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COST ESTIMATING RELATIONSHIPS FOR NUCLEAR POWER PLANT 
OPERATION AND MAINTENANCE 

H. I. Bowers 
L. C. F u l l e r  
M. L. Myersa 

ABSTRACT 

Revised c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  f o r  1987 a r e  pre- 
s e n t e d  f o r  e s t i m a t i n g  annual  nonfue l  o p e r a t i o n  and mainte- 
nance ( O & M )  c o s t s  f o r  l i gh t -wa te r  r e a c t o r  (LWR) nuc lea r  power 
p l a n t s ,  which update  g u i d e l i n e s  publ i shed  p r e v i o u s l y  i n  
1982. The purpose of t h e s e  c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  i s  
f o r  use i n  long  range p l ann ing  and e v a l u a t i o n s  of t h e  eco- 
nomics of nuc lea r  energy f o r  e lectr ic  power gene ra t ion .  A 
l i s t i n g  of a computer program, LWROM, implementing t h e  c o s t  
e s t i m a t i n g  r e l a t i o n s h i p s  and w r i t t e n  i n  advanced BASIC f o r  
IBM pe r sona l  computers ,  is inc luded .  

1 .  INTRODUCTION 

The purpose of t h i s  r e p o r t  is t o  provide  r ev i sed  and updated c o s t  

e s t i m a t i n g  r e l a t i o n s h i p s  f o r  annual  nonfue l  o p e r a t i o n  and maintenance 

( O & M )  c o s t s  f o r  l i gh t -wa te r  r e a c t o r  (LWR) n u c l e a r  power p l a n t s  f o r  e l e c -  

t r i c  power gene ra t ion .  The c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  apply  t o  

t o d a y ' s  commercial p re s su r i zed -wa te r  r e a c t o r  (PWR) and boi l ing-water  

r e a c t o r  (BWR) p l a n t s  w i th  u n i t s  ranging  i n  s i z e  from 400 t o  1300 MW(e) 

o p e r a t i n g  base-loaded a t  c a p a c i t y  f a c t o r s  g r e a t e r  t han  0.40. The a y p l i -  

c a t i o n  i s  f o r  use i n  e v a l u a t i o n s  and p r o j e c t i o n s  of t h e  economics of 

n u c l e a r  energy f o r  long range  p lanning  purposes .  These r e l a t i o n s h i p s  

are n o t  s u b s t i t u t e s  f o r  d e t a i l e d  a n a l y s e s  of s p e c i f i c  n u c l e a r  power 

p r o j e c t s .  

Table  1.1 shows a comparison of O&M cost e s t i m a t e s  produced us ing  

the r e v t s e d  and updated 1987 c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  r e p o r t e d  i n  

aConsul t an t .  
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Table 1.1 Comparison of 1982 and 1987 
annual  O&M c o s t  estimates f o r  a 

1 x 1150-MWl(e) PWR p l a n t  a t  
0.65 c a p a c i t y  f a c t o r  

( m i l l i o n s  of 1987 d o l l a r s )  

1982a 1987 

Ons i t e  s t a f f  

Maintenance materials 

Supp l i e s  and expenses  

O f f s i t e  t e c h n i c a l  suppor t  

Pensions and b e n e f i t s  

Nuclear r e g u l a t o r y  f e e s  

Nuclear i n su rance  premiums 

Other a d m i n i s t r a t i v e  and 
g e n e r a l  expenses 

T o t a l  

17.6 

5.1 

6.5 

4 . 4  
b 

0.6 

7.1 

10.2 

51.5 

32.4 

7.8 

14.8 

13.3 

9.3 

1.3 1 

6.3 

10.2 

95.4 

aFrom Table  1.1 of Ref. 1 a d j u s t e d  t o  
1987 d o l l a r s  us ing  t h e  I m p l i c i t  P r i c e  De- 
f l a t o r  f o r  Gross Na t iona l  Product .  

bIncluded i n  o n s i t e  s t a f f ,  of f s i t e  
t e c h n i c a l  s u p p o r t ,  and o t h e r  admin i s t r a -  
t i v e  and g e n e r a l  expenses.  

t h e  c u r r e n t  s t u d y  and t h e  1982 c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  r epor t ed  i n  

Ref. 1. This  comparison i n d i c a t e s  t h a t  t hese  nuc lea r  power p l a n t  O&M 

c o s t  p r o j e c t i o n s  have almost  doubled i n  real terms from 1982 t o  1987. 

The i n c r e a s e  i s  p r i n c i p a l l y  due t o  t h e  approximate ly  doubl ing  of 

s t a f f i n g  and s t a f f i n g - r e l a t e d  cos t s .  

The account ing  system u t i l i z e d  and i t s  r e l a t i o n s h i p  t o  t h e  Uniform 

System of Accounts2 i s  d i scussed  i n  Sec t .  2. 

The recommended c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  are d i s c u s s e d  i n  

Sec t s .  3 1 0 .  

The r e s u l t s  of using these  c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  and a com- 

pa r i son  wi th  r epor t ed  O&M c o s t s  f o r  nuc lea r  power p l a n t s  are d i s c u s s e d  

i n  Sec t .  11. 
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A computer code, WROM, implementing t h e  c o s t  e s t i m a t i n g  r e l a t i o n -  

s h i p s  is l i s t e d  in Appendix A. The computer code is w r i t t e n  in advanced 

BASIC f o r  IBM per sona l  computers. S ince  the i n p u t  v a r i a b l e s  are menu 

d r i v e n  and a l l  v a r i a b l e s  are de f ined  i n  t h e  l i s t i n g ,  t he  code is essen- 

t i a l l y  se l f - con ta ined  wi thout  need f o r  a d d i t i o n a l  documentation. 
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2. OPERATION AND MAINTENANCE EXPENSE ACCOUNTS 

In  the  ea r l i e r  s tudy  f o r  l a r g e  nuc lea r  p l a n t s , l  a c o s t  account ing  

breakdown s imi la r  t o  t h a t  shown i n  Table  2.1 was developed,  which f a c i l -  

i t a t e s  t h e  d e r i v a t i o n  of c o s t s  r e l a t e d  t o  expend i tu re s  f o r  pe r sonne l ,  

consumable materials and s u p p l i e s ,  and a d m i n i s t r a t i v e  and g e n e r a l  (A&G) 

expenses .  This  account ing  breakdown encompasses approximate ly  t h e  same 

expenses  as shown i n  Table  2.2 f o r  t h e  Uniform System of Accounts pre- 

s c r i b e d  f o r  p u b l i c  u t i l i t i e s  s u b j e c t  t o  p rov i s ions  of t he  Fede ra l  Power 

A c t  f o r  nuc lea r  power g e n e r a t i o n  and A&G expenses.  * 

Table  2.1. O&M expense accounts  

Nuclear Power Genera t ion  

Ons i t e  s t a f f  

Maintenance inaterials 

F ixed  
Var i ab le  

Supp l i e s  and expenses 

Fixed 
Var i ab le  

O f f s i t e  t e c h n i c a l  suppor t  

Admin i s t r a t ive  and Genera l  

Pensions and b e n e f i t s  

Nuclear  r e g u l a t o r y  f e e s  

Nuclear  i n su rance  premiums 

Other  a d m i n i s t r a t i v e  and g e n e r a l  expenses  

The power g e n e r a t i o n  c o s t  accounts  i n  Table  2.1 i n c l u d e  t h e  n u c l e a r  

power g e n e r a t i o n  accoun t s  from Table 2.2 wi th  the  excep t ion  of 518 Nu- 

c l e a r  Fuel Expense, 521 Steam From Other Sources ,  522 Steam T r a n s f e r r e d ,  

and 525 Rents. Nuclear f u e l  expense i s  cons idered  s e p a r a t e l y  i n  eco- 

nomic e v a l u a t i o n s ,  and Accounts 521, 522, and 525 are cons idered  t o  be 
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Table  2.2. Uniform system of accounts  f o r  
n u c l e a r  power g e n e r a t i o n  and a d m i n i s t r a t i v e  

and g e n e r a l  expensesa 

Nuclear Power Genera t ion  

Operat i o n  

517 
518 
519 
520 
521 
522 
5 23 
524 
5 25 

Opera t ion  s u p e r v i s i o n  and e n g i n e e r i n g  
Nuclear f u e l  expense 
Coolants  and water 
Steam expenses  
Steam from o t h e r  s o u r c e s  
Steam t r a n s f e r r e d  ( c r e d i t )  
Electr ic  expenses  
Misce l laneous  n u c l e a r  power expenses 
Rents  

Maintenance 

5 28 Maintenance super  v i s  ion  and e n g i n e e r i n g  
529 Maintenance of s t r u c t u r e s  
5 30 Maintenance of r e a c t o r  p l a n t  equipment 
53 1 Maintenance of e l ec t r i c  p l a n t  
532 Maintenance of misce l laneous  n u c l e a r  p l a n t  

9 20 
92 1 
9 22 
923 
924 
925 
926 
927 
9 28 
9 29 
930.1 
930.2 
931 
932 

A d m i n i s t r a t i v e  and General  Expenses 

Opera t ion  

A d m i n i s t r a t i v e  and g e n e r a l  s a l a r i e s  
O f f i c e  s u p p l i e s  and expenses 
A d m i n i s t r a t i v e  expenses  t r a n s f e r r e d  ( c r e d i t )  
Outside s e r v i c e s  employed 
P r o p e r t y  i n s u r a n c e  
I n j u r i e s  and damages 
Employee pens ions  and b e n e f i t s  
Franchise  requirements  
Regula tory  commission expenses  
D u p l i c a t e  charges  ( c r e d i t )  

General  a d v e r t i s i n g  expenses  
Miscel laneous g e n e r a l  expenses 

Rents  
T r a n s p o r t a t i o n  expenses  (minor)  

Maintenance 

935 Maintenance of g e n e r a l  p l a n t  

aReference 2 ,  pages 409410.  
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z e r o  f o r  e v a l u a t i o n  purposes.  In a d d i t i o n  t o  d i r e c t  sa lar ies  the  c o s t  

accounts  f o r  o n s i  te s ta f f  and o f f  s i t e  t e c h n i c a l  suppor t  i nc lude  p a y r o l l  

t a x  and in su rance  ( s o c i a l  s e c u r i t y  t a x  and unemployment in su rance  pre- 

miums). I n  t h e  ea r l i e r  s tudy  they  a l s o  inc luded  expenses  f o r  pens ions  

and b e n e f i t s  from 926 Employee Pensions and B e n e f i t s ,  which are now 

i temized  s e p a r a t e l y  under A&G expenses.  

The A&G c o s t  accounts  i n  Table  2.1 i n c l u d e  A&G expense accounts  

from Table  2.2 as a l l o c a t e d  t o  e lec t r i c  power gene ra t ion .  The pens ions  

and b e n e f i t s  account  i n c l u d e s  an  a l l o c a t i o n  of 926 Employee B e n e f i t s  and 

Pens ions  and a l s o  as a c o s t  e s t i m a t i n g  convenience an al lowance f o r  

workers '  compensation i n s u r a n c e ,  which i s  a p a r t  of 925 I n j u r i e s  and 

Damages. Nuclear r e g u l a t o r y  fees arc a p a r t  of 928 Regula tory  Commis- 

s i o n  Expenses; p l a n t  p rope r ty  damage in su rance  premiums are a p a r t  of 

924 Proper ty  Insurance ;  and nuc lea r  l i a b i l i t y  i n su rance  premium are a 

p a r t  of 925 I n j u r i e s  and Damages. Other A&G expenses  are an a l l o c a t i o n  

of a l l  o t h e r  AbG accounts  from Table  2.2. 

I n  making comparisons i t  i s  impor tan t  t o  be aware t h a t  most s t u d i e s  

of e m p i r i c a l  O&M c o s t  d a t a  do not i nc lude  any of the A&G expenses i n -  

c luded i n  Accounts 920-932 and 935 and many inc lude  the  f u e l  expense 

inc luded  i n  Account 5 18. 
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3. ONSITE STAFF 

The e v a l u a t i o n  of s t a f f i n g  requi rements  is an impor tan t  f i r s t  s t e p  

i n  e s t i m a t i n g  annual  O&M c o s t s  f o r  n u c l e a r  power p l a n t s .  U n f o r t u n a t e l y ,  

f o r  c o s t  e s t i m a t i n g  purposes  t h e r e  is no s t a n d a r d i z e d  o r g a n i z a t i o n a l  

s t r u c t u r e  o r  approach t o  the  s t a f f i n g  of n u c l e a r  power p l a n t s .  Examina- 

t i o n  of the  d a t a  r e p o r t e d  by u t i l i t i e s  on Form 1 t o  t h e  F e d e r a l  govern- 

ment shows a wide v a r i a t i o n  i n  o n s i t e  s t a f f i n g ,  ranging from less than  

300 t o  more t h a n  1000 f o r  l a r g e  s i n g l e - u n i t  p l a n t s  and from less t h a n  

500 t o  more than  2000 f o r  l a r g e  two-unit p l a n t s .  The a n a l y s i s  is com- 

p l i c a t e d  by two f a c t o r s :  ( 1 )  many u t i l i t i e s  c o n t r a c t  a c t i v i t i e s  such a s  

s e c u r i t y ,  peak maintenance , h e a l t h  p h y s i c s ,  and q u a l i t y  c o n t r o l ,  while 

o t h e r s  perform a l l  a c t i v i t i e s  w i t h  t h e i r  own employees; and ( 2 )  t h e  d i s -  

t r i b u t i o n  of o n s i t e  and o f f s i t e  s t a f f  v a r i e s  depending on management 

phi losophy,  which may i n c l u d e  c o n s i d e r a t i o n  of t h e  number of n u c l e a r  

p l a n t s  i n  t h e  u t i l i t y  system and d i s t a n c e s  between p l a n t s  and c e n t r a l  

o f f i c e s .  

One d isadvantage  of t h e  Form 1 d a t a  is  t h a t  i t  i d e n t i f i e s  o n l y  t h e  

number of o n s i t e  u t i l i t y  personnel  on t h e  p a y r o l l .  It does not i d e n t i f y  

o f f s i t e  s t a f f  and c o n t r a c t o r  personnel .  The I n s t i t u t e  f o r  Nuclear  Power 

Opera t ions  (INPO) performs annual  surveys  of both o n s i t e  and o f f s i t e  

s t a f f i n g ,  i n c l u d i n g  c o n t r a c t o r  personnel ,  and t h e  Edison Electr ic  I n s t i -  

t u t e  ( E E I )  makes annual  surveys  of wages and salaries. 'However, i n  both 

cases t h e  i n f o r m a t i o n  is p r o p r i e t a r y  and not c u r r e n t l y  a v a i l a b l e  f o r  

a n a l y s i s .  A 1983 a n a l y s i s  of t h e  INPO d a t a , 3  which examined t o t a l  

employment requi rements  f o r  n u c l e a r  u t i l i t i e s  , has been u s e f u l  i n  iden- 

t i f y i n g  t y p e s  of personnel ,  the requirements  f o r  o f f s i t e  s u p p o r t ,  and 

s i z e - s c a l i n g  r e l a t i o n s h i p s .  Wage s c h e d u l e s  publ i shed  by t h e  I n t e r -  

n a t i o n a l  Brotherhood of Electr ical  Workers ( IBEWI4 have been very  help- 

f u l  i n  e s t a b l i s h i n g  salaries. 

The e s t i m a t e d  annual  sa lar ies  and o n s i t e  s t a f f i n g  recommended f o r  

cost e s t i m a t i n g  purposes are shown i n  Table 3.1. The position titles 

and d i s t r i b u t i o n  of personnel  are a s y n t h e s i s  us ing  judgment fo l lowing  

d i s c u s s i o n s  wi th  knowledgeable u t i l i t y  p e r s o n n e l ,  who have reques ted  

anonymity. This  s t a f f i n g  arrangement has  been developed s o l e l y  f o r  c o s t  



T a b l e  3.1. E s t i m a t e d  a n n u a l  s a l a r i e s  and o n s i t e  
s t a f f i n g  f o r  IlOU-Mw(e) n u c l e a r  u n i t s  

( J a n u a r y  1987 d o l l a r s )  

S d l a r y  

( $ / y e a r  1 

Number of u n i t s  i n  p l a n t  
J o b  t i t l e  

1 2 3 4 
-__1, 

P l a n t  i t a n a g e r ' s  O f f i c e  

P l a n t  Manager 
A s s i s t a n t  manager 
P u b l i c  r e l a t i o n s  
E n v i r o n m e n t a l  c o n t r o l  
Q u a l i t y  a s s u r a n c e  
T r a i n i n g  
S a f e t y  and f i r e  p r o t e c t  engr 
Admi. n i  s t r a t  i v e  se r v i ces 
F i r e  b r i g a d e  
S e c u r i t y  

S u b t o t a l  

O p e r a t i o n s  

S u p e r v i s i o n  
S h i f t  o p e r a t i o n s  
E n g i n e e r i n g  

S u b t o t a l  

M a i n t e n a n c e  

S u p e r v i s i o n  
C r a f t s  
A n n u a l i z e d  peak  m a i n t e n a n c e  
E n g i n e e r i n g  
Q u a l i t y  c o n t r o l  
S t o r e k e e p e r s  

Sub t o t a 1 

T e c h n i c a l  S u p p o r t  

R e a c t o r  e n g i n e e r i n g  
Radiochem. and w a t e r  chern. 
E n g i n e e r i n g  
T e c h n i c i a n s  
H e a l t h  p h y s i c s  

$ 1 0 0 , 0 0 0  
7 0 , 0 0 0  
44 ,000  
4 4 , 0 0 0  
51 ,000  

4 1 , 0 0 0  
27,000 

24 ,000  

4 9 , 0 0 0  

2 4 , 0 0 0  

51 ,000  
4 3 , 0 0 0  
4 7 , 0 0 0  

4 8 , 0 0 0  
3 4 , 0 0 0  
3 4 , 0 0 0  
4 4 , 0 0 0  
3 7 , 0 0 0  
31 ,000  

51 ,000  
4 8 , 0 0 0  
44 ,000  
3 6 , 0 0 0  
3 6 , 0 0 0  

1 
1 
2 
2 
6 

48 
7 

80 
27 

126 

300 

I_ 

4 
103 

20 

127 
- 

7 
140 

55 
12 

7 
9 

2 30 

- 

5 
12 
30 
6 0  
36 

Sub t o t a1 143 

T o t a l  o n s i t e  s t a f f  

T o t a l  o n s i t e  a n n u a l  s a l a r y  ( l o 6  d o l l a r s )  

Average a n n u a l  s a l a r y  ( d o l l a r s )  

800 

$28.3 

$ 3 5 , 4 0 0  

1 
2 
2 
2 
8 

58 
10 

120 
27 

173 

403 
_I 

6 
190 

40 

236 

.- 

13 
2 10 

8 3  
17  
12 
16 

35 1 

8 
22 
45 
85  
6 3  

223 - - 
1 , 2 1 3  1 ,547  1 ,838  

$43.5 

$ 3 5 , 9 0 0  
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e s t i m a t i n g  purposes  and i s  no t  a recommendation f o r  s t a n d a r d i z e d  

s t a f f i n g .  However, i t  does  r e f l e c t  t h e  management phi losophy of 

s t a f f i n g  a l l  p o s i t i o n s  wi th  u t i l i t y  employees. 

The fo l lowing  s c a l i n g  r e l a t i o n s h i p  i s  recommended f o r  e s t i m a t i n g  

t y p i c a l  s t a f f i n g  as a f u n c t i o n  of u n i t  s i z e  and number of u n i t s :  

(NO. of u n i t s ) 0 * 6  . [ W ( e )  l;;t; u n i t  0 -  5 1 Ons i t e  s t a f f  = 800 

Th i s  is an e m p i r i c a l  r e l a t i o n s h i p  based on judgment. There i s  cons ide r -  

a b l e  u n c e r t a i n t y  i n  t h e  form of t h e  e q u a t i o n  and t h e  v a l u e s  of t h e  

s c a l i n g  exponents .  Reference  3 r e p o r t s  an exponent of approximate ly  0.5 

f o r  s c a l i n g  s t a f f i n g  as a f u n c t i o n  of t o t a l  megawatts c a p a c i t y  i n  t h e  

p l a n t .  Reference  5 r e p o r t s  an exponent of approximate ly  0.4 f o r  s c a l i n g  

annual  O&M c o s t  as a f u n c t i o n  of u n i t  s i z e  t i m e s  number of u n i t s  r a i s e d  

t o  approximate ly  t h e  0.7 power. 

The t o t a l  o n s i t e  p a y r o l l  is inc reased  by 10% t o  allow f o r  t h e  

expense of p a y r o l l  t a x  and in su rance  ( i . e * ,  s o c i a l  s e c u r i t y  tax  and 

unemployment in su rance  premiums ) . 
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4 .  MAINTENANCE MATERIALS 

Maintenance materials are de f ined  as expensed replacement  i tems, 

expendable  materials, and s e r v i c e s  t h a t  are u t i l i z e d  i n  ma in ta in ing  t h e  

p l a n t  throughout  i t s  l i f e t i m e .  They do not  i n c l u d e  l a r g e  replacement  

i t e m s  and improvements t h a t  are c a p i t a l i z e d  and amort ized over  a pe r iod  

of years .  I n  p r a c t i c e  t h e s e  expenses  may vary cons ide rab ly  from year-  

to-year  due t o  u n a n t i c i p a t e d  problems and t h e  schedu l ing  of maintenance 

of major equipment such as tu rb ine -gene ra to r  u n i t s .  

The c o s t  e s t i m a t i n g  f a c t o r s  shown i n  Table 4,1 are based on t h e  

recommendation p resen ted  i n  Ref. 1 ,  which relates c o s t s  of materials t o  

t h e  number of p o s i t i o n s  on t h e  maintenance s t a f f  ( i . e . ,  s u p e r v i s i o n ,  

c r a f t s ,  and annua l i zed  peak). The t o t a l  annual  expense f o r  maintenance 

materials is e s t ima ted  t o  be equal  t o  the  annual  expense for maintenance 

s t a f f  a t  0.80 c a p a c i t y  f a c t o r .  There is e s t ima ted  t o  be a f i x e d  compo- 

nent  (0.751, which does not va ry  wi th  p l a n t  o u t p u t ,  and a smaller v a r i -  

a b l e  component (0.25 a t  0.80 c a p a c i t y  f a c t o r ) ,  which is d i r e c t l y  propor- 

t i o n a l  t o  energy gene ra t ion .  

T a D l e  4.1 Maintenance materials c o s t  
e s t i m a  t ing  f ac t o r  sa 

Fixed component 0.75 

Var i ab le  component 

T o t a l  

0.25b 

1.00 

aFrac t ion  of maintenance o n s i t e  
s t a f f  c o s t  ( s u p e r v i s i o n ,  c r a f t s ,  and 
annual ized  peak). 

bAt  0.80 c a p a c i t y  f a c t o r .  

The fo l lowing  r e l a t i o n s h i p  is recommended f o r  a d j u s t i n g  maintenance 

materials c o s t s  f o r  u n i t  s i z e  and number of u n i t s  

Maintenance materials c o s t  = 

(NO. of u n i t s ) 0 * 6  . [m(e)l;;; u n i t  0.5 3 202 ($36,00O/year) 
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The s u p p l i e s  and 

t h a t  are unrecoverable  

5. SUPPLIES AND EXPENSES 

expenses  account  i n c l u d e s  consumable materials 

a f t e r  use and c o n t r a c t  s e r v i c e s  f o r  nonmainte- 

nance a c t i v i t i e s .  These i n c l u d e  makeup materials, chemica ls ,  g a s e s ,  

l u b r i c a n t s ,  o f f i c e  and personnel  s u p p l i e s ,  monitor ing and record  sup- 

p l i e s ,  t r a i n i n g ,  d a t a  p r o c e s s i n g ,  r e n t s ,  and waste management. 

Although consumption of w a t e r ,  such as t h a t  l o s t  by e v a p o r a t i o n  

from condenser  c o o l i n g  water systems,  is s i g n i f i c a n t  [about  15,000,000 

gpd f o r  a 1000-MW(e) u n i t ] ,  no c o s t  a l lowance i s  inc luded  f o r  water not  

r e t u r n e d  t o  t h e  system o r  a q u i f e r  from which i t  w a s  withdrawn. Water 

r i g h t s  i n  some p a r t s  of t h e  United S t a t e s ,  however, a r e  h i g h l y  appropr i -  

a t e d ,  and s i t i n g  of power p l a n t s  i n  t h e s e  areas may r e q u i r e  t h e  purchase 

of e x i s t i n g  water  r i g h t s .  The a c t u a l  form and amount of such payments, 

which may be made a n n u a l l y ,  are not  p a r t  of t h e s e  procedures .  

Fuel  o i l  f o r  s tandby and emergency d i e s e l - e n g i n e  generators ;  and f o r  

a u x i l i a r y  steam f o r  b u i l d i n g  h e a t i n g  is not  a nonfuel  O&M expense but  i s  

d e f i n e d  i n  18CFK101 as belonging i n  t h e  f u e l  expense account  f o r  bo th  

n u c l e a r  and f o s s i l - f u e l e d  p l a n t s .  I n  most e v a l u a t i o n s ,  however, t h i s  

expense is overlooked i n  t h e  f u e l  charges.  An e s t i m a t e d  al lowance f o r  a 

l a r g e  LWR u n i t ,  which i s  not  inc luded  h e r e ,  i s  $1 m i l l i o n / y e a r  (1 x l o 6  

g a l  of No. 2 f u e l  o i l  a t  $l.OO/gal). The major p o r t i o n  of f u e l  o i l  

requi rements  i s  f o r  use i n  a u x i l i a r y  steam b o i l e r s  t h a t  are o p e r a t e d  

d u r i n g  s t a r t - u p  and shutdown per iods .  Standby d iese l -engine  g e n e r a t o r s  

normally use  l i t t l e  f u e l  because they o p e r a t e  only  a few hours  each  

month. 

The expense a s s o c i a t e d  w i t h  t h e  handl ing  of r a d i o a c t i v e  wastes re- 

q u i r i n g  long term s t o r a g e  i n c l u d e s  r e s i n s ,  f i l t e r s  and f i l t e r  a g e n t s ,  

materials f o r  p r o c e s s i n g  evapora tor  c o n c e n t r a t e s ,  and d i s p o s a l ,  which 

depends on t h e  c o s t s  of s h i e l d e d  c o n t a i n e r s ,  t r a n s p o r t a t i o n ,  and 

b u r i a l .  S e c t i o n  I 1 . D  of Appendix I t o  10CFR50 r e q u i r e s  tha t  r a d i o a c t i v e  

waste systems be designed t o  e f f e c t  r e d u c t i o n s  i n  dose t o  t h e  p o p u l a t i o n  

w i t h i n  80 km (50 ui les)  of t h e  r e a c t o r  t o  meet t h e  as-low-as-reasonably- 

a c h i e v a b l e  (ALARA) c r i t e r i o n .  Theref ore,  s i g n i f i c a n t  v a r i a t i o n s  can be 

expec ted  because of d i f f e r e n c e s  i i i  d e s i g n s  f o r  s i t e  l o c a t i o n ,  f u e l  per- 

formance, and o p e r a t i n g  procedures .  
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The expenses  f o r  nonrad ioac t ive  wastes are p r i n c i p a l l y  t h o s e  

r e l a t e d  t o  t r ea tmen t  o f  v a r i o u s  wastewater streams. The h ighe r  c o o l i n g  

tower blowdown f o r  nuc lea r  p l a n t s  t ends  t o  ba lance  waste streams from 

a i r  p o l l u t i o n  c o n t r o l  systems and a s h  ponds f o r  coa l - f i r ed  p l a n t s .  Both 

LWR and coa l - f i r ed  p l a n t s  r e q u i r e  t h e  t r ea tmen t  of an e s t ima ted  1500 

gpd/MW(e) of i n s t a l l e d  capac i ty .  

The g u i d e l i n e s  f o r  e s t i m a t i n g  c o s t s  of s u p p l i e s  and expenses ,  sum- 

marized i n  Table  5.1, apply  t o  t h e  f i r s t  u n i t  i n  a p l a n t .  The v a r i a t i o n  

w i t h  p l a n t  load  i s  judged t o  be small ove r  t h e  range of o p e r a t i o n  

covered i n  t h i s  r e p o r t  and is  h i g h l y  u n c e r t a i n  because the  f i x e d  and 

v a r i a b l e  components are not i d e n t i f i e d  i n  publ i shed  da ta .  

Table  5.1. Es t ima ted  a n n u a l  c o s t s  f o r  
s u p p l i e s  and expenses  f o r  a 

1 x 1100-!iW(e) p l a n t  

( J a n u a r y  1987 d o l l a r s )  

F ixed  c o s t s ,  $ / y e a r  

Misce l l aneous  s u p p l i e s  ( p o t a b l e  w a t e r ,  
l u b r i c a n t s ,  communicat ions,  s e c u r i t y ,  
t r a n s p o r t a t i o n ,  l a b o r a t o r y  c h e m i c a l s ,  
c l o t h i n g ,  lamping, g a s e s ,  o f f i c e  s u p p l i e s )  

Makeup l n a t e r i a l s  and chemica l s  

Steam from o t h e r  s o u r c e s  

Ren t s  

T r a i n i n g  

Data p r o c e s s i n g  

Rad i o a c  t i ve was t e manage men t 

Nonradioac t i v e  waste manageinen t 

T o t a l  f i x e d  c o s t s ,  $ / y e a r  

V a r i a b l e  c o s t s ,  mills/kWh 

$ 2,000,000 

2,000,000 

0 

500,000 

2,000,000 

2,000,000 

3,000,000 

1,000,000 

$12,500,000 

0.3 

The fo l lowing  r e l a t i o n s h i p  i s  recommended f o r  a d j u s t i n g  the  f i x e d  

s u p p l i e s  and expenses f o r  u n i t  s i z e  and number of u n i t s :  

Supp l i e s  and expenses  = 
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6 .  OFFSITE TECHNICAL SUPPORT 

The o f f s i t e  t e c h n i c a l  suppor t  s t a f f  p rov ides  suppor t  t o  t h e  n u c l e a r  

power p l a n t s  ope ra t ed  by the u t i l i t y  i n  areas of nuc lea r  d e s i g n ,  engi -  

n e e r i n g ,  q u a l i t y  a s s u r a n c e ,  f u e l s ,  and r e s e a r c h  and development on spe-  

c i f i c  problems. A s  wi th  o n s i t e  s t a f f i n g  t h e  s i z e  of t h e  o f f s i t e  t echn i -  

cal  suppor t  s t a f f  can vary  s i g n i f i c a n t l y  w i t h  management phi losophy 

(e.g., t h e  degree  of c o n t r a c t i n g  € o r  suppor t  pe r sonne l  and the d i s t a n c e s  

between p l a n t s  and c e n t r a l  o f f i c e s ) .  For c o s t  e s t i m a t i n g  purposes  t h e  

s t a f f i n g  and c o s t s  shown i n  Table  6 . 1  f o r  1100-MW(e) u n i t s  are judged t o  

be r equ i r ed .  P a y r o l l  t a x  and i n s u r a n c e  a r e  added t o  t h e  d i r e c t  sala- 

ries, a long  w i t h  an overhead a l lowance  t o  account  €o r  o f f i c e  space ,  

u t i l i t i e s ,  and misce l l aneous  expenses  a s s o c i a t e d  w i t h  t h e  t e c h n i c a l  

s t a f f .  

T a b l e  6.1. Es t ima ted  s t a f f i n g  and c o s t s  € o r  o f f s i t e  
t e c h n i c a l  s u p p o r t  f o r  llOO-MW(e) u n i t s  

( J a n u a r y  1987 d o l l a r s )  

Number of llOO-MW(e) u n i t s  i n  p l a n t  

1 2 3 4 
- -~ 

Number on s t a f f  150 2 00 250 300 

Average a n n u a l  s a l a r y  $ 51,000 $ 51,000 $ 51,000 $ 51,000 

T o t a l  a n n u a l  s a l a r i e s  7 , 6 5 0 , 0 0 0  10,200,000 12 ,750 ,000  15 ,750 ,000  

P a y r o l l  t a x  and 
i n s u r a n c e a  

765 ,000  1 ,020 ,000  1 ,275 ,000  1 ,530 ,000  

Overhead h 4,590,000 h ,120 ,000  7 ,650 ,000  9 ,180 ,000  

T o t a l  a n n u a l  c o s t  $13 ,005 ,000 $17,340,000 $21,675,000 $2h,010,000 

a l O %  of t o t a l  s a l a r i e s .  

'60% of t o t a l  s a l a r i e s .  

The fo l lowing  r e l a t i o n s h i p  is recommended f o r  e s t i m a t i n g  o f f s i t e  

s t a f f i n g  as a f u n c t i o n  of u n i t  s i z e  and number of u n i t s :  

k ( e )  u n i t  0 -  5 I -  O f f s i t e  s t a f f  = [ l o 0  + 50 (No. of u n i t s ) ]  
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T h i s  i s  a l s o  an e m p i r i c a l  r e l a t i o n s h i p  based on judgment, and t h e r e  i s  

c o n s i d e r a b l e  u n c e r t a i n t y  i n  t h e  form of t h e  e q u a t i o n  and t h e  s c a l i n g  

exponents.  



15 

7. PENSIONS AND BENEFITS 

T h e  pens ions  and b e n e f i t s  account  i n c l u d e s  (1) pens ions  pa id  t o  

r e t i r e d  employees, a c c r u a l s  t o  provide f o r  pens ions ,  and payments f o r  

the purchase of a n n u i t i e s  f o r  pens ions ;  ( 2 )  payment for employee acci- 

d e n t ,  s i c k n e s s ,  h o s p i t a l ,  and d e a t h  b e n e f i t s ;  ( 3 )  expenses  i n c u r r e d  i n  

medica l ,  e d u c a t i o n a l ,  and r e c r e a t i o n a l  a c t i v i t i e s ;  ( 4 )  a d m i n i s t r a t i v e  

expenses  i n  connec t ion  w i t h  employee pensions and b e n e f i t s ;  and (5) pre-  

miums f o r  workers '  compensation insurance .  

An a n a l y s i s  was performed f o r  t h e  year  1984 of 33 investor-owned 

u t i l i t i e s  o p e r a t i n g  n u c l e a r  power p l a n t s ,  based on d a t a  publ i shed  i n  

Ref. 6 .  The mean v a l u e  of employee b e n e f i t s  and pensions was c a l c u l a t e d  

t o  be 17.1% of t o t a l  u t i l i t y  company salaries and wages wi th  a s t a n d a r d  

d e v i a t i o n  of 6.4% and a m i n i m u m  v a l u e  of 1.0% and a maximum v a l u e  of 

30.8%. The average  v a l u e s  f o r  all investor-owned u t i l i t i e s  r epor t ed  i n  

Refs. 6 and 7 were c a l c u l a t e d  t o  range from 17% i n  1975 and 1976 

g r a d u a l l y  i n c r e a s i n g  t o  20% i n  1982-1984. 

The c o s t  of workers '  compensation in su rance  is es t ima ted  t o  be 

approximate ly  6% of t h e  p a y r o l l .  

For e v a l u a t i o n  purposes  it is recommended t h a t  employee pens ions  

and b e n e f i t s ,  i n c l u d i n g  workers '  compensation i n s u r a n c e ,  be e s t ima ted  as 

25% of t h e  t o t a l  of salaries and wages ( n o t  i n c l u d i n g  p a y r o l l  t a x  and 

i n s u r a n c e )  f o r  o n s i t e  and o f f s i t e  s t a f f .  
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8. NUCLEAR REGULATORY FEES 

The Nuclear Regula tory  Commission (NRC) amended i t s  l i c e n s e e  f e e  

schedu le  i n  1984 t o  provide  f o r  a more complete recovery of c o s t s  i n -  

cu r red  i n  p rov id ing  i n s p e c t i o n s  and t h e  review of a p p l i c a t i o n s  and 

r e q u e s t s  f o r  p e r m i t s ,  l i c e n s e s ,  app rova l s ,  amendments renewals ,  and 

s p e c i a l  p r o j e c t s , $  and a g a i n  i n  1986 i n  response  t o  a Congress iona l  

mandate t o  recover  approximate ly  one-third of i t s  budgeted cos t s .9  The 

1984 fee schedule  is  covered i n  10CFR170 and t h e  1986 f e e  schedule  i n  

lOCFRl7 1. 

B i l l i n g s  t o  u t i l i t i e s  f o r  the  f i r s t  f u l l  y e a r ' s  expe r i ence  with the  

P a r t  170 f e e  schedule  f o r  o p e r a t i n g  nuc lea r  p l a n t s  averaged $233,000 pe r  

power r eac to r .1°  The frequency of i n s p e c t i o n s  and reviews (and r e s u l t -  

i n g  f e e s )  depends on t h e  a c t i v i t i e s  underway, the  perce ived  p o t e n t i a l  

s a f e t y  hazards ,  and t h e  problems exper ienced  by t h e  p l a n t s  i n  prev ious  

i n s p e c t i o n s  and reviews. Thus t h e r e  is wide v a r i a t i o n  i n  t h e  P a r t  170 

f e e s  f o r  c u r r e n t  o p e r a t i n g  nuc lea r  p l an t s .  

The P a r t  1 7 1  f e e  f o r  Fy 1987 has been set  a t  $950,000 per  power re- 

a c t o r  u n i t  based on the  recovery  of one- th i rd  of NRC's  FY 1987 budget of 

$405,000,000 less  e s t ima ted  Part 170 f e e s  of $37 m i l l i o n  appor t ioned  

among 101 l i c e n s e d  power  reactor^.^ It is es t ima ted  t h a t  approximate ly  

$30 m i l l i o n  of t he  P a r t  170 f e e s  w i l l  come from power r e a c t o r s .  P l a n t s  

such  as Dresden 1, Humboldt Bay, Peach Bottom 1, and Ind ian  Po in t  1 

whose a u t h o r i t y  t o  o p e r a t e  have been permanently revoked are not  s u b j e c t  

t o  the  P a r t  1 7 1  f e e ,  a l though they  remain s u b j e c t  t o  any a p p l i c a b l e  f e e s  

under P a r t  170. The annual  f e e  f o r  FY 1987 w i l l  be charged t o  eve ry  

power r e a c t o r  u n i t  l i c e n s e d  t o  o p e r a t e  as of October 1, 1986, (assumed 

t o  be 101 r e a c t o r s )  and on a pro rata b a s i s  t o  any power r e a c t o r  r ece iv -  

i n g  a new o p e r a t i n g  l i c e n s e  dur ing  the  year .  

The NRC s t a t e s  t h a t  they have been unable  t o  c o r r e l a t e  l i c e n s i n g  

and r e g u l a t o r y  c o s t s  wi th  r e a c t o r  s i z e .  However, the  NRC may g r a n t  upon 

a p p l i c a t i o n  an exemption i n  p a r t  from t h e  f u l l  P a r t  1 7 1  annual  fee  

t a k i n g  i n t o  c o n s i d e r a t i o n  age and s i z e  of t h e  r e a c t o r ,  e f f e c t  on ra tes ,  

and any o t h e r  r e l e v a n t  mat term9 
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The f e e  schedu le  shown i n  Table  8.1 is recommended f o r  c o s t  esti- 

mating purposes  f o r  each  n u c l e a r  power u n i t  i n  bo th  s i n g l e - u n i t  and 

m u l t i p l e - u n i t  p l a n t s .  

Table  8.1. Es t imated  annual  nuc lea r  
r e g u l a t o r y  fees f o r  each  n u c l e a r  

power u n i t  

( J anua ry  1987 d o l l a r s )  

~ ~- ~~ 

10 CFR Par t  170 $ 300,000 

10 CFR Part 171  950,000 

T o t a l  annual  f e e  $ 1,250,000 



9. NUCLEAR INSURANCE PREMIUMS 

From the  time t h a t  a c o n s t r u c t i o n  permit  is i s sued  f o r  a n u c l e a r  

power p l a n t  a u t i l i t y  i s  r equ i r ed  t o  carry insu rance  t o  p r o t e c t  i t s e l f  

from p u b l i c  l i a b i l i t y  claims, which may a r i s e  from a nuc lea r  a c c i d e n t ,  

and t o  provide  funds €o r  p l a n t  c leanup and decommissioning fo l lowing  an  

acc iden t .  Amendments t o  t h e  in su rance  p o l i c i e s  are i s sued  a t  v a r i o u s  

s t a g e s  (e.g., o p e r a t i n g  pe rmi t ,  f u e l  d e l i v e r y ,  f u e l  l oad ing ,  and commer- 

c i a l  ope ra t ion ) .  The fo l lowing  d i s c u s s i o n  a p p l i e s  t o  an  o p e r a t i n g  

p l a n t .  

L i a b i l i t y  in su rance  i s  provided through a two-layer combinat ion of 

commercial i n su rance  and s e l f  i n su rance  de f ined  by the  Price-Anderson 

A c t ,  which f i r s t  became l a w  i n  1957 (Refs.  11 and 12). Under t h e  f i r s t  

l a y e r  t he  maximum coverage c u r r e n t l y  a v a i l a b l e  from commercial i n s u r e r s  

i s  $160 m i l l i o n ,  a l though t h i s  is l i k e l y  t o  i n c r e a s e  t o  $200 mi l l i on .  

The second l a y e r  is a mandatory i n d u s t r y  wide program of self in su rance  

under which nuc lea r  power p l a n t  l i c e n s e e s  can be a s ses sed  an amount not 

t o  exceed $5 m i l l i o n  i n  any one year  f o r  each o p e r a t i o n a l  r e a c t o r  owned 

f o r  each nuc lea r  acc iden t  and not  t o  exceed $10 m i l l i o n  i n  t h e  event  of 

more than  one acc iden t .  For 108 r e a c t o r s  l i c e n s e d  f o r  commercial opera-  

t i o n  i n  t h e  United S t a t e s  i n  e a r l y  1987 t h i s  self in su rance  program pco- 

v ided  $540 m i l l i o n  annual  coverage based on one a c c i d e n t  and $1.08 b i l -  

l i o n  coverage based on two o r  more a c c i d e n t s .  This  second Layer 

coverage i n c r e a s e s  as more nuc lea r  power p l a n t s  are placed i n  opera-  

t ion .  There are  no requi rements  f o r  annual  payments o r  premiums t o  

cover  t h i s  second l a y e r  l i a b i l i t y ,  and t o  d a t e  no assessments  have been 

made, i n c l u d i n g  payments of claims from t h e  Three Mile I s l a n d  acc iden t .  

The Price-Anderson Act i s  due t o  e x p i r e  i n  1987, and t h e r e  i s  a 

b i l l  be fo re  Congress t h a t  w i l l  extend t h e  Act and i n c r e a s e  t h e  l i a b i l i t y  

cap  t o  a lmost  $7 b i l l i o n ,  which would r e q u i r e  u t i l i t i e s  t o  pay d e f e r r e d  

premiums o f  no more than  $10 m i l l i o n / y e a r . 1 3  The NRC would be au thor -  

i zed  t o  set  t h e  maximum aggrega te  of d e f e r r e d  premiums. Again, i t  

appea r s  t h e r e  w i l l  be no requi rements  €or  annual. premiums. I f  t h e  A c t  

is not  extended,  a l l  c u r r e n t  ope ra t ing  nuc lea r  power p lan ts  and those  

under  c o n s t r u c t i o n  w i l l  cont inue  t o  be in su red  under the  p re sen t  l a w .  
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The l e g a l  requi rements  f o r  p r o p e r t y  damage i n s u r a n c e  t o  provide  

funds  f o r  p l a n t  clean-up fo l lowing  a n u c l e a r  a c c i d e n t  are d e r i v e d  from 

NRC's mandate t o  provide  f o r  t h e  p u b l i c  s a f e t y .  This  p r o t e c t i o n  i s  pro- 

v ided  i n  two l a y e r s  of commercial i n su rance .  The minimum amount of 

i n s u r a n c e  c u r r e n t l y  r e q u i r e d  by NRC is $500 m i l l i o n  pr imary coverage and 

$85 m i l l i o n  e x c e s s ,  o r  secondary ,  coverage f o r  a t o t a l  of $5851 m i l l i o n ,  

a l though  t h e  maximum excess  coverage c u r r e n t l y  a v a i l a b l e  is approxi -  

mate ly  $600 m i l l i o n  f o r  a t o t a l  of $1.1 b i l l i o n .  The NRC has i s sued  a 

proposed r u l e  r e q u i r i n g  a minimum of $1.02 b i l l i o n  p r o p e r t y  damage 

i n ~ u r a n c e , ~ ~ , ~ ~  which is expected t o  be adopted i n  1987. The r u l e  makes 

no special  p r o v i s i o n s  f o r  smaller r e a c t o r s ,  but t hey  can be cons idered  

through i n d i v i d u a l  exemptions. 

So-cal led " e x t r a  expense" i n s u r a n c e  i s  a l s o  a v a i l a b l e  f o r  nuc lea r  

power p l a n t s ,  which p r o t e c t s  a g a i n s t  replacement  power c o s t s  f o r  ou tages  

r e s u l t i n g  from n u c l e a r  a c c i d e n t s  exceeding  s i x  months and a s  long a s  two 

years. 

The e s t ima ted  annual  premiums, shown i n  Table  9.1, a r e  t y p i c a l  va l -  

ues based on in fo rma t ion  c o l l e c t e d  by t h e  NRC1* ,16,17 and i n  d i s c u s s i o n s  

w i t h  r e p r e s e n t a t i v e s  of nuc lea r  i n s u r e r s .  The a c t u a l  premiums f o r  spe- 

c i f i c  p l a n t s  a r e  s u b j e c t  t o  s i te  s p e c i f i c  r i s k  e v a l u a t i o n s  and o p t i o n s  

r e l a t i n g  t o  d e d u c t i b l e s .  

T a b l e  9.1. E s t i m a t e d  a n n u a l  premiums € o r  
n u c l e a r  power p l a n t  i n s u r a n c e  

( J a n u a r y  1987 dollars) 

Number of s n i t s  i n  p l a n t  

I 2 3 4 

P u b l i c  l i a b i l i t y  

Commerc ia l  ($160 m i l l i o n )  $ 60U,000 $ 900,000 $ 1,2U0,00U $ 1,500,000 

S e l f  i n s u r a n c e a  0 0 0 0 

P l a n t  p r o p e r t y  damage 

P r i m a r y  ($500 m i l l i o n )  3,000,000 4,6O0,00 U 6,200,000 7,800,000 

Seconddry ($bo0 m i l l i o n )  I ,  100,uoo 1,300,000 1,51)0,000 1,700,000 

R e p l a c e m e n t  power 1,600,000 3,200 ,000 4,800,000 h ,400,000 

T o t a l  $ 6,300,000 $ 10,000,000 $13,700,000 $17 ,400,000 

"See t ex t  f o r  d i s c u s s i o n  of self  i n s u r a n c e  and d e f e r r e d  premiums.  



10. OTHER ADMINISTRATIVE AND GENERAL EXPENSES 

Other A&G expenses  as de f ined  h e r e  i n c l u d e  those  expenses  c o l l e c t e d  

i n  Accounts 920--933 and 935 less nuc lea r  i n su rance  premiums, workers ' 
compensation in su rance  premiums, employee b e n e f i t s  and pens ions ,  and 

n u c l e a r  r e g u l a t o r y  f e e s .  T o t a l  power product ion  expenses  i n c l u d e  t h e  

sum of a l l  expenses  ( e x c l u s i v e  of a m o r t i z a t i o n  o f  c a p i t a l  i nves tmen t )  

i n c u r r e d  f o r  o p e r a t i n g  and main ta in ing  e l e c t r i c  u t i l i t i e s  and producing 

e lec t r ic  power6 ( i . e . ,  f o s s i l  power g e n e r a t i o n ,  nuc lea r  power genera-  

t i o n ,  h y d r a u l i c  power g e n e r a t i o n ,  o t h e r  power g e n e r a t i o n ,  o t h e r  power 

supply ,  t r a n s m i s s i o n ,  d i s t r i b u t i o n ,  customer accoun t s ,  customer s e r v i c e  

and in fo rma t ion ,  sales,  and a d m i n i s t r a t i v e  and g e n e r a l ) .  There are no 

s t anda rd  c o s t  account ing  r u l e s  f o r  a l l o c a t i n g  overhead c o s t s  t o  produc- 

t i o n  c o s t s  o t h e r  than  where s p e c i f i c  expenses  can be c l e a r l y  i d e n t i f i e d  

(e.g. ,  n u c l e a r  i n su rance  premiums, n u c l e a r  r e g u l a t o r y  f e e s ,  and pens ions  

and b e n e f i t s ) .  It is  recomxended he re  t h a t  o t h e r  A&G expenses  as de- 

f i n e d  above be a l l o c a t e d  t o  t h e  t o t a l  power p roduc t ion  expenses  less  

f u e l  and t o t a l  A&G. Thus g e n e r a t i o n ,  t r a n s m i s s i o n ,  d i s t r i b u t i o n ,  

customer accoun t s ,  customer s e r v i c e  and in fo rma t ion ,  and sales  a l l  bea r  

pro  rata s h a r e s  of o t h e r  A&G. However, because of wide d i f f e r e n c e s  of 

op in ion  among a n a l y s t s  r ega rd ing  r u l e s  f o r  a l l o c a t i o n ,  t h e r e  is a l s o  

d i f f e r e n c e  of op in ion  as t o  whether t h e  o t h e r  A&G expenses  should  be 

cons idered  i n  long range eva lua t ions .  

Based on d a t a  r epor t ed  i n  lief. 6 ,  the  mean va lue  of o t h e r  A&G ex- 

penses  as de f ined  above f o r  33 investor-owned u t i l i t i e s  o p e r a t i n g  

nuc lea r  p l a n t s  i n  1984 w a s  c a l c u l a t e d  t o  be 12.52 of total power produc- 

t i o n  expenses  less f u e l  and t o t a l  A&G. However, t h e r e  i s  a very  wide 

sp read  i n  t h e  c a l c u l a t e d  va lues  f o r  i n d i v i d u a l  n u c l e a r  u t i l i t i e s ;  the  

s t anda rd  d e v i a t i o n  w a s  11.7% wi th  the  minimum va lue  approaching z e r o  and 

a maximum va lue  of 41.1%. Based on summaries6 of a l l  r e p o r t i n g  u t i l i -  

t i es  f o r  t h e  yea r s  1981-1984, t h e  c a l c u l a t e d  average  va lue  w a s  13.1%, 

w i t h  a s l i g h t  i n c r e a s e  from 1981 t o  1984. This  i n d i c a t e s  l i t t l e  d i f f e r -  

ence  between nuc lea r  and non-nuclear u t i l i t i e s .  
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For evaluation purposes it is recommended that other A&G: expenses 

be estimated as 15% of the sum of the power generation cost accounts 

(i.e., onsite staff, maintenance materials, supplies and expenses, and 

offsite technical support). 
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11. RESULTS AND COMPARISON WITH REPORTED O&M COSTS 

The c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  developed and recommended i n  

Sec ts .  3 1 0  have been inco rpora t ed  i n t o  a computer program, c a l l e d  

LWROM, which i s  summarized and l i s t e d  i n  Appendix A. The LWROM model 

w a s  used t o  produce t h e  c o s t  estimate shown i n  Table  11.1 f o r  a s i n g l e -  

u n i t  llOO-MW(e) LWK nuc lea r  power p l a n t  o p e r a t i n g  a t  0,70 c a p a c i t y  

f a c t o r  f o r  t h e  year  1987. 

The f i r s t  page of Table 11.1 shows t h e  inpu t  d a t a  r equ i r ed  f o r  

running a case.  These are t h e  d e f a u l t  va lues  t h a t  are l i s t e d  on t h e  

inpu t  menu when running t h e  code wi th  t h e  excep t ion  t h a t  annual  n e t  gen- 

e r a t i o n  i s  c a l c u l a t e d  by t h e  code us ing  the s p e c i f i e d  u n i t  r a t i n g ,  

number of units, and c a p a c i t y  f a c t o r .  The use r  has  t h e  op t ion  of us ing  

t h e  d e f a u l t  va lues  of i n p u t  d a t a  o r  of s p e c i f y i n g  new va lues .  The u s e r  

i s  caut ioned  t h a t  t h e  base year  average  salar ies  f o r  o n s i t e  and o f f s i t e  

s t a f f  must be i n  1987 d o l l a r s ,  t he  base year  f o r  t he  c o s t  e s t i m a t i n g  

r e l a t i o n s h i p s  developed i n  t h i s  s tudy .  The code uses  e i t h e r  t h e  d e f a u l t  

o r  u se r  s p e c i f i e d  e s c a l a t i o n  rates t o  a d j u s t  t he  c o s t  estimates t o  ot:kier 

years .  

Table 11.1. Example OhM cost estimate 

SU~YMAI~Y OF ANNUAL NONFUEL OM cos'r FOR ~m POWER PLANT 

Version 10-15-87 Run Date 10-15-1987 

Example Case 

UNIT NET RATING, MWe 1100 
NUMBER OF UNITS PER PLANT 1 
CAPACITY FACTOR .70 
ESCALATION RATES, percent 

WAGES AND SALARIES 5 
MATERIALS AND SUPPLIES 5 
NUCLEAR REGULATORY FEES 5 
NUCLEAR INSURANCE 5 

BASE YEAR AVE. ONSITE STAFF COST $/year  36000 
before payroll taxes & insurance 
BASE YEAfl AVE. OFFSITE STAFF COST $/year 51000 
before payroll taxes, insurance, and overhead 
OTHER A&G, percent 15 
ANNUAL NET GENERATION, million kWh 6745 
YEAR OF ESTIMATE 1987.0 
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_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

ONSITE STAFF ( 800 persons) 

MAINTENANCE MATERIALS 
FIXED 
VARIABLE 

SUBTOTAL 

SUPPLIES AND EXPENSES 
FIXED 
VARIABLE 

SUBTOTAL 

OFFSITE TECHNICAL SUPPORT ( 150 persons) 

SUBTOTAL, POWER GENERATION COSTS 
FIXED 
VARIABLE 

SUBTOTAL 

- _ - -  

Table 11.1. (continued) 

SUMMARY OF ANNUAL NONFUEL O M  COST FOR LWR POWER PLANT 

Version 10-15-87 Run Date 10-15-1987 

Example Case 

POWER GENERATION COSTS ($million/year) 

31.68 

6.00 
1.75 

7.75 
- - - - -  

12.50 
2.02 

14.52 
- - - - -  

13.01 - 

PENSIONS AND BENEFITS 
NUCLEAR REGULATORY FEES 
LIABILITY INSURANCE 
PROPERTY INSURANCE 
REPLACEMENT POWER INSURANCE 
OTHER ADMINISTRATIVE & GENERAL EXPENSES 

SUBTOTAL 

TOTAL 0&M COSTS ($million/year) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FIXED 
VARIABLE 

TOTAL NONFUEL O&M 

mills/kWh (with A&G> 
mills/kWh (without A&) 

9.11' 7 # 

1.25 
0.60 .' 
4.10 
1.60 

10.04- 1 

26.71 
_ _ - _ _  

13.89 
9.93 



24 

The second page of Table 11.1 shows t h e  c o s t  e s t i m a t e  produced by 

t h e  computer code. I n  t h i s  i l l u s t r a t i o n  t h e  v a r i o u s  c o s t  accounts  are 

r e p r o d u c t i o n s  of t h e  c o s t s  produced by each of t h e  c o s t  e s t i m a t i n g  rela- 

t i o n s h i p s  d i s c u s s e d  e a r l i e r  i n  t h i s  r e p o r t  a t  t h e  r e f e r e n c e  u n i t  s i z e  of 

1100 MW(e) and 0.70 c a p a c i t y  f a c t o r .  It can be seen  t h a t  s t a f f i n g  c o s t s  

are t h e  major c o s t  component, c o n t r i b u t i n g  approximately two-thirds  of 

t h e  d i r e c t  power g e n e r a t i o n  c o s t s ,  and t h a t  a d m i n i s t r a t i v e  and g e n e r a l  

c o s t s  a r e  an impor tan t  f a c t o r  i n  c o s t  e v a l u a t i o n s ,  c o n t r i b u t i n g  an addi -  

t i o n a l  40% of the d i r e c t  power g e n e r a t i o n  c o s t s .  

F i g u r e s  11.1 and 11.2 show comparisons of c o s t  e s t i m a t e s  produced 

by t h e  LWROM computer code u s i n g  t h e  c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  

developed i n  t h i s  s t u d y ,  wi th  s e l e c t e d  O&M c o s t s  f o r  1985 as r e p o r t e d  by 

u t i l i t i e s  on Form 1 and summarized i n  Ref. 18. The sca t te r  p l o t s  show 

t h e  r e p o r t e d  d a t a ,  which a r e  t a b u l a t e d  i n  Table  11.2 a long  wi th  the  ad- 

jus tment  t o  0,70 c a p a c i t y  f a c t o r ;  t h e  numbers on t h e  p l o t s  i n d i c a t e  t h e  

number of u n i t s  i n  each  p l a n t .  Because t h e  c o s t  e s t i m a t i n g  r e l a t i o n -  

s h i p s  were developed f o r  base-loaded p l a n t s ,  on ly  t h o s e  n u c l e a r  p l a n t s  

ORNL-DWG a7c-4747 ETD 
140 

120 

100 - 
c 
0 .- - - 

80 - 
v) 
a 
5 60 

0 
D 

-1 

40 

20 

0 

1 

LWROM (2 UNITS) 

LWROM (1 UNIT) 
- 

NUMBERS INDICATE NUMBER OF UNITS IN PLANT 

200 800 1000 1400 1800 2200 2800 
M W e  

Fig. 11.1. Comparison of LWROM c o s t  estimates (wi thout  A I G )  a t  
0.70 c a p a c i t y  f a c t o r  w i t h  1985 costs  f o r  s e l e c t e d  n u c l e a r  power p l a n t s  
(not  a d j u s t e d  f o r  c a p a c i t y  f a c t o r ) .  
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Table  11.2. S e l e c t e d  n u c l e a r  power p l an t  06M c o s t  d a t a  f o r  1985" 

M i  11s /kWh 

P l a n t  Capac i ty  M i l l i o n  
Units MW(e) f a c t o r  d o l l a r s  Adjus ted  t o  

Kepor t e d  0.70 c a p a c i t y  
f a c t o r "  

Beaver Va l l ey  1 810 0.845 52.9 8.8 10.6 
Calloway 1 1122 0.817 57.6 7.2 a. 4 
Connec t i cu t  Yankee 1 576 0.919 45.6 9.8 12.9 
Diablo  Canyon 1 1073 0.695 41.2 6.3 6.3 
F i t t p a t r i c k  1 80 U 0.595 57.0 13.7 11.6 
F o r t  Calhoun 1 484 0.723 30.5 10.0 10.3 
Cinna 1 470 0.878 31.6 8.7 11.0 
I n d i a n  Po in t  2 1 856 0.887 58.9 8.9 11.2 
I n d i a n  Point 3 1 965 0.560 78.3 16.6 13.2 
Kewaunee 1 518 0.815 31.6 8.6 10.0 
Maine Yankee 1 836 0.731 35.8 6.7 7.0 
Mon t ice  1 l o  1 5 38 0.910 30.3 7.1 9.2 
P a l i s a d e s  1 741 0.815 58.9 11.1 12.9 
P i l g r i m  1 668 0.846 61.2 12.4 15.0 
Rob1 nson 1 683 0.876 42.6 8.1 10.2 
Tro jan  1 1080 0.730 46.2 6.7 7.0 
Summer 1 887 0.646 70.7 14.1 13.0 
Vermont Yankee 1 512 0.669 46.4 15.5 14.8 

Arkansas Nuclear One 2 1694 0.666 77.8 7.9 7.5 
C a l v e r t  Cliffs 2 1685 0.672 72.2 7.3 7.0 
Cook 2 2130 0.418 102.6 13.2 7.9 
Dresden 2 1567 0.545 67.5 9.0 7.0 
F a t l e y  2 1631 0.794 97.1 8.6 9.7 
La Sa 1 l e  2 2126 0.442 74.8 9.1 5.7 
HcCui re 2 2360 0.598 102.5 8.3 7.1 
H i l l s  t one  2 1516 0.609 115.3 14.3 12.4 
North Anna 2 1786 0.806 55.6 4.4 5.1 
Poin t  Beach 2 970 0.819 41.3 5.9 7.0 
Pra i r ie  I s l a n d  2 1035 0.804 49.0 .. 6.7 7.7 
Quad C i t i e s  2 1558 0,779 64.3 6.1 6.7 
Sequoyah 2 2296 0.605 89.1 7.3 6.3 
St.  Lucie  2 1681 0.860 77.3 6.1 7.5 
S u r r y  2 1562 0.708 56.9 5.9 5.9 
Susquehanna 2 2100 0.664 119.7 9.8 9.3 
Turkey P o i n t  2 1354 0.721 73.2 8.6 8.8 
Zion 2 2080 0.545 69.8 7 .0 5.5 

d P l a n t s  w i t h  g r e a t e r  than  0.40 c a p a c i t y  f a c t o r .  

bAssuming a l l  O h M  c o s t s  a r e  f i x e d  [e.g. ,  8.8 (0.845/0.70) = 10.61. 
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Fig. 11.2,  Comparison of LWROM c o s t  estimates (wi thout  A&G) a t  
0.70 c a p a c i t y  f a c t o r  w€th 1985 c o s t s  f o r  s e l e c t e d  nuc lea r  power p l a n t s  
( a d j u s t e d  t o  0.70 c a p a c i t y  f a c t o r ) .  

w i t h  c a p a c i t y  f a c t o r s  g r e a t e r  t h a n  0.40 i n  1985 a re  inc luded  i n  t h e  com- 

pa r i son .  Two a d d i t i o n a l  p l a n t s ,  one wi th  ques t ionab ly  very low O&M 

c o s t s  and t h e  o t h e r  w i t h  ques t ionab ly  very h igh  06M c o s t s ,  a l s o  are no t  

inc luded  i n  t h e  comparison. The reasons  f o r  t h e  wide range of r e p o r t e d  

O&M c o s t s  f o r  any s p e c i f i c  y e a r  are no t  apparent .  However, they may 

i n c l u d e  v a r i a t i o n s  i n  annual  maintenance r equ i r emen t s ,  u t i l i t y  

p r a c t i c e s ,  p l a n t  u t t l i z a t i o n  ( c a p a c i t y  f a c t o r ) ,  u n i t  s i z e ,  number of 

u n i t s ,  and r e g i o n a l  'wage rates.  

The cont inuous  cu rves  i n  Figs.  11.1 and 11.2, which were produced 

by the  LWROM computer code, do not i n c l u d e  A&G expenses  because t h e s e  

expenses  are n o t  a l l o c a t e d  t o  t h e  d i r e c t  power g e n e r a t i o n  O&M expense 

accounts  i n  18CFRlO1 and on Form 1. The LWROM c o s t  estimates were 

d e f l a t e d  t o  1985 by u s i n g  t h e  I m p l i c i t  P r i c e  D e f l a t o r  f o r  Gross N a t i o n a l  

Product .  

The p r i n c i p a l  conc lus ion  t h a t  can  be made i n  examining Figs .  11.1 

and 11.2 i s  that  t h e  procedures  developed i n  t h i s  s t u d y  p rov ide  reason-  

a b l e  c o s t  estimates t h a t  f a l l  w i t h i n  t h e  range of r e p o r t e d  c o s t s  f o r  

1985. 
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Appendix A 

LWROM COMPUTER CODE 

The LWROM. BAS computer code c a l c u l a t e s  e s t i m a t e d  annual  nonfue l  

o p e r a t i o n  and maintenance (O&M) c o s t s  f o r  l i g h t - w a t e r  r e a c t o r  (LWR) 

p l a n t s  based on t h e  e a r l y  1987 c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  developed 

i n  S e c t s .  3 1 0  of t h i s  r e p o r t .  E s c a l a t i o n  rates are inc luded  €or  wages 

and sa la r ies ,  materials and s u p p l i e s ,  n u c l e a r  r e g u l a t o r y  f e e s ,  and 

n u c l e a r  insurance .  V a r i a b l e s  are a s s i g n e d  d e f a u l t  v a l u e s  w i t h i n  t h e  

program t o  permit  t h e  c a l c u l a t i o n  of an example case. This  a f f o r d s  t h e  

new u s e r  an  o p p o r t u n i t y  t o  run  t h e  program wi th  an  incomplete  set  of 

i n p u t  d a t a .  The u s e r  may elect  t o  change any of t h e  menu d r i v e n  i n p u t  

v a r i a b l e s .  These inc lude :  (1) n e t  r a t i n g  of each u n i t  i n  MW(e), ( 2 )  

number of u n i t s  per  p l a n t ,  (3) base load  c a p a c i t y  f a c t o r ,  ( 4 )  year  of 

o p e r a t i o n ,  (5 )  e i t h e r  i n d i v i d u a l  e s c a l a t i o n  rates o r  a g e n e r a l  escala- 

t i o n  rate to  r e p l a c e  t h e  i n d i v i d u a l  e s c a l a t i o n  rates,  ( 6 )  o n s i t e  and 

o f f s i t e  average annual  salaries,  and ( 7 )  o t h e r  a d m i n i s t r a t i v e  and gen- 

eral  (A6G) c o s t s .  The u s e r  may s p e c i f y  one, two, t h r e e ,  o r  f o u r  u n i t s  

p e r  p l a n t  with O&M c o s t s  f o r  a l l  u n i t s  e s c a l a t e d  t o  a s i n g l e  s p e c i f i e d  

year .  

LWROM.BAS w a s  w r i t t e n  u s i n g  t h e  IBM Advanced BASIC I n t e r p r e t e r .  

The u s e r  is prompted t o  s e l e c t  an output  d e s t i n a t i o n  of p r i n t e r ,  s c r e e n ,  

o r  d i s k  f i l e .  A v a r i a b l e  d i c t i o n a r y  is i n c l u d e d  w i t h i n  t h e  program. 

I n i t i a l  v a l u e s  of v a r i a b l e s  are se t  through e i t h e r  assignment s t a t e m e n t s  

or d a t a  s ta tements .  D e f a u l t  va lues  of i n p u t  d a t a  i tems appear  w i t h  t h e  

menu. 

The u s e r  has t h e  o p t i o n  of us ing  e i t h e r  f o u r  i n d i v i d u a l  e s c a l a t i o n  

rates o r  a g e n e r a l  e s c a l a t i o n  r a t e  a p p l i e d  t o  a l l  c o s t  c a t e g o r i e s .  I f  a 

g e n e r a l  e s c a l a t i o n  r a t e  is i n p u t ,  t h e  i n d i v i d u a l  e s c a l a t i o n  r a t e s  are 

reset t o  t h e  g e n e r a l  r a t e .  

A tes t  is made t o  ensure  t h a t  t h e  number of u n i t s  per  p l a n t  i s  i n  

t h e  range of 1 t o  4 .  If  it is out  of range,  a message i s  p r i n t e d  and 

i n p u t  of number of u n i t s  per  p l a n t  i s  prompted. 
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Annual ne t  power g e n e r a t i o n  i s  c a l c u l a t e  us ing  t h e  ne t  r a t i n g  of 

each u n i t ,  t he  number of u n i t s ,  and the  c a p a c i t y  f a c t o r .  

The number of o n s i t e  p l a n t  s t a f f  is c a l c u l a t e d  us ing  a s c a l i n g  

equa t ion ,  which is a f u n c t i o n  of u n i t  s i z e  and number of u n i t s  i n  t h e  

p l a n t .  The annual  c o s t  of o n s i t e  s t a f f  is  the  t o t a l  number of sta€f 

t i m e s  t he  average  annual  s a l a r y  p l u s  payroll .  t a x  and insurance .  

Annual c o s t  of maintenance materials a t  0.80 c a p a c i t y  f a c t o r  i s  

e s t ima ted  t o  be p r o p o r t i o n a l  t o  the  sum of maintenance s t a f f  c o s t s  f o r  

c r a f t s  and annual ized  peak maintenance, The number of o n s i t e  mainte- 

nance s t a f f  is c a l c u l a t e d  us ing  a s c a l i n g  equa t ion ,  which i s  a f u n c t i o n  

of u n i t  s i z e  and number of u n i t s  i n  the  p l an t .  Annual maintenance s t a f f  

c o s t  i s  c a l c u l a t e d  as the  number of maintenance s t a f f  times t h e  sum of 

average  annual  o n s i t e  s t a f f  s a l a r y  wi thout  p a y r o l l  t a x  and insurance .  

Fixed maintenance materials c o s t s  a r e  e s t ima ted  t o  be 75% of t h e  t o t a l ,  

and v a r i a b l e  maintenance materials c o s t s  are e s t ima ted  t o  be 25% of the  

t o t a l  a t  0.80 c a p a c i t y  f a c t o r  a d j u s t e d  f o r  t h e  c a p a c i t y  f a c t o r  used f o r  

t h e  run. Output i nc ludes  f i x e d ,  v a r i a b l e ,  and t o t a l  maintenance mate- 

r i a l s  c o s t s .  

Supp l i e s  and expenses  are a l s o  shown as f i x e d ,  v a r i a b l e ,  and 

t o t a l .  Fixed s u p p l i e s  and expenses  are c a l c u l a t e d  as a f u n c t i o n  of u n i t  

s i z e  and number of u n i t s  i n  t h e  p l a n t ,  Var i ab le  s u p p l i e s  and expenses  

are c a l c u l a t e d  from an e s t ima ted  rnill/kWh c o s t  and the  annual  n e t  gen- 

e r a t i o n .  

The s i z e  of t h e  o f f s i t e  suppor t  s t a f f  i s  c a l c u l a t e d  as a f u n c t i o n  

of u n i t  s i z e  and number of u n i t s  i n  t h e  p l a n t .  The o f f s i t e  t e c h n i c a l  

suppor t  c o s t s  are c a l c u l a t e d  as t h e  number of t h e  s t a f f  t i m e s  an average  

annual  s a l a r y  p l u s  the sum of pay ro l l  t a x  arid in su rance  and overhead,  

Admin i s t r a t ive  and g e n e r a l  c o s t s  i nc lude  pens ions  and b e n e f i t s  ~ 

nuc lea r  r e g u l a t o r y  f e e s  commercial l i a b i l i t y  i n su rance  pr imary and 

secondary p rope r ty  i n s u r a n c e ,  replacement  power i n s u r a n c e ,  and o t h e r  

AGG. Pensions and b e n e f i t s  are e s t ima ted  t o  be 25% of t h e  sum of o n s i t e  

and o f f s i t e  s t a f f  c o s t s  be fo re  p a y r o l l  tax and insurance .  The c o s t  of 

nuc lea r  r e g u l a t o r y  f e e s  i s  a c o n s t a n t  t i m e s  t h e  number of u n i t s .  

L i a b i l i t y  in su rance  and primary and secondary p rope r ty  in su rance  are 

s t r a i g h t  l i n e  f u n c t i o n s  of t he  number of u n i t s .  Replacement power 
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i n su rance  is a cons t an t  times t h e  number of u n i t s .  I n  a d d i t i o n  t o  t h e  

A&G c o s t s  mentioned above, a ca t egory  c a l l e d  "o the r  a d m i n i s t r a t i v e  and 

gene ra l "  i s  c a l c u l a t e d  as 15% of t h e  t o t a l  power g e n e r a t i o n  c o s t s  be fo re  

t h e  a d d i t i o n  of any A&G c o s t s .  

Annual f i x e d ,  v a r i a b l e ,  and t o t a l  power g e n e r a t i o n  c o s t s  must be 

c a l c u l a t e d  b e f o r e  t h e  o t h e r  A&G c o s t s  can be c a l c u l a t e d .  Fixed power 

g e n e r a t i o n  c o s t s  i n c l u d e  c o s t s  of o n s i t e  s t a f f ,  f i x e d  maintenance mate- 

r ia ls ,  f i x e d  s u p p l i e s  and expenses ,  and o f f s i t e  t e c h n i c a l  suppor t .  

Var i ab le  power g e n e r a t i o n  c o s t s  i n c l u d e  v a r i a b l e  maintenance materials 

and v a r i a b l e  s u p p l i e s  and expenses .  Other A&G c o s t s  are added t o  pen- 

s i o n s  and b e n e f i t s ,  nuc lea r  r e g u l a t o r y  f e e s ,  commercial 1 i a b i l i t . y  i n su r -  

ance ,  p r o p e r t y  in su rance ,  and replacement  power in su rance  t o  o b t a i n  

t o t a l  A&G c o s t s .  A t  t h i s  p o i n t  f i x e d ,  v a r i a b l e ,  and t o t a l  annual  O&M 

c o s t s ,  i n c l u d i n g  A&G, are de termined ,  which are d i v i d e d  by the annual  

n e t  g e n e r a t i o n  t o  o b t a i n  u n i t  costs  i n  mills/kWh. Unit  c o s t s  are ou tpu t  

w i th  and wi thout  A&G c o s t s  inc luded .  

A t  t h e  complet ion of t h e s e  c a l c u l a t i o n s  t h e  inpu t  d a t a  are p r i n t e d  

fol lowed by t h e  O&M c o s t  summary. The ou tpu t  d e s t i n a t i o n  w i l l  have been 

p r e v i o u s l y  s e l e c t e d  by the  user .  The program r e t u r n s  t o  the menu u n t i l  

t h e  u s e r  s p e c i f i e s  99 f o r  "exit  program" a t  which t i m e  the computer is  

s t i l l  i n  BASICA. 
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10 ' LWROH . BAS 
20 ' Nonfuel O&M Cost for 1,WR Plants 
30 CLS 
40 COLOR 11,9,10 
50 ' 
60 'Select output destination 
70 PRINT " Select output destination as follows:" 
80 PRINT " 1 = printer" 
90 PRINT " 2 = screen" 
100 PRINT " 3 = A : LWROM . DAT" 
110 PRINT " 4 = B:LWROM.DAT" 
120 PRINT " 5 = C:LWROM.DAT" 
130 INPUT DEVICEOUT 
140 TF DEVICEOUT=l GOTO 190 
150 IF DEVICEOUT=2 GOTO 230 
160 IF DEVICEOUT-3 GOTO 250 
170 IF DEVICEOUT-4 GOTO 270 
180 IF DEVICEOlJT=5 GOTO 290 
190 WIDTH "1,PTl: ' I ,  80 
200 OPEN "LPT1:" FOR OUTPUT AS #1 
210 PRINT #1, CHR$(27)"l"CWR$(lO) 'set left margin to 10 
220 GOTO 300 
230 OPEN "SCRN:" FOR OUTPUT AS #1 
240 GOTO 300 
250 OPEN "A:LWROM.DAT" FOR OUTPUT AS #1 
260 GOTO 300 
270 OPEN "B:LWROM.DAT" FOR OUTPUT AS #1 
280 GOTO 300 
290 OPEN "C:LWROM.DAT" FOR OUTPUT AS #1 
300 ANNGEN annual net generation, million kWh 
310 ' ADMGEN administrative and general, $millions/year 
320 ' ANSWERS yes or no answer to qiiesti-on (Y, y, N, o r  n) 
330 ' BASECF reference capacity factor for variable maintenance 
340 ' material cos 1; 
350 ' BASELIA.RIT, liability insurance at base year for cost model, 
360 $million/year 
370 BASEMWN base net rating at which staff was assigned 
380 
390 ' $mi 11 i on/ye ar 
400 ' BASERPOWEK cost of replacement power insurance 
410 at base year for cost model, $million/year 
420 BASESECONDARY secondary property insurance at base year for 
430 ' cost model, $million/year 
440 ' BASEYR base year for cost model. 
450 ' BASK annual cost of  maintenance material at reference 
460 ' capacity factor, $million/year 
470 COMINS commercial liability insurance, $millions/year 
480 ' COSTAF onsite staff cost, $million/year 
490 DATAPROC data processing, $thousand/year 
500 DATES date 
51.0 ' DEVICEOUT output destination (printer, screen, disk) 
520 ' ESCGEN general escalation rate, pct/year 
530 ' ESCINS escalation rate for nuclear insurance, pct/year 
540 ' ESFEES escalation rate for cost of inspection fees, pct/year 

BASEPRIMARY primary property insurance at base year for cost model, 
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550 I 

560 
570 
580 ' 
590 ' 
600 ' 
610 
620 ' 
630 ' 
640 
650 
660 
670 
680 ' 
690 
700 
710 
720 
730 ' 
740 
750 
760 ' 
770 
780 
790 
800 ' 
810 ' 
820 
830 ' 
840 ' 
850 ' 
860 
870 
880 ' 
890 ' 
900 ' 
910 ' 
920 ' 
930 
940 ' 
950 
960 
970 ' 
980 ' 
990 
1000 I 

1010 ' 
1020 ' 
1030 
1040 
1050 
1060 ' 
1070 
1080 ' 

ESMATL escalation rate for materials and supplies, pct/year 
ESWAGE escalation rate for wages and salaries, pct/year 
EXCESS escess property insurance, $million/year 
FEEINS nuclear regulatory fees, $millions/year 
FIXFAC 
FPXMIL fixed nonfuel O W ,  mills/kWh 
FIXMNT fixed maintenance material cost, $millions/year 
FIXPOWER fixed power generation costs, $million/year 
FIXS fixed annual costs of  supplies and expenses before escalation 

FIXSE fixed annual costs of supplies and expenses, $million/year 
FULLYR total hours in a year 
IESC -1 individual escalation rates used, =2 general escalation rate 
MAKEUP makeup materials and chemicals, $thousand/year 
MANCOS 

MISCSUPPLIES potable water, lubricants, communications, 

fixed portion of plant maintenance material costs 

$million/year 

average cost of an onsite staff member at year of operation, 
$/year 

security, transportation, laboratory chemicals, 
clothing, lamping, gases, office supplies, $thousand/year 

MWN net rating of each unit, MWe 
NONRADIOWASTE nonradioactive waste management, $thousand/year 
NUM menu item number 
OFFANNUAL total annual cost of offsite technical support 

including payroll taxes and insurance, before 
escalation, $/year 

OFFOVERHEAD overhead factor for offsite technical support: 
OFFSALARY annual salary for offsite technical support at base year 

for cost model before payroll taxes, insurance, 
and overhead, $/year 

OFFSTAFF number of staff members for offsite technical support 
OTHERAG other A&, $million/year 
OTHERAGFAC factor relating other A&G to total power generation cost 
PAUTAXINSUR 
PENFACT factor relating pensions to staff cost 
PENSION onsite and offsite staff pension costs, $million/year 
PEOPLE number of onsite staff members 
PLTFAC base load capacity factor 
P R I M  primary property insurance, $million/year 
PROPIN property insurance, $million/year 
RADIOWASTE radioactive waste management, $thousand/year 
RENTS rents, $thousand/year 
RPOWER replacement power insurance cost, $million/year 
RUNID$ run identification 
SIZESCALE exponent for size scaling 
STAFCOS 

payroll taxes & insurance as fraction of staff cost 

average cost o f  an onsite staff member in base year dollars 
before payroll taxes and insurance, $/year 

SUPEXF cost of makeup materials, office, 
security, personnel, supplies, training, LWR radwaste 
in base year f o r  cost model, $thousand/year 

SUPEXP supplies and expenses, $millions/year 
SUPORT offsite support services, $millions/year 
TOTAL total nonfuel O&M 
TOTALLESSAG total costs less A&G 
TOTFIX total fixed directs and indirects 
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1090 ' 
1100 ' 
1110 ' 
1120 I 

1130 
1140 
1.150 ' 
1160 ' 
1170 ' 
1180 
1190 ' 
1200 
1210 ' 
1220 ' 
1230 
1240 
1250 
1260 

TOTLESSAGMIL total mil-ls/kl;k less A& 
TOTMIL total nonfuel O M ,  mills/kVh 
TOTMNT maintenance material cost, $rnillions/year 
TOTPOWER total power generation costs, $million/year 
TOTVAR total variable directs and indirects 
TRAINING training, $thousand/year 
U$ formats f o r  USING 
UNITS number of units per plant 
UNITSCALE exponent for unit scaling 
V$ 5 blanks 
VARFAC variable portion of plant maint mat1 costs 
VARMIL variable nonfuel O M ,  mills/kWh 
VARMNT variable maintenance material cost, $million/year 
VhRPOWER variable power generation costs, $million/year 
VSEBAS variable cost of supplies and expenses, $million/year 
VSEMIL 
YEAR year o f  estimate (operation) 
Z$ ampersand symbol "&" 

base year var cost of S&E 

1270 DIM U$(33) 
1280 DIM BASELIABIL(4) 
1290 DIM BASEPRIMARY(4) 
1300 D I M  RASESECONDARY(4) 
1310 DIM BASERPOWER(4) 
1320 DEF FNI(BASEYR,YEAR,ESWAGE)=(1+ESWAGE/1oo)A(YE~-BASE~) 
1330 FOR 1-1 TO 4 : PRINT : NEXT 
1340 PRINT TAB(20) "NONFUEL O&M COST FOR LWR PLANTS" 
1350 PRINT TAB(20) "base year f o r  cost model is 1987" : PRINT 
1360 FOR 1=1 TO 4 : PKlNT : NEXT 
1370 GOSUB 4800 
1380 ' 
1390 'Define initial values of variables and arrays 
1400 U$ (l)=" 
1410 U$ (2)=" 
1420 U$ (3)=" 
1430 US (4)="  
1440 U$ ( 6 )  ='I 

1450 l J $  (7 ) = I '  

1460 U$ (8)=" 
1470 [I$ (,)=I' 

1480 U$ ( lo)= ' '  
1490 V$ (11)=" 
1500 U$ ( 1 2 ) = "  
1510 U$(13)=" 
1520 US (14 )=" 
1530 U$ (15)=" 
1540 U$ (17)=" 
1550 U$ (5)=" 
1560 U$ (18)=" 
1570 lJ$ (32)=" 
1580 U$ ( 1 6 ) = "  
1590 U$ (19)=" 
1600 U$ (20)=" 
1610 U$(21)=" 
1620 IJ$ (22)=" 

UNIT NET RATING, MWe 
NUMBER OF UNITS PER PLANT 
CAPACITY FACTOR 
ESCALATION RATE (percent/year) 
SUBTOTAL, POWER GENERATION COSTS" 
BASE YEAR AVE. ONSITE STAFF COST $/year 
ANNtJAL NET GENERATION, million kwh 
YEAR OF ESTIMATE 
ONSITE STAFF (####. persons) 
BASE YEAR AVE. OFFSITE STAFF COST $/year 
MAINTENANCE MATERIALS" 

FIXED 
VARIABLE 

SUPPLIES AND EXPENSES" 
OFFSITE TECHNICAL SUPPORT (####. persons) 

SUBTOTAL. 
PENSIONS AND BENEFITS 
NUCLEAR REGULATORY FEES 
LIABILITY INSURANCE 
before payroll taxes EX insurance" 
OTHER A&G, percent 
PROPERTY INSURANCE 

#### . " 
# .  I' 

. ##" 
##. ##" 

#####. I' 
##### . I*  

### . ## 
##### . It 

#### . # I 1  

###. ##" 
### . ## 

### . ## 

### . #+VI 

### . ##" 
### . ##I' 

### .## ' I  

## I' 
### . ## 'I 

11 - - - - -  
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1630 U$(23)-" before payroll taxes, insurance, and overhead" 
1640 U$ (24) =I' REPLACEMENT POWER INSURANCE #### . ##" 
1650 U$(25)=" OTHER ADMINISTRATIVE & GENERAL EXPENSES ###. ##" 
1660 U$(26)-" FIXED #### . #I1 
1670 U$(27)-" VARIABLE #### . # 'I 
1680 U$ (28)-" TOTAL NONFUEL O&M #### . #I' 

1690 U$(31)=" mills/kWh (with AaLG) ### . ##kn 
1700 U$(33)-" mills/kWh (without A&G) ###t . ##" 
1710 V$-" I t  

1720 BASECF-. 8 
1730 BASEYR-1987 
1740 FIXFAC=.75 
1750 FULLYR-8760 
1760 MISCSUPPLIES-2000 : MAKEUP=2000 : RENTS-500 : TRAINING=2000 
1770 DATAPROC-2000 : RADIOWASTE-3000 : NONRADIOWASTE=1OBO 
1780 SUPEXF==MISCSUPPLIES+MAKEUP+RENTS+TRAINING 
1790 SUPEXF=SUPEXF+DATAPROC+RADIOWASTE+NONRADIOWASTE 
1800 VARFACx.25 
1810 VSEMIb.3 
1820 SIZESCALE=.5 
1830 UNITSCALE-.6 
1840 Z$-"&" 
1850 OFFSALARY-51000! 
1860 PAYTAXINSUR=.1 
1870 OFFOVERHEAD-. 6 
1880 PENFACT=.25 
1890 OTHERAGFAC=15 
1900 FOR 1=1 TO 4 
1910 READ BASELIABIL(1) 
1920 DATA .60,.90,1.20,1.50 
1930 NEXT I 
1940 FOR 1-1 TO 4 
1950 READ BASEPRIMARY(1) 
1960 DATA 3.,4.6,6.2,7.8 
1970 NEXT 1 
1980 FOR 1-1 TO 4 
1990 READ BASESECONDARY(1) 
2000 DATA 1.1,1.3,1.5,1.7 
2010 NEXT I 
2020 FOR 1-1 TO 4 
2030 READ BASERPOWER(1) 
2040 DATA 1.6,3.2,4.8,6.4 
2050 NEXT I 
2060 IESC-1 
2070 MWN-1100 
2080 BASEMWN=1100 
2090 STAFCOS-36000! 
2100 UNITS-1 
2 110 PLTFAC- -7 
2120 YEAR=1987 
2130 ESWAGE=5 
2140 ESMATLP.5 
2150 ESFEES=5 
2160 ESCIMS-5 
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2170 ESCGEN-5 
2180 ' 
2190 ' P r i n t  current values of menu variables 
2200 PRINT THE AVAILABLE MENU OPTIONS AND THEIR VALUES AT THIS TIME ARE:" 
2210 PRINT 
2220 PRINT 0 = RUN CASE, DATA ENTRY COMPLETE" 
2230 PRINT 1 = NET RATING OF EACH UNIT ( m e )  ";MWN 
2240 PRINT " 2 = NUMBER OF UNITS PER PLANT I' ;UNITS 
2250 PRINT 'I 3 = BASE LOAD CAPACITY FACTOR It ; PLTFAC 
2260 PRINT I' 4 = YEAR OF OPERATION I' ;YEAR 
2270 IF IESC=1 GOTO 2290 
2280 IF IESC=2 GOTO 2350 
2290 PRINT " 5 = ESCALATION RATES" 
2300 PRINT It WAGES AND SALARIES I' ; ESWAGE 
2310 PRINT " MATERIALS AND SUPPLIES It ; ESMATL 
2320 PRINT NUCLEAR REGULATORY FEES 'I ; ESFEES 
2330 PRINT I' NUCLEAR INSURANCE I' ; ESCINS 
2340 GOTO 2360 
2350 PRINT It 5 = ESCATATION RATE (percent) 'I ; ESCGEN 
2360 PRINT 6 = AVERAGE ONSITE STAFF COST " ; STAFCOS 
2370 PRINT I' before payroll taxes & insurance" 
2380 PRINT AVERAGE OFFSITE STAFF COST 'I ; OFFSALARY 
2390 PRINT I' before payroll taxes, insurance, and overhead" 
2400 PRINT 7 = OTHER A&G (percent) " ; OTHERAGFAC 
2410 PRINT 'I 99 = EXIT PROGRAM" 
2420 PRINT 
2430 ' 
2440 'Read menu-driven input values 
2450 PRINT I' ENTER A NUMBER FROM THE MENU" 
2460 INPUT NUM 
2470 IF WM-0 GOTO 3200 
7480 IF NUM=1 GOTO 2560 
2490 IF NUM-7 GOTO 2590 
2500 IF NUM=3 GOTO 2650 
2510 IF NUM=I( GOTO 2680 
2520 IF NUM-5 GOTO 2880 
2530 IF NUM=6 GOTO 2720 
2540 IF NUM-7 GOTO 2830 
2550 IF N U M  > 7 GOTO 4920 
2560 PRINT INPUT MWE NET RATING PER UNIT" 
2570 INPUT MWN 
2580 GOTO 2200 
2590 PRINT I' INPUT NUMBER OF UNITS PER PLANT" 
2600 INPUT UNITS 
2610 IF TJNITS < 1 OR UNITS > 4 GOTO 2620 ELSE GOTO 2640 
2620 PRINT 'I UNITS < 1 or UNITS > 4" 
2630 GOTO 2590 
2640 GOTO 2200 
2650 PRINT '' INPUT BASE LOAD CAPACTTY FACTOR AS A DECIMAL" 
2660 INPUT PLTFAC 
2670 GOTO 2200 
2680 PRINT I' INPUT YEAR OF OPERATION" 
2690 INPUT Y W  
2700 GOTO 2200 
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2710 ' 
2720 'Staffing average cost per person input 
2730 PRINT I' INPUT AVERAGE COST PER ONSITE STAFF MmBER, $/YEAEl" 
2740 PRINT 'I IN I' BASEYR 'I DOLLARS" 
2750 PRINT 'I before payroll taxes and insurance" 
2760 INPUT STAFCOS 
2770 PRINT INPUT AVERAGE COST PER OFFSITE STAFF MEMBER, $/YEAR" 
2780 PRINT " IN I' BASEYR " DOLLARS" 
2790 PRINT 'I before payroll taxes, insurance, and overhead" 
2800 INPUT OFFSALARY 
2810 GOTO 2200 
2820 ' 
2830 'Other AM; input 
2840 PRINT 'I INPUT OTHER A6G AS PCT. OF TOTAL POWER GENERATION COST" 
2850 INPUT OTHERAGFAC 
2860 GOTO 2200 
2870 'Escalation input 
2880 PRINT I' DO YOU WANT TO USE THE DEFAULT GENERAL ESCALATI.ON RATE?" 
2890 PRINT I' (Y OR N)" 
2900 INPUT ANSWER$ 
2910 IF ANSWER$="Y" GOTO 2940 
2920 IF ANSWER$="y" GOTO 2940 
2930 GOTO 2960 
2940 GOSUB 4710 
2950 GOTO 3190 
2960 PRINT DO YOU WANT TO INPUT A GENERAL ESCALATION RATE? (Y OR N)" 
2970 INPUT ANSWER$ 
2980 IF ANSWER$="Y" GOTO 3160 
2990 IF ANSWER$="y" GOTO 3160 
3000 IESC-1 
3010 PRINT I' DO YOU WANT TO INPUT INDIVIDUAL ESCALATION RATES? (Y OR N)" 
3020 INPUT ANSWER$ 
3030 IF ANSWER$="Y" GOTO 3060 
3040 IF ANSWER$="y" GOTO 3060 
3050 GOTO 3190 
3060 PRINT " INPUT ESCALATION RATES (PERCENT)" 
3070 PRINT I' WAGES AND SALARIES" 
3080 INPUT ESWAGE 
3090 PRINT 'I MATERIALS AND SUPPLIES" 
3100 INPUT ESMATL 
3110 PRINT 'I NUCLEAR REGULATORY FEES" 
3120 INPUT ESFEES 
3130 PRINT 'I NUCLEAR INSURANCE" 
3140 INPUT ESCINS 
3150 GOTO 3190 
3160 PRINT INPUT ESCALATION RATE (PERCENT) '' 
3170 INPUT ESCGEN 
3180 GOSUB 4710 
3190 GOTO 2200 
3200 PRINT I' ENTER RUN IDENTIFICATION (OR NULL LINE)" 
3210 INPUT RUNID$ 
3220 ' 
3230 'Calculate annual net power generation 
3240 ANNGEN-MWN*FULLYR*PLTFAC*UNITS/1000 
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3250  ’ 
3260  ‘Calculate onsite staff cose: 
3270  P~OPEE=CINT(800*((M/BASEMWN)^SIZESCALE)*(UNITSAUNITSCA~E)) 
3280  MANCOS=(1!+PAYTAXINSUR)*STAFCOS*FNI(BASEYR,YEAR,ESWAGE) 
3230  COSTAF=PEOPLE*MANCOS/1000000! 
3 3 0 0  MATNTSTAF=CINT(202*((MWN/BASE~)^SIZESCALE)*(UFJITSAUNITSCALE)) 
3310  ’ 
3320  ’Calculate fixed, variable, and total maintenance material cost 
3330  BASM-MAINTSTAF*~COS/lOOOOOO! 
3340  FIXMNT=FIXFAC*BASM 
3350  VARMJYT=VARFAC*BASN*PLTFAC/BASECF 
3 3 6 0  TOTMNT=FIXMNT+VAKMT 
3370  ‘ 
3380  ’Calculate fixed, variable, and total supplies and expenses 
3390  V S E B A S = V S E I 4 I L * ( A N N G E N / l O O O ) * F N T ( B T L )  

3410  FIXSE-FIXS*FNI(BASEYR,YEm,ESMATL) 
3420  SUPEXP=FIXSE+VSEBAS 
3430 ’ 
3440  ‘Calculate cost of offsite support services 
3450 OFFSTAFF=CTNT((~OO+~O*UNITS)*((IYWN/BASE)*SIZESCAEE))  

3400 FIXS=(SUPEXF/~OOO)*((MWN/BASEMWN)^SIZE~CA~~)*(UN:TS*UNITSCALE) 

3460  OFFANNUAZT(1-tPAYTAXINSURt-OFFOVERHEAD)*OFFSALARY*OFFSTAFF 
3470 SUPORT=QFFANNUAL*FNI(BASEYR,YEAR,ESWAGE)/1000~~0! 
3480  ‘ 
3490  ’Calculate Admi.nistrative and General costs including: 
3500  ‘ pens ions 
3510  ’ nuclear regulatory fees 
3520  ’ commerci.al liability insurance 
3530  ’ primary and secondary property insurance 
3540 ’ replacement power insurance 
3 5 5 0  BASEONOFF=PEOPLE*STAFCOS+OFFSTAFF*OFFSALARY 
3560  PENSION=PENFACT*BASEONOFF*FNI(~ASEYR,YE,SAGE)/~OOOOOO! 
3570  FEETNS=(300000!+950OOO!)*UNITS*F~I~BASE~,Y~~,ESFEES)/lOOOOOO! 
3580  COMINS=BASELIABIL(LJNrTS)*FNI(RASEYR,YEARyESCI.NS) 
3590  PRIMAR=BASEPRIMARY(UNITS)*FNI(BASEYR,YEAR,ESCINC) 
3600  EXCEsS=BASESECONDA~Y(UNITS)*~NI(BASEYR,YEAR,ESCINS) 
3610 PROPTN=PRIMAR+EXCESS 
3620  RPOWER-BASERPOWEK(UNITS)*FNI(BASEYR,YEAR,ESCINS) 
3630  ‘ 
3640  ‘Cal.culate fi.xed, variable, and total power generation costs 
3650  FIXPOWER=COSTAF+FIXMNT+FIXSE+SUPORT 
3660  VAKPOWER=VARMNT+VSEBAS 
3670  TOTYOWER=FIXYOWER+VARPOWER 
3680 ’ 
3690  ’Calculate other A&G costs 
3700 OTHERAG=QTHERAGFAC*TOTPOWER/100 
3710  ’ 
3720  ’Calculate total A&C c o s t s  
3730  ADMGEN=PENSION+FEEINS+CO~INS+PROPI~+~POWER+OTHE~G 
3740  ’ 
3750  ‘ S u m  fixed, variable, and total annual costs 

3770  TOTVAR=VARMNT+VSEHAS 
3 7 8 0  TOTAZ=TOTFIX+TOTVAB 

3 7 6 0 TOT F1X-F IXPOWER+ADMG EN 
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'' ; ESWAGE 
I' ; ESMATL 
'I ; ESFE$ES 
; ESCINS 

3790 ' 
3800 'Calculate total annual and t o t a l  unit c o s t s  less A&G 

3820 TOTLESSAGMIb=1000*TOTALLESSAG/ANNGEN 
3830 ' 
3840 'Convert fixed, variable, and to t a l  annual costs to unit costs 
3850 FIXMIL==1000*TOTFIX/ANNGEN 
3860 VARMIk1000*TOTVAR/ANNGEN 
3870 TOTMTIi-1000*TOTAL/ANNGEN 
3880 ' 
3890 'Print input data 
3900 GOSUB 4860 
3910 PRINT #1,V$ 
3920 PRINT #1, USING U$(1); MWN 
3930 PRINT #1, USING U$(2); UNITS 
3940 PRINT #1, USING U$(3); PLTFAC 
3950 IF IESC-1 GOTO 3970 
3960 IF IESC=2 GOTO 4030 
3970 PRINT #1," ESCALATION RATES, percent" 
3980 PRINT #l," WAGES AND SALARIES 
3990 PRINT #1," MATERIALS AND SUPPLIES 
4000 PRINT #1," NUCLEAR REGULATORY FEES 
4010 PRINT #I," NUCLEAR INSURANCE 
4020 GOTO 4040 
4030 PRINT #1, USING U$(4); ESCGEN 
4040 ' 
4050 PRINT #1, USING U$(7); STAFCOS 
4060 PRINT #1, U$(20) 
4070 PRINT #1, USING US(11); OFFSALARY 
4080 PRINT #1, U$(23) 
4090 PRINT #1, USING U$(21);Z$;OTHERAGFAC 
4100 PRINT #1, USING U$(8); ANNGEN 
4110 PRINT #1, USING U$(9); YEAR 
4120 I F  DEVICEOUT-2 THEN GOSUB 4800 
4130 PRINT #I, CHR$(12) 
4140 ' 
4150 'Print OW c o s t  summary 
4160 GOSUB 4860 
4170 PRINT #1,V$ 
4180 PRINT #1, I' POWER GENERATION COSTS ($million/year) If 

4190 PRINT #1, 'I I I  

4200 PRINT #1,V$ 

4220 PRINT #l,V$ 
4230 PRINT #1, U$(12) 
4240 PRINT #1, USING US(13);FIXMNT 
4250 PRINT #1, USING US(14);VARMNT 
4260 PRINT #1, U$(5) 
4270 PRINT #1, USING US(18);TOTMNT 
4280 PRINT #1,V$ 
4290 PRINT #1, U$(15) 
4300 PRINT #l, USING US(13);FIXSE 
4310 PRINT #1, USING US(l4);VSEBAS 
4320 PRINT #1, U $ ( S )  

3810 TOTALLESSAG-TOTAL-ADMGEN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4210 PRINT #I, USING U$(IO);PEOPLE,COSTAF 
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4330 PRINT #1, USING U$(lS);SUPEXP 
4340 PRINT #1,V$ 
4350 PRINT #I, USING U$(17);OFFSTAFF,SUPORT 
4360 IF BEVICEOUT-2 THEN GOSUB 4800 
4370 PRINT #lev$ 
4380 PRINT #1, U$(6) 
4390 PRINT #1, USING U$(13);FlXPOWER 
4[+00 PRINT #I, USING U$(14);VARPOWER 
4410 PRINT %I, U$(5) 
4470 PRINT #1, USING U$(18);TOTPOWER 
4430 PKTNT #1,V$ 
4440 PRINT #1 It ADMINISTRATIVE AND GENEEUL COSTS ($million/year)" 
44S0 PRINT #l," 
4460 PRINT #1,V$ 
4470 PRINT #1, USING US(32);PENSION 
4480 PRINT #1, USING US(16);FEEINS 
4490 PRINT #1, IJSING US(19);COMINS 
4500 PRINT #1, USING US(22);PROPIN 
4510 PRINT #1, USING US(24);RPOWER 
4520 PRINT #1, USING US(25);ZS;OTHERAG 
4530 PRINT #1, U$(5) 
4540 PRINT #1, USING US(18);ADMGEN 
4550 IF DEVICEOUT=2 THEN GOSUR 4800 
4560 PRLNT #1,V$ 
4570 PRINT #1," TOTAL O&M COSTS ($million/year)" 
4580 PRINT #l?" 
4590 PRINT #1,V$ 
4600 PRINT #1, USING U$(26);TOTFIX 
4610 PRINT #I, USING U$(27);TOTVAK 
4620 PRINT #1, 1J$(5) 
4630 PRINT #1, USING U$(28);Z$;TOTAL 
4U+O PKINT #1 ,V$ 
4650 PRINT #1, USING US(31);ZS;TOTMIL 
4660 PRINT #1, USING U$(33);Z$;TOTLESSAGMIL 
4670 IF DEVICEOUT-2 THEN GOSUB 4800 
4680 PRINT #1, CHRS(12) 
4690 GOTO 2200 
4700 ' _ _ - _ _ - _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - -  
4/10 'OPTIONAL Reset individual escalation rates to general  escalation rate 
4720 IESC-2 
4730 ESWAGE=ESCGEN 
4740 ESMATL=ESCGEN 
4750 ESFEES=ESCGEN 
4760 ESCTNS=ESCGEN 
4770 RETURN 

II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4790 'pause for SC'TCCII output 
4800 PRINT "Press any key to conti.nue" 
4810 A$=INKEY$ 
4820 IF A$="" THEN 4810 
4830 RETURN 

4850 'print page heading 
4 8 6 0  PRINT #1," SUMMARY OF ANNUAL NONFUEL O&M COST FOR LWR POWER PLANT 

4840 ' _ - _ _ - _ _ - _ _ - _ _ - - _ - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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4870 PRINT # l , V $  
4880 PRINT #1," Version 10-15-87 Run Date ";  DATE$ 
4890 PRINT #1,V$ 
4900 PRINT #l,V$;RUNID$ 
4910 RETURN 
4920 END 





43 

ORNL/TM-10563 
D i s t .  Category UC-80 

I n t e r n a l  D i s t r i b u t i o n  

1-2, D. J. Bjorns t ad  17 .  H, E, Trammel1 
3-7. H. I, Bowers  18. K. A. W i l l i a m s  

8. J, G .  Delene 19. ORNL P a t e n t  O f f i c e  
9. E. C, Fox 20. C e n t r a l  Research  L i b r a r y  

10-14. L. C. F u l l e r  21. Document Reference S e c t i o n  
15. J. A. Getsi 22-23. Labora tory  Records Department 
16. C. R, Hudson 11 24, Labora tory  Records (RC) 

External D i s t r i b u t i o n  

25. 

26. 

27. 

28. 

29. 

3 0. 

31. 

32. 

33. 

3 4 .  

35-39. 

40. 

41. 

42. 

O f f i c e  of A s s i s t a n t  Manager f o r  Energy Research. and Develop- 
ment, Department of Energy, Oak Ridge Opera t ions ,  Oak Ridge, TN 
37831 
R. E. Al len ,  EEDB Program P r o j e c t  Manager, United Engineers  6 
C o n s t r u c t o r s ,  P.O. Box 8223, P h i l a d e l p h i a ,  PA 19101 
L, M. Blair, Oak Ridge Associa ted  U n i v e r s i t i e s ,  P.O. Box 1 1 7 ,  
Oak Ridge, TN 37830 
C. Braun, Electric Power Research I n s t i t u t e ,  3412 Hi l lv i ew 
Avenue, P.0, BOX 10412, Pa lo  Al to ,  CA 94305 
J, H, Crowley, United Engineers  & C o n s t r u c t o r s ,  P.0. Box 8223, 
P h i l a d e l p h i a ,  PA 19101 
S. Fe ld ,  NL-007, Nuclear  Regula tory  Commission, Washington, DC 
20555 
C. F. F i s h e r ,  Engineer ing  Experiment S t a t i o n ,  The U n i v e r s i t y  of 
Tennessee,  Knoxvi l le ,  TN 37916 
A. H. Fuldner ,  Jr., EI-542, 2G-O6O/FORS, Energy In fo rma t ion  
Admin i s t r a t ion ,  Department of Energy, 1000 Independence Avenue 
SW, Washington, DC 20585 
J. C, Geid l ,  EI-50, 2G-090/FORS7 Energy In fo rma t ion  Adminis t ra-  
t i o n ,  Department of Energy, 1000 Independence Avenue SW, Wash- 
i n g t o n ,  DC 20585 
M, G i e l e c k i  , EI-532, BF-llS/FORS, Energy In fo rma t ion  Admin- 
i s t r a t i o n ,  Department of Energy, 1000 Independence Avenue SW, 
Washington, DC 20585 
J. G. H e w l e t t ,  EI-532, BF-l15/FORS, Energy In fo rma t ion  Admin- 
i s t r a t i o n ,  Department of Energy, 1000 Independence Avenue SW, 
Washington, DC 20585 
A. J, Karalis, United Eng inee r s  & C o n s t r u c t o r s ,  P.O. Lbx 8223, 
P h i l a d e l p h i a ,  PA 19101 
A. Mangin, I n s t i t u t e  f o r  Nuclear Power Opera t ions ,  1100 Circle 
7 5  Parkway, A t l a n t a ,  GA 30339 
E. F. Mastal, NE-12, D-414/GTN, Department of Energy, Wash- 
i n g t o n ,  DC 20545 



44 

43-47. 
48. 

49. 

50. 

51, 

52. 

53" 

54, 

55. 

56-137. 

M. Le Myers, 5404 Palmetto Road, Knoxville,  TN 37921 
D. Po l ing ,  I n s t i t u t e  f o r  Nuclear Power Opera t ions ,  1100 Circle 
75 Parkway, A t l a n t a ,  GA 30339 
W, F. Savage, NE-44, E-47J/GTN, Department of Energy, Wash- 
ing ton ,  DC 20545 
B. H. Shapiro,  NE-12, D-420/GTN9 Department o f  Energy, Wash- 
ing ton ,  DC 20545 
P. R. Shoop, I n t e r n a t i o n a l  Brotherhood of E l e c t r i c a l  Workers, 
1125 15th S t r e e t  NW, Washington, DC 20005 
S .  Vej t a sa ,  E l e c t r i c  Power Research I n s t i t u t e ,  3412 Hi l lv iew 
Avenue, P.O. Box 10412, Palo Al to ,  CA 94305 
H. L. Walton, ET-532, BG-Q41/FORS, Energy Informat ion  Admin- 
i s t r a t i o n ,  Department of Energy, 1000 Independence Avenue SW, 
Washington, DC 20585 
J. W. Witthuhn, Sargent & lundy Engineers,  55 East Monroe 
S t r e e t ,  Chicago, 11, 60603 
E. J. Z i e g l e r ,  United Engineers d Cons t ruc to r s ,  P.O. Box 8223, 
Ph i l ade lph ia ,  PA 19101 
Given d i s t r i b u t i o n  as shown i n  DOE/TIC-4500 under ca tegory  
UC-80 (General Reactor Technology) 


