.441 E T l J j ) 9.5 12.0 10. 85 14.47 7. 5 9.0 184.5 18E 

327. 85 346. 48 |20.29| |27.11| 

348.14 373.59. 33.07 44.83 
267.42 i ^ l ^ A i m 8 . 1 2 1 9.5 12.0 20.78 28.09 7.5 9.0 339.1 348 

785.70 841.71 153. 851172.92| 

839.55 914.63, 79.76 109.76 
217.42 l391.agl[424.34| 9.5 12.0 18.61 2S50 7.5 9.0 314.7 331 

1231.41 1339.57 

1329.78 1474.83 
49.24 [97,691 [107.451 

1427.47 1582.28 

158.3711135,251 

126.33 176 98 
4.64 6 45 7.5 9.0 136.6 157 

|Ufl.971iTgTT31 

757.55 1558.44 176S71 1058.3 1110 



E x h i b i t 
Sheet 2 of 

(DS-E) 

TABLE E-2 

CAPITAL COSTS 

600 MW NEW COAL UNIT 

1049a 

Yearly ESRG 
D i r e c t Yearly D i r . 

Constr. Exp. Constr. Exp. 
(19 79 Constr. (Current 

. $/Kw) $/Kw) 

ESRG 
AFDC Yearly INFLATION 
RATES AFDC Expend. RATE 

(PERCENT) (Cur-rent 3/Kw) (PERCENT) 

TOTAL 
YEARLY 
EXPEND 
(1979 
S/Kw) 

1980 I n i t i a l 15.48 

Low 

17.20 

High Low 

17.44 10.4 

High Low High Low High Low Hie 

12.5 1.63 2.09 8.-5 10.0 17.4 1' 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

7. 74 

10.83 

37. 14 

157.09 

273.17 

18.83 
I 9.481 
28.31 29.26 

19.53 
9.0 12.0 

30.55 32.18 
11.821 [15.341 9.0 
42.37 47.52 

4 5. 83 5 2 . 30, 
Enra rstrrj 9.0 

101.00 110.53 

107 .97 120.30 
1 2 5 7 . 0 4 1 ( 2 7 4 ^ 9.0 

3 6 5 . 0 1 395.29 

387.48 426.23 

879.82 960 .13 
940. 02 1043. 31 

222.09 | 4 4 0 . £ 1 1 1484.631 9 - 0 

1380.93 1527.94 

1491.17 1682.22 
50 . 30 p n q . q q i T z Z ^ d 9 - 0 

1601.16 1804. 77 

12 .0 

12 .0 

12 .0 

12 .0 

12 .0 

1.79 2 .34 
.45 .58 7.5 

2 .90 3.86 
.56 .92 7 .5 

TCT^I vrrm 
A.35 6 .28 
2. 62 3.49 7 .5 

on pnz 
10 .26 14 .44 
1 2 . 2 1 16.50 7 ' 5 
22.471150TTO 

3 6 . 8 1 51 .15 
23 .39 32.03 7 - 5 

|60.26|[gTTT?1 

89.30 125.20 
I 2 - 0 20.94 29.08 7 - 5 

116.241 [134.231 
141.66 2 0 1 . 87 

5. 22 7.35 7 * 5 

|i46.ag|preT72i 

9.0 8.3 IC 

9.0 12.2 1^ 

9-0 46 . 1 4". 

9.0 192.9 19 

9-0' 354 . 7 36-

9-0 329.2 34( 

9.0 142.7 16: 

773.84 1748.04 2013.99 1103.4 116 

R 



Fxhibit (DS-E) 
Sheet 3 oI~l 

1050a TABLE E-3 

CAPITAL COSTS 

100 0 MW NEW COAL UNIT 

Yearly ESRG 
Di r e c t Yearly D i r . 

Const. Exp. Cons tr..Exp. 
(1979 Constr. (Current 

S/Kw) $/Kw) 

ESRG 
AFDC Yearly "INFLATION 
RATES AFDC Expend. RATE 

(PERCENT) (Current... (PERCENT) 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

I n i t i a l 16.29 

4.89 

Low High Low High L o w ^ ^ i i g h Low High Low 

18.11 18.35 10.5 12.5 1.72 2.20 8.5 10.0 ' 18..3 

TOTAL 
YEARLY 
EXPEND. 
(1979 
S/Kw) 

High 

18 

P r i o r 
Current 
T o t a l 

19. 83 
15.99 

20. 55 
ICIS 

25.82 26 .70 

P r i o r 
C u r r e n t 
T o t a l 

P r i o r 
C u r r e n t 
T o t a l 

4 . 89 

9. 77 

27 .98 

34.57 

29 .54 
I 6.771 
3 6 . 3 1 

37.5 4 40.26 
114.51] 115. 32 
52.05 55 .58 

P r i o r 
Current 39.10 
To t a l 

P r i o r 
Current 165.36 
To t a l 

P r i o r 
Current 287.54 
To t a l 

P r i o r 
Current 233.78 
To t a l 

P r i o r 
Current 52.95 
To t a l 

5 6 . 3 1 61 .30 
163-981 l f i f l . 4 5 l 9 

120.29 129.75 

128.63 141.22 
|29I8 . o ^ m r T Q i 9 
4 2 6 . 7 1 4 6 4 . 4 1 

453.09 500.75 
l57Q.84LJfi2lZi5 

1023. 93 1128.20 

1 0 9 4 . 0 1 1 2 2 5 . 9 2 
I M l . P P l E f i q -571 9 
1605.23 1795.49 

1733.45 1976.77 
I 127. 541 (144.041 9 
1860.99 2 1 2 0 . 8 1 

1.88 2 .47 
0 12 .0 -28 .37 7.5 

2.66 3.54 
0 12 .0 . 3 1 . 4 1 7.5 

FTJI mm 
3.57 4.83 

0 12 .0 .69 .92 7.5 
pr?3 fTT75) 

5.35 7.36 
0 12 .0 3 .04 4 . 1 1 7.5 

"nrnwui. 47i 
. 12 .22 16.95 

0 12 .014 .16 19 .39 7.5 

43 .04 60 .09 
0 12.0 2 7 . 1 1 37.65 7.5 

mm mm] 
1 0 3 . 9 4 1 4 7 . 1 1 

0 12.0 24 .28 34. 17 7.5 
1128. 23(151. 231 

164.68 237. 21 
0 12 .0 6.06 8.64 7 . 5 

TTO". 74||245. 85T 

9.0 

9.0 

9.0 

9 .0 

7.0 

7.6 

13.'9 

50 .0 

14 

51 

9.0 208 .3 212 

9 .0 38 8 393 

9 .0 355.2 373 

9.0 1 5 4 . 1 177 

314. 57 2031.73 2366. 67 1197.2 1257. 

R 



TABLE E-4 . 
CAPITAL COSTS 

LIMERICK 1 and 2 

E x h i b i t 
Sheet 4 of 

(DS-E) 

1051a 

Yeaxly 
D i r e c t 

Constr. Exp, 
(1979 Constr 

5/KW) 

ESRG 
Yearly D i r . ESRG 
Constr. Exp. AFDC Yearly INFLATION 
(Current RATE AFDC Expend. RATE 
$/Kw) (PERCENT)(Current (PERCENT) 

Low High Low High L o w ^ H i g h 

TOTAL YR 
EXPEND. 
(1979 
?/Kw) 

Low High Low Higl 

1970 I n i t i a l 7.01 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

979 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r -
Current 
T o t a l 

33.07 

41.08 

63.13 

75.15 

77.15 

99.20 

100.20 

80.16 

55. 11 

2.95 4.9% .15 5.4% 6.7 

3.10 
115.141 
18 .24 

6.3% 
.20 
.48 

P^l 
5.1% 29.9 

18 .92 
[26.371 
39.29 

7.5% 
1 . 42 

.76 
TT.TS'I 

4 .1% 39.6 

40. 05 
133.151 
73. 20 

6.4% 
2.56 
1.06 

!3.62| 
5.8% 6 1 . 1 

76 .82 
43.69t 

1 2 0 . 5 1 
6.7% 

5.15 
1.46 

Infill 
9.7% 7 6 . 1 

127 .12 
151.181 7.1% 

9 .02 
1 . 82 9.6% 85.6 

178.30 rnj.84| 
189.14 
170.401 

259.54 
7.2% 

13 .62 
2.53 5.3% 113.5 

275.69 
176.91 7.4% 

20.40 
2. 85 5.5% 124 .5 

352.60 123,251 
375.85 
169.31] 

445.16 
7.2% 

27. 06 
2. 50 

129.561 
10.0% 111 .7 

474 .72 
155.IU 

529.83 
11.2% 

53 .17 
3.09 

156.261 
13.0% 111.4 
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TABLE E-4 c+d 

CAPITAL COSTS 

LIMERICK 1 and 2 
(Continued) 

E x h i b i t 
Sheet 5 of 

(DS -E) 

Yearly ESRG 
D i r e c t ' Yearly D i r . 

Constr. Exp. Constr. Exp. 
(1979 Constr. (Current 

$/Kwj 5/Kw) 

1980 

1981 

1983 

1984 

1985 

1986 

1987 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l 

P r i o r 
Current 
T o t a l ' 

ESRG 
AFDC Yearly 
RATE AFDC Expend. RATE 

(PERCENT) (Current 5/Kw)' (PERCENT) 

TOTAL YRL: 
INFLATION EXPEND.-

(1979 

Low High Low High Low High Low 

60 .12 

64.13 

65 .13 

586.09 
165.641 

651.73 

716.72 
175.681 

792.40 

864.08 
182.75 

61.54 73.26 
10.5% 12.5% 3.45 4.10 

5/Kw) . 

High Low Higi 

8.5% 120 .4 130. ( 
[64.991 [77.361 

729.09 
175.681 
804.77 

896.80 

946.83 

1032.85 1092.13 

68 .09 87.49 
9.5% 12.0% 3.59 4 .54 7.5% 9.0% 126.3 139 . < 

171.68j 192. 03| 

82.09 107. 61 
9.5% 12.0% 3 . 9 3 ' 4 .97 7.5% 9.0%134.6 149 

[86. 02] [112.58 

61-12 I M ^ i i l 183.641 9 
98 .12 131.06 

5% 12.0% 3.97 5 .02 7.5% 9.0% 1 3 9 . 1 1 5 4 . : 
10 2.09)11367081 I 1116.49 1175.77 

1218.58 1311.85 
5 3 . 1 1 178. 241 178. 241 

1296.82 1390.09 

1416. 31 , 1552. 20 134. 55 186 . 2£ 
42.08 166. 7 l l 166.711 9.5% 12.0% 3.17 4.00 7.5% 9.0%131.2 151.1 

1483. 02 1618. 91 1137. 721 [190.261 

115.77 157.42. 
5% 12.0% 3.72 4.69 7.5% 9.0%1'36 . 5 154 . ! 

L119. 491 1162.111 

1620.74 1809.17 153.97 217.10 
19.04 | 3 2 . 5 l l 132.511 9.5% 12.0%_ 1 . 54 1.9 5 7.5% 9.0%112.3 136. 

1653.25 1841.68 1155.511 |219.05l I 

1808.76 2060.73 171.83 247.29 
7 - 0 1 U 2 . 8 8 I 112.881 9.5% 12.0% . 6 1 . 77 7 . 5% 9 .0%10 3 .0 129 A 

1 8 2 1 . 64 2073. 61 |172.44| 1248.061 

1994.08 2321.67 $1764 .51907 . 

S R 
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TABLE E-5 

CAPITAL COSTS 

GENERIC 1200 Mw NUCLEAR UNIT 

1053a 

Yearly ESRG 
Di r e c t Yearly D i r . 

Constr. Exp. Cons tr.Exp. 
(1979 Constr. (Current 

S/Kw) 

1979 I n i t i a l 111.3 

19S0 
P r i o r 
Current 
I n i t i a l 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

P r i o r 
Current 
I n i t i a l 

P r i o r 
Current 
I n i t i a l 

P r i o r 
Current 
I n i t i a l 

Prior-
Current 
I n i t i a l 

P r i o r 
Current 
I n i t i a l 

P r i o r 
Current 
I n i t i a l 

P r i o r 
Current 
I n i t i a l 

P r i o r 
Current 
I n i t i a l 

S/Kw! 

AFDC 
RATE 

(PERCENT) 

ESRG 
Yearly 

AFDC Expend. 
(Current 
S/Kw) 

TOTAL YEAR! 
INFLATION EXPEND. 
RATE 

(PERCENT) 
(1979 
S/Kw) 

20. 2 

16.9 

43. 8 

Low High Low High Low High 

111.3 111.3 9.5 12.0 10.57 13.36 

121.87 124.65 
122.501 r22.80l 9.5 
144.37 147.39 

157.02 163. 76, 
I 20.691 I 21.261 9.5 
177.71 185.02 

193.61 205.95 
1 59.061 I 61.511 9.5 
252.67 267.46 

273.87 295.86 
106. 2 1157. 75(1166. 511 9.5 

431 62 462.37 

465.13 507.86 
[234. 4711250. 85) 9 .5 
699 .60 7 5 8 . 7 1 

754.93 834.70 
I392..00|r425'."09l 9.5 

1146.93 1259. 87 

1237. 27 138S54, 
1 589.03[ [647. 44f 9.5 
1826.30 2032.98 

1 9 7 1 . 82 2238.10 
1741.091 [82 5.6 81 9.5 
2 7 1 2 . 9 1 3063.78 

2935.43 3381.89 
[580 . 74] | 655 . 84l9.5 

11 .58 14 .96 
12 .0 1.07 1.37 

f l 2 . 651116. 331 

14 .92 19 .65 
12 .0 .98 1.28 

[15.901120.93 

12 .0 
18 .39 2 4 . 7 1 

2 . 8 1 3.69 
[21.201(28.401 

26 .02 35 .50 
12 . 0 7. 49 ;9.99 

I 3 3 . 5 g l 4 5 . 49l 

12 .0 

12 .0 

44.19 60 .94 
11 .14 15 .05 

[55. 331175.991 

71 .72 100.16 
18 .62 25. 51 

[90. 34|12S67| 

3516.17 4037.73 

117 .54 166.26 
12 .0 27 .98 38.85 

|145.^I265,11| 

187.32 268.57 
12 . 0 35 .20 49. 54 

r222".52[l31& 12J 

278 .87 40S83 
12 . 0 27 .54 39. 35 

[306.41114457181 

Low H i g h Low H i g h 

13 .0 121 .9 124 .7 

8.5 10 .0 32 .4 37 .6 

7.5 9 .0 31 .4 35 .2 

'7.5 9 .0 64 . 1 71 .7 

7.5 9 .0 141 .9 148 .9 

7.5 9 .0 200.0 210.5 

7.5 9 .0 309.7 325.4 

7.5 9 .0 438 .7 4 6 2 . 1 

7.5 9 .0 535 .3 568 .8 

7.5 9 .0 458. 5 ' 502 .2 

R 
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E x h i b i t (DS-E) 
Sheet 7 of 7 

TABLE E-5 

CAPITAL COSTS 

GENERIC 1200 Mw NUCLEAR UNIT 

Yearly ESRG 
Di r e c t Yearly D i r . 

Constr. Exp. Constr.Exp. 
(1979 Constr. (Current 

$/Kw) 

ESRG 
Yearly TOTAL YEAR 

AFDC AFDC Expend. INFLATION EXPEND. 
RATE (Current RATE (19 79 

(PERCENT) $/Kw) (PERCENT) $!/Kw) 

Low 

S/Kw) 

High Low High Low High Low High Low 

P r i o r 3822. 58 4492. 91 . 
1989 Current 118 .0 |313. 08j !358. 389 

I n i t i a l 4135. 66 4841. 29 

P r i o r 4513. 68 5400. 74 
1990 Current 28 .7 | 83. 88 -49 7. 32|9 

I n i t i a l 4597. 56 5490. 06 

5030. 34 6151. 99 

High 

363 .15 537. 95 
14 .87 21. 507.5 9-.0 

|378 . 02j j5 5'9. 45 

428 .80 648. 09 
3 .98 . 5. 84 7.5 9.0 

432 ..781 )653. 93 

332.2. 382.1 

231.0 288.5 

2895.[9*3158.0 

* Due to a minor c a l c u l a t i o n e r r o r $2913/Kw was used i n the ESGEN 
Program. 

R 



Surrebuttal Testimony, Don M. Shakow 1055a 

1Q. Please s t a t e your name and business address. 

My name i s Don M. Shakow. My business address i s • .lergy Systems 

3 Research Group, i n c . , 120 M i l k S t r e e t , Boston, Massachusetts. 

^Q. Have you reviewed the prepared testimony of Mr. Emil Kasum 

^ concerning your e a r l i e r testimony o f November 13 , 1(.379? 

6 A. Yes, I have. 

7Q. Please summarize your f i n d i n g s . 

SA. The major c o n t e n t i o n s i n Mr. Kasum's r e b u t t a l testimony are e i t h e r 

9 i n c o r r e c t i n substance o r e l s e i r r e l e v a n t t o the major conclusions 

noted i n my testimony. 

•̂1 1. The major purpose o f the ESGEM model i s not t o conduct 

l 2 d e t a i l e d p l a n n i n g f o r a u t i l i t y system, but r a t h e r t o i d e n t i f y 

i m p l i c i t p l a n n i n g biases i n the u t i l i t y p l a n n i n g process. Thus, 

1' the r e l a t i v e s o p h i s t i c a t i o n of the PECO model versus the ESRG 

1 5 model i s not a t is s u e . What i s a t issue i s whether the ESGEM 

model i s able t o e l i c i t c o nsequential biases i n the PECO gene r a t i o n 

expansion plan. 

2. The major r e l e v a n t a s s e r t i o n of Mr. Kasum t h a t ESGEM i s 

biased a g a i n s t base load g e n e r a t i o n i s i n c o r r e c t . 

3. The a l l e g e d i n a c c u r a c i e s i n data employed i n the a p p l i c a t i o n 

10 

16 

17 

IS 

19 

20 

2 1 o f ESGEM are minor. Rather, the data e x h i b i t e d by Mr. 

"7"? 
Kasum i n d i c a t e a set of h i g h l y u n r e a l i s t i c assumptions regarding 

23 

24 

25 

26 

economic data. This has onl y served t o r e i n f o r c e any p r e v i o u s l y 

s t a t e d concerns over biases i n the PECO g e n e r a t i o n p l a n n i n g process. 

4. Mr. Ka sum's statements i n d i c a t e an incomplete understanding 

of the assumptions and al g o r i t h m s employed i n ESGEM. Much of h i s 

- 1 -
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1 c r i t i c i s m s are, t h e r e f o r e , i n a p p r o p r i a t e or inacLU^ate. 

!t 5. I n p a r t i c u l a r , iMr. Kasum's comparison of the PECO mix 

3 to the ESRG mix c o n s t i t u t e s a l o g i c a l l y i n a p p r o p i r a t e comparison 

4 of a mix which i s suboptimal r e l a t i v e t o the PECO cost assumptions 

5 and a mix which i s a l l e g e d l y o p t i m a l by PECO standards. His 

6 q u a n t i t a t i v e r e s u l t s are t h e r e f o r e o f no consequence. 

7Q. Have you been able t o undertake a comparison of ESGEM and the 

8 PECO generation p l a n n i n g and pr o d u c t i o n c o s t i n g models? 

9 A- NO) I have not. During the course o f these proceedings, we 

10 submitted several i n t e r r o g a t o r i e s r e q u e s t i n g sample ou t p u t from 

11 PECO generation planning and r e l i a b i l i t y s t u d i e s f o r the years 

12 1978-1992 (e.g., Q.GLF.l and Q.GLF.2). The Company was not 

13 responsive t o our request and provided only a t a b u l a t i o n o f 

1' r e s u l t s f o r the year 1981. 

15 Computer output from the PECO Production Cost Program was 

16 provided only i n response t o a telephone request made by myself 

17 to Mr. Craig B u r g r a f f o f the Consumer Advocate's O f f i c e ou 

18 December l b , 1979. This o u t p u t was w i t h reference t o the runs 

19 made i n respect t o the ESRG "optimal mix" and d i d not permit 

20 s u f f i c i e n t time f o r an a n a l y t i c comparison o f the two programs. 

21Q. Mr. Kasam s t a t e s t h a t the omission o f s t a r t u p costs by ESGEM 

22 biases the r e s u l t s a g a i n s t baseload. Would you please comment? 

23 A. Quite the c o n t r a r y . The d e c i s i o n t o ignore s t a r t u p costs r e s u l t s 

24 i n a mix which i s biased i n f a v o r of baseload. The assumption 

25 i s , t h e r e f o r e , c o n s e r v a t i v e . 

2 6 S p e c i f i c a l l y , were we t o f o l l o w the d a i l y load c y c l e by 

-2-
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1 employing baseload technologies f o r c y c l i n g purpo.::-s, we would 

? e i t h e r i n c u r s t a r t u p costs c h a r a c t e r i s t i c .of baseload p l a n t s 

3 which are r e l a t i v e l y h i g h as compared t o comparable costs f o r 

4 c y c l e r s ( t o the e x t e n t t h a t such p l a n t could be s t a r t e d up a t 

5 a l l I ) or else we would s p i n baseload p l a n t s a t o f f peak hours. 

6 I n e i t h e r case the costs would be unfavorable as compared t o 

7 the increased use of i n t e r m e d i a t e p l a n t s . The program would no 

S doubt s p e c i f y t o an even g r e a t e r degree the use o f non-baseload 

9 p l a n t s . 

10 Q. Mr. Kasum s t a t e s t h a t the ESRG model does not account f o r the 

11 b e n e f i t s o f pumped storage v i a the PECO Muddy Run f a c i l i t y . I s 

12 Mr. Kasum c o r r e c t i n h i s presumption? 

13 A. No, he i s not. Puihped storage load was assumed i n the sample 

14 annual load curve employed i n the model. This serves t o f l a t t e n 

1 out the load and to h i g h l i g h t the advantages of baseload. Pumped 

16 storage i s employed i n the d i s p a t c h i n g p o r t i o n of the model i n 

17 a manner so as t o r e p l i c a t e the experienced r a t e s of energy 

15 supply. Thus, w h i l e the energy losses i n v o l v e d i n the a c t u a l 

19 pumping process are not e x p l i c i t i n the model, the s a l i e n t aspects 

20 of t h i s technology as they p e r t a i n t o the a n a l y s i s of ge n e r a t i o n 

21 mix are preserved and account f o r the advantages of pumped 

22 storage i n magnifying the economic b e n e f i t s of baseload. 

23Q. Mr. Kasum s t a t e s t h a t the absence of a m u l t i - y e a r o p t i m i z a r i o n 

24 a l g o r i t h m i n ESGEM, i . e . , the p r a c t i c e of o p t i m i z i n g f o r " i n d i v i d u a i 

25 years" suggests a bias a g a i n s t baseload. I s t h i s o b s e r v a t i o n 

26 accurate? 

* We have j u s t be.en . informed t h a t pumped storage load was not 
incl u d e d i n response t o our request f o r PECO ho u r l y load data. 
We had assumed t h a t our request f o r h o u r l y load data i m p l i e d a l i 
sources o f load i n c l u d i n g pumped storage. I n my e s t i m a t i o n , however, 
t h i s omission does not a f f e c t the major r e s u l t s of my testimony. 

-3-
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1 A. No, x t i s not. Under r e a l i s t i c assumptions, the ••i-.r-dei i s un­

ambiguous i n i t s r e j e c t i o n of new baseload o p t i o n s f o r each of 

3 the years 1981, 1987, and 1992, w i t h the exception o f the 

4 i n t e r m e d i a t e sized c o a l p l a n t s as noted i n my e a r l i e r testimony. 

5 O p t i m i z a t i o n over combinations of years w i l l not s p e c i f y p l a n t s 

6 t h a t have been excluded f o r a range of i n d i v i d u a l years spanning 

7 the o v e r a l l planning h o r i z o n . 

8 Q. Are the 25 samples taken i n the ESGEM model i n s u f f i c i e n t as claimed 

9 by Mr. Kasum? 

1 0 A . We have performed a d e t a i l e d a n a l y s i s of the s t o c h a s t i c " f l u t t e r " 

11 i m p l i e d by samples o f v a r y i n g sizes ahd have concluded t h a t a sample 

12 s i z e of 25 y i e l d s r e s u l t s i n which anomalous outcomes are kept 

13 to a reasonable minimum. For example, the increase i n v o l t a g e 

1'' r e d u c t i o n s from .2 t o 2.3 hours per year as noted by Mr. Kasum' 

15 imposes a d d i t i o n a l costs of $50,000, or roughly 4 0 p a r t s i n one 

16 m i l l i o n of the t o t a l s o c i a l costs i n q u e s t i o n . I t w i l l , t h e r e f o r e , 

17 have no censequential impact on r e s u l t s of the model. 

18 Q. i s Mr. Kasum accurate i n h i s c l a i m t h a t ESGEM imports economy 

19 power predominently d u r i n g peak hours? 

20 A. No, he i s not. ESGEM "loads"'economy power so as to r e p l i c a t e 

21 experienced r a t e s o f energy supply v i a t h i s means. I t does so i n 

22 a way which i s c o n s i s t e n t w i t h the requirements of economic d i s p a t c h 

2 3 As a consequence, there i s a s u b s t a n t i a l use of economy power d u r i n g 

2 4 off-peak hours. 

25 Q. Mr. Kasum claims t h a t the LOLP concept as employed by PECO i s 

26 e q u i v a l e n t t o the i n d u s t r i a l standard. I s t h i s c l a i m c o r r e c t ? 
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1 r>. No, i t i s not. Professor R. L. S u l l i v a n o f the u n i v e r s i t y of 

2 F l o r i d a , the author o f a r e c e n t l y p u b l i s h e d and wi d e l y used 

3 textbook e n t i t l e d Power System Planning, makes the f o l l o w i n g 

4 a s s e r t i o n : 

5 "Although t h e r e are s e v e r a l i n t e r p r e t a t i o n s of LOL?, the 

6 most common i s simply t h a t i t represents the percent of 

7 time, over some f i n i t e i n t e r v a l , t h a t a l o s s - o f - l o a d can 

S occur due to u n i t f o r c e d outages" ^ ~̂  ( i t a l i c s are mine) . 

9 This c i t a t i o n i s i n c l u d e d i n a s e c t i o n e n t i t l e d "State of the A r t " 

10 and i m p l i e s t h a t t h e r e has been some recent e v o l u t i o n i n t h i s 

11 'category. The ESRG model employs a d e f i n i t i o n of LOLP as 

12 suggested by t h i s more up-to-date conception. 

13Q, I s Mr. Kasum c o r r e c t i n assuming t h a t v o l t a g e r e d u c t i o n s are 

1 n e c e s s a r i l y taken t o ma i n t a i n s p i n n i n g reserve and t h a t blackouts 

15 would be necessary a t a much e a r l i e r stage i n the supply-demand 

16 adjustment process w i t h i n the ESGEM model? 

1 7 A . NO, he i s not. The o b j e c t i v e of employing s p i n n i n g reserve i s 

IS t o cre a t e a b u f f e r i n the event of u n a n t i c i p a t e d v a r i a t i o n s i n the 

19 load. As a b u f f e r i t s very purpose i s t o absorb f l u c t u a t i o n s by 

20 g e t t i n g drawn down p e r i o d i c a l l y . I n r e c o g n i t i o n of t h i s f a c t , 

21 a recent E.P.R.I. study of r e l i a b i l i t y employs a model i n which 

22 "as ca p a c i t y outages f u r t h e r d eplete reserves the operator 

23 can waive the remaining o p e r a t i n g reserves. This step 

( 2 1 

24 causes the o p e r a t i n g reserves i n the system t o go to zero." ; 

25 ^E.P.R.I.- "Workshop Proceedings: Power System R e l i a b i l i t y 
26 Research Needs and P r i o r i t i e s " WS 77-60, October, 1978, p. 6-43 

(2) 
E.P.R.I. "Generating System R e l i a b i l i t y A n a l y s i s f o r Future 
Cost-Benefit Studies" EA-958, p. 5-9. 
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•L The omiss ion o f aii e x p l i c i t ment ion o f s p i n n i n g i:i-;.^e.,:ve i n uiie 
2 

ESGEM luoclel does -not p rec lude i t s presence i m p l i c i - i y . We are 

•> 
f u l l y cognizant of the f a c t t h a t a p o r t i o n o f thv= o v e r a l l reserve 

would be a l l o c a t e d to sp i n n i n g reserve. 

4 Q. How would the above observations e f f e c t the r e s u l t s shown i n 

5 Table EK-1? 

6 A. The " a d d i t i o n a l b l a c k o u t c o s t s " d i s p l a y e d i n Table EK-1 would be 

7 reduced- s u b s t a n t i a l l y i n l i g h t o f a p e r i o d i c running down i n 

8 spin n i n g reserves. The o r i g i n a l conelusions i n my testimony as 

9 they p e r t a i n t o the o p t i m a l reserve margin would s t i l l o b t a i n . 

10 Q- Mr. Kasum s t a t e s t h a t my assumption t h a t peak load can be reduced 

11 by up t o 170 Mw p r e j u d i c e s the r e l i a b i l i t y a n a l y s i s because "the 

12 p u b l i c response t o v o l u n t a r y load c u r t a i l m e n t diminishes .as the 

13 number of appeals per year increases." Please comment. 

14 ~ • The 170 Mw maximum r e d u c t i o n v i a p u b l i c appeals represents less 

15 than 3% of the c u r r e n t PECO peak load. By c o n t r a s t , Mr. G. W. 

16 Prederickson, a witness on be h a l f o f the CAPCO Pool has s t a t e d 

17 t h a t d u r i n g a w i n t e r storm i n 1977, "a p u b l i c appeal r e s u l t e d i n 

IS a r e d u c t i o n i n peak load of approximately 7%." ̂  ̂ ' Assuming a targe 

19 reserve margin o f 14% and ESRG load and (low) cost assumptions, 

2 0 p u b l i c appeals are employed f o r approxima 'cely 2 0 iio urs p^r year, 

21 which suggests t h a t the 7% f i g u r e i s reasonable arid tha L the 

22 assumption employed i n the ESRG model i n regard to p u b l i c upp^Lily 

23 i s biased on the lov/ s i d e . 

24 Q. Mr. Kasum s t a t e s t h a t the use of s o c i a l cost r a t h e r than an 

2i3 e x p l i c i t r e l i a b i l i t y standard i s i n c o n s i s t e n t w i t h c u r r e n t u t i l i t y 

26 p r a c t i c e . Please comment. 

^ 1-79070317, Set 1, que s t i o n 21. 
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1 A. Mr. M. Bhavarasu i n a r e c e n t a r t i c l e i n the EPRi J o u r n a l s t a t e s 

2 w i t h r e f e r e n c e t o the one day i n ten years and oL.-er r e l i a b i l i t y 

3 i n d i c e s : 

d- "This i s an i n t u i t i v e approach, which i s used when no 

5 o t h e r i s a v a i l a b l e . " 

6 This o b s e r v a t i o n i s e s p e c i a l l y p e r t i n e n t t o the irlSRG a n a l y s i s . 

7 A major purpose o f our model i s t o i d e n t i f y t h e impact o f u t i l i t y 

8 p l a n n i n g biases on s o c i a l c o s t s , which w i l l be borne by ra t e p a y e r s . 

9 i n l i g h t o f t h i s o b j e c t i v e , a crude r e l i a b i l i t y index w i t h o u t 

10 r e f e r e n c e t o these s o c i a l costs would be i r r e l e v a n t t o our 

11 purposes. 

12 Q. Mr. Kasum s t a t e s t h a t the i n t e r p o l a t e d ESRG s o c i a l costs a t 

13 a l t e r n a t i v e reserve margins j u s t i f y an o p t i m a l l e v e l o f between 

I'l 22 and 30 percent. I s t h i s a s s e r t i o n j u s t i f i e d ? 

? A. The a s s e r t i o n i s not j u s t i f i e d . Below i s a t a b l e showing 1979 

16 s o c i a l costs a t v a r i o u s reserve l e v e l s under ESRG assumptions. 

17 Reserve Margin (£) 
Year 14 22 30 IS 

19 

20 

21 

22 

23 

24 

25 

26 

81 585.1 598.5 537.9 
87 588.6 577.7 578.9 
92 542.9 547.8 ' 550.8 

Both the column sums as w e l l as the sum o f the two, 2-element 

p a r t i a l sums* y i e l d r e s u l t s which are lowest f o r tiie 14% column. 

No reasonable i n t e r p o l a t i o n procedure would, t h e r e f o r e , show the 

14% margin as the i n f e r i o r o f the t h r e e . 

Q. Mr. Kasum a s s e r t s t h a t the ESRG nuclear c o s t estimates do not take 

account o f economies o f scal e i n nuclear g e n e r a t i n g technology. 

Please comment. 

• " R e l i a b i l i t y Measures f o r System Planning", EPRI J o u r n a l 
December 1978, p. 11. 

1981 + 1987 and 1987 + 1992 

-7-
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1 A. The ESRG methodology enables a d e t e r m i n a t i o n of t . - J i i e c - t ch^ 

v a r i a b l e , s i z e , on p l a n t performance. As such i t ̂ wids i n a number 

~ c o n s i d e r a t i o n s p e r t i n a n t t o p l a n t s i z e i n c l u d i n g both economies of 

3 scale and frequency; o f f o r c e d outages due to the l a r g e number 01 coELHJC;n;-t;it-; 

and t he g r e a t e r complexity associated w i t h l a r g e r f a c i l i t i e s . The 

l i t e r a t u r e i n d i c a t e s t h a t o v e r a l l , an in v e r s e r e l a t i o n s h i p be tween p i viau 

^ performance and r a t e d c a p a c i t y obtains"^". I have v a l i d a t e d t h i s r e s u l c 

5 using a n o n - l i n e a r r e g r e s s i o n technique i n combination w i t h 

10 

11 

19 

2 0 

2 
m u l t i v a r i a t e a n a l y s i s o f va r i a n c e . These r e s u l t s suggest t h a t tne 
p o s i t i v e e f f e c t of scale economies i s being outweighed i n p r a c t i c e by 

8 a d i s p r o p o r t i o n a t e number of c o s t l y f o r c e d outages. 

9 Q. Mr. Kasum i n t a b l e EK-3 c i t e s a sample o f p r o j e c t e d nuclear p l a n t c ^ p i t e l 

costs t h a t range from $1 320-/Kw t o $ 1937 /Kw f o r a p l a n t w i t h a 

1990 i n s e r v i c e date. Do these estimates represent the ex p e r t 

consensus of o p i n i o n on t h i s issue? 

12 A. By no means. W i l l i a m E. Mooz o f the RAND Corp o r a t i o n estimates the 

p r o j e c t e d costs o f LWR's on which c o n s t r u c t i o n begins i n 1980 of the 
1 J 

order of $2000 /Kw. Since such a p l a n t i s l i k e l y to be completed 
1 " t before 1990 and must be i n f l a t e d from 1976 t o 1979, i t i s c l e a r t h a t the 

15 range suggested by Mr. Kasum i s out o f l i n e w i t h the r e s u l t s o f t h i s 

study. S i m i l a r l y PASNY has estimated the c o s t of t h e i r Green 
16 

County f a c i l i t y a t $3.1 b i l l i o n or $2580/Kw. This l a t t e r p l a n t i s 

^ scheduled t o come on l i n e i n 1988. When these l a t t e r estimates are 

13 compared t o the coa l cost estimates c i t e d by Mr. Kasum i n t a b l e 

EK-3, r a t i o s of the o r d r o f 2.5 are i n d i c a t e d . 

Q. Mr. Kasum s t a t e s t h a t as a consequence-, of m o d i f i c a t i o n s i n the 

AFUDC c a l c u l a t i o n s , the c u r r e n t d o l l a r cost of the L,imei.'ick .yiuuit 

Vj. should bo reduced to Z?,2Z>\ m i l l i o n . I : ; til.i.u con:: i jconL v/i.i-.h your 

c a l c u l a t i o n s ? 
2 2 

A. No i t i s not. From e x h i b i t DMS-E i n my e a r l i e r t£.-jti:>iony I 

- J c a l c u l a t e the c u r r e n t d o l l a r c o s t of Limeri c k a t ̂ .7023 m i l l i o n 

2a i n c l u d i n g $4586 m i l l i o n , d i r e c t c o s t and $2437 m i l l i o n , AFUDC. 

[i;ven grcinting the 956 m i l l i o n v/hich Mr. Kasum proposes co sun t r a ei; 

from t h i s f i g u r e leaves a net f i g u r e of $o067 mii.-.iun. This i s s t i l l 

^ almost double the PECO estimate and would not m a t e r i a l i y a f f e c t ray 

conclusions. 
1. See, f o r example, J. Fowler, R. Gobie, and C. Hohenemser, ' L'ower 

P l a n t Performance,' Environment , A p r i l , 197S. 
2. See D. Shakow and R. Gobie, ' Some Underlying Costs of Nuclear Pov/ei, 

The Q u a n t i f i c a t i o n o f U n c e r t a i n t y , ' Worcester MA, Dec 
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1 Q. What would be the consequences o f using the Gross N a t i o n a l Product 

2 D e f l a t o r i n place o f the Consumer P r i c e Index i n the c o s t assumptions 

as suggested by Mr. Kasum? 

A. I n my o p i n i o n , the e f f e c t would be t o generate outcomes even l e s s 
4 f a v o r a b l e t o baseload and nu c l e a r expansion. S p e c i f i c a l l y , our 

5 e s c a l a t i o n e s t i m a t e s , both f o r p l a n t c o n s t r u c t i o n and o p e r a t i n g 

expense would not change. The use o f a composite index such as the 

CPI and the GNPD p e r t a i n s o n l y t o an o v e r a l l i n f l a t i o n a r y process 
7 r a t h e r than t o e s c a l a t i o n i n some gi v e n product o r s e r v i c e . Howie ver, 

g once the c u r r e n t d o l l a r c o s t f i g u r e was computed i t would be d e f l a t e d 

by a f a c t o r which i s s m a l l e r than the f a c t o r used i n my present 

c a l c u l a t i o n s . Real costs would, t h e r e f o r e , r i s e . 

Q. I s the c o s t comparison shown i n t a b l e EK-8 o f Mr. Kasum's testimony 

11 an i n d i c a t i o n t h a t t h e PECO plan" i s l e s s c o s t l y than the ESRG o p t i m a l 

12 P l a n ? 

A. No i t i s n o t . The ESRG optimum i s based on u n d e r l y i n g load and 

cos t assumptions. Given the PECO assumptions, f o r example, the 

14 mix i s l i k e l y t o be very d i f f e r e n t from the mix under ESRG 

assumptions. The comparison shown i n Mr. Kasum's testimony i s , 

t h e r e f o r e , between the PECO mix and some suboptimal mix which 

ESRG does not n e c e s s a r i l y endorse. As such,the d i s p l a y e d r e s u l t s 

17 are i r r e l e v a n t t o my c o n c l u s i o n s . 

Q. Does t h i s complete your testimony? 
1S 

A. Yes i t does. 

19 

20 

21 

22 

23 

24 

25 

26 

15 

16 
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1 MR. BOCK*. Your Honor, before we proceed 

j 
2 with the next witness, based on redirect of the Consumer 

3 Advocate outlining the basis and the study and number to i 
i 

4 use, i s Your Honor ready to rule on the motion to strike? 

5 THE ADMINISTRATIVE LAW JUDGE: Not at this time. 

6 MR. HAIL: Your Honor, before we begin with the 

^ next witness, I wonder i f I could make one request? There i s 

8 due to be filed today a brief by Your Honor in support of 

9 the company certification. I was wondering i f Ybur Honor would 

1 0 entertain a request to have that brief filed the f i r s t thing 

11 tomorrow morning? 

1 2 THE ADMINISTRATIVE LAW JUDGE: Yes. 

1 3 MR. HALL: Thank you, Your Honor. 

M MR. BURGRAFF: We would now offer Dr. Shakow at 

15 this point. He has not been sworn as yet. 

16 

17 DON M. SHAKOW, was called as a witness on 

1 8 behalf of the Consumer Advocate, being f i r s t duly sworn 
1 9 according to law, was examined and testified as follows: 

20 

21 DIRECT EXAMINATION 

22 BY MR. BURGRAFF: 

23 Q Could you state your name and business address 

24 for the record, please? 

25 A Don M. Shakow, and ray business address i s 
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Energy System Research Group, Inc., 120 Milk Street, Boston. 

MR. BURGRAFF: Dr. Shakow has prepared a 

narrative testimony and exhibits DS-A through DS-E, which we 

w i l l provide three copies to the Reporter at a future point 

in time. 

BY MR. BURGRAFF: 

Q Do you have those materials i n front of youi 

Doctor? 

A Yes , I do. 

Q Were they prepared by you under your direct 

supervision or control? 

A Yes, they were. 

Q And i f 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 l i k e 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. 
MOHHB*CH • mnsmi.. inc. IT H. LOCSWILLO* tvt.. . Hiomsauitc, p*. •mi 
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1 THE ADMINISTRATIVE LAW JUDGE: Without objection1, 

^ they w i l l be so identified. 
3 

4 (Multi-page document which i s the 
testimony of Don M. Shakow, with 

5 accompanying exhibits ZSrA through 
DS-E was marked Consumer Advocate's 
Statement No. 4 for identification.) 

7 

8 MR. BURGRAFF: Now Dr. Shakow i s available for 

o 
^ cross-examination. 

1 0 THE ADMINISTRATIVE LAW JUDGE: Mr. Hall? 

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

1 2 are you? 

1 3 DR. SHAKOW: I am fine, thank you. 

14 MR. HALL: Before we begin. Dr. Shakow -- Your 

1 5 Honor, I would move at this time to strike Dr. Shakow's 

1 6 entire testimony, the theory of that testimony and 

17 recommendations that are made in i t , that the company should 

1 8 terminate construction of i t s Limerick generating unit. 

1 9 As Your Honor i s aware, the company filed 

2 0 objections to interrogatories previously with regard to the 

21 Limerick matter and has taken the position that Limerick, 

22 i t s timing and whether i t 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 
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testimony in i t s entirety. 

In addition, the company would especially move 

to strike that portion of Dr. Shakow's testimony which ' 

recommends that this Coramission adopt for Philadelphia Electric 

Company a new reserve r e l i a b i l i t y c r i t e r i a which i s different 1 

than that which has been historically employed by this 

Commission for u t i l i t i e s subject to this jurisdiction. 

The company believes such an issue is one of 

Statewide applicability and should be raised in a Statewide 

proceeding and in addition, believes that that particular 

issue again does not directly effect rates in this proceeding 

and i t is indeed an extremely complex, extremely di f f i c u l t 

issue and one with extremely great effects upon the health 

and safety of members of the Commonwealth, and for that reason 

believes i t should not be coisidered in a proceeding such as 

this where there are extreme time constraints on a l l parties. 

MR. BURGRAFF: Your Honor, i f I might respond. 

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

company to any matter having to do with Limerick as to i t s 

relevancy to this proceeding has been raised before. I believe 

the Commission has given direction in that regard. 

I might note that Dr. Shakow's testimony in 

essence i s a unified whole and as a technical matter, i t i s 

not that easy to s p l i t i t up. As a legal matter, I already 

think we have the direction set forth as to how Limerick w i l l 
«0HBn»CH a INC. t t H, I o C • wri. 1 e» * VF,, . I.JIOHBUBG r- -.T:' -
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1 be treated in this case. I 

2 As far as reliability is concerned, I think i t 

3 relevant. The company has offered their own viewpoint as to 

4 appropriate reliability level for their system. I don't 

5 think the objection is really going to its relevance. It 

6 seems to go whether this proceeding is the proper form. 

7 We agree i t is a difficult issue, but we agree i t is the 

8 proper form. 

9 I am not sure what a generic proceeding would 

10 do given the differences within various utilities in 

IX Pennsylvania. I don't see any other form more appropriate 

12 than a rate case dealing with this company in particular. 

13 MR. SEGAL: If Your Honor please, i f I may, 

14 Your Honor, the company's motion is inappropriate for two 

15 separate and related reasons. 

16 First of a l l , i t is a matter of law. The 

17 company has already raised the issue of the relevancy of 

13 Limerick. Your Honor has already ruled that Limerick is 

19 relevant to these proceedings. That question was then 

20 certified to the Commission. The Commission has ruled adverse 

21 to the company and that is now the law of the case. 

22 Second of a l l , the issue of Limerick is directly 

23 relevant to the setting of rates in this proceeding for two 

24 reasons. One, it is very much involved with the area of 

25 excess capacity which is then the topic of testimony concerning 

, — „ > i,\r. • •• i c ;» - . ' [ . c i f t tvt. . • • > s t i s s u | , s . ' i \ n — * 
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possible adjustments to rate base as a result of any possible 
i 

excess capacity and, second of a l l , the company's own witness,! 

Mr. Paquette, has testified that a major reason for requesting 

rate r e l i e f i s the need to attract capital for the company's 

construction company which as Mr. Paquette, himself, has 

stated primarily involves the construction of Limerick 

f a c i l i t i e s . 

T think for those two separate reasons, one 

very clearly that the issue of Limerick i s relevant to rates 

in this case, and for that reason, the motion should be denied 

and a separate reason i t i s the law of the case as established 

by the Commission that the motion cannot be granted. 

THE ADMINISTRATIVE LAW JUDGE: Thank you. I 

w i l l deny the motion. I cannot find that the material i s 

relevant or irrelevant or unduly repetitious. 

MR. HALL: Your Honor, we w i l l take an exception 

to your ruling, but we w i l l not seek a certification of the 

Commission at this time. 

THE ADMINISTRATIVE LAW JUDGE: I am sure the 

Commission w i l l be very happy to hear that. 

CROSS-EXAMINATION 

BY MR. HALL: 

Q Dr. Shakow, turning f i r s t to your educational 

background, do I understand correctly that you have a Bachelor 

1069a 
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1 " of Science degree i n Humanities and Sciences? 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

A A Bachelor of Science i n Humanities and 

Sciences. 

Q What is a Bachelor's Degree of Humanities and 

Sciences? 

A I t is a program offered by the Massachusetts 

I n s t i t u t e of Technology i n which you specialize i n both 

s c i e n t i f i c f i e l d s and i n humanities, p a r t i c u l a r f i e l d s , and 

my s c i e n t i f i c specialty was figures and mathematics and my 

humanistic specialty was economics and hi s t o r y . 

Q And your Doctor's Degree i s i n Economics, 

is that correct? 

A That i s correct. 

Q And I take i t you do not have any degrees 

1 5 i n the f i e l d of engineering? 

1 6 A I do not have any degrees, no, although I shouldj 

1 7 note that one of my outside f i e l d s for my economics degree 

1 8 was when you take two outside f i e l d s and t h i s i s the primary 

1 9 basis f o r your oral examinations, and one of my f i e l d s was 

i n the In d u s t r i a l Engineering Department and the exams j 

2 1 administered by t h i s Department. 

2 2 Q During the period that you were seeking your 

Doctorate Degree, were you employed i n any capacity? 

2 4 A I was employed for a time by the University of 

2 5 California at Davis as a Lecturer i n 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 i n Economics. 

I was also employed by Weyhauser Corporation 

as a Research Analyst. 

Q When did you receive your Bachelor's Degree? 

A 1962. 

Q When did you receive your Doctorate Degree? 

A 1972. 

Q Were you f u l l - t i m e employed a f t e r leaving 

college i n i t i a l l y ? Did you have any f u l l - t i m e position betwee|n 

1962 and 1972? 

A I spent two years i n I s r a e l . I f you want me to 

go i n t o my a c t i v i t i e s there, I would be happy t o . 

Q No, that i s a l l r i g h t . 

Now since I take i t we have covered a l l of your 

employment up to 1972 at t h i s point, i s that correct? 

A No, not quite. As I indicated on my v i t a e , 

from 1970 through 1975, I was essentially self-employed. 

Q You indicated you had a vitae? Do you know wher|e 

that is? 

A I t wasn't clear to me whether you had received 

copies of that or not. We can provide you with i t i f necessaijy. 

Q Now, i n 1970 to 1975, 
HOHHgACM S " S B S M A L . INC . - J I H. I Q C K W I L L O * A V I , . - H1B H! SBU Hu. F l . U M J — 
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A I was self-employed in business. 
i 

Q But what did you do in business? f 
i 

A I was in the food business on the West Coast. 1 
i 

Q What did you do in the food business? j 
i 

A I was a wholesaler of various kinds of food 

stuffs, produce, grains and other food stuffs. 

Q Now following 1975, what did you do? 

A In 1975, I was employed by Mathematical Science 

Northwest, and a consulting firm based in Washington as an 

Economitrician. I was so employed until 1976. 

In 1976, I assumed the position of Assistant 

Professor of Economics at Clark University in Wooster, 

Massachusetts and am so employed at present. 

Q How long have you been associated with ESRG? 

A I have been associated with ESRG for approximately 

seven months. 

Q I have used that several times. Can you provide 

us with the words that go with the initials? 

A Energy System Research Group. 

Q Have you ever previously testified. Doctor, 

in opposition to the construction of a nuclear plant? 

A No, I have not. I am not so testifying today 

so far as I know. 
I 

Q Doctor, would I be correct that you have had ! 
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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 you 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 plant reserve margins of other 

Pennsylvania or PJM utilities other than PECO? 
HOHBBICH 1 -•BSKtL. INC. :T •.. iOCIWHIOH »¥t.. » I BB:". BW.. Pt. i f t : . 
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i 

A Not as part of the preparation of the study. i 

although I should indicate that I am currently engaged in such• 

a study. ; 

Q But prior to making this testimony, you were 

not? ! 

A Not prior to the testimony. 

Q And I take i t similarly, you did not make a 

study of the anticipated future load or generating plant 

construction programs of such companies? 

A That is not correct. I have done an analysis 

of load forecasting procedures by the Duquesne Light Company a|nd 

have advised the Energy Systems Research Group with regard 

to my analysis. 

Q And this i s in regard to Duquesne Light 

Company? [ 

A That i s right. 

Q And i t i s with regard to the load forecasting 

methodology employed by them? 

A That is correct. 

Q And is this on behalf of the Pennsylvania Officj* 

of Consumer Advocate? 

A No, i t was not. 

Q Have you made a study, Doctor, of the available 

generating plant sites in the Philadelphia Electric 

2 5 ij Company service territory? 
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A No, I have not. j 
j 

Q Are you aware of the various legal restrictions ' 

placed upon the operations of generating plants within that 

area? 

A No, I am not. 

Q And 1 take i t that would include environmental 

restrictions. Doctor? 

A Specifically"for Philadelphia? 

Q Philadelphia. 

A The answer is no. I should note that we did 

submit interrogatories regarding the cost of various 

environmental regulations as they pertain to the construction 

cost of generation facilities, and we did not receive informatlion 

in that regard. 

Q But you, yourself, have never undertaken a 

study of the environmental laws of the Commonwealth of 

Pennsylvania or the Federal regulations as they would be 

applicable to the service territory of Philadelphia Electric? 

A Specifically in regard to the Philadelphia 

Electric Company? 

Q Yes. 

A No. 

Q Doctor, have you analyzed the contract by 

which Philadelphia Electric Company will sell capacity and 

firglnffiTiag from its Salem-2 facility to PnH »w run-j' -
" O H B S I C * ! a M l P S H U L . I H C . - 17 1 . l O C KW 11 LOW » V t . . M»BV|SB lJS6 . ' 7 : 1 : * 
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A I have looked at that. I should note that 

I specifically excluded an analysis of that contract in my 

testimony. 

Q What do you mean. Doctor? 

A The testimony pertains to an analysis of this 

sale, based on certain e x p l i c i t l y 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. j 

Q Now, Doctor, the analysis in your testimony has : 
i 

been made on a current basis and by that I mean you have not I 

attempted to reconstruct conditions which existed at the j 

time Philadelphia Electric Company decided to build the j 

Limerick Station? ! 

A That is very true. 

i 

Q You have rather stood today and looked only to j 

the future to exercise your judgment? 
A That is correct. I assume that that plant was . 

i 

undertaken in the late 1960%s and early 1970*5 and I have j 

not put myself i n a position of Assistant Planner during that j 

i 
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period of time. 

Q Now the basis of your testimony i s obtained 

from results which you ha^ taken from an econometric model, 

ESRG ESGEM Computer Model, i s that not correct? 

A That i s not correct. That i s not the econometri|c 

computer we employed. 

An econometric computer is a model developed 

from historical data and employs s t a t i s t i c a l estimates based 

on that historical data. 

But this model, I think, i s totally different 

from the econometric model. There is no resemblance 

whatsoever. 

I employed econometric models to a very large 

degree for load forecasting and this does not bear any 

relationship to those models. 

Q Thank you. Doctor. 

A You are welcome. 

Q I misused that terra twice today. Would you 

agree with rae. Doctor, that the function of the model that 

you have employed i s to obtain an accurate mathematical 

representation of the Philadelphia Electric Company's 

power production system both as i t exists today and under 

alternative future generating plant expansion proposals? 

A Could you repeat that question? I t doesn't 

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

077a 
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(Whereupon, the previously referred 

to question was reread by the Reporter 

as follows: 

Q I misused that terra 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 

characterize the purpose of my model I n that way. The 

purpose Is not to represent the production system, but 

rather to Indicate what would he an optimal generation 

expansion plan and reserve margin from the social cost 

perspective. So I think i f we are going to indicate the 

purpose of the model, we should phrase i t somewhat d i f f e r e n t l y . 

BY MR. HALL: 

Q I take i t b o i l i n g down your words into a few 

key ones, the purpose of the model i s to measure social 

cost, i s that correct? 

A. I think that i s f a i r . 

Ci What are social costs as you define them, 

Doctor? 

A. Social costs, as I define them are the costs 

that the consumer would have to pay I n l i g h t of one, a given 

generation expansion olan; two, a given production system, 

assuming economic dispatch of plants, which not onj.y represent 

the way the Philadelphia E l e c t r i c Comoanv effects dispatches. 

I haven't made an independent study cf t h i s . And social 

cost e x p l i c i t l y takes in t o account what Is called consumer 

time preference. That is i t weights as a d o l l a r at one 

point of time d i f f e r e n t l y from a dol l a r at another point of 

time. I t takes i n t o account the preference the consumers 

might exhibit of a dol l a r at a period closer to the present. 
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Q I f I can t r y and summarize what you have 

stated, Doctor, I deduce three elements I n your answer. 

One, i t takes in t o account a generation plant expansion; 

two, i t takes into account economic dispatch and three, 

the time value of money. Is that a f a i r statement? 

A. That i s correct. I don't know i f that's 

exhaustive, but those elements are certainly present. 

Ci Now, could we agree that the model that you 

have constructed represents the Philadelphia E l e c t r i c 

Company's system through what could f a i r l y be termed 

mathematical symbolism? 

A- Well, represents, I think. Is the word that 

Just to be l i t e r a l here, I take some exception to I n that 

I have not, as I said, undertaken an independent analysis 

of the dispatching procedure employed by Philadelphia 

El e c t r i c Company. I n the event that the economic dispatch 

simulated by my model departs from practices by the company, 

I would not want to suggest that t h i s i s I n f a c t , a 

representation. 

ft .What Is the p r i n c i p a l basis of your economic 

dispatch system? 

A Principal basis Is that plants are dispatched 

i n order of increasing operating costs. 

Q. Do you include i n your costing analysis to 

d O H R S A C H » " A R S H t L . f n C . J I N. L O C I W I U O W * V £ . . 
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determine what Is economic and what i s not, start-up costs? 

A. Start-up costs - -

I guess my real question i s what do you 

c onsider i n determining where a unit would l i s t under your 

concept of economic dispatch? 

A. I see. That's f a i r . Fuel costs, operations 

. and maintenance costs. We also have a category i n there f o r 

an environmentally related cost. But as I noted e a r l i e r , 

the company was not responsive to our interrogatories I n 

that regard. So we could not include numbers associated with 

that category. 

Q And that category would be what? Capital 

costs? 

A. No. Not c a p i t a l costs. We are t a l k i n g about 

operating costs, so i t would include, f o r example, higher 

heat rates as a consequence of the i n s t a l l a t i o n of various 

p o l l u t i o n control devices, f o r example. Costs that are 

associated with company conformance with various anticipated 

environmental regulations. 

Q But I t?*ke 1t vnu ^on't assume anv start-up 

costs i n your economic dispatch model? 

A. That's corrent. 

Q Doctor, could you agree with me that there are 

three possible sources of error I n a model such as the one 

which you have used? 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. 
4 if 

!' A. Absolutely. 
•5 

I 3. 

IJ 

i A-

1̂  ft First off, such a model could be potentially 

^accurate In i t s representation of a specific f a c i l i t y , 

which i t seems to represent. Is that a possible source of 

Inaccuracy? 

A. Only where representation i s an Issue. As I 

noted before, my model i s a normative rather than positive 

model, to use a term that's current In economics. By this 

I mean I am trying to determine what would be best from 

consumer's point of view, and to the extent that the company 

practices Mae part from what i s best from the consumer's 

point of view in the course of i t s operating i t s system, 

this would be reflected in i t s merchandise. 

I want to steer away from the question of 

representation. I t diverts us somewhat from the purpose of 

my model. 

Ci Perhaps I t I s an unfortunate wording. Leaving 

aside operating parameters that can be controlled by the 
the 

managers or by the modeler, I take i t the purpose of/model 

is to accurately depict those parameters which cannot be 

removed by choice. Such as a capacity of units, such as 

costs which are known and which cannot be varied by a choice 
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of management and so forth? 

A. I would agree with t h a t . 

ft Is that not correct? 

A. Yes. 

Q And I take I t a second possible inaccuracy i n 

the results achieved through the application of a model 

such as t h i s would include the nature of the assumptions and 

the various data Input? Data could be wrong. Is that not 

correct? 

A- Oh, most ce r t a i n l y . 

Q And I take i t f i n a l l y there could be simple 

mathematical or computer programming errors which would 

cause certain errors i n the results? 

A. That's very true. 

Q Now, Doctor, your choice of optimal generating 

plant expansion programs and reserve margins has been made 

on the basis of a comparison of t o t a l social costs over a 

1980 to 1992 planning horizon, i s that not correct? 

A. That i s correct. 

Q Doctor, r e f e r r i n g you to table 1, you there 

show i n the f i f t h column over, under the r e a l cost of 1979 

column a column which I take i t r e f l e c t s the social costs 

which you have calculated for the indicated years and the * 

t o t a l for the period, is that not correct? 

A. That's correct. 
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ft And what Is included, for example, i n the 

social cost figure 739.7, which i s the f i r s t figure there 

stated? 

A. 739*7? The social cost for any year would 

include the similar factors to w i t : Well, maybe I should 

describe.the procedure. I thtrfr that would make things 

clearer p?nce the answer i n reference to 7?9.7 wo^.d apply 

to any figure shown i n the course of t h i s testimony. We 

i n i t i a l l y calculated an ootimal generation expansion mix. 

We then ffrooloy that mix and simulate the production of 

e l e c t r i c i t y employing t h i s mir. 

This yields a series of operating costs. 

The operating costs are then added to the fixed costs 

associated with the mix. Now, I should Indicate from the 

outset that the fixed costs do not include a l l fixed costs 

of f a c i l i t i e s currently on l i n e . I t includes only a portion 

of those fixed costs. 

ft Is that i t ? 

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

ft -Let's begin with operating costs. Now, 

operating costs, obviously, include f u e l costs? 

A. Yes, they do. 

ft And i t obviously includes a l l of the general 

costs which arise from operating • a st a t i o n such as the 
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men there to operate I t ? 

A. That's correct. 

ft And the other day to day costs that you have? 

A That's true. 

ft I take i t i t would also include maintenance 

costs? 

I t does include i t . 

Any other element? Are t*xes Included? 

I don't think we 1.nc!ud?d/4.n the variable 

comnonor»t. 

ft I take i t I f we were to go back to your 

Exhibit C, Doctor - -

A Yes. 

ft - - we might be able to r e l a t e these to 

specific Items that you have used i n your program. Looking 

at page 7 of 2*1, one sees In the middle var. O&M, variable 

operating and maintenance? 

A That's correct. 

ft I take i t the Items I have read would be 

included i n that column? 

A Correct. 

ft Next to that i s energy and I take i t that's the 

actual cost of the f u e l used i n the generation? 

A That's correct. 

ft And next to that on the other side Is 
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which I take I t i s carrying charge? 

A. That i s correct. That's not included in the 

operating cost. 

ft What Is included in carrying charge? 

A. Por plants one through eighty-seven, we 

Include only fixed operations and maintenance expenses. 

ft What is a fixed operation and maintenance 

expense? 

A. Fixed operating and maintenance expense would 

be, I shouldn't say operating. I should say fixed maintenance 

expenses. There would be a cost associated 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. 

ft Okay. Now, this does not include, I take i t , 

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

A. That i s correct. I t does not. 

ft No return and no taxes? 

A. That i s correct. Not for those plants. 

For plants- one through eighty-seven. 

ft You keep saying one through eighty-seven. 

I can't find those on mine. Are they both on page 7? 

Note on sheet 1 of 24 in Exhibit DSC, under 
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the heading option, to the l e f t of. the page, there are 

some plant options noted and next to each of the plant 

operations i s a number. I'm r e f e r r i n g to plants.numbered 

one through eighty-seven. 

Q And what Is the capacity, megawatt capacity 

of the one that ends eighty-seven? 

A I cannot hear you, s i r . WQuld you repeat that 

please? 

ft What i s the megawatt capacity of the plant 

that is number eighty-seven on your l i s t ? 

A S i x t y - f i v e , 

ft That's r i g h t above 474? 

A That i s correct. 

ft Mow, f o r a l l of those plants, there's no 

carrying charges? 

A That i s correct. 

ft That would include depreciation, I take i t ? 

A There are no charges incorporated I n that 

column other than what I have defined as fixed maintenance. 

ft Now, looking at the 474 number, which I take i t 

i s Salem 2, Is that not right? 

A That i s correct. 

ft Now, does that unit have associated with i t 

any costs other than those thiat we have discussed? 

A I n the operations oh, yes. On the carrying 
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charge, yes. I t includes depreciation. I t Includes taxes, 

ft Return? 

A. As well as fixed maintenance, 

ft Fixed maintenance? 

A.. Yes. I t includes fixed maintenance as we l l as 

do the others. 

ft I t includes a l l of the other components? 

A. Yes. 

ft Does i t include a return on the investment? 

A; That's factored I n i n a s l i g h t l y d i f f e r e n t 

manner. 

ft How i s i t factored in? 

A. I t is factored i n through the category c a p i t a l . 

Let me take a moment, please. 

(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 ca p i t a l charge. I was 

Including only charges that would be i n addition to those 

presently incurred by consumers. So since Salem 2 expenses 

have been v i r t u a l l y completed and have been incurred, there's 

no way of eliminating those charges to consumers. And since 

we are dealing here with Incremental costs only, the entry 

under c a p i t a l would be zero. However, In the event we do 

include plants such as the Limerick f a c i l i t y or any of the 
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generic options where incremental costs would be expended 

i n the future. In that case, we do include c a p i t a l charge. 

So for example, l e t me direct your att e n t i o n to say sheet 

13 of 24, under option 102, generic c a l l three, you w i l l 

note that there i s a c a p i t a l charge associated with that 

option. 

ft How can you t e l l . Doctor, whether t h i s i s 

an incremental or a f u l l cost computer run? 

A. Well, the question was i n regard to a l l 

options we employed incremental cost as a general p r i n c i p l e . 

I n addition, with regard to the Limerick f a c i l i t y , specifically, 

we distinguish between what we term the f u l l coat and the 

incremental cost option. This was necessitated by the fact 

that the Limerick f a c i l i t i e s are p a r t i a l l y complete so they're 

r e a l l y i n a unique s i t u a t i o n as f a r as PECO's generating mix 

i s concerned. 

PECO's general expenses which f i n d that either 

plants that are already on l i n e or i n case of Salem 2, 

Just about on l i n e , or on the other extreme, generic f a c i l i t i e s 

which have not been commenced, insofar as t h e i r construction 

Is concerned. The only exception t o t h i s i s the Limerick 

f a c i l i t y which i s p a r t i a l l y b u i l t and so therefore, we 

distinguish between the f u l l and incremental cost, s p e c i f i c a l l y 

with regard to the Limerick units. 

ft Now, Doctor, you seem to be making various 
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gradations here between generating plants? 

A. That's correct. 

Q The f i r s t gradation, I take i t , are plants that 

are presently i n s t a l l e d , and presently on l i n e . For them, 

we only include i n the analysis operating costs and fixed 

operating and maintenance costs, i s 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 t h i s 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. 

Q But no return on Investment? 

A. That's correct. 

Q And no taxes? 

A. No. Taxes are Included I n here. 

Q, Taxes are included? 

A. Yes. I mentioned that before. 

Q, Then f i n a l l y , we have Limerick and generic 

plants where we include a l l of the things included for 

Salem and something i n addition. Is that not correct? 

A. That's correct. 

Q What, i s the addition? 
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A. The addition Is the return on investment. 

ft Why do xe distinguish between return on 

Investment for Salem 2 and Limerick? 

L Because we were - - our question was to what 

degree w i l l consumers Incur extra coats aa a consequence of 

the Imposition of new f a c i l i t i e s ? In the case of Salem 2, 

the plant has already been capitalized and presumably is 

entering the rate base and there was no nuestion as to what 

the Incremental costs were with respect to Salem 2. With 

respect to Limerick, this is precisely what is at issue and 

the model was developed i n such a way so as to address a 

number of pertinent questions that applied to thi3_Kcac£e4Ang. 

Por example, let's talk about the older plants 

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

other than fixed maintenance from the calculation of the 

old plants? Well, the answer is the following: In order to 

compute the effects of a l l these other factors, we would have 

had to request data rfifiardlng capitalization of a l l these 

other plants and this would have lengthened the__analy_s_ls 

substantially.^ Since, In our opinion, the Inclusion of these 

costs would only have biased our results i n favor of lower 

reserve margins as I w i l l point out later, I'm sure, m this 

cross examination. We f e l t that i t was not-germane to the 

Issue at hand. 

Likewise, i n the case of Salem 2, the Issue of 
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capital, total capital cost for Salem 2 was not at issue 

because the incremental cost of Including the Salem 2 or 

excluding i t was not germane to the question of what would 

be and what would not be included. 

In the case of Limerick f a c i l i t i e s , on the 

other hand, these questions are germane and therefore, 

we have undertaken a number of analyses of the Limerick 

f a c i l i t i e s , including assumptions which Impute the f u l l 

capital cost of these f a c i l i t i e s , spetlflcally Including costs 

that have already been expended by the company and alternatively 

costs that apply Just to the portion of the construction 

budget that has not already been undertaken. 

Por the.generic plants, we Invariably include 

the f u l l cost. 

ft Referring you again to table 1, Doctor, 

you there show various columns across the page. Now, the 

f i r s t Column i s entitled Demand. I take i t that depicts 

the company's load forecast projections and where i t says 

ESRG, i t projects Dr. Stutz' load forecast projections? 

tL That Is correct. . 

ft I take i t the choice between those two for 

purposes of whether to build Limerick or not to build 

Limerick Is not particularly significant. Is that correct? 

A. I t Is not at a l l significant. 

ft -.1 take I t we can see that on table 6 where I t 
MOHRfiACH S m R S M A t . I H C . JT H. L O C K W I L L O W * V E . . - MURRISBUBG. » » . O i l ? — - - — — 
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can be seen that two cases of the eight which are put 

together there, which d i f f e r only because of the load 

growth selection, doesn't make any difference to the results? 

A. That's very true. 

ft And I guess that would be case two and eight 

would be the two - -

A That1s correct. 

ft Now, you show a second column on table 1 which 

is t i t l e d forecast asgqBtption_ cost. Now, does that refer 

to the cost which you assign to future generating plants, 

and by that, I mean capital cost of construction. And in 

addition, various operating parameters and In f l a t i o n rates? 

A That's correct. 

ft 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 i s 

s t r i c t l y speaking, incorrect. 

ft So l e t me Just repeat that i f I can, to get the 

concepts In mind of the f i r s t Is a difference i n capital 

cost assumptions between you and the company? 

A Correct. 

ft The second is a difference between capacity 

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

s. Yep. 

U Anrt the t h i r d Is a difference In i n f l a t i o n 

rates or discount rates? 

/I I n f l a t i o n rates, discount rates, escalation 

rates. 

QL NOW, the nlant construction plan column, I 

take i t , r e f l e c t s a difference between what you have determined 

to be an optimum construction plant and that which i s 

presently beinft nu^Rued by the company? 

A. That ! s correc t . 

0. Now, i n I:he year column, you show three years, 

1981, '37 and T9?. 

A. That's correct. 

0. As well as a t o t a l column? 

A. That's correct. 

0. Nnw, the t o t a l column, as I understand i t , 

represents t o t a l social costs as we have previously defined 

them from 1980 to 1992, i s that not correct? 

A, I believe i t i s »8l through '?2. 

Q Okay. Now, the three years that are shown 

are the years In which you have*actually comtmted through 

your computer analysis as social costs? 

A. That' 3 corr-i c t . 
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made actual computations. Is that not correct? 

A. That's correct. 

Q You have, i n deriving .the t o t a l that you 

indicate extrapolated? 

A. Interpolated. 

Ci Int erpo la t ed? 

A. That's correct. 

Q Between the years 1981, '87, 198? and '92, 

Is that correct? 

A. Yes. That's correct. 

ft Would you agree with me that that injects a 

potential error i n that where there is a significant change 

in the generating plant mix i n between the years indicated, 

say years '81 to '87, say there was a change i n 1985, that 

change could have significant social cost consequences as 

you measure them, but the interpolation technique would not 

f u l l y reflect the change? 

A. I would submit that this is the source of 

minor error. In my Judgment, major error would not result 
Zl 

from this Interpolation procedure. 
ll 

ft Suppose the change- occurred i n 1988? 
23 that 

Would the error be more major than one/occurred i n 1986? 

- D 

6 

24 

25 
A. I can't make a Judgment on that. 

ft Would i t assist your Judgment I f there were 
. M O M B i l C H » l l * » S W * l . I N C . 17 N. L O C K W I L L O W A V t . . rt A * B1SBUR&. f » . 



1096a Shakou-cro-n* 2913 

more years following the change? To the next measurement 

point? 

A. I don't wish to comment on that. I would have 

to run the program i n order to assess the nature of the 

error, completely. I should add that t h i s i s only a 

pot e n t i a l source of error. I n my Judgment, i t i s not 

consequential i n terms of the statements that I make i n 

my testimony. 

Q But I take i t to be sure, one would have to 

run the program? 

A. That i s true. 

(Transcript continues on next page) 
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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 i t 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 e l e c t r i c ^ 

who can't have i t because we don't have enough generating 

plant versus the cost of building a generating plant to 

supply i t to him, is that correct? 

A I think that is an inaccurate representation 

of what I describe as the cost of curtailment. I would 

describe i t 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 addition to what i t 

can reasonably import would not be sufficient to meet the 

load, then there is certain consequences that ensue. 

We disaggregated these consequences and have 

attempted to assess a cost with these various consequences. 
— 1 i « Q f m * c t ! " * ~ " m m i t * i . I'M:. i f N. L O C K W I I L O W «vt . . H S K H I S B U B G . P « . u m — 
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1 Consequences included in this procedure include 

such things as interruption to customers under a series 

3 of interruptible rates involving a reduction and then they 

rank tn actual rurtailment at the extreme end of this analvsid, 

so describing this as a situation of shutting off power, I 

6 think is really missing some of the spirit that underlines 
7 this mind. 

8 Q But your proposal. Doctor, does i t not include 1 

9 as a measurement of the cost of actually shutting off power 

10 to various persons? 

1 1 A It includes that as one among several components 

12 yes. 

1 3 Q And you include that in your economic tradeoff? 

14 A That is correct. 

15 Q Now, Doctor, I take i t real 1979 costs means the 

16 dollars shown under that column have been trended back in an 

17 appropriate discount rate? 

18 A They have been discounted, correct. 

19 Q Now, Doctor, I note that in the first note at 

20 the bottom of the page i t says: "Defined as total production 

21 and curtailment costs plus capital costs of new plant net 

ata. 
22 CERertum and income tax." Now that refers to your total 

/? 
23 social cost. 

24 Now is that net ovoxturn i« income tax as to 
n 

25 a l l plants, the old ones as well as Limerick? 
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A It is assuming net of return for the old plants 

and income tax for the old plants. In the case of Limerick, 

I suppose this was run under*-- yes, I guess that i s , 

strictly speaking, not quite true for Limerick. 

Insofar as we used incremental costs, we 

include that the return relative to that incremental cost, 

i f we use the full cost, i t is relative to that full cost 

with the exception of Limerick, I suppose that is true. 

Q Or with the exception of your generic coal 

unit in other cases? 

A Yes. 

Q Now I take i t you include a return, what do 

you do with regard to income tax? 

A With regard to income tax, I think that was 

intended to reflect the situation for the older plants, so 

that we exclude Limeric and generic because the representation 

there in that is not quite-accurate. 

Q So for Limerick, you would include both return 

and income tax? 

A That is right. 

Q How do you determine the return oa income tax 

on Limerick, Doctor? 

A Let me refer to my testimony, i f I may. I don't 

keep a l l of these numbers in my mind. 

Q Sure. 
MOHOSllCH * M * » S H * L . INC. 17 H, L O C W T L L O W A V E . . M A B B U B U BG. PA. l ) l t : — •• 
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A The return was equal to what we defined in our i 

scenario for the discount rate. That is the return that j 

we employed. The income tax, I can't find precise reference j 

in my testimony to income tax. The number that sticks in 
i 

my mind is three per cent, but I can't verify that from a 

perusal of my testimony. I f necessary., I w i l l provide that 

later on. I think i t is on the order of three per cent. 

Q Now i t is your 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 

number and I accept that, but I don't think i t would be 

correct to state that I have undertaken an exhaustive analysis 

of future returns on particularly allowed returns on investmen*: 

as determined by the regulatory bodies in 1985 through 1990, 

so this represents a number that we f e l t is reasonable c i t i n g 

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

take i t 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. 
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1 $ As I said, I don't recall precisely. I would-

2 have to check that with my staff and review my testimony 

3 once again. I thought I could extract i t through a perusal 

4 of ray testimony. 

5 Q Well, the specific number does not interest 

6 rae. Was i t a flat rate? 

7 A It was for the purpose of this model. 

8 Q Flat rate? 

9 A Yes. 

10 Q How have you reflected the investment tax credit)' 

11 A We have not; 

1 2 Q How about accellerated depreciation? 

1 3 A We have not. 

14 Q Would not the investment tax credit and 

15 accellerated depreciation offset to some degree the rate of 

16 return requirement for future plants? 

17 A Yes, I would agree. However, I don't think i t i|s 

18 very consequential in terms of the outcome of this program. 

1 9 I would say maybe talking about a difference between an annual 

20 fixed charge rate of say 16 to 18 per cent. I don't know 

21 exactly how i t would come down, but in my assessment, it would 

22 not be consequential. It is a problem I recognize in the 

23 analysis, but I decided not to undertake an exhaustive 

24 analysis in this area. 
25 I think the number we are using for a fixed charge 

HOMHHUCM » W l l t S H A L . lf>C. J J H, L O C K W I L L O W t v l . . »A Ul lLiBU H S . H . I l t l j 
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i s applied to tH« cost of the .facilitv nT within ball park 
r 

! 
figures given uncertainties involved in future estimates, j 

i 

Q Would you agree with me, Doctor, when you take s 

an investment tax credit, you get an immediate tax deduction?; 

A Yes. 

Q And assuming the time value of money, you have ! 

that deduction for a substantial period before i t i s flowed 

back? 

A That i s true. 

Q Would that not increase the significance of 

1 1 that as an item in your planning horizon? 

A I t would indeed. i t i s a q u estion of how 

consequentially they pertain to the output of the model. 

In my judgment, although i t operates in the direction you j 

indicate, s i r , i t i s not of major consequence in determining 

the principal results that emerge from the calculations 

employed in the model. 

Q But you have not run the model with that 

2 

3 

4 

5 

6 

7 

8 

9 

10 

included? ] 

A No, as I indicated, I have not. 

Q Now, Doctor, you show four separate cases in 

Table 1. Can we agree. Doctor, that for comparative purposes,! 

i 

the only cases we can compare are the two PECO demand cases, j 

one against the other and the two ESRG, one against the j 

other? In other words, you are comparing apples to oranges? j 
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1 A Well, i t depends how the apples and oranges 

2; relate to one another. For example, i f I show an ESRG case 

3 emerges with lower costs than the PECO case, then i f we 

4 note the fact that the ESRG cost assumptions are relatively 

5 pessimistic as compared to PECO cost assumptions, generally 

speaking, although I can't speak to a l l the particulars, 
^ then we can, in fact, make that comparison, but i f anything, 
8 

6 

9 

10 

16 

19 

20 

the ESRG cost assumption w i l l buy us the to t a l cost upward 

so employing PECO assumptions to be sure would lower the 

cost estimate, so I think in certain cases one can make those 

11 comparisons. 

1 2 Q Well, Doctor, I am talking about comparisons 

L J where you are comparing social eases at the company's load 

1 4 forecast versus ESRG's load forecast. In that instance, 

15 aren't you comparing costs that have included in there 

different levels of energy consumption and, therefore, 

1 7 different levels of energy-related costs? 

1 8 A I don't quite understand your point. What we 

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

assume that these are the assumptions that materialize, these 

21 are the assumptions i n 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 
i 

24 that certainly can be compared for purposes of assessing 

25 optimal versus the imposed generation plan of PECO. That would 
M O H U B " ! " a " t P S M i L . ! • . ( . - I J N. 1 OC -.W I L t O * » V I . . n IBBI^HI IOG. » 1 . — 
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1, certainly disaggregate the effector the PECO construction 

2 plan as compared to the effect of running what we turn an 

3 optimal construction plan, so in that respect, you are correct 

4 However, we might want to make a different 

5 comparison. We might want to compare what the social costs 

6 will be of PECO construction plant as attempted in the 

7 first line under that table with what the cost would be in 

8 the event that ESRG assumptions are realized, number one, and 

9 number two, that we optimize in the way suggested by the 

10 ESRG model so that kind of comparison, I think, is quite 

11 reasonable although i t is in variance with the comparisons 

12 that you are suggesting. 

13 Q At Page 5 of your prepared testimony. Doctor, 

14 you testified that the model was run, by that: yourmean the 

15 ESGEM model was run only for target reserves of six, 14, 

16 22 and 30 per cent, is that correct? 

17 A That is correct. 

18 Q And I take i t what you have in fact done is 

19 you have run the model for each year, 1981, 1987, and 1992 

of each of those reserve models? 

A That is correct. 

22 Q And you then have compared different social 

23 costs, and let's remove from consideration at this point the 

2^ different generating plant options and say you were looking 

25 at reserve margins to decide what is the best of those. You 
'Ch'-n^.i i v,iet-i[.. •••'C. • >' ••- I:'.^'*II.:O¥I *VE.. »'"-naua';. PA. IM:: — • 
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chose comparative social costs for this reserve 05 margins, 

is that correct? 

A That is correct. 

Q And you based your comparison on, how many 

figures in front of you, 12 figures, correct? 

A That is correct. 

Q And you pick an optimum reserve margin based 

on the lowest social cost for 1981, for 1987? 

A No, that is not correct. 

Q Why is i t wrong? 

A The problem with the way you describe this i s , 

in fact, we run the model at a given reserve margin for the 

three years taken as a whole and then we calculate together 

the present value calculation, the net present value for 

those three years and then we make the comparisons between 

the various reserve of margins on the basis of the total 

discount for social costs for each reserve margin. 

Q Are you telling me. Doctor, that you make a 

choice as to the proper reserve margin based on the total 

three-year analysis? 

A That is correct. 

Q How did you arrive at your 14 and 22 per cent 

in this procedure, then. Doctor? 

A I compared the social costs in the manner 

that I have described for a reserve margin or e, 13, U and 
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30 for a number of scenarios that I considered j ^ a l i s t i c . 

In »«Tmrai , these involved the_ESRG load forecast as well as 

the ESRG cost assumptions. I attempted to focus primarily 

on what I have termed in this •AstimonY the ESRG low cost 

assumption. Note that I believe this i s more r e a l i s t i c 

than the high cost assumption. In fact, i f presented. I 

would submit that the high cost assumptions are more 

re a l i s t i c of the two, but I wanted to employ .assumptions 

that were conservative as possible. 

For runs employing these assumptions, the 

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

Q All right. Let me see i f I understand. Let 

me take a step back. Doctor. What we are doing i s we 

are making computations for three years worth of data. 

A That i s correct. 

Q 1981, 1987 and 1992? 

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 be? 

A That is correct. 

2 2 Q And we run those analysis in. conjunction or 

do we run them separately? 

2 4 A We run them in conjunction. The reserve margir 

implies a particular generating mix. 25 
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1107a 

i s associated with your t o t a l figure for the ESRG? The low 

ESRG, the fourth case indicated,that i s the 7P»Qifi2S f i g u r e . 

A I would have to refer back to my computer runs, 

to establish t h a t . 

Q Would you do that? 

A Yes. I w i l l make a note of that. 

Q You mean you can ft do that now? 

A Well, i t might take me as long as f i v e minutes 

to go through a l l t h i s material now. I f you would l i k e me 

to do t h a t , I would l i k e to accommodate you, but i t would 

delay t h i s somewhat. 

Q Would you agree with me today that the 6906 i s 

an interpolation for the 12-year period based on the three 

years based on the numbers shown? In other.words, within 

that 69063 there i s the and the 577 i»n aaat. 

A Oh, d e f i n i t e l y . 

Q And t h i s is the ESRG preferred case, I take i t ? 

Is that correct? 

A I wouldn't characterize i t as a preferred. 

I would characterize i t as a conservative type - preferred. 

As I indicated, the ESRG high are the ones I 

considered to be more r e a l i s t i c to the ESRG low. 

Q Now, Doctor, you have t e s t i f i e d in choosing 
i 

the appropriate reserve o*-margin out of the four calculations 
H. LOCKWILLOW I K . . 
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that were made, you used a three-year analysis whereby 
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you combined the individual indicated social costs and the 

preferred generating plant expansion program to determine 

which was the lowest social cost, is that right? 

A That i s correct. 

Q On a three-year basis? 

A Yes. 

Q Did you choose the generating expansion 

program before you chose the r e l i a b i l i t y criteria? 

A The reserve margin specified i n i t i a l l y and the 

social cost as well as the generation mix i s calculated so 

as to be consistent with the reserve margin, but i t is the 

reserve margin that i s specified. 

Q What do you mean specified? 

A We start with the six per cent reserve margin. 

We specify that. Then we calculate the generation mix 

given the six per cent. Then generation mix associated with 

the six per cent, we then simulate production for the system 

and assess production cost. That i s the cost reported as 

associated with the six per cent.. We do that for a l l the 

years in question and discount. 

We then proceed to 14 per cent and go through 

the same procedures and then again the 22 per cent ahd again 

the 30 per cent. 

After this entire calculation is completed, we 
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1 compare the discounted value for the various reserve margins 

2 and select what we determine as an optimal reserve margin 
3 based on c r i t e r i a 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 

9 how this is done in the model i f you desire, s i r . 

1 0 Q Doctor, i f the three numbers that go into making 

11 the ^^JjJS, are those a l l stated at the same reserve margin? 

1 2 A Yes. I am confident that the report in this 

1 3 table is with respect to the optimal reserye^marginj^whatever 

1 4 that might be, for the scenario i n question. Obviously for 

15 the PECO case, this is not a real consideration. 

1 6 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. 

2 0 Q And that could be anywhere from 14 to 22 per ceijt? 

21 A I t could be zero to 22 per cent. 

22 

23 (Testimony continued on next page.) 

24 

25 
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Q How can we have an optimal reserve margin. 

Doctor, which varies, i f we made a three year analysis to 

pick out the one that was best? I thought I n responding 

to an e a r l i e r question of mine - -

A. No, you are misunderstanding, s i r . For a 

given scenario, we are t a l k i n g about r e a l l y two scenarios 

among the four Indicated i n table 1. Those are the t h i r d and 

fourth scenarios where we Indicate under plant construction 

plan, ESRG. Now, a l l I'm saying i s for three, we chose 

a given reserve margin which we applied throughout and 

for . f o u r , we chose a given reserve margin that we applied 

throughout. I t i s reasonable that these might d i f f e r , 

given the fact of the input assumptions of i t . 

So what we are saying Is that given the 

input assumptions specified i n table 1, for example, under 

the t h i r d scenario, assuming the PECO demand forecast on 

one hand and the PECO cost assumptions on the other, 

p a r t i c u l a r reserve margin w i l l be optimal. Say 22 percent, 

which i s , to the best of my re c o l l e c t i o n , precisely what we 

had I n mind here. 

I f we employ ESRG forecast demand, and 

ESRG costs. Then I n f a c t , the ESRG optimal reserve margin 

we apply. For any given scenario, we apply a consistent 

reserve margin throughout. 

0, 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 percent 

and 30 percent. Now, am I correct that based upon your 

calculations, 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 deviations from those target levels 

which emerge i n the course of optimal generation. These are 

of the order of two to three or two to five percent, so 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 margins that we have been referring to 

heretofore i n this cross examination are target reserve margins. 

Q, My point. Doctor, Is you have - - le t us say 

that you have calculated the social costs for each of the 

four levels and the best social cost Indicated to you is 

22 percent. That Is the lowest social cost? 

A. Yes. 

Q That isn't the one you would select? 

A. That's the target reserve margin that they would 

select. 

ft Isn't i t in fact true that a l l that calculation 

., would t e l l you about social cost relative to reserve margin 

is that the lowest social cost relative to reserve margin would 
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f a l l somewhere between 14 percent and 30 percent and that you 

would not know whether 22 percent was. I t s e l f , the lowest 

level? 

A. That i s true. Except f o r the fact that so c i a l l y 

r a l l the reserve margins that we calculated-were assumptions that 
a 

we considered^plausible range between 14 and 22 percent. So as 

a consequence, aft e r completing the analysis f o r a very large 
S i' 

; number of scenarios, I f e l t that even had we run the analysis, 
v -; 
>; say, at reserve margin intervals of 1 percent, which we could 

10 ii 
: have done. I n p r i n c i p l e , that the optimal reserve margins would, 

- "• '! 
I n f a c t , apply i t some value between 14 and 22 percent. 

Q, Doctor, r e f e r r i n g t o Exhibit C, now, t h i s i s a 

sample ge» run. Is i t not? 

t -1. 

; A 

A. That i s correct. 

ft And the one I am looking at Is at pages 15 and 

16 of 24 and i t i s I d e n t i f i e d as ESRG construction program, 

ESRG demand forecast? 

A Where does i t say construction program? 

ft I t says that on the cover sheet before page 7 

of 24. And ESRG low cost and f u l l plant capital? 

A Where does i t say ESRG construction program? 

I want to i d e n t i f y the page. Oh, under Exhibit C. Okay. 

I see. Pine. Thank you. 

ft Yes? 

A. You are r e f e r r i n g to sheet 15 and I couldn't f i n d 
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i t on my sheet. 

Q Now, on sheet 15, this i s for the year 198? as 

we can see up in the left hand corner? 

A. That 1 s correct. 

ft And i t i s for 22 percent targeted reserve level? 

A That 1s correct. 

ft And the total system cost which i s the total 

social cost i s 577.7, i s that not correct? 

A That i s correct. 

ft Now, this computer run that you have provided 

here as Exhibit C i s 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. 

ft And that's 22 percent? 

A Yes. 

ft Referring 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 i s , in fact, 

i s I t not, the sheet which Is comparable to or in fact the 

development costs of the 1981 figure shown on table 1 under 

ESRG, ESRG low, ESRG, i s that not correct? 

A Yes. I t i s . 

ft So in fact in your cases you Increase or decrease 

reserve r e l i a b i l i t y margins, i s that not correct? 
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A. No. These are Just sample runs. They are not 

taken to Indicate our choice of the optimal reserve margins. 

They are Just meant to display the output from our computer 

runs. They don't imply anything about these reserve margins 

that we selected as optimum. In fact, they don't show the 

discounting procedure at a l l . As you win note. 

ft This does not show the discounts? 

A. I t doesnot show the discounting procedure 

over time. I t shows the discounting procedure year by year, 
does 

but i t 4/-. not, in any sense, imply a comparison of the reserve 

margins. I t i s merely a display of output from our computer 

program based on ESRG load growth assumptions and ESRG 

low plant data assumptions. 

At 14 percent reserve margins noting sheet 8 

of 424, for example. 

ft This i s merely a display of what your computer 

produced?. 

A. Precisely true. As I said, I do not have at 

hand in a readily available form a comparison of the discounted 

social cost. So I can't t e l l you for that reserve margin 

which Is the preferred reserve margin. "I Indicated that the 

optlmail reserves range for what we consider to^be^plausible 

assomptlons 14 to 22 PTcent^ That's^the ,only^ statement I'm 

mking_ abgut opt j_mal ™>serve marqfois to this ppint_ln the _ 

• NC. 17 H. LOCKWILLOW AVE.. MUMISBURG. PA. D i l i 
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,: Q Okay. Now, you have indicated that t h i s does 

1. not show discounted costs? 

A A. I t does not show the sum of discounted costs 

over the three years and a comparison of those discounted 

costs with discounted costs associated with other alt e r n a t i v e 

reserve margins. I t merely shows the discounted cost f o r a 

given year at a specified reserve margin. 

Q Doctor, r e f e r r i n g you, again, to Exhibit C, 

sheets 16 and 18 - - / 

A. Yes. You are r e f e r r i n g to number 15, 16 and 

18, aren't you? 

ft Well, j u s t 16 and 18 are the only two sheets 

we have to compare for purposes of t h i s question. 

Doctor, you there show a sheet on sheet 15 

we see that t h i s analysis f o r 15 and 16 i s 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? 

A. That's correct. 

ft 17? 

A. That's correct. 

ft Now, looking at the loss of load p r o b a b i l i t i e s . 

Doctor, I note that despite the fact that we have Increased the 

^ ' reserve margin and therefore, one would presumably t h l n l ^ t ^ 
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reliability, we have a greater number of brownouts at line 

115, which are voltage reductions. By comparison of 2.3 for 

jr . the 30 percent reserve margin versus 0.2 and we have a greater 

- .! number of blackouts at the 30 percent margin versus the 

22 percent by 0.2 versus 0. Can you explain to me. Doctor, 

- 1 who&e- increasing the reserve margin results in a greater amount 

o ' of load curtailment? 

A. Surely. This is a simulation program which 

^ . means that we generate random numbers and on the basis of 

^ those random numbers, attempt to calculate what production 

costs would look like given certain 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 

major discrepancies here. We are talking about fairly minor 

discrepancies. 

What I assume occurred was in the 30 percent 

run at the time of system peak, for example, we had an outage 

in, say, a major baseload plant. This Is a random event. 

We do attempt to allow for this by averaging over 25 simulations, 
! i 

and we find that In general, averaging over 25 simulations 

will produce results that are to our satisfaction, accurate 
.'. '.'> 

results. 
^ . j . -

However, there are certain minor anomalies which 

ij can occur with respect to a simulation program of this type. 
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MR. HALL: Your Honor, I wonder I f this 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 i f others wish to stay. I t Is 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 i s no problem. 

THE ADMINISTRATIVE LAW JUDGE: Let's take a 

brief recess. 

(A brief recess was taken.) 

THE ADMINISTRATIVE LAW JUDGE: Are you ready? 

BY MR. HALL: 

Q Doctor, could you define for me what the 

Investment tax credit is? 

JL Investment tax credit i s a percentage of new 

Investment that the Government allows the corporation to 

subtract from i t s taxes. 

ft Now, Doctor, the conclusions of your study, 

or I guess the best pictorial 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. 

ft That's page 20 and 57? 

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

that as In any sense summarizing the overall testimony. But I t 
„ Mu-.i.̂ ir.. t - ^ S I I J I . - .s. iLy.-ivp.. s "JSUIM;.,-. ; ; >? -- —-
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.there. I t la f a i r game. 

ft I would agree with you. Doctor. I merely found 

I t most useful i n my e f f o r t s to understand the process. 

A. I appreciate th a t . 

ft .Now, looking at table 6, i t there"shows 

eight cases, i s that not correct? 

A. That's correct. 

ft We have already gone over and discussed 

what's i n the load growth column and the plant column and the 

ca p i t a l cost column. Not the c a p i t a l cost column. 

Is that correct? 
12 • ' 

A. Would you repeat that? 

ft We have discussed what i s meant by PECO and 

what i s meant by ESRG and what i s meant by PECO and ESRG 

low I n the plant cost column, i s that not correct? 

A. That's correct. We have done tha t . 

ft I note that under case two and case eight, 

Limerick Is selected? 

A. That's correct. 

ft I take i t the purpose of each of these cases 

i s to include various different assumptions and see what i s 

the optimal new capacity under those assumptions. Is that not 

~ 1 correct? 

•: A. That is precisely correct. 

"J . ft Now, under the PECO plants costs and the incremental 

A 
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ca p i t a l costing method. Limerick Is selected. Is that not 

correct? 

A. That i s correct. 

Q And i t makes no difference whether you have 

got the PECO or the ESRG load growth? 

A. That's true. 

ft What Is the Incremental c a p i t a l cost method. 

Doctor? 

A. Incremental c a p i t a l cost means that the account 

only shows costs of the Limerick f a c i l i t y which have not 

already been committed. As I understand i t , the company has 

already committed roughly 900 m i l l i o n d o l l a r s , and that i s not 

accounted as part of the c a p i t a l cost under t h i s assumption. 

ft I t Is your understanding that's $900 m i l l i o n 

i n the study? 

A I won't swear by those figures. That's a number 

that comes to mind. I Just want to mention that f o r purposes 

of i d e n t i f i c a t i o n here, I don't want to i n any sense commit 

myself to i t . 

ft You say we don't consider the sunk c a p i t a l costs, 

and by that I mean what you refer to as the $900 million? 

A That's r i g h t . 

ft Does that mean that i n our generating plant 

computer program runs, when we are costing Limerick, we only 
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Include capital carrying charge costs, i.e. return, depreciation 

and taxes, as to that amount which Is yet to be expended to 

complete the plant? 
4 i, 

A. I belleve^so, but I would have to refer back 

to my data sheets,! In order to confirm that, 

ft Could you do that, please? 
-i 

i • 

A. I would say for fixed maintenance, that would be. 

computed relative to the plant as a whole. No, I don't 

' believe that's true. As a matter of fact, I think that the 
io 

' Income tax, et cetera, would be computed on the entire capital 
11 ij 

ii cost of the plant. Yes. That's what we did. That is 

proper. 
13 ;

; 

ft So In other words. It is your testimony that 
14 ' 

what you do when you incrementally cost something is you 

include a l l of the variable operating and maintenance costs 

. as we define It in our earlier discussions? 

A. Yes. 

ft The energy costs as we defined It? 

A Maybe I can rationalize that. I f that would be 
ii 0 

appropriate, I would be happy to do so at this point. 

ft Let me run through.the l i s t and I will let you 

~ • go on. 

A. Fine. 

ft We include a l l of the taxes relative to the 

entire capital cost of the plant? 

2H i; 

i 
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A. That's r i g h t . 

Ci But we only include the return applicable to 

the incremental part of the Investment yet to be expended? 

A. Yes. 

Q We only include the depreciation applicable to 

the Incremental part yet to be expended? 

A. Yes. 

ft Why do we s p l i t ttie return and the taxes i n that 

fashion? 
A. I think 

^ _ ^ < _ — — • What I had i n mind was the following 

reasoning. Let's assume that the plants were canceled. 

Then the question Is what would be capitalized and included 

i n the rate base and would remain as a kind of a sunk cost 

from the consumers - -

A^^^Don't forget, everything we are doing here is 

frorn the standpoint of optimizing social 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 t h i s , 

under the assumption that cancellation would s t i l l lead to 

a c a p i t a l i z a t i o n of t h i s plant so that the ratepayers would 

have to assume at least the return on that f i g u r e , i t seems 

reasonable to run a scenario In which we excluded that from 

the incremental cost which distinguishes between the case 

where we keep the plant i n and where we cancel. I f we cancex, 

obviously, I shouldn't say obviously, but my guess i s that the 
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company could make the argument that It should not pay 

property taxes, for example, on plant that's basically 

excluded from the generating capacity of the company. Now, 

maybe that wouldn't be the case. And a future litigation, 

some other results might arise, but at least It seems 

reasonable to make that as one of our 25 assumptions. 

We make runs In addition to the eight described 

here and i t seemed as i f that was at least a reasonable thing 

to assume and to pursue. 

ft And that Is to assign total tax cost but only 

partial return costs? 

A. Tes. Exactly. You follow my reasoning, I see. 

ft No. 

JL You don't? 

ft No. 

JL Should I go through i t again? 

ft I f you can shorten i t , yes, please. 

JL Okay. We are asking the question what would be 

the impact of a cancellation as compared to the maintenance of 

the facility, and the completion of the facility. Now, there'^ 

been certain amounts of moneys expended bn the plant. I f the 

plant were canceled, i t wouldn't be of use to anybody. But 

nonetheless, i t is possible i t could be capitalized and Included 

In the rate base. 

There's no way of knowing exactly how the Commission 
MOHRBftCH a K H R S H A L . IHC. I t H. L O C K W I L L O W A V I . . • H A M I S B U R G . P». .17111 
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would proceed on t h i s matter. But that's at least a p o s s i b i l i t y . 

I f that's the case, the only costs that would remain for the 

consumer would be the return on that portion. I'm assuming 

f'that f o r tax purposes, one could get a w r i t e - o f f on the plant. 

That's why one makes the d i s t i n c t i o n between taxes on one 

hand and return on the other. 

Q Mow, Doctor, turning on table 2, page 6, you 

show a 6̂  MW coal plant as entered Into case two or your case 

i;wo assumption. Where do you get that plant? 

A. Where did I get that plant? 

Q Yes. 

A. That i s one of our generic options. As you 

may r e c a l l from the description of the program we employed 

a f a i r l y sizable set of generic options which we allowed i n 

pri n c i p l e to enter the generation mix. This included a large 

number of plants. I t Included, for example, three d i s t i n c t 

types of coal plants ranging from coal plants with the capacity 

of 300 megawatts to coal plants with a capacity of 900 megawatts. 

I t included. I n addition, a nuclear plant which we termed a 

generic nuclear plant. 

I t included various combustion turbines, 

combined cycle f a c i l i t i e s and so f o r t h . What t h i s table i s 

indic a t i n g i s that of a l l those generic f a c i l i t i e s , the one 

^.that enters the capacity mix i s the 600 megawatt coal plant 

' li under the assumptions indicated. 
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1 

2 ft I n a l l of the other cases. Doctor, that are 

3 Indicated here, do you not Include 300 MW coal plants? I n 

4 other words, where you've got 2*100 coal there, that Is. 

5 300 MW coal plants? 

6 A. Yes. 

7 ft Isn't the 1500 PM 300 MW plants? Plve of them? 

8 A. Yes. I think I t Is Indicated. This table 

9 doesn't r e a l l y disaggregate the cases where we would have 

10 say, a 600 megawatt coal, or 2300 coal plants. That's not 

XI quite r i g h t . What's indicated i s the t o t a l capacity of the 

12 generic option. I can't t e l l you from looking at t h i s table 

13 exactly the technology that's involved I n the p a r t i c u l a r 

14 scenarios. 

15 Let me - - however, r e f e r r i n g , l e t ' s refer again 

1 6 f o r example, to Exhibit DSC, say sheet 14. . Note under option 

17 102 that the optimal generation mix under the assumptions of 

Ig ESRG load growth and i-ESRG low plant data assumptions, the 

19 generic technology that enters the mix Is generic coal of 

300 megawatts and two of those enter the mix. And t h i s i s 

indicated under 102 by the term G coal three, which suggests 

a coal technology where the unit size Is 300 megawatts, then 

under the megawatts capacity, 600 Is indicated, which suggests 

that we have two of those f a c i l i t i e s entering the mix. 

ft And your social cost minimization c r i t e r i a indiciated 

H O H R B 1 C H • M l B l n . L . INC. I I N. LOCKWILLOW A V E . . H A R R I S B U R G . . A . 1 1 1 1 ) 
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to you that for PECO plant costs and Incremental capital 

costs, i t was best to "^-^truct the two Limerick plants 
c_ . -

and in addition, 600 Ktf/coal plants? ' ^ 

A. That's correct. 

ft Por a 30 percent reserve margin? 

A. That's correct. 

ft Do you know how much the 600 MW coal plants 

add to the cost analysis? 

A. I cannot t e l l you offhand. I f I'm not mistaken, 

I have - - I'm not sure i f i t was in response to interrogatory 
come 

or some of the other documentation I read, I did/ cross 

some indication that PECO planning for that period did 

Incorporate at least one coal f a c i l i t y . So this Is 

I should indicate that I think i t i s noteworthy that my 

model, given PECO's assumptions, generates an outcome that i s 

fairly consistent with the PECO planning mix, as I t Is 

presently conceived. That would pertain to the reserve 

margins as well as to the generation mix. 

ft Now, Doctor, I believe you indicated at one 

point in your testimony that indeed. I f you do accept that 

incremental costing i s the way to go and that PECO plant cost 

levels are the appropriate levels that indeed the Limerick 

units should be constructed and that is the best social 

cost alternative? 
A. That's correct. 

— — . — W O H U G I S H a mo^Mii me. • J i «. L O C K W I L L O W A V F . . M*BBI?BI . IOC, PH. 17111 
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Q Now 

A. I hasten to add, of course, that I disagree 

4 pretty v i o l e n t l y with those assumptions, so I n f a c t , I'm not 

^ making the recommendation of t h i s s o r t . 

ft Now, Doctor, I n determining whether to choose 

7 incremental or f u l l costs as the appropriate costing methodology, 

3 . you Indicate two factors which must be considered, I believe, 

o .: A. Yes. 

IQ ft The f i r s t and each of them go r e a l l y to the 

n , same point which i s the p o s s i b i l i t y of the company recovering 

i t s sunk investment i n the Limerick units? 

13 A. That's true. 

,4 ft Despite t h e i r cancellation? 

, _ A. That i s correct, precisely. I should say 

cancellation i s not the only a l t e r n a t i v e . One p o s s i b i l i t y i s 

the company s e l l i n g i t s shares i n the plant. In which case 

the plant would be b u i l t , but the company would not assume any 

of the cost burden. 

ft Now, have you-made any study. Doctor, of the 

poten t i a l for s e l l i n g the Limerick units when they go in t o 

service i n the mid 1980's? 
— i s 

A. I'm sure that/something the company Is as 

anxious to f i n d out about as I am. No, I have not. 
? ! ' 

ft You have not? 
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A. No. 

ft Now, Doctor, you spoke about tax c r e d i t s , the 

p o t e n t i a l i t y of tax credits I n the event that the plant Is 

terminated and the company i s unable to s e l l i t , i s 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 f a c i l i t y would 

be incorporated i n rate base. I think that i s very pertinent 

here as w e l l . 

(Transcriot continues on next page) 

- j I I 
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Q And what is that option you just referred to? 

2 A I said that this is the question as to whether 

3 the cost expended on an incompleted facility would be 

incorporated in the rate base. 

As I indicated before, i f 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 

re fear its investment in that plan? 

A That is correct, and from the consumer standpoint, 

1 1 the only difficulty would pertain to the incremental. They 

would have to pay for the sunk cost. 

1 3 Q So i t is your testimony that i f , in fact, the 

1 4 Commission had adopted the policy of permitting the company 

1 5 or was inclined to adopt the policy permitting the company 

1 6 to recover for the sunk costs, in the Limerick Plant in the 

* 7 event the Commission were to order termination of the plant 

1 8 construction and assuming i t had the authority to do so, 

1 9 i f i t decided to permit the company to recover those costs, 

2 0 the rate you should use is incremental? 

2 1 A I didn't quite say that. What I said was that 

22 this would be a germane consideration. There are many other 

2 3 things to be considered. The tax situation has to be 

24 considered and the market for this power in addition would 

25 have to be considered i f the company could refer its fuel 
uoxani-'ii a - U S H H . ; S C . - :7 s I O C I E W I . I . O W I . E . . M i - k t i p j o c . o,. I J I I ; 
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costs, by assuming the power or by sinking the power. 

Then I would propose using the actual cost 

measure. 

Q Well, putting those two considerations aside, 

do you have any others to offer us in response to my 

question? 

A Not at the moment, but I am sure i f I could 

consider the matter, I would have a good number. I think i t 

a very complicated issue. 

Q Now referring to the tax credits, what provisions 

of the income tax^go to what you are referring to. Doctor? 

A I don't care to discuss that. All I said in 

my testimony was that this would be germane in some sense 

to the degree that the company was forced to assume some 

continual payment as a consequence of this incompleted 

facility. It would certainly affect the matter of incremental 

cost, but I have not undertaken an exhaustive analysis of 

what provisions of the tax code are really here. All I am 

saying is this general category tax code is one of the factors 

that has to be considered in making this judgment. 

I have not presumed to analyze the specific 

provisions that are applicable here. 

Q I take i t you presume there are some provisions 1 
i 

there without having made an analysis? 
j 

A Well, I think one can justify this on a realistic 
J O M B B ' C H 9 M A P S H l l . I K C . . : ( N. L O C K W I I L O W » V t . . - i t e n i s B U R S . i : 
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1130a g r o u n < j . For example, let's consider property tax. If 

2 property taxes were waived on this incompleted facility, 
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that means that the incremental cost of calculation would go 

4 up by a certain amount. 

^ The difference between a cancelled plant and 

6 a plant undertaken would be more substantial in the event 

7 the company would have its property tax waived on these 

facilities, so I think one can conceive realistically of 

g size where this general category tax would be relevant withoul: 

1 0 going into the particulars in terms of the tax code. 

Q I take i t you have made no study of whether the 

1 2 Philadelphia Electric Company would have ̂ fficient taxable 

1 3 income in the future or the past to be able to use any 

14 such tax deductions as the code might grant i t as a result 

of losses incurred from the Aapcnlation? 

A If I were to make a l l the studies you suggest, 

i t 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 

i f that plant is terminated? 

A Well, that is why we have run into a large 

number of scenarios. The purpose of scenarios formulation 

u y - t i wtsi-r'.L. v taenM;..i» »vr, - HSI^HI-'R':, 
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is to account for various alternative possibilities and 

why do we account for various alternative possibilities 

when i t 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 ex p l i c i t response to 

uncertainty. 

Q Doctor, in Table 1, Case 4, have you included 

any factor to reflect the risk which the company w i l l 

experience? 

A What table was this? 

Q Table 1, Case 4. Have you included any 

factor to reflect that risk which the company w i l l experience 
that i t w i l l not recover the sunk costs i n Limerick i f the 

14 /> 
plant terminated, and by factor, I mean cost factor? 

A As I indicated, i t depends on the specificationi 

here. I believe Case 4 i n Table 1 was run i n the f u l l cost 

assumption, so that would be consistent, for example, with 
18 . / 

the assessments of the f n ^ l capacity of Limerick to some 

other company. 

As an example, I could give you our scenario 

as well.. That would be consistent with that, but what is 

important here to note is this was run under f u l l cost 

assumption, so Limerick was accounted at i t s f u l l cost 

assumption. 

Q What i s important to me. Doctor, is the answer 
MOHBBACM t H V P S H f l t . I H C . . 11 H . L O C K - I S L I O W * V t . . ^ A B B I S B U B S . PA. : J L 12 — 
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•is no, is that not right? 

A I forgot the original question. 

Q The original question is you have included 

no cost in your case 4, which i s , as I understand i t , your 

preferred case to reflect the potentiality that the company 

will not recover its sunk costs in Limerick. You have 

simply assumed that i t will do so? 

A That i t 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 i t is consistent with the assumption that the company, 

recover 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 

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 that assumption, but 

i t does not assume i t explicitly. 

Q In fact, there is no addition to the costs 

showr to account for the risk that the company will not 
i 

recover from Limerick? j 
i 

A The critical thing 

Q You can answer that yes or no and explain as you 

• &.i5B*c>' s i-.;. IT S. ISC>.*ILLOB IVE.. «-spiSR'jn;.. 
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choose. 

A Let's go through this again. Why don't you 

start the question once again? My memory is very short 

at this hour. I hear the question when you asked i t but 

there has been an intervening comment in the question and 

I lose my mind. 

Q In Case 4, Doctor Shakow, there are no factors, 

no costs, no consideration given for the fact that i f the 

company terminates Limerick, i t may do so by losing the 

entire existing investment in that plant. 

Answer that yes or no and go on with whatever 

you want to say. 

A No, that is one of the possibilities. I think 

the answer is no. The answer is yes to your specific questio^ 

that i t is consistent. 

Q I don't want consistency. I want does i t 

consider i t or does i t not? Are the costs increased as a 

result of this uncertainty or not? 

A As I understand your question, I think the 

answer is yes, although the possibility exists that I 

haven't understood your question. 

Q Well, I thought I was pretty clear. Why don't 

you try and explain to me how these costs have been 

increased as a result of the company's loss because of the 

termination of the Limerick plant? 

1133a 
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A What we are trying to do, we are trying to 

distinguish a case where the difference to the consumer of 

a cancellation equals the full cost of the plant. That is th^ 

critical thing here. 

Now i f the company, for example, is not able 

to incorporate the expended construction costs in the rate 

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 a l l 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 generated power 

and the consumers in that case would assume total responsibility* 

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 
cases, 

company and yet in both/the difference between the plant 
L . i . i i f j j ' IF,; :r s. -.cc<*:'.o* IVE.. H»n<"sB-j<!':, »>. ITI-.- — --• — 
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actually being included in the rate base and included in the 

generation mix and the plant not being included in the 

generation mix includes the full construction budget. 

Q I take i t . Doctor, the social cost, as you have 

measured them, of 6906 would be the same regardless of 

whether the company sold Limerick or merely ate it? 

A Yes, that is right. 

Q Doctor, would you turn to Sheet 14 of 19 

of Exhibit A. Doctor, do you have that page? 

A 14, Exhibit A, sure. 

Q Now referring you to the section where i t 

speaks of the use of incremental costs, I would like to 

read you the following passage and state my interpretation 

of i t and see i f you agree. It says in that passage, 

" I t should be noted that the default option on Model 1 

is the capital COSTS include only the incremental rather than 

the full cost of capital. If a plant has been in operation 

for 20 years, the fixed costs already committed do not play 

a role in the economic comparison with other plant. Current 

carrying charge and fixed 0$M are relevant, however, and are 

included of fixed charges in the cost comparison. This 

default option cattj>e waive'' for olaat^where can^llaxion 

requires full recovery of cost o.f its construction to date, 

either through tax writeoffs or assignment of catastrophe." 

Now the i n i t i a l paragraph in that would indicate 

1135a 
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1136a that incremental costs should be considered where investment 
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win be lost? 

A Let's go back a l i t t l e bit. The critical 

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 l i t t l e confusing, but as plant presently on line, i l 

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 i t i s , I think, consistent of what I 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. 

as well? 

Why shouldn't we use the full cost for that 

Because I guess for the plant on line, the only 
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r e a l i s t i c option seems to be retirement rather than sale. 
A 

Q Well, Doctor, I guess you are correct. /In 

principle, we could, I imagine, elaborate the model to 

incorporate the possibility of an assignment, say of plant 

currently on line. I f that i s the case, then we should 

include the f u l l capital cost. I think that i s f a i r l y true. 

I should note though that in my estimation, were we to do 

that, i t would merely confirm our results to even greater 

degree because what would happen i s the cost parity of just 

the higher reserve margin would be s t i l l greater than i t i s 

under our present assumption and so i t i s a consequerce that 

would be a greater tendency to optimize reserve margins 

at lower levels, so one can perceive the omission of this 

possibility as a conservative approach. 

I w i l l go through that again. 

Q No, I can follow that very easily. Doctor, but 

I take it that would also depend. Doctor, i f you are removing 

a unit from service when you put in your incremental base 

load plant, you are then removing capital cost to offset the 

capital cost of that plant, are you not? 

1137a 

cJ 
Yes,to some degree. I think there i s a certain 

degree of agctortion that I w i l l admit as a consequence of 

this omission. However, as I indicated, I think i t opts in 

a conservative direction. In fact, the reason for our 

omission possibility as I indicated before i s largely a 

i O H H B l C H » m . S H i l . I N C . 27 H . U O C K W I L I O * t v r . . 
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particular question, we would have had to obtain data 

regarding the capitalization of a l l these old plants and i t 

was di f f i c u l t enough to similate the information regarding 

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 fe l t i t would only tend to 

confirm our result. We could make our case obviously withou(t 

using this dimension. 

Q Returning to your, I wi l l c a l l i t 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 i s 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 exclusively. That again is to some degree a deficiently 

in the model, but I feel i t rather consequential. 

(Testimony continued on the next page.) 

iSfzoi -ar . . Pa, w": 



2956 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

\ ? 

ii 
is ;| 

19 

20 

21 

22 

23 

24 

25 

Shakow-cross 

ft You didn't consider the cost of energy to 

pump? 

A. To pump, precisely, 

ft Is that not correct? 

A That's not Included presently In that. 

ft Now, how have you modeled. Doctor, the company's 

participation In the Pennsylvania, New Jersey and Maryland 

interchange? Or interconnection? 

A. I would say only the crudest way. Ve distinguished 

between economy emergency and force. One thing. We attempted 

to employ our energy construction payments based on the 

economy Imports, experienced.energy consumption, I suppose, 

over the recent past. We derived the data from responses to 

interrogatories, and since the economy imports are provided 

under the power pool, this pertains directly to the experience 

of Philadelphia Electric in the power pool. 

We specified emergency power as an option. 

We entered the rates associated with the emergency power t.-i 

at the rates - - well, not precisely but at roughly the 

emergency rates associated with the PJM power pool. In that 

we costed out that kind of power at 10 percent above the most 

expensive PECO plant. 

I understand that in fact we should have taken 

the most expensive plant In the pool, but again, we are Into 

• I . l i f . IT H, LOCKWILLOW AVC. MtHmieUSG, f A . 17111 
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the same kind of problem as before. We would have had to 

find out a l l the Information for a l l of the various facilities 

in the pool. So that was not practicable. 

We had some fairly, I would say, abstract or 

simplified assumptions on the interconnects which probably 

are really exact representations of the reality, but we think 

are adequate for the purposes of this testimony. 

ft Now, with regard to maintenance outages, how 

have you reflected those in your model? 

A. That's a fairly Important part of our model. 

We designate a period of the year that we considered to be 

the maintenance period. We derived this maintenance period 

as a representation, simplified representation of actual 

maintenance practices by the company. I think I t was in 

response to this document here, supplement number 6 to tariff 

electric Pa. PUC No. 25, which has some data on maintenance, 

and while we didn't model the maintenance for every particular 

plant, that enabled us to give a rough idea of when maintenance 

was practiced 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 as our allowed maintenance 

period. 

ft And when a unit goes down for maintenance. 

Doctor, does i t do i t by a deration? 
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A. Tes. 

Q, By that I meanyyou don't assume the unit is 

off for eight weeks or ten weeks entirely? 

A. That's correct. 

ft What you do is i f i t was Salem 1, instead of 

putting i t in for this half a year period which you allow me, 

you back i t down to a portion of Its indicated capacity? 

A. The precise method In which we do that is somewhat 

complex, but essentially i t is a deration method, tte feel 

this is reasonable, again, in light of the purposes of this 

testimony In that what we are really looking for is the cost 

of extreme events, that is cases where the plant is simply not 

available and particularly where this coincides with extremes 

in the load so as to create a situation of supply demand 

imbalance. That's what's going to generate social costs at 

the low end of our reserve margins. 

Now, i f we derate rather than assuming that 

the plant Is not there, then we are assimilating a fraction ofj 

i 

the capacity in our mix. And so the likelihood of experience j 

and, say, costs due to blackout or other curtailment Is less 

1 ikely to be significant. 

So we account this as a conservative assumption, 

even though strictly speaking, we should have modeled i t 

precisely. 
ft I take I t It is a conservative assumption because 

MOM.BtCH . M i » S - « l . m c . IF H. LOCKWILLOW A V I . . M*«mSBU«6. »>. ! 7 l l t 
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I t reduces the cost of curtailment, i t reduces the numbers 

of hours the curtailment w i l l occur? 

A. In effect, yes. 

Q Now, you don't believe the company's figures 

for what Limerick 1 and 2 w i l l cost, do you. Doctor? 

A. No. 

ft Would you agree with me that about a ballpark 

difference between your position and the company's position i s 

a total cost of the company's part of 3-1 bil l i o n and on your 

part, either H.2 or H.9 billion? 

A. I tMnk so. My memory i s really rather weak, 

so I can't account for a l l these figures, but that sounds 

general. 

ft I wouldn't give you bad figures. 

A. I Just don't want to take responsibility for theii. 

ft Now, in calculating the cost of Limerick, 

as well as the cost of your generic coal and generic nuclear 

options, and Indeed in developing certain of your plant 

capacity factors, you have relied, have you not, on an analysii 

which was prepared by a Mr. Charles Komanoff, i s that not true? 

A. That is 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 Romanoff in the capacity factor calculation. Komanoff's 

analysis is confined toiH&n e3tim&ta<W?.. of^^^tLJSJS-
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dollar construction cost. 

ft Okay. And this appears at pages 44 and 45 of 

your testimony, doesn't I t , Doctor? 

A. I'm taking a look. Yes, i t does. 

ft Now, this is a pretty detailed analysis that 

Nr. Komanoff has done, isn't it? 

A. In my opinion, i t i s , yes. 

And lu jour eplBleay Jit is? 

(fyj Could I summarise what Mr. Komanoff has done 

this way, and would i t be fair,' Mr. Komanoff has taken a 

publication which was put out by the Energy Information 

Administration, which publication. Itself, took data from 

utility FERC form ones and classified that data in particular 

fashions? 

JL Yes. I don't know i f he - - he may have 

referred directly to the PERC form ones. I'm not sure i f i t 

was via this indirect route. I don't know i f you have been 

supplied with the latest publication by Mr. Komanoff. Unless 

my - - let's see. Does my testimony state that in there? 

That he went through this route particularly? 

ft Doctor, your testimony indicates as does your 

answer to our request for the data that these were private 

communications between you and Mr. Komanoff? 

A. Yes. But he Indicated that i t was in FERC • 

M0Hft»»t» » H»UH»L. IHC. • 17 H. V0C«»((LI.0W »Vt. H*FItISBU1tG. H i l l 
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form one, specifically* 

ft Well, Mr. Komanoff, as I understand i t , has 
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taken cost data with respect to nuclear plants and coal plants 

completed during a period of 1972 to 1978, i s that not 

correct? 

A. I believe that's correct, yes. 

ft And this data comes either directly from 

PERC form 1 or I believe you have indicated i n a response 

to an interrogatory through a publication from PERC form one? 

A Let me just check. That's possible. What 

interrogatory response was that? 

ft Response one. 

A I t i s taken from u t i l i t i e s annual - -

assembled i h the annual publication. Okay? 

ft Yes. 

A I guess that's ambiguous as to where he got i t 

from. It)Just indicates that i t ' s been so assembled. 

ft Now, having taken this data, i t is indicated 

that Mr. Komanoff applied some Handy Whitman Indices to I t . 

Would you know how he did that. Doctor? 

A I assume that he, i n order to get his dependent 

variable in the form of 1979 construction dollars and given thf 

fact that the reporting on these forms presumably is In 

current dollars, that he discounted these current dollar: 

estimates by the real escalation rates as derived from the 
H O H O e i C H • H I D S H I L . INC. - 17 N. L O C K W I L L O W » V I . . HAHHISBUBC. P», 17111 
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Handy Whitman Index. So Just so we could get a '79 fi g u r e . 

& How, you 

A. That's what I assume he did. I have not 

communicated d i r e c t l y with Mr. Komanoff on that matter. 

This Is r e a l l y a presumption on my part. That's what I 

would have done i f I was doing the analysis. 

Q This material that Mr. Komanoff has provided to 

you, i s i t published anywhere? 

A. I have i t on hand. However, the text states 

not f o r public dissemination, so even though I have I t i n 

hand, and can refer t o I t i n the course of t h i s cross examination, 

I am not impowered at t h i s time to l e t i t go. I t i s not 

copywrited material as yet. 

Q You cannot provide us with a copy of I t ? 

A. I am not saying that. I could not today provide 

you with a copy of i t . I would havr to consult f i r s t with 

Mr. Komanoff. 

Q You responded i n response to our interrogatories 

you could not. 

A. I could not at the time of the interrogatories 

because I had not consulted with Mr. Komanoff. I have s t i l l 

not communicated with Mr. Komanoff. I f compelled to do so, 

then I w i l l , i n f a c t , consult Mr. Komanoff. I should also 

mention that I think that a precursor of t h i s analysis which 

at least suggests.the methodology i s available i n the form of 
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testimony which Mr. Komanoff presented before the New Jersey 

. Public Service Commission. I can get the exact date for you 

i f you would require i t . I don't think the results are 
4 

i' 

10 

: necessarily consistent i n every numeric d e t a i l , but I beliare 

" there are at least methodological consistencies. So that i s 

. of public record. 

ft Are you famiHar, Doctor, with the characterization 

of Mr. Komanoff which was made by the New Mexico Public 
ti 

; Service Commission i n the case No. 1216? 

A. Sounds l i k e i t was unfavorable. 

ft Let's see i f you are f a m i l i a r with i t . The 

Commission stated and I quote, at pages 14 and 15 of i t s order, 

"Mr. Charles Komanoff, Energy Projects Director of the 

Council on Economic P r i o r i t i e s , appeared as an expert witness 

; on behalf of Intervenors, Attorney General of New Mexico. 

' i •' ! 

Mr. Komanoff t e s t i f i e d concerning the capacity factors of 

nuclear and coal f i r e d generating units/ 

^^CaLpital costs, f u e l costs and operating ahd 

maintenance costs of coal and nuclear u n i t s . The record shows 

that Mr. Komanoff has l i t t l e or no engineering t r a i n i n g and 

. experience. His only college degree i s a BA i n Applied 

~ Mathematics. Mr. Komanoff's analysis of coal and nuclear 

^ t capacity factors depends almost exclusively upon the r e s u l t of 
24 the s t a t i s t i c a l analysis of e x i s t i n g units. The c r e d i b i l i t y 

I of Mr. Komanoff's testimony ^n other areas was considerably 
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weak and by his demonstrated lack of engineering expertise 

or training, lack of familiarity with the specific details of 

the u t i l i t y in question, demonstrated lack of familiarity 

with conditions in New Mexico pertaining to coal and 

coal costs and numerous unsupported assumptions and calculations. 

"Por 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 familiar with that statement? 

A. That summer course? I'm a graduate 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.is case number 

1216. I t i s in the matter of the participation of Public 

Service Company of New Mexico as tenant in common and 

electric generating station. I would note that I have read 

from an original order that was issued in the proceeding. 

There was a subsequent order in which the language that I have 

read was struck on the request of the Attorney General, although 

with no indication of disagreement in the subsequent order. 

I t was merely done. 

A. I am compelled to comment - - I would like to 

comment on this. 



1148a Shakow-cross 2965 

10 

11 

12 

13 

14. 

15 

i. 

24 i! 
!! 

25 ii 

MR. BURGRAFF: Is this published anywhere in 

PUR, that type thing? 

MR. HALL: I do not have a citation of that 

nature, no. 

MR. BURGRAFF: So you are not sure i f i t i s 

published or not? You don!t have a citation? 

MR.HALL: Not in the PUR, no. 

MR. SEGAL: Could you provide copies of that 

to the parties? 

MR. HALL: That would be no problem. 

MR. SEGAL: May I inquire, that copy to which you 

are referring, i s that a certified copy from the New Mexico 

Commission? 

MR. HALL: I have a certified copy of the 

subsequent order. I do not, in my possession here, have a 

certified copy of the original order. I do know there i s one. 

I don't have i t with me. 

MR. SEGAL: The order from which you quoted, 

I take i t that i s the one that i s not the certified copy? 

MR. HALL: That i s the original order, that i s 

correct. 

them? 

MR. BURGRAFF: Will we be able to see both of 

MR. HALL: Yes. 

MS. BUSH: I believe that Dr. Shakow had a comment 
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THE WITNESS: I would l i k e t o respond. I f I may. 

MR. HALL: Certainly. 

THE WITNESS: Number one, the analysis performed 

by Mr. Komanoff Is a very straightforward analysis. The data 

has been v e r i f i e d by myself. I have looked Into the matter of 

nuclear plant performance on a number of occasions I n the 

course of mv academic research and have found that the 

data employed by Mr. Komanoff i s an accurate representation 

o*" what he purports t o f i n d i n his various sources. The 

methodologies employed here by Mr. Komanoff seem quite above 

board with regard to the standards applied I n the econometric 

modeling and t h i s i s an area i n which I have considerable 

expertise. 

Therefore,his q u a l i f i c a t i o n s i n other regards 

don't s t r i k e me as being germane i n any way. He has assembled 

dat*» of the record, has nerformed regressions i n a way that 

i s e n t i r e l y abov« hoard. The summary s t a t i s t i c s associated 

with those regressions validate very nicely and whether he 

is defective on some other account i s r e a l l y of no concern to 

me and i s of no concern to my testimony. 

MR. BURGRAFF: Could I ask counsel 

MR. HALL: Do you-have - -

MR. BURGRAFF: I don'.t mean to i n t e r r u p t . 

I have Just one more question. Can I have the date f o r the 
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• decision you referred to? 

~' i; m . HALL: 28th day of March, 1977. 

" I1 MR. BURGRAFF: Thank you. 

" iBY MR. HALL: 

!• ft Now, you have been able to^determine a l l t h a t , -

0 I 
Dr. Shakow, despite the fact that you have not done a s u f f i c i e n t 

['analysis of Mr. Komanoff's methodology to be able to t e l l 

8 !. 
me 

:i with assurance whether or not or how he had used the Handy 

' Whitman Indices before I read the quotation, now, i s that not 

'! correct? 
i 

^ A. Well, yes, i t i s correct. 

J i .j On the other hand, I have l i t t l e doubt that 

i t h i s i s the manner i n which he employed the Handy Whitman 

:** i! Indices. I wanted to respond to your question as candidly as 

1 ? j ; I could and i t i s true that I have not checked t h i s p a r t i c u l a r 

facet; of his analysis with him, so as to v e r i f y i t f i r s t h a n d , 

1 . that t h i s i s i n fact what he did. 

However, Judging from the other aspects of t h i s 

::' p a r t i c u l a r work, there's very, very l i t t l e doubt I n my mind 

' that he has deflated the current cost figures as reported I n 

2J FERC form one i n the matter that I Indicated. I have very 

22 : ; l i t t l e doubt I n that regard. 

«3 jj ft You also don't know whether Mr. Komanoff got the 

74i|data from FERC form one or from an intermediate source, i s thati 
'! 
•I 

25 !!correct? 
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A. That i s correct. But given the fact that this 

intermediate source is presumably an accurate representation 

of the initial:.'source, I see l i t t l e problems with using an 

intermediate source. 

ft Tou have used these equations to calculate 

the capital costs of Limerick, is that not correct? 

A. The direct capital costs. This would exclude 

the AFUDC. 

ft And that is perhaps the most major of the 

plant cost differences between you and the company, is that 

not correct? 

JL I think the capacity factor assumptions are quite 

; relevant, as well. Because - -

MR. HALL: Tour Honor, I will make a motion to 

strike pages 44 through 52 of Dr. Shakow's testimony. Again, 

we have a very pri-^oal 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 is 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 tniuK tnau cne 

company is in the position to cross examine that. I don't 
.i 

; think that there is this Is certainly not the type of 
j. 

':• data which an expert can rely upon, in his testimony. It is 
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not a published source of data. I t Is not a recognized 

source of data. The Individual who put i t together is not 

a recognized authority and on that basis, I think, a motion to 

strike should be granted. 

MR. BURGRAFF: I f l might respond. Your Honor, 

I think we are in the same position as we were before. 

Mr. Hall's real objection to this whole matter is really our 

expert's Judgment that these figures are appropriate. I 

don't think i t comes down to anything more than that. We 

clearly, at various times during the case, haven't £elt that 

his expert's use of certain data.was appropriate, either. 

However, that's not any means to necessarily 

strike the opinion. Here we are faced with some type of 

decision that apparently is not even a final decision from 

New Mexico concerning Mr. Komanoff's abilities. I t is 

stated early 1977, and Mr. Komanoff has made various 

alterations to his work since that time. We don't know the 
l 

state of that, particularly that decision or what the case was 

about. 

As I say,that seems to me to be evidence of 

simply Mr. Hall's concern with the fact that Mr. Komanoff's 

work was used. I think i t is entirely appropriate as far as 

the use of the material is concerned. I f j i e hag qualms with 

our expert's reliance of using the data, I think that's one 
MOMRBACH • MARSHAL- IHC. - ' U N . LOCKWILLOW AVE.. HARRISBURG. FA. l l l l l 
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. t h i — R ut i t certainly isn't any means to strike the 

teatimonv. 

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 

as to the manner in which he has put his data together 

or as to his qualifications to put the data together. 

The only Indication 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 is a final order. 

(Transcript continues on next page) 

.5!! 
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MR. BURGRAFF: I would note once again. Your 

Honor, that Dr. Shakow has noted that he has made independent 

calculations for a means of testing t h i s data and finds i t 

appropriate. That is his expert opinion. 

MR. HALL: Well, Your Honor, my motion to s t r i k t 

includes everything from Page 44 which begins with the coal 

equation and included through Page 52 which indeed includes 

the coal equation, the nuclear equation, both of which came 

from Mr. Komanoff and a l l of the t o t a l costs which are 

derived from those i n i t i a l costs. 

The motion would end at the bottom of Page 52 

since the 8.65 per cent stated i n that l a s t l i n e also comes 

from Mr. Komanoff. 

MR. NOGEE: I would l i k e to add that Dr. Komanoff 

is especially recognized as an expert i n the United States 

House of Representatives and wrote a report on power costs 

dated A p r i l 28, 1978 and also t e s t i f i e d using t h i s data to 

the House Subcommittee on Energy and Environment and at an 

I n t e r i o r Committee hearing on economics, nuclear power i n 

1979. 

THE ADMINISTRATIVE LAW JUDGE: I w i l l take the 

motion i n advisement. 

MS. BUSH: I might add that J)r_. Shakow has the 

study available. That i s the study that Dr. Komanoff did 

that i s not copyrighted and we can make inquiries to whether 
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MR. HALL: I would note, though. Dr. Shakow 

would have to return to stand cross on the study and even 

that would not entirely necessarily overcome the company's 

objection unless one could speak to Mr. Komanoff. 

MS. BUSH: Well, Dr. Shakow has testified that 

he has done extensive studies in this area and the conclusions 

reached by Dr. Komanoff concur with his conclusion from his 

research and experience, so he is available for cross-

examination. 

MR,. HERSHEY; i I am sure i f necessary, we 

could arrange another telephone cross-examination as was 

done once before in this case. 

THE ADMINISTRATIVE LAW JUDGE: I will take 

the matter under advisement. Let's take a ten minute break. 

(Whereupon, at 4:55 o'clock p.m., the 

hearing recessed until 5:00 o'clock p.m.) 

THE ADMINISTRATIVE LAW JUDGE: Back on the 

record. 

BY MR. HALL: 

Q Dr. Shakow, employing the Komanoff equation, 

you have calculated a direct per KW cost of $1,002 per KW 

for Limerick, is that correct? 

— M O K B B l t H » M I S S H I L . INC. 11 K. L O C K W I L L O W I V E . . K I " S i SHU HC. F o . 
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1 ! A Yes, that is correct. 

2 Q Doctor, I was wondering if you would be in a 

3 position to calculate for us how you derived that $1,002 
4 at this point? 

5 A Let's refer to Page 45 in my testimony. You 

6 will note a regression equation. The regression equation is 

7 developed in terms of a number of variables including 

8 nuclear capacity. That is total nuclear capacity. That is 

9 total nuclear up to that point in the United States. The 

10 capacity of the unit, the number of units designed by the 

11 architect engineer, a dummy, so-called dummy, variable 

12 indicating whether the location is a northeast location 

13 or not. That is indicated in the northeast section of the 

14 United States. 

15 Tower indicates whether there is a cooling 

16 tower. 

17 Common sited indicates whether there are two 

13 or more units sited for the same project and the term 

19 dangling refers to a situation where one unit has been 

20 completed but the second unit has not. 

21 There are coefficients associated with each 

22 one of those variables. We calculated for the Limerick 

23 facilities the values of the variables associated with each 

24 of the seven variables. 

25 Q Dr. Shakow, I didn't ask you for a discussion 

I -.. v - i j e s * ; * a v i o i H i i . :>c. i ; x. L O C i w i l i O * » V E . . H»B°i;Bi:a6. PH. I J I ' 2 . — 
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1 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 i f we are j 

3 going to continue and go around the bush before answering 

4 the question. 

5 MS. BUSH: I would object to the witness 

6 being interrupted in the middle of his answer. 

7 MR. HALL: The witness was not answering the 

question to any stretch of the imagination. 

9 MS. BUSH: That may be true, but I don't think 

i t is proper to interrupt the witness in the middle of the 

sentence. 

1 2 THE WITNESS: Okay. Let me proceed, please. 

1 3 The variable nuclear capacity --

14 MR. HALL: Your Honor, I would ask for a ruling 

15 on my request that the witness be asked to respond to the 

1 6 question. 

17 THE ADMINISTRATIVE LAW JUDGE: Can you answer 

1 8 Counsel's question? 

1 9 THE WITNESS: Yes, I am in the process of 

2 0 doing so. 

2 1 MR. HALL: I haven't heard i t yet. 
i 

22 THE WITNESS: I am trying to explain precisely I 
! 
j 

23 what is being done. I could just, you know, do the calculations 
24 on my calculator. I am going to do that, but I thought i t wâ  

i 
2 5 relevant in answering the question to indicate precisely what \ 

K 0 H R B 1 C H a M J O S C H L . >*e. 1 ' K. L O C t W I l l O V . • V t . . H » » H I S H U » G . » « . : 11 I i 
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1 I am doing at each step. 

2 BY MR. HALL: 

3 Q Doctor, a l l you were doing is reading what 

4 is in the text of your testimony. We only need the 

5 mathematical calculation. 

6 A All right, I will proceed to undertake those 

7 calculations. The problem is indicating i t 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 i t 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. ! 
i 
i 

15 AE is taken as 38 and this in turn is j 
j 

16 multiplied by minus .102. That yields a value of minus 3.876j 
t 

17 Northeast is applicable here since we are talking 

18 about a plant located in the northeast. Thus we enter the 

19 value plus 1.27. 
20 The designs of cooling towers, so the tower 

21 yield is 1.20. ! 
! 
i 

22 0 There is a common sited facility, that is .91, ] 
i 

23 and the additional variable was not applied and a l l this 

24 should be multiplied by 6.46. It is indicated in the equation. 

25 Q Doctor, I must confess I have neglected to writ« 
17 N. L O C K * ! I - ' . 3 * » V [ . . n l S P l I B U B G . P i . i j l l ! - — 
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1 down the earlier figures you gave us. ; 

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 yield^ 
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 i t by 6.46. I 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 a l l 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 l i t t l e . 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. 

20 The .0755 is also a power. 

21 A I misread that. 

22 Q On* problem i s . Doctor, we have calculated 

23 what we think the correct figure is and i t is - $^50, which 

24 is a l i t t l e less than your $1,002. Could you make your 

25 calculation again at some subsequent time and bring i t to us? 
' ' MOHflBUCH A W A B S H H . (NC. . 17 1. LOC KWHAOW W t . . M I R B I S S U R K . r u , 1 7 : 1 : - — 
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A Yes. I will have to do that. I am sorry 

about this. Yes, =Kmisread those (powers. 

Q Doctor, what are the service dates and the 

AFUDC determination dates that you have assumed in your 

calculation for Limerick? What are your" service dates arid 

the AFUDC termination date that you have assumed in the 

calculation of your Limerick plant costs? 

A Let's see. I guess I can refer you to Table 

E-4. 

Q Table 4. 

A Table E-4. Under that would be Sheets 5 of 7. 

That would indicate an in-service date of some time in 1987. 

Q Have you chosen a specific month as an in-service 

date in your analysis? 

A No, I don't believe so. What we did was we 

geared the common estimates to the construction budget as 

provided by the company and proportioned that construction 

budget relative to the Komanoff overall estimate. 

Q And I take i t your AFUDC on both units would 

continue through 1987, is that right? 

A That is correct, as indicated on the exhibit. 

Q Doctor, on Page 44, would you explain to me 

what* an adjusted R square means? 

A Yes, sure. An adjusted R square is an R square 

value which represents the sum of the squares of the deviatioi 
* . ' W I L L O W *v t . , HiaKiseunc. >••. S J I I J 
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of the i n i t i a l dependent variables from defeated values of j 
i 

the regression relative to the deviations of the dependent 

variables from their meaning. 

Let me state that again just to make certain 

I have i t r i g h t . 

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 term, divided by the sum of the squares of the 

deviations of the dependent variable from their meanings. 

An adjusted R square divides each of the two 

elements of that l a t t e r quotient by the respective degrees 

of freedom associated with each element of the quotient. 

Q Doctor, referring you to Page 52, would you 

t e l l me how you have used the 8.65 per cent rate for nuclear 

plant capital cost of excavation? 

A What page is that? 

Q Page 52, which I believe you have taken from 

Mr. Komanoff. 

A Okay. What would you like to know? 

2 1 Q I would like to know how you used the 8.65 

2 2 per cent shown in the last line that you have taken from 

2 3 Mr. Komanoff? 

2 4 A I think that is a typo. That looks like a 

typo. I would say 2.65 is the correct value, there. I f you 
MOMUBICH 1 - » B 5 " » l . . IhC. - U S . 10CKWILL0W »VE.. - MH.BISBUOG. »*. t i n ; — - . ... 

25 
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1 are referring to the 2.65 that is two lines above. May I 

2 answer that please? 

3 Q Doctor, I will withdraw that last question. 

4 It is getting late. 

5 Are you familiar. Doctor, with the term 

6 immature nuclear unit? 

7 A Not really. 

8 Q You are not? 

9 A No. 

1 0 Q Is i t not true. Doctor, that during the earlier 

11 years of a nuclear plant's existence, that its capacity 

12 factor is lower than in later years? 

1 3 A Well, I have done some work, in this area and 

:14 1 have done also some collaborative work with some colleagues 

15 at Clark University who also have done some research in 

16 this area and our feeling is that while maturation appears 

17 to be consequential for units of relatively small size, that 

18 is between say four to 650 or 700 megawatts, for larger 

1 9 units, this alleged maturation has not been in evidence 

at least through the experience that we have noted so far. 20 

21 Now I admit that your experiences with smaller 
more 

22 plants obviously were/extensive than our experience with the 

23 larger plants and the smaller plants were the ones that came 

24 on line earlier in the development of the nuclear energy. 

25 Nonetheless, the work that I am referring to 
J ' 1. '.OC I WILLOW *Uf.. . HlUMSBUfll".. f t . t J M .* 
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seems to indicate very good maturation for plants of this 

kind. 

I believe I have some.dates to that effect. 

You will note on Page 39, the chart on top of that page, this 

is an attempt to track the performance of nuclear plants^ 

in terms of capacity factor and the sample is excluded to 

plants of relatively large size and I would say, except for 

the one data point associated with large 800 plus megawatts 

PWR's. There is the 69 per cent figure. All the other figured 

show, I would say, a fairly insignificant maturation. This 

is particularly true for the PWR sample. 

Q Referring to your Exhibit D, Doctor, can we 

deduce from that exhibit that you don't have much faith in 

President Carter's Wage Price Program? 

A Which exhibit is this? 

Q Exhibit D? 

A Oh, yes. 

Well, I was frankly very surprised at the faithj 

which the company apparently placed in the same program. 

The assumption that inflation rates are going 

to be maintained at a five per cent level starting in 1981 

struck me as nothing short of imaginative on the part of the 

country from my standpoint. Even the most vigorous price 

control policy exercised by the government would be unlikely 

to maintain price increases at that variable level, but I 

163a 
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dubious. 
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Q In your I n f l a t i o n rate analysis. Doctor, 

have you employed, the Consumer Price Index? 

A Well, I don't-see how., one would employ 

the Consumer Price Index, given the v o l a t i l i t y I n this p a r t i c u l a r 

variable over the course of tie past ten years. VJhat we are 

doing, r e a l l y , i s we are speculating on I n f l a t i o n rates over tl^e 

course of the next ten years and i n t o the long term, and my 

feeling i s that the Ccnsumer Price Index i s , gives some 

rough indication of increasing i n s t a b i l i t y i n t h i s variable, 

but i s no accurate representation of what things are going to 

look l i k e necessarily I n the future. 

Q Well, have you analyzed and based your 

estimate f o r the future on the Consumer Price Incex, Doctor? 

That i s the ques tion. 

A Well, as i n the case of a l l these some­

what speculative assumptions and my assesanent, no matter who 

is doing the analysis, when you are talk i n g about i n f l a t i o n 

rates into:'1990, 1991 and 1992, we are talk i n g about a 

certain degree of speculation. We are not ta l k i n g about hard 

and f a s t analysis. 

We look at the Consumer Price Index and we see 

how i t ie tracked over the course of the l a s t three or four 

years. We note I n that index an increasing degree of I n ­

s t a b i l i t y , se you are no doubt aware. I think one cannot be 

alive i n t h i s cowitry today without being aware of that f a c t . 
MOHRB'CH * MJtRSHUl. IKC. - " i r H.-LOCKWILIOW «Vt . . HIRRISBUKG, H . I » M I 
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We have re f lec ted the Increase i n i n s t a b i l i t y of th'is measure 

by upgrading the company1^ assumptions by a substant ia l amount 

3 Doctor, the 300 MW coal plant that you propose 

i n your optimum generation plant mix — 

A You- mean, the two?;. 

Q Wel l , the two or the three, depending upon the 

various load — 

A Depending on load. 

Q Those are baseloaded p lants , a ren ' t they? 

A That i s cor rec t . 

ft Now, at page 13, Doctor — w e l l , s t r i ke t h a t . 

Doctor, there 's shown I n Exh ib i t - D,a discount r a t e , and the ESI 

low case tha t ' s shown to be .10.5 per'cent. How have you used 

th i s i n your analysis? 

A We have used that to discount the socia l cost 

calculated at the various years Indicated i n the analysis In 

order to get an"aggregate socia l cost, netted down to 1979 

do l l a r u n i t s . As I indicated e a r l i e r i n t h i s cross examinatio 

Q And wouldn't a la rger discount r a t e . Doctor, 

r e su l t i n a lower t o t a l soc ia l cost? 

A Not necessarily. I t depends upon v/hat the esca­

l a t i o n assumptions are l i k e . I f the escalat ion i s a t a rate 

that when you fac to r everything I n f a s t e r than the discount 

ra te , then th i s w i l l not tu rn out to be the case. 

I t Is f a i r l y complex, since we are t a l k i n g 

M0MRB4CH » ttADSMIL. INC . - 17 » . L O C K W I L L O W A V E . . H A R R I S B U R G . PA . 1 T 1 I I 

1. 



r 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17' 

18 

19 

20 

21 

22 

23 

24 

25 

Shakow - cross 2 g 8 3 1 1 6 7 a 

about a number of disparate escalation rates , : associations wit^ 

fuel , operation and maintenance, capi ta l , per factoring in 

AFDUC. I t "is a l l so complicated that one cannot'state-with" 

assurance that .it is going* to turn".out- one.:May 6r: the others 

We are escalating on. tie. one.-hand and then we 

are .bringing things back on the other. The outcomes are l ike ly 

to be f a i r l y complicated. 

Q The escalation rates between the PECO case 

and the ESRG low case for fuels with the exception of natural 

gas, which I believe you w i l l agree is not used by PECO to 

generate e l ec tr i c i ty , are the same, are they not? 

A Could you repeat that, please? 

Q Ihe escalation rates for the fue l s , nuclear, 

through o i l , are the same? 

A Yes. 

Q Ttiere is a difference in the inf lat ion rate , 

is that not true? 

A The escalation rates are the same and the effedt 

of inf lat ion rates are calibrated with respect to the different 

inf lat ion rates. I think that's what you are alluding to. Or 

did I misunderstand i t? 

Q The inf lat ion rates do d i f fer between the two 

cases, do they not? 

A That's correct, yes. 7.5, I believe and 9, 

Q Now, the Inf lat ion rates, though, are only : 

MOHRBACK » HARSHU. INC. - - IT N. LOCKWILLOW * ¥ ( . . HARNIiatlltC. PA. m i l 
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applied to ce r t a in operating and maintenance expenses, is that 

not correct? 

A In the d i r ec t form. But to some degree, the f i l iel 

costs are cal ibrated wi th respect to .the i n f l a t i o n rates . Not 

e n t i r e l y , llie re ' s some exceptions, i n pa r t i cu l a r cases, but 

the d i spa r i t i e s i n the i n f l a t i o n rates r e f l e c t , to some degreej 

differences i n the various f u e l costs. 

Q Doctor, r e f e r r i n g to page 13 of your prepared 

statement, you make the statement tha t i t i s correct that 

given r ap id ly r i s i n g o i l p r ices , baseload o i l - f i r e d plants should 

not be eiqployed. Is that not correct? 

Let ' s see. Cen you r e f e r me to the l ines 

th i i re? 

A 

I t Is l i n e ten. 

Yes. I do indeed say tha t . 

Re fe r r i r ^ to page 26, Doctor, table 8, i f you 

know, what i s the f u e l source f o r Delaware 7, Delaware 8 and 

SchuylMLl 1? 

A Delaware 7, that would be o i l . What's the 

next one? 

Q Delaware 8. 

A Delaware 8 would be o i l and S d i u y l k i l l 1 would 

also be o i l . 

Q And what capacity fac tors have you assigned to 

these o i l - f i r e d un i t s under your optimal expansion mix f o r 1993? 
M O H K B I C H • MAI ISMAl . INC . J I N. LOCKWILLOW A V C . MARR1SBUB0. PA . I l l t l 
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A They are indeecl baseload, which I s , I assume, 

the point yoa are getting at . I would Just say that relative 

to a l l the other options, I mean there are a lot of other thing 

to be considered, includlngj obviously, the capital costs. . 

Presumably, the Inf lat ion rate in oi l . that we assumed in 

that scenario which Is the ESL 1 scenario, the low scenario, 

so we are talking about an inf lat ion rate of ten percent. 

If we account that relative to the capital 

cost inflaticaa, associated with the Limerick facilities> given 

a projected capital cost inflation rate of what did we use? 

It's 2.65 percent or something of that order. That would 

yieldaa slightly higher inflation with capital cost associated 

with nuclear plants; 

I agree that i t is somewhat of an anomaly 

and a contradiction to that particular statement as a general 

matter, but as a particular matter in analyzing PECO's 

generation mix and noting the presence of seme already cap­

i tal ized plants, presumably those plants were capitalized at 

a time when capital costs were much lower than they are now, 

i t turns out that for these few exceptions. I t Is reasonable 

to Include those in the mix. 

As you w i l l note, in looking at the other 

elements in that mix, o i l - f i red plants are generally not 

baseloaded, so this is not a very typical occurrence. 

Q A l l right. Doctor, referring you to Sheet 8 
ttOHRBACH A MARSHAL. IMC. . IT N. LOCKWILLOW AVI . . HARRISaURG. RA. 1T11J 
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of Schedule C, nov*, this is the ESRG load growth and ESRG 

optimum ease. And for the year I98I with the reserve margin 

of lk percent. Would you know. Doctor? 

A Can you refer that to me again? I!m sorry. 

Q Sheet 8. 

A Sheet 8 of exhibit — 

Q C. 

A . Okay. Ihank you. 

Q, Do you know. Doctor, whether there is a 

Southwark Unit shown on that page and so there's no suspense 

about i t . I t Is the 178 figure above the two 176 figures half­

way down? 

A I see i t . I t is option 73. I s that correct? 

Q I dorft have the numbers on mine. 

A This is Sheet. 8, Exhibit DSC? 

Q Right. 

A Okay. Yes. 

Q Now, referring you to page 10 for tie 22 

percent reserve case, we also have one Southwark Unit, don't 

wet I t ' s l ine 73. 

A What sheet is th i s , please? 

Q Ten. 

A Ten. No, we have two Southwark Units. 

Q Only one big one. The other one is a peaking 

unit? 
U O H R B A C H ft MARSHAL, I H C . Z I M. LOCKWILLOW A V E . . H A B B I S B U R C , . A . U l l l 
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Q Now, turning to pages lk and 16 — and this is 

the 1987 year, with', reserve margin of 14 percent, and the 198f 

year reserve margin of 22 percent,. 

A Yes. 

Q Do we have any Southwark units? 

A No, we do not. 

Q How, referring to Sheets 20 and 22, which are 

at 1̂  percent, and also at 22 percent for the year 1992, are 

there any Southwark units in that analysis. Doctor? 

A Yes. Ihere are. 

Q Are there two Southwark units? 

A Hiat's r ight . 

Q Could you explain to me. Doctor, what has 

happened in that during 1981 we have one Southwark Unit. In 

1987 we have none and in 1992 we have two? 

A Well, the model Indicates that If we allow 

retirement and then i f we assume that the firm can bring 

jnits back from, say, a state of some kind of cold storage, 

and admittedly, some refinement is in order In this dimension, 

*hat we are saying is that these units should be retired over 

a certain Interval and then brought-back. 

Now, this, in fact. Is an issue that's been 

af some concern to me in terms of a model, because what we are 

lolng is we are optimizing from year to year and as a conse-

juence, the possibility exists that a retiremsnt would take 
. noun SUCH a HAHSHJK. INC. - - I T N. LOCKWILIOI* »ve.. HAimisauNC, I T M I 
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place: only over a given i n t e r v a l . Now, ± w i l l submit that 

r e a l i s t i c a l l y , that probably is not what ^ould occur i n terms 

01" eompaiiy planning pract ices , and so I have assured myself, 

i n reviewing the output from the model that the presence of 

anomalies of t h i s sor t Is extremely rare. This happens only 

wi th respect to a small nuinber of un i t s . 

I s p e c i f i c a l l y checked th i s f ac to r out. 

So while I admit that the opt imizat ion on a year-by-year 

basis as opposed to what I would c a l l a forward-looking 

feature i n the model i s , i t would be desirable to have that 

for-ward-looking feature i n order to avoid t h i s anomaly. 

I n my opinion, a f t e r reviewing the output from 

the model, I d « ' t th ink that that anomaly a f f ec t s the testimoixy 

i n a consequential way. I should also mention that a 

colleague of mine at ESRG has analyzed some of the consniter 

programs employed by u t i l i t i e s i n the course of t h e i r own 

generation expansion procedures and the incorporat ion of 

a forward-look, as I have described i t , i s comparatively 

rare among models of t h i s type. So th i s p o s s i b i l i t y exis ts 

f o r many such models. 

I would suspect that what happens Is that a f t e i 

going through the opt imiza t ion , there is a second i t e r a t i o n 

at which t h i s kind of analysis is weeded out . Some kind of 

r a t i o n a l i z a t i o n that goes out . 

Q. Doctor, do your sa i a l costs contain any costs 
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of retirement and then un-retlrement of these units? 

•A To some degree. I would say the major way in 

which,we incorporate this is through the imputation of the 

fixed, say, for the older units , of the ^fliced maintenance, 

charges.. -So we don't, for example, need,-in response. to. sbm 

of the interrogatories, you actually pursued an analysis , I 

f orget, with respect to which unit of bringing a; particular 

unit out of retirement and you noted that there would be some .. 

retrof i t t ing that would be necessary in light of environmental 

restr ict ions . 

That kind of thing was not factored into, 

the analysis, and in large part, because we weie not provided 

with this information by the company. So to that degree, 

the analysis lacks this information, but and to the extent 

that I t , in fact , , the operation, the maintenance costs In and 

out, i t does take account of i t . 

Q I t takes account of them when the unit i s in 

and does not when the unit Is out? 

v A Precisely. 

Q Now, Doctor, on fable 10, the two cases which 

you show there, there i s shown to be a cost penalty of what is 

determined to be the PECO plant, and that cost penalty is 

stated to be 96.3 mill ion dollars. Can you explain — and 

this I s I981. Can you explain to zas the reason for that cost 

penalty? 

73a 
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96.3? 

Q Yes. 

A Well, I mean this i s the difference between 

social cost under the. PECO plant mix, assuming PECO forecasts 

of load growth and plant costs and the ESRG plant mix, assum­

ing also the PECO forecast, but ESRG low estimates of plant 

cost. 

Q Would you agree with me. Doctor, that in 

1981, there has been no change in plant mix between the PECO 

and. ESRG? 

A No. There's some retirement Indicated by 

the ESRG model. That probably is what accounts for the 

difference. Also, don't forget there were accounting and also 

outage costs. 

Q In other words, in the ESRG model you have 

retired units to get down tc-a pre-arranged or pre-selected 

reserve ratio? 

A _Well, pre-selected, I think, is a l i t t l e 

misleading in that v/e reviewed the costs associated with these 

four reserve margins and then shows optimal value? So I t i s n 1 

as i f i t was pre-selected. I t was selected on the basis of ou^ 

observation procedure. That would be a more correct statement 

Q On page 22, Doctor, you address the assignment 

or not assignment of the Salem 2 f a c i l i t y . V/hat do you refer 
MOHBB1CH * MARSHAL. INC . 17 N. LOCKWILLOW A V E . . H A R R I S B U R G . PA . 17112 
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to as. the f u l l cost; of gene'ratlan as stated-— • 

. A t.'hat .page" is that/" again? ... 

. . . - • 3 ' Page 22. • VJhat do. you- refer: to as the f u l l 

cost of., generation; as stated -in-line?2: ' c m / ^ ; 

A " -Full cost ••bf.- generation would pre'suraably. ,be -; 

the estimate that .was referred to in. Exhibit DSB under 98, .' 

under the column Fixed Cap. There is a capital cost Indicated 

•of 1.1,182.00 per kilowatt. The f u l l cost of generation would 

factor that cost into the calculation. 

Q, Is that on page 2 of 6? 

A That is oh page DSB, Sheet - - it'doesn't • 

real ly matter which one. This happens to be ESRG high,, but 

.it real ly doesn't matter. I t i s true for a l l the scenarios. 

But for example. Sheet 6 of 6 under 98 refers to cap, fixed: 

cap of $1,182.00 per kilowatt. And what I am stating is 

that the f u l l cost factors In that particular fee. 

Q And I take i t are you saying tha t under the 

assumption that that cost i s collected by the conpany through 

the GPU sale ahd then the sale should be permitted or would 

be economically, desirable from Philadelphia E lec tr i c Con^ny's 

point of view? 

A Could you say that again, please? 

Q Doctor, I am trying to determine the nature of 

ycur statement in that f i r s t paragraph that under the assump-

tlon that GPa pays for the assigned capacity m the basis of 
•OHNDACH • "AMIUl, IHC. - t l u. LOCKWILIOW AVI.. - HAKMISIURS. PA^ffilJ ; '. 
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the f u l l costs of generation, the model Indicates that Salem 
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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 paid exceeds 

ful l generation cost, the assignment may be expedient from 

the PBGC standpoint. 

A I haven't analyzed this. My understanding is 

that the financial factors In that case were very complex. 

And within the time constraints I did not wish, in this, as :, 

in other cases, to get involved in v/hat was essentially a par­

enthetical analysis. So I assumed that we assigned i t at f u l l 

cost and netted my results for that particular assumption, but 

did not want to render Judgment on the actual situation, which 

may be considerably more complex than this. 

However, I have reviewed some of the materials 

submitted In regard to that sale, and I have come across some 

statements, particularly in the statement made by the company 

to FERC, I believe i t is a July statement. In which If I 

understood the materials correctly, i t was claimed that under 

this assignment, the plant would be excluded from the rate base 

and a l l income , and expenditures associated with the plant 

would likewise be excluded from the rate base. 

So i f that Is the case, and i f I understand 
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this correctly. I t suggests that the f u l l cost assumption may j 

be, in fac t , a proper assumption. I f I have understooc! this 

properly and i f there aren't any factors of which I am 

presently unaware, i t i s possible that the analysis is scsne-

what more relevant than I have indicated in my testimony. 

Q Doctor, are you recommending here that the 

company retain Salem 2 or are you making no recommendation? 

Which is i t ? 

A In ray testimony, I make no recommendation. I am 

merely Indicating an observation that I have made after review­

ing some of these materials. But I have not undertaken a f u l l 

analysis . Because I have not undertaken a f u l l analysis, I 

would not submit a yes or no recommendation. That would be a 

l i t t l e too strong a statement on my part. I prefer not to mak̂  

such statements without a more complete analysis . 

Q Now, Doctor, you propose an alteration in the 

one day in ten year loss of load r e l i a b i l i t y standard which 

the company employs, i s that not correct? 

A Well, I propose a social cost cr i ter ion. I fe$l 

that one should not gear the choice of a reserve margin to a 

specif ic LOLP, but rather that the LOLP i s , i t s e l f , an economic 

a l ly relevant variable that is to be assessed in terms of i t s 

social costs and benefits. That's the position I have taken 

here in my testimony. 

Q And under your proposal. Is i t not true that 
MOMpatex a utosmi. ihe. . :i H. LOCKWHLOW *VE.. ^ ip'isB'-'p.-.. P* mis 
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the company would routinely employ such devices as voltage 

reductions, public appeals for shedding and even local area 

service blackouts as a means of maintaining a generating 

capacity which equals i ts required load? 

A I am allowing those options. I ara not recom­

mending them. I don1 t think that they are necessarily desirable 

What we are doing here i s we are comparing the costs associated 

with these options to the costs of maintaining what X construe 

to be a very stringent r e l i a b i l i t y cr i ter ion and so when one 

comparee the costs which are not desirable outcomes, to be 

sure, for what I term "soft curtailment options", i t turns 

out that the costs incurred by the consumers as a consequence 

of these options, i s not so great as to warrant the Inclusion 

of the additional reserve margin thsfc would be necessitated 

under the company's r e l i a b i l i t y complement. 

(Transcript continues on the next page.) 
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Q Well, in essence, you are recommending the 

Commission make an economic analysis i f load blackouts 

occur, the cost of these load balckouts, you allow the 

blackout, isn't that correct? 

A Your question is a l i t t l e unclear. I would 

appreciate a paraphrase. 

Q You are recommending the Commission adopt a 

load reliability standjbased on economic analysis which 

assigns class, to load blackout and^it is considered that the 

cost of a load blackout is less than the cost of o toad 

b4*efeout -*« allow the blackout, is that not correct? 

A I would express i t 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 i t turns out on balance, the two sura 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 

blackouts under that case will occur in 1.8 days as*d ten 
— MOMRBACH S M A R S H U . INC. • J 7 N. L O C K W I U O W A V E . . 
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same as one day in ten as calculated under the normal load 

£w liabilityjTis that not correct? 

A That is correct. 

Q Your calculation there, in fact, is 32. I 

guess i t is more than that. It is close to 40 hours worth 

of blackouts in ten years, is i t not? 

A That^s correct. 

Q Whereas in one day in ten, i t might be two hour; 

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 
i 

than those presently allowed for to the extent of say 30 hour^ 
i 

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 

partial blackouts, so we are not implying that the blackouts 

will be experienced by all customers within the service 

area, that this imposes cost to be sure, but i t is made 

worthwhile by a very substantial reduction in the reserve 

requirement. 

Q Now in your analysis, which has resulted in 

this figure, what we have just been discussing, the 1.8 days 
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1 in ten years, you have assumed in your computer program, 

2 have you not. Doctor, that the company w i l l be able to f l i p 

3 the switch only when needed .and only to the extent needed 

4 and to bring the load back whenever the teed is there to be 

5 brought back? 

6 In other words, you have assumed maximum 

7 f l e x i b i l i t y on behalf of the company to make these judgments 

8 as to discarding load and picking up load with no limitations 

9 is that not correct? 

10 A I t assumes, I grant you that point, as a 

11 general matter. However, more concretely what the program 

12 does assume is that there is a sequence of measures which are 

1 3 applied in sequence and we are really assuming that the 

14 company can proceed from one element in the sequence to 

15 the next element. What we are implying is that there is a 

16 certain degree of f l e x i b i l i t y implied by that sequence but 

17 at the same time, I have reviewed for a number of companies 

IS planning documents which indicate the procedures in the 

19 event of deficient capacity and the range of options that 

20 I have described, I feel are well within the normal range 

21 of planning procedures i n the event that these contingencies 

22 Q And Doctor, i n your analysis on Page 8 of 

23 Exhibit C, you have not retained any spinning reserve during 

24 this period of the blackout? 
25 A No, the spinning reserve is not incorporated in 
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Q If you know, do utilities normally retain 

spinning reserve to prevent cascading system outages during 

curtailment? 

A Yes. 

Q . That would increase the values that you show 

as curtailment there, wouldn't it? 

A Yes, I agree. Clearly, I don't regard that as 

being a determinant, but that is what I would call a minor 

problem. 

Q Now, Doctor, you have estimated the cost of 

curtailment for quantification in your social costs on Page 

9 of your testimony, is that not correct? 

A Yes. 

Q And I believe one of the papers that you 

mentioned is that of Mr. Telson in 1975? 

A that is correct. 

Q Actually, Doctor, I wish to refer you to 

Mr. Kaufman's study done in 1975 and does not Mr. Kaufman say 

with respect to his study that incurring the results of the 

study, and I am quoting from him on Page 2, "One must keep 

in mind the fact of evaluation of generation and liability 

and reserve planning techniques generally are at an early 

2 4 stage of development. That's despite the seeming accuracy 

of the computer-generated numbers, the results should be 25 
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viewed as an indicator rather than a guide. And the policy 

action, more work is required." 

A Sir, can I respond to that? 

Q Sure. 

A I merely referred to this study for the record. 

As you will note, I indicate and I quote, "Very recent 

studies indicate that the cost of catastrophic accidents 

exceed these estimates by a factor of as much as two or 

three." 

I cite a reference that coincidentally was 

referred to by interrogatories by the company itself. That 

is the Corwin Study of 1978. The Corwin Study indicates 

a value of$5.75 per kilowatt hour; I made this calculation 

just several days ago and we assumed in our study a value 

of $5.00 per kilowatt hour, so whatever the merits or 

deficiencies of the Kaufman Study, we are not taking that 

study very seriously in our analysis. We are using a factor 

five times as great. Therefore, the deficiencies in the 

Kaufman Study are very immaterial to this testimony. 

Q I take i t you would say the same with respect j 

to the other studies? j 

A They are immaterial. I think they are interesting 
i 
t 

for the record. I cited them just to indicate the progression 

and the state of the art in this matter, but we did not want 

to open ourselves up to the criticism that we had employed 
-OHna.CH S MARSHAL. J M . • » LOCKW'UOW AVt.. • 
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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 indicate that this 3.75 employed 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, 
i f 

so 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 you suggesting. Doctor, that this Commission 
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should alter the reserve^liability standard for the 

Philadelphia Electric Company on the basis of «fae preliminary 3 
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investigation? 

A I am not making any recommendations with 

regard to the procedures to be employed by this Commission. 

I am merely suggesting that in my opinion the 

use of the social cost c r i t e r i a as a c r i t e r i a without 

reference to a particular study is a c r i t e r i a superior to 

the LLOP c r i t e r i a and I would urge regulatory bodies in 

general to take this particular c r i t e r i a very seriously 

in rendering i t s judgments. 

I don't want to suggest that any decision be 

made on the basis of any kind of preliminary analysis, but 

the superiority of the social cost c r i t e r i a relative to the 

LLOP c r i t e r i a is very clear i n my mind. 

MR. HALL: Thank you. That is a l l I have, 

1 7 Your Honor. 

THE ADMINISTRATIVE LAW JUDGE: Does any other 

party have any questions of this witness? 

2 0 BY MR. HERSHEY: 

Q Good afternoon. Dr. Shakow. I am Steven 

Hershey with Community Legal Services. 

On Page 1 of your testimony, you indicate that j 

in 1975, you directed a study for the City of Seattle. The 

study was entitled, "Energy 1990," is that correct? 
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Q Was that study prompted by debate or on whether 

or not to build a nuclear generating plant for the City of 

Seattle? 

A Yes, i t was prompted precisely by.that kind 

of consideration. Would you like me to elaborate? 

Q Yes, please. 

A The City of Seattle, on a preliminary basis, 

voted to participate in a very substantial way to a large 

size nuclear facility. That would be Whoops 4 and 5 facilitiles. 

The extent of that participation was in excess of 10 per cent 

which represented a very substantial investment for the 

City of Seattle. -

I should indicate that Seattle City Lights 

is a municipally-owned utility, so expenses by that utility 

are tantamount to the expenses by the city itself. 

Upon the preliminary commitment by the city to 

that plant, there was a considerable amount of opposition 

developed and a settlement was reached between complainants 

and the city to hire an independent consultant to perform an 

independent load forecast in order to demonstrate whether 

22 1 the need for these facilities within the Seattle City Service 

23 
area was established and i t was my role as the principal in 

"y A. 

that study to perform this independent "oad forecast. 

Q So you were hired by the fclty? 

25 
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A Yes. 
87a 

Q And the ultimate result of that study, am I 

3 correct, was that rather than building that nuclear generatinj; 

plant, the city adopted these certain conservation measures 

which at the time the plant would have gone into effect would 

have saved equal in generating capacity? 

A I don't know i f the word equal is precisely 

accurate, but the Council was sufficiently persuaded that 

the implementation of the conservation program would work 

to the benefit of the city tb a greater degree than 

participation in this facility and therefore, voted against 

this. 

Q And the plan adopted was based on your 

recommendat ion ? 

1 5 f A That is right, and approximately two mciiths 

1 6 of testimony that I presented before the City Council 

1 7 virtually continuous debate. 

MR. HERSHEY: Thank you. Doctor. 

THE WITNESS: You are welcome. 

BY MR. NOGEE 

Q Doctor, in your testimony, did you figure 

2 2 in any way in your calculation of nuclear capital costs 

23 

any redesign that may be required as a result of possibly 

2 4 the Thr^e Mile Island incident? 25 No, I did not. 
MOMRBAd t »»RSM*L. INC. . ! • N. LOCKWtllOW AVt.. . H.RRISBUBO. - 4 . J 
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Q So that would be a source of conservatism i n 

your capita l costs? 

3 A To the extent these are adopted, the answer 

4 is yes. The equations are determined with reference to 

experienced outcomes from 1971 to 1978, as i t is indicated, 

and th i s would predate the Three Mile Island incident. . 

Q Are you aware of any stream of ca p i t a l cost 

increase that might be required as a re s u l t of that? 

A I have only read casually on t h i s matter and 

would not want to render a d e f i n i t i v e judgment. 

1 1 Q Did your calculation include any possible 

1 2 c a p i t a l cost increases that might be required as a re s u l t 

of current nuclear regulatory investigation of modification 

1 4 that might be required for nuclear plant located i n densely 

1 5 populated areas l i k e the Limerick? 

A No, I did not. 
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1 7 Q That would be another source of consideration? 

A Yes. 

Q In your figures of plant and s i t e factors, are 

you f a m i l i a r with the s i t e of a v a i l a b i l i t y for-water for the 

2 1 Limerick plant's cooling? 

2 2 A I would not c a l l myself s u f f i c i e n t l y conversant 

2 3 i n that matter for the purposes of t h i s testimony. 

2 4 Q I f i t were true that the Limerick plant might 

2 5 have to be shut down a certain number of days per year as 
'.OCHWILLOV. IVE.. .UBRISSUHS. P i . : 7 i r : — — 
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1 PECO claims in its construction license application to the 

2 NRC during the summer months because of lack of water, how 

3 would that effect the cost factor? 

4 MR. HALL: Objection. I think the construction 

5 permit will speak for itselfT' I don't wish my silence to 

6 indicate that I agree with the contents of the question. 

7 THE WITNESS: To the extent that plants are 

8 not permitted to opt the capacity factor going down. This 

9 is in no way suggesting this is a likely possibility. I 

10 am merely addressing the contingency asked by the question. 
11 BY MR. NOGEE: 

12 Q In your study, did you calculate the cost 

13 of your alternatives besides 300 megawatt coal plants? 

14 A I indicated earlier In the cross-examination 

15 the various generic options that I have incorporated in my 

16 analysis. 

17 Let me repeat them for your benefit. This 

18 includes generic nuclear plant, generic coal plant of 300 

19 megawatts, a coal plant of 600 megawatts, an oil cycle 

20 plant and the combustion turbine. Those are the only 

21 alternatives. 

22 Q Y o n di<* not calculate, for example, the cost 

23 o f possible regeneration or the company investment in 

24 conservation? 

25 A No, I did not. 

WOHBBACH S «tPSH»t. 'HC. :7 N. lOCKWIlLOW >«£.. »»RRHnUBC. f i 
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Q And I f i t were true that the.cost of such 

conservation or wind generating programs were In effect less 

than the cost of building new coal plants, then presumably, 

such options would be even more economical"In terms of their 

A Strictly speaking, the answer to your question 

is yes. I should indicate that wind Is an energy-constrained 

option. It would be treated in analogy to run-of-the-rlver 

hydro which is the framework of this model. I think that 

energy constraint has to be borne in mind. 

MR. NOGEE: Pine. 

THE ADMINISTRATIVE LAW JUDGE: Is that all? 

Would you like some time? 

MR. BURGRAFF: Yes. I don't think i t would take 

very long. We would like to go over our notes. 

THE ADMINISTRATIVE LAW JUDGE: All right. 

Let's have a brief recess. 

(A brief recess was taken) 

THE ADMINISTRATIVE LAW JUDGE: Let's go back on 

the record. 

MR. BURGRAFF: Thank you. Your Honor. We have 

only three questions. 

REDIRECT EXAMINATION 

BY MR. BURGRAFF: 

1 . . I s ; , I I S . L O C K W I L L O W * V I . . i R B ; 5 B y = r . . P t . • 7 1 1 : — 
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Q Dr. Shakow, you answered some cross examinationi 

ij earlier concerning case four on table one of your prepared 

I statement, which is on page 7, and concerning various 
4 i ! 

lj assumptions on where the company, as was noted, eats the 
j cost or assigns i t . Wouldn't that be consequential from the 

^ it 

- II 
l! 

I company's point of view? 
i 

A. It would be very consequential from the company'js 
8 '! 
' point of view. Obviously, the company would much prefer 
;. 1 

j to assign rather than eat the cost. However, ray model is \ 

calibrated from the standpoint of social, i.e. consumer 

-1.1 i 
'\ costs, not company costs. Therefore, the Important question • 

!" J ! 
•; is what kind of responsibility do the ratepayers assume 

under these various contingencies. 
14 

And In my Judgment, relative to the overall 

. assumptions of the model, i t would not make any difference. 

That's what I indicated earlier in cross examination. 

& Could you please note, once again, the outcome 

of the model given the assumption of incremental costs for 

Limerick and ESRG cost assumptions? 
A Specifically, I would like to note that under those 

• : ! 

;assumptions, the Limerick units do not enter the generation 
;;mix. Limerick unit enters the generation mix only on the 

23 :j 
ij assumption of incremental. cost on one hand, but more Importantly, 

24 i 
the company cost assumptions including the assumption^ of a 

25 I ' 
||5 percent inflation rate post 1981, which I have indicated 
il MOHHBACH a - • S S M i L . INC - fJ 1 :i: i^HLi 'v. avt . H»ik.^Btisr. " - 7 1 ' ; -
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e a r l i e r - t h a t I - f e e l Is very'grossly u n r e a l i s t i c . 
f 

2 ;, Q Was the 1977 New Mexico decision which we 

•x 1 haven't seen but which has been cited related to Mr. Komanoff's 

j. . - - Is i t related to Mr. Komanoff's current work? 

5 A. No, i t i s not. The work of Mr. Komanoff, which 

6 • I refer to i n his testimony, was pursued i n 1978 and 1979. 

- : Therefore, I t could not have any bearing at a l l on the v 

$ New Mexico decision. 

9 :! MR. BURGRAFF: That's a l l we have on re d i r e c t , 

i;;, 1 MR. HALL: Your Hdmor, I have Just two questions. 

ij RECROSS EXAMINATION 

i 2 I BY MR. HALL: 

Q Doctor, am I correct that you have made no 

: , analysis on what the f i n a n c i a l impact on the Philadelphia 

. E l e c t r i c Company or i t s a b i l i t y to render service would be 

of the necessity that i t would, s h a l l we say, "eat" $1 b i l l i o n 

of costs related to Limerick? 

A That i s quite true. I t i s one of those many 

subsidiary analyses that I have not performed. 

Q Now, Doctor, r e f e r r i n g t o the Komanoff regression 

equations, those equations depict, do they not, the rate of 

cost increase i n nuclear plants during the period 1972 to 

1978, Is that not correct? 

A They are estimated, based on an h i s t o r i c a l 

!| sample that spans t h i s period during which time there was an 
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Inflationary environment i n that sector. 

Q And i n addition, was that not a period of major 

changes i n NRC plant construction regulations which greatly 

inflated the costs of the nuclear plants? 

V. Well, the answer i s yes. On the other hand, 

there is nothing to suggest that this pattern w i l l not continue 

over the course of the next ten years, which Is the period 

under consideration i n my analysis, so while your observation 

that there Is assumed to be an In s t a b i l i t y In this sector over 

the course of the his t o r i c a l period is correct, I would also 

contend that i n a l l likelihood, this period of i n s t a b i l i t y is 

not about to end in any abrupt way. I t is l i k e l y to continue. 

At least over the immediate term. 

MR. HALL: Thatti a l l I have. 

.r> THE ADMINISTRATIVEILAW JUDGE: No further questions? 

I f not. Doctor, you are excused. This hearing w i l l stand 

adjourned u n t i l 10:00 o'clock tomorrow morning. 

(Whereupon at 6:33 p.m. the hearing was 

.. . adjourned) 

25 •' 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18.. 

19. 

20. 

Q. Mr. Weiss, please state your address and occupation. 

A. I l i v e i n Arnold, Maryland. I am a public u t i l t y rate 

consultant with Hess & Lim, Inc. Our business address is 

5809 Annapolis Road, H y a t t s v i l l e , Maryland 20784. 

Q. What i s your educational background and experience in the 

public u t i l i t y f i e l d ? 

A. In January, 1970, I graduated from North Carolina State 

University i n Raleigh, North Carolina with the degree of 

Bachelor of Science in E l e c t r i c a l Engineering. I then 

joined General Telephone Company of the Southeast at i t s 

general o f f i c e s in Durham, North Carolina, where I held 

the positions of Supervising Plant Extensions Engineer 

and Supervising Planning Engineer. In these positions, I 

was responsible for the development of t a c t i c a l and 

strategic c a p i t a l expansion plans and recommendations 

involving l i k e l y rate and revenue impacts resulting from 

those plans. While assigned to these positions, I 
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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 

re s p o n s i b i l i t y for a l l telephone engineering functions 

for the Company's operations in the state of Alabama. In 

1975 I was returned to the Company's general o f f i c e s as 

Revenue and Earnings Manager, where I had r e s p o n s i b i l i t y 

for the development and f i l i n g of rate increase p e t i t i o n s 

before regulatory bodies i n the states of Tennessee, 

South Carolina and Alabama. In 1976, I was named Service 

Manager-Budgets and Results, again at the Company's 

general o f f i c e s , where I was responsible for the develop­

ment of the Company's t o t a l operating expense budget and 

the monthly analysis of expenditures and productivity 

factors associated with i t . 

In July, 1978, I accepted my present position with 

Hess & Lim, Inc. Since coming with the f i r m , my duties 

have included the analysis of rate increase p e t i t i o n s 

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, e l e c t r i c and steam u t i l i t i e s . 
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I am a registered professional engineer in the 

states of Maryland and Alabama. 

Q. Are you a member of any professional organizations? 

A. Yes. I am a member of the North Carolina Society of 

.Professional Engineers and the National Society of 

Professional Engineers. 

Q. Have you t e s t i f i e d previously i n public u t i l i t y rate 

proceedings? 

A. Yes. I have t e s t i f i e d 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 

t e s t i f i e d before the Federal Energy Regulatory. 

Commission with regard to the ratemaking determinations 

of e l e c t r i c rate base, revenues, operation and 

maintenance expenses, and depreciation. I have t e s t i f i e d 

before the Pennsylvania Public U t i l i t y Commission with 

regard to The B e l l Telephone 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. 
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16. Q. 
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24. 

What is your r e s p o n s i b i l i t y in t h i s proceeding? 

On behalf of the Commonwealth, Office of Consumer Advo­

cate, I am responsible for analyzing the Philadelphia 

E l e c t r i c Company's claimed cost of service and for making 

recommendations with respect to the overall l e v e l of 

revenues requested. I w i l l present testimony in two 

parts, the f i r s t of which w i l l contain my analysis and 

recommendations regarding the Philadelphia E l e c t r i c 

Company claims for o r i g i n a l cost rate base. The second 

part of my testimony w i l l deal with the Company's claims 

for adjusted levels of book operating revenues, 

expenses and the overall need for increased revenues by 

Philadelphia E l e c t r i c 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 various documents 

supporting i t s testimony and exhibits. I have also 

examined other data which I consider relevant to the 

Company's application for general rate r e l i e f . 
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1. Q. 
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17. Q. 
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22. 
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27, 

Have you r e l i e d on the testimony of any other witness i n 

developing your recommendations as to the cost of service 

for the Philadelphia E l e c t r i c Company? 

Yes. I have adopted the recommendations of the Consumer 

Advocate witness, the Energy Systems Research Group, with 

regard to i t s forecasts of energy, peak load and PECO 

system r e l i a b i l i t y . I have adopted the c a p i t a l structure 

and cost rates as recommended by Dr. Marcus, the rate of 

return witness for the Office of Consumer Advocate. In 

addition, my analysis r e l i e s on the testimony and 

exhibits of my associates, Robert G. Towers and 

Michael L. Arndt, as to their recommendations regarding 

tax normalization and the cash component of working 

c a p i t a l , respectively. 

Would you please summarize your conclusions with regard 

to the Company's claims for i t s o r i g i n a l cost rate base? 

The Company has overstated i t s claim for o r i g i n a l cost 

rate base i n f i v e areas: 

(1) The Company's rate base r e f l e c t s the f u l l 

cost of owning and operating a l l of i t s existing 

generating plant, even though a substantial portion 

of i t s generating capacity i s unnecessary to render 

adequate and r e l i a b l e service. 
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1. (2) The Company's claim for an estimated 

2. average balance of nuclear f u e l i n the reactor of 

3. Salem Unit No. 1 for the twelve months ending 

4. March 31, 19B0, is overstated because i t f a i l s to 

5. properly r e f l e c t the scheduled period of reload. 

6. 

7. (3) The Company's claim for f o s s i l f u e l 

8. inventory based on 45-day supply at the mine mouth 

9. stations and a 60-day supply in the Philadelphia 

10. area stations i s i n f l a t e d due to the Company's 

11. unsupported claim for a "desired" base inventory 

12. l e v e l . 

13. 

14. (4) The Company has f a i l e d to r e f l e c t the 

15. effects of the Commission's decision in R.I.D. 438 

16. as i t relates to the Theodore Barry & Associates 

17. audit report (May, 1977) of the Salem Unit No. 1. 

18. 

19. (5) The Company has overstated i t s working 

20. c a p i t a l claim. The analysis of the Company's 

21. working c a p i t a l claim and recommended changes 

22. to i t 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 1978? 

27. 

28. A. Based on a peak load of 5,318 megawatts at the time of 

29. system peak i n 1978 and the t o t a l i n s t a l l e d capacity 

6 
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1. connected- to load of 7,926 megawatts at the time of 

2. system peak load, the Company had an i n s t a l l e d reserve 

3. capacity of 49 percent of system peak demand. At the 

4. time of the peak, however, for various reasons, only 

5. 7,215 megawatts were available to supply the demand which 

6- results in a net reserve generation capability of 

7. 35.7 percent. I t must be noted that the figures j u s t 

8' quoted are actual s t a t i s t i c s for the year ended 

9. December 31, 1978, and are in no way modified to r e f l e c t 

10. an adjustment for normal weather conditions. 

11. 

12. Q. Does the Company's projected i n s t a l l e d reserve capacity 

13. for 1979 d i f f e r from that experienced in 1978? 

14. 

15.. A. Yes, i t does. For 1979, according to Company witness 

16. Boyer, the Company projects an in s t a l l e d reserve capacity 

17- of 36 percent of projected system peak demand. 

18. 

19. Q. Is a reserve generating capacity in the 1978 range of 36 

20. to 49 percent necessary to insure the provision of 

21. adequate and r e l i a b l e e l e c t r i c service? 

22. 

23. A. No. As a matter of f a c t , maintaining such a large 

24. reserve generating capacity can be a severely detrimental 

25. position for a company to be in from the standpoint of 

26. providing e l e c t r i c a l service at the lowest possible cost. 

27. i n the case of Philadelphia E l e c t r i c Company, a 
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23. 

24. 

25. 
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substantial portion of i t s generating capacity is 

represented by o i l - f i r e d plants which have 

c h a r a c t e r i s t i c a l l y high heat rates which, in turn, mean 

r e l a t i v e l y high f u e l costs and a s u s c e p t i b i l i t y to 

unstable f u e l prices which have existed since 1973, the 

beginning of our f i r s t hard-hitting experience with the use of 

o i l as an economic weapon i n the world market. 

Is there a generally accepted standard for reserve 

margins employed throughout the e l e c t r i c u t i l i t y 

industry? 

No, there is no generally accepted industry-wide 

standard. But, in my experience, I am aware of 

recommended or contractually-agreed-to reserve margins 

in the range from approximately 15 percent to 25 percent 

of estimated peak demand for a given system. As an 

example, the Staff of the Federal Energy Regulatory 

Commission i n a Staff Report e n t i t l e d "Projected 1977 

1978 Winter E l e c t r i c Load-Supply Situation, Contiguous 

United States", dated December 1, 1977, has noted that 

e l e c t r i c u t i l i t i e s generally plan for an i n s t a l l e d 

reserve margin of between 15 percent and 25 percent of 

peak demand. This range of reserve margins is comparable 

to the 49 percent i n s t a l l e d reserve margin carried by 

Philadelphia E l e c t r i c Company i n 1978. 
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1. Q. What major factors govern the i n s t a l l e d reserve margin 

2. level for a given system? 

3. 

4. A. Reserve margins can be a function of a number of items, 

5. which include system economic dispatch c r i t e r i a , the type 

6. and a v a i l a b i l i t y of the f u e l used by the system, the 

7. degree of separation between the two major peaks which a 

8. system w i l l experience during the measured period, the 

9. adequacy of the transmission and switching system to 

10. wh ich the generation units are attached, etc. A l l of 

11. these factors w i l l play into the decision of the proper 

12. reserve margin applicable to a given generation system. 

13. Needless to say, various individuals w i l l assess the 

14. importance of each of the factors in widely d i f f e r i n g 

15. ways. For example, the Company has determined that a 

16. reserve margin of as high "as 25 percent would be required 

17. in the 12 months ended March 31, 1980. The Mid-Atlantic 

18. Area Council (MAAC), in which Philadelphia E l e c t r i c 

19. Company and i t s Pennsylvania-Jersey-Maryland 

20. Interconnect Agreement associates are participants, 

21. suggests that a 22 percent margin should be s u f f i c i e n t to 

22. insure a loss of load p r o b a b i l i t y not greater than one 

23. day in ten years. The Energy Systems Research Group, the 

24. Consumer Advocate's load forecasting and system 

25. r e l i a b i l i t y consultants in t h i s case, suggest that, for 

26. the year 1981,, in .order... to .insure a loss of load 

27. p r o b a b i l i t y of one day in ten years, Philadelphia 
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1. E l e c t r i c Company w i l l require an i n s t a l l e d reserve 

2. capacity margin i n the range of 14 to 22 percent. So, 

3. c l e a r l y , the number of reserve margins which may be 

4. suggested for a given system are p a r t l y a function of the 

5. number of opinions which are s o l i c i t e d regarding the 

6. matter. In no case, however, is the reserve margin 

7. ranging upwards of the Company's 1979 figure of 

8. 36 percent deemed j u s t i f i e d , even by i t s own suggested 

9. c r i t e r i a . 

10. 

11. Q. What i s the ef f e c t on the Company's claimed rate base of 

12. maintaining excess generating capacity? 

13. 

14. A. The o r i g i n a l cost rate base as stated is excessive 

15. because i t includes i n net e l e c t r i c a l plant that portion 

16. of the investment associated with the unneeded generating 

17. capacity. Rate base i s further overstated by the 

18. inclusion of fuel inventories and materials and supplies 

19. related to the unneeded generating capacity. 

20. 

21. In addition, the operating expenses claimed by the 

22: Company are too high because they include various fixed 

23. charges associated with the redundant investment. These 

24. fixed costs include depreciation, property taxes, and 

25. maintenance. Production expenses may be marginally 

26. overstated because they tend to be related to actual use. 

10 
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1. Q. Is i t reasonable for ratemaking purposes to assess the 

2. Company's current ratepayers with a l l of these costs? 

3. 

4. A. I t would be reasonable to assess current ratepayers with 

5. these costs i f the Company can demonstrate: (1) that i t s 

6. investment i n the unneeded plant was a prudent decision 

7. , when made, (2) that the excessive capacity currently 

8. existing i s the result of changes in circumstances beyond 

9. the Company's control, and (3) that i t is taking prompt 

10. action to eliminate the uneconomic condition. I t must be 

11. emphasized that, in order to allow the Company to assess 

12. i t s current ratepayers with the burden of paying for 

13. excess capacity, a l l three of the aforementioned c r i t e r i a 

14. must be met. Failure to meet any one or indeed a l l of 

15. these c r i t e r i a would indicate that the Company had f a i l e d 

16. to act in the best interests of i t s customers and i t s 

17. stockholders. 

18. 

19. Q. In your opinion, has the Company f a i l e d to meet any or 

20. a l l of the three c r i t e r i a which you have ju s t mentioned? 

21. 

22. A. Yes, the Company's current excess capacity, stems from 

23. decisions which were in the process of being made in the 

24. early to mid-sixties, when the Company was planning the 

25.. Eddystone 3 and 4 generating units. During t h i s time, 

26. o i l - f i r e d generation appeared to be a viable long-term 

27, base load generation alternative and these plants were so 

11 
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1. planned. By the late 1960*sr expenditures were being 

2. made to ef f e c t the completion of the Philadelphia 

3. E l e c t r i c Company interest i n nuclear plants at Peach 

4. Bottom and Salem. The decisions to build these plants 

5. appeared to be prudent at that time. By the early to 

6. middle 1970's, when these plants were s t i l l i n the 

7. construction stages, i t was becoming very apparent that 

8. the costs required to ef f e c t completion of nuclear plants 

9. were being i n f l a t e d by needed improvements in nuclear 

10. safety regulations. Also during t h i s time i t was 

11. becoming clear that f o s s i l fuels and, in p a r t i c u l a r , fuel 

12. o i l were becoming so expensive as to nearly preclude 

13. e l e c t r i c u t i l i t i e s from any further consideration of 

14. constructing o i l - f i r e d capacity. E l e c t r i c energy rates 

15. began to rise generally to r e f l e c t these higher costs of 

16. generation and u t i l i t i e s began to see a slowdown in their 

17. previously predicted growth rates. In spite of these 

18. factors, Philadelphia E l e c t r i c Company continued with 

19. i t s construction plans i n an unmodified fashion and even 

20. planned the construction of the additional capacity at 

21. the Limerick Station, which was scheduled to go in 

22. service i n the 1983/85 time frame but has now been 

23. delayed u n t i l 1985/87 because i t s capacity i s deemed by 

24. the Company not to be needed u n t i l the later time frame. 

25. As a result of these actions, the Eddystone 3 and 4 units 

26. which were o r i g i n a l l y planned as base load units now have 

27. load factors more characteristic of intermediate to 

12 
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1. peaking-type f a c i l i t i e s . Throughout th i s entire period 

2. between the mid-sixties to the mid-seventies, when 

3. economic change i n the energy industry was so prevalent, 

4. the Company f a i l e d to recognize the ramifications of 

5. these higher f u e l and construction costs, and thereby 

6. f a i l e d to make appropriate arrangements for the orderly 

7. retirement of what clearly could be. seen as uneconomical 

8. excess capacity. Only now is the Company making any 

9. e f f o r t to adjust i t s admittedly excess capacity by 

10. r e t i r i n g the previously mothballed units at Richmond 12 

11. and Barbadoes 3 and 4. These retirements come only after 

12. • t h i s Commission's findings in R.I.D. 438. 

13. 

14. In summary then, while the Company's most recently 

15. constructed units were in the planning stages, a l l i n d i -

16. cations seemed to point.to the need for the capacity 

17. which those units would provide. However, as these units 

18. were in the construction phase, operation and 

19. construction costs were escalating at unprecedented 

20. rates, thereby p r e c i p i t a t i n g higher operation costs for 

21. existing o i l - f i r e d units (peakers) and higher e l e c t r i c 

22. rates were causing a trend toward more stable 

23. adjusted peak demands. I t i s during t h i s period that the 

24. Company f a i l e d in i t s burden of attending to the 

25. interests of both i t s customer population and i t s 

26. stockholders by f a i l i n g to adequately plan for the 

27. orderly retirement of i t s most expensive and unneeded 
28. generating capacity. 

13 
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1. Q. Mr. Weiss, how can the investment associated with 

2. Philadelphia E l e c t r i c Company's excess generating 

3. capacity be eliminated from rate base for ratemaking 

4. purposes in t h i s case? 

5. 

6. A. There are several ways of adjusting rate base to 

7. recognize the existence of excess capacity. One way i s 

8. to exclude the investment i n designated units based on an 

9. analysis of the current use of production plant, 
10. e f f i c i e n c i e s of the various plants, and the Company's own 

11. retirement plans. 

12. 

13. A second method would be to reduce the investment 

14. and related costs i n a l l production plant by a factor 

15. representing the unneeded capacity as a percentage of 

16. t o t a l capacity. This, however, is a less desirable 

17. method in that i t f a i l s to adequately assess the 

18. operating e f f i c i e n c i e s of individual units. 

19. 

20. S t i l l another method for adjusting rate base to 

21. remove excess capacity would be to designate older 

22. f a c i l i t i e s as those which are representative of the 

23. unneeded capacity and remove the investment from the 

24. determination of the Company's revenue requirement. This 

25. method is inappropriate again because, although the 

26. plants may be the oldest i n the Company's production 

27. plant inventory, there i s no guarantee that they are, i n 

14 
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1. fact,-the-least e f f i c i e n t and, hence, the method may 

2. confer upon the Company a s i g n i f i c a n t advantage in that, 

3. since the plants are the e a r l i e s t production vintages, 

4. they would tend to be the most highly depreciated and, 

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 

9, the problem of excess capacity? 

10. 

11. A. Yes, there is one other method which I would view to be 

12. viable i f i t 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. c a p i t a l i z a t i o n of a modified allowance for funds used 

17. during construction (AFUDC) on the removed plant u n t i l 

18. such time as the plant i s deemed to be needed. In order 

19. that the f i n a n c i a l r i s k of t h i s temporary excess capacity 

20. be borne by the appropriate party, i t would be necessary 

21. that the AFUDC rate used for t h i s purpose include equity 

22. return at the zero cost l e v e l . In t h i s 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. 

15 
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1- Q. Why should the AFUDC rate applied to the investment i n 

2. excess capacity be less than the rate currently applied 

3. to new construction? 

4. 

5. A. By eliminating the equity component, the Company's 

6. investors are properly not being given the opportunity to 

7. accrue a return on the excess capacity. I t would be f a i r 

8. to the investors since, after the plant was returned to 

9. service, "they would be permitted to recover a f u l l 

10. return on th e i r legitimate investment and not be 

11. penalized by bearing the f u l l burden of the debt costs 

12. associated with the excess capacity. This method has a 

13. severe drawback, however, in that, although present 

14. customers would avoid the costs associated with excess 

15. capacity, future customers would be required to pay those 

16. costs even though they had no re s p o n s i b i l i t y for them. 

17. In addition, employment of t h i s method of recognizing, 

18. for ratemaking purposes, an allowance for excess 

19. capacity would require clear evidence that the Company 

20. had no plans for the construction of additional capacity 

21. i n the near future. 

22. 

23. Q. What method are you recommending for dealing with the 

24. costs associated with excess generating capacity i n t h i s 

25. case? 

16 
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1. A. My recommendation involves a determination of the le v e l 

2. of excess capacity and the subsequent i d e n t i f i c a t i o n 

3. of the units 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 i t s . previously-established precedents of flowing 

7-. through to the Company's customers the benefits of 

8. recurring tax savings associated with i t s construction 

9. program. 

10. 

11. Q. How have you determined the le v e l of Philadelphia E l e c t r i c 

12. Company's excess capacity in th i s case? 

13. 

14. A. I began with the 7,689 megawatt i n s t a l l e d generating 

15. capacity which the Company shows w i l l be i n s t a l l e d 

16. at the time of i t s estimated peak in the summer of 

17. 1981. From th i s i n s t a l l e d 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 i n s t a l l e d generating reserve margin set at 

22. the midpoint of the 14 percent to 22 percent range 

23. as i d e n t i f i e d by the ESRG witnesses in their testimony as 

24. adequate to maintain a loss of load p r o b a b i l i t y of 

25. one day in ten years. These calculations y i e l d an 

26. excess capacity of some 775 megawatts during the 1981 

27. summer peak. I t should be noted that the i n s t a l l e d 

17 
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.1. capacity used in t h i s calculation r e f l e c t s the recent 

2. retirement of the Company Richmond No. 12 and Barbadoes 3 

3. and 4 uni t s . 

4. 

5. In order to decide which units should be eliminated 

6. for ratemaking purposes to r e f l e c t the removal of excess 

7. capacity from rate base, I reviewed s t a t i s t i c s describing 

8. the u t i l i z a t i o n of the Company's generating units i n 

9. 1978 as obtained from i t s f i l i n g s with the Federal 

10. Energy Regulatory Commission (Forms 1 and 12), the 

11. Company*s 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 the costs associated with the following 
i 

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. 

23. These adjustments imply a reduction in generating 

24. capacity for ratemaking purposes to the leve l of 6,944 

25. megawatts, based on the estimated peak load of 5,860 

26. megawatts and the mid-point (18%) of the recommended i n s t a l l e d 

27. reserve requirement as projected by ESRG for the summer 

28. of 1981. 

18 
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1. Based on th i s load reduction scenario, I have 

2. determined that the depreciated o r i g i n a l cost of these 

3. units t o t a l s $25,043,000. This amount is eliminated 

4. from rate base as the reduction associated with excess 

5. capacity. 

6. 

7. Q. Turning to the issue of the Company's f o s s i l f u e l inven-

8. tory levels, would you please state your concern over 

9. the Company's rate base claims i n th i s 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 f u e l usage (TR 1297-1299). In other words, 

15. the Company has f a i l e d to demonstrate that, beginning 

16. with i t s le v e l of fue l inventory on hand at the beginning 

17. of the test year less the f u e l usage projected for 

18. the test year, plus the volume of fue l 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 o i l ? 

24. 

25. A. Yes, I have. Using the Company's actual reported data 

26. for 1978 as developed from i t s FERC Form 1, I developed 
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1. : a leve l of f u e l inventory requirements by individual 

2. generating station and priced these inventories at 

3. the cost levels suggested by the Company at Exhibit DPS-2, 

4. p. C-24. The results of my analysis indicate that 

5. the Company has overstated the cost of maintaining 

6. an objective inventory le v e l for coal by approximately 

7. $9 m i l l i o n . My analysis of the Company's o i l inventory 

8. levels has indicated that there i s no reason to adjust 

9. for a change in working c a p i t a l requirements associated 

10. with t h i s f u e l type. 

11. 

12. Q- Now, l e t us turn to the issue of the Company's claim 

13. for nuclear f u e l balance in the Salem Unit No. 1 reactor. 

14. Would you please explain your concern about t h i s matter. 

15. 

16. A. The Company's claim for average nuclear f u e l balance 

17. associated with the Salem No. 1 nuclear plant i s over-

18. stated i n that i t f a i l s to adequately weight the f u e l 

19. balance on hand during the test year, even assuming 

20. the Company's own numbers. I have performed an adjustment 

21. to r e c t i f y t h i s deficiency. This adjustment is out-

22. lined i n my Exhibit (THW-1), p. 2 which shows that 

23. the Company has overstated i t s average nuclear f u e l 

24. balance by some $2,250,000. 

20 
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1. Q. Are there any other adjustments which you have made 

2. to the Company's claimed o r i g i n a l cost rate base i n 

3. th i s case? 

4. 

5. A. Yes, based on the Commission decision regarding Theodore 

6. Barry & Associates' audit of the Salem No. 1 construc-

7. ti o n practices and the.resulting Commission decision 

8. in R.I.D. 438, I have eliminated from rate base in 

9. th i s case a t o t a l of $10,500,000 from the Company's 

10. claimed rate base. 

11. 

12. In addition, I have adopted the cash working c a p i t a l 

13. recommendations of my associate, Mr. Arndt, and, in 

14. doing so, reduced the Company's rate base by a t o t a l 

15. of some $13 m i l l i o n . 

16. 

17. My Exhibit (THW-1) summarizes my adjustments 

18. to the. Company's rate base and shows my recommendation 

19. of $2,441 m i l l i o n as the rate base i n t h i s case as 

20. opposed to the Company's $2,501 m i l l i o n claim, a reduction 

21. of some $60 m i l l i o n . 

22. 

23. I t must be noted that the figures appearing on 

24. t h i s exhibit have not been adjusted for any changes 

25. in our recommendations regarding deferred income taxes. 

26. Any adjustment to th i s category of rate base w i l l , 
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1. of necessity., depend on our further analysis of the 

2. Company's revenue requirements, including i t s claims 

3. for pro forma operating revenues and expenses as outlined 

4. in Exhibit DPS-2. This analysis is due to be complete 

5. and the testimony prepared for d i s t r i b u t i o n to the 

6. interested parties at a l a t e r time. 
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In the process of re d i r e c t examination of Mr. Weiss on 
December 11, 1979, Mr. Hall requested references to support 
Mr. Weiss' statement regarding .the non-taxablity of revenues c o l ­
lected from customers for ultimate use as payment for spent 
nuclear f u e l 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 Revenue 
Regulations. The following are the references requested by 
Mr.Hall: 

1. Income tax regulations Section 1.451-2 (a). Constructive 
receipt of income-General r u l e . This section c l e a r l y 
indicates that the receipt of cash or other assets i n 
advance of t h e i r being earned i s taxable at the time of 
receipt ijf the recipient has complete unhampered use of the 
funds. Conversely, i f the receipt of the funds is subject 
to substantial l i m i t a t i o n s such as those described i n Pa.PUC 
Decision at R.I.D. 392, no tax would apply u n t i l the 
funds are made available for use by the Company. Under 
such circumstances, funds so collected would be included i n 
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 
w i l l be booked i n an amount equal to the escrow d i s ­
bursement to income thereby resulting i n no increase i n 
taxable income. To quote from the Regulation: 

"(a) General Rule, income although not actually reduced to 
a taxpayer's possession i s constructively received by him 
i n the taxable year during which i t is credited to his 
account, set apart for him, or otherwise made available so 
that he may draw upon i t at any time, or so that he could 
have drawn upon i t during the taxable year i f notice of 
intention to withdraw had been given. However, income ig 
not constructively received i f the taxpayer's control"of 
i t s receipt is subject to substantial l i m i t a t i o n or 
restr ictions"(emphasis.added). 
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2. Pa.PUC v. Pennsylvania E l e c t r i c Company, 
R.I.D. 392 (June 28, 1978). At pages 24 and 25 of i t s 
Order i n t h i s case the 'Commission outlines very s p e c i f i c 
circumstances under which an annuity collected from 
ratepayers i s invested i n a heavily r e s t r i c t e d escrow fund 
consisting of Commonwealth of Pennsylvania- general 
ob l i g a t i o n bonds. This .finding s u f f i c i e n t l y encumbers the 
receipts so as to render them excluded from income u n t i l 
needed to meet the o f f s e t t i n g expense and i s consistent 
with Income Tax"Regulations Section 1.451. 
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1 you, either? 

2 A No, sir. 

3 Q Mr. Weiss, was or is the opinion which you 

4 express as to the propriety and level of an adjustment on 

5 account of what you view as excess capacity influenced to 

6 a significant degree by what you have calculated as the 

7 indicated reserve margin of 49 per cent during 1978? 

8 A Is my adjustment related to the 49 per cent 
9 that I show on Page 7? 

1 0 Q I don't mean in a mathematical sense, but in 

11 a judgmental sense? 

1 2 A No. I t i s , however, related to the net 

13 reserve generation capacity of 35.7, which I quoted earlier. 

14 Q Mr. Weiss, i f you know, is the standard for 

15 electric system r e l i a b i l i t y stated in terms of reserve 

16 margins or in terms of some other formulation? 

17 A In i t s purest sense, i t is stated in some other 

18 formulation. 

i? Q And could you state for us what that other 

20 formulation is? 

21 A I 'K-iieve the probability or the average 

22 probability of an outage creating at least a partial blackout 

23 of one day in ten years in the case of PECO and the Mid- I 

24 Atlantic Council, 

25 ^ Is that same reserve r e l i a b i l i t y or is that sara 
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