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COAL-FIRED ELECTRIC POWER PLANT 
LIFE EXTENSION: AN OVERVIEW 

M. 3.  Tay lor  
L. C. F u l l e r  

ABSTRACT 

Q u a l i t a t i v e  i n f o r m a t i o n  concerning ag i  ng and 1 i f e  ex- 
t e n s i o n  o f  c o a l - f i r e d  power p l a n t s  was compiled f o r  use by 
t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  (EIA). This  data i s  
t o  be u t i l i z e d  as i n p u t  t o  t h e  E I A ' s  I n te rmed ia te  Future  
Fo recas t i ng  System ( IFFS)  and the  Nat ional  Coal Model (NCM) 
so t he  l i f e  ex tens ion  o p t i o n  can be i nc luded  i n  t h e i r  an- 
a l y s i s  and f o r e c a s t i n g  a c t i v i t i e s .  Three ca tegor ies  o f  
i n f o r m a t i o n  were defined: 

( a )  phys i ca l  d e s c r i p t i o n s  t h a t  i nc luded  number, age, 
l o c a t i o n ,  and h i s t o r i c a l  performance degradat ion data, 

( b )  t y p i c a l  economic and systems c r i t e r i a  t h a t  u t i l i -  
t i e s  should cons ider  d u r i n g  t h e  l i f e  ex tens ion  d e c i s i o n  
making process, and 

( c )  a summary o f  t h e  economic and r e g u l a t o r y  exper- 
ience o f  some ac tua l  l i f e  ex tens ion  p r o j e c t s .  

1. INTRODUCTION 

E l e c t r i c a l  u t i l i t i e s  are having t o  rnake expansion p lans w i thou t  t h e  
b e n e f i t  of t h e i  r t r a d i  t i  onal response t o  capac i t y  s h o r t  -f a1 1 : new con- 
s t r u c t i o n .  Low load  growth fo recas ts ,  h igh  c o n s t r u c t i o n  cos ts  f o r  both 
new nuc lea r  and f o s s i l  - fueled p l a n t s ,  s i t i n g  and environmental r e q u i r e -  
ments, and increased f i s c a l  a c c o u n t a b i l i t y  t o  Pub l i c  Serv ice  Commissions 
(PSCs) have combined t o  make new capac i t y  i n c r e a s i n g l y  d i f f i c u l t  t o  
j u s t i f y .  As a r e s u l t ,  the on ly  v i a b l e  o p t i o n  f o r  inarny u t i l i t i e s  i s  t o  
d e f e r  new c o n s t r u c t i o n  f o r  as long  as poss ib le .  While t h i s  might be the 

most prudent business dec i s ion ,  a c o n f l i c t  a r i s e s  because t h e  new p l a n t s  

are  needed, o r  w i l l  be needed soon, t o  ensure adequate and r e l i a b l e  se r -  
v i ce .  To reso lve  t h e  c o n f l i c t ,  many u t i l i t i e s  are o p t i n g  fo r  extending 
t h e  opera t i ng  l i f e  o f  t h e i r  e x i s t i n g ,  o lde r ,  f o s s i l - f u e l e d  p lan ts .  L i f e  



2 

extens ion has been shown t o  be a cost  e f f e c t i v e  s t r a t e g y  and, i n  t h e  
near term, i s  l i k e l y  t o  remain an a t t r a c t i v e  a l t e r n a t i v e  f o r  many u t i l -  
i t i e s .  There are  severa l  f i n a n c i a l ,  regu la to ry ,  opera t ing ,  and tech-  
n i c a l  reasons f o r  t h i s  assessment. 

The most compel l ing  reason i s  c l e a r l y  f i n a n c i a l .  I n  t h e  l a s t  30 
years,  t h e  cos t  o f  new genera t ing  capac i t y  has increased by approx i -  
mate ly  1000 percent .  High c a p i t a l  cos ts  and i n t e r e s t  r a t e s  combined 
w i t h  l ong  c o n s t r u c t i o n  l ead  t imes have pushed t h e  cos t  o f  new coal  -F i  r a d  
capac i t y  t o  $1200-$1sUO/kW(e) i n  1985 d o l l a r s .  U t i l i t i e s ,  understand- 
ab ly ,  have came t o  realize t h a t  t h e  end of c a p i t a l  i n t e n s i v e  cons t ruc-  
t i o n  p r o j e c t s  i s  a l so  t h e  s t a r t  o f  f i s c a l  hea l th .  As a r e s u l t ,  many 
u t i l i t i e s  a re  avo id ing  new capac i t y  u n t i l  i t  i s  abso lu te l y  necessary, 
Extending t h e  l i f e  of e x i s t i n g  f o s s i l - f u e l e d  u n i t s p  on t h e  o the r  hand ,  

g ives  u t i l i t i e s  an a f f o r d a b l e  means o f  meeting e l e c t r i c a l  demand. 
Nationwide, t h e  t o t a l  cos t  t o  r e f u r b i s h ,  operate, and main ta in  an e x i s t -  
i n g  c o a l - f i r e d  p l a n t  f o r  an e x t r a  20 t o  30 years i s  es t imated  t o  be o n l y  
$100-300/kW(e). 

T h i s  economic m o t i v a t i o n  t o  upgrade r a t h e r  than add new capac i t y  i s  
r e i  n forced,  i n t e n t i  onal l y  and u n i n t e n t i o n a l l y  , by v a r i  ous regu l  a t o r y  
agencies. I t  has become coinrnon p r a c t i c e  fo r  most s t a t e  PSCs t o  r e q u i r e  
u t i l i t i e s  t o  show t h a t  t h e r e  i s  no o ther  lower  cost a l t e r n a t i v e  before 
approv ing new cons t ruc t i on .  I n  a d d i t i o n  t o  l oad  management and conser- 
va t ion ,  a p a r t  o f  t h i s  p r o o f  i s  a v a i l a b i l i t y .  Another idea ga in ing  
p o p u l a r i t y  w i t h  some PSCs i s  t o  implement i n c e n t i v e  r a t e  s t r u c t u r e s .  
This method compensates u t i l i t i e s  as a f u n c t i o n  o f  how w e l l  they  operate 
t h e i r  system. One o f  the  c r i t e r i a  used t o  measure performance i s  p l a n t  
a v a i l a b i l i t y .  L i f e  ex tens ion  can be a cos t  e f f e c t i v e  means o f  ach iev ing  
these requi  red  system improvements 

A t  l e a s t  one s t a t e  PSC has proposed a d i r e c t  i n c e n t i v e  t o  encourage 
u t i l i t i e s  t o  upgrade t h e i r  e x i s t i n g  c o a l - f i r e d  f a c i l i t i e s .  The Pennsyl- 
vania PSC has proposed t h a t  u t i l i t i e s  should be al lowed t o  collect t h e  
cas ts  o f  upgrading p l a n t  ou tpu t  and a v a i l a b i l i t y  through a r a t e  su r -  
charge r a t h e r  than a r a t e  case. This would permi t  a u t i l i t y  t o  irriiriedi- 
a t e l y  s t a r t  c o l l e c t i n g  t h e  costs  o f  t h e  upgrade. Although upgrade i n  
th i s  contex t  i s  a l e s s  i n t e n s i v e  e f f o r t  than a l i f e  extens ion p r o j e c t ,  
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rep resen ta t i ves  o f  t he  PSC have s a i d  the re  i s  t he  p o t e n t i a l  t h a t  l i f e  

ex tens ion  p r o j e c t s  cou ld  a l s o  be recognized under t h e  program. 
There are opera t i ng  cons idera t ions ,  which toge the r  w i t h  r e g u l a t o r y  

requi  rements and h i  gh c a p i t a l  investment costs, support t he  1 i f e  exten- 
s i o n  op t ion .  These i n c l u d e  the  accuracy of s t a t e d  reserve c a p a c i t i e s  
and new a l t e r n a t e  sources of power. Although many u t i l i t i e s  now r e p o r t  
record  reserve c a p a c i t i e s ,  a ca re fu l  examinat ion reveals  t h a t  these r e -  
serves cou ld  become inadequate. Some of t h i s  i s  a t t r i b u t a b l e  t o  u n i t s  
scheduled t o  come on l i n e  i n  t h e  1980s but whose complet ion i s  now i n  
doubt. Another reason f o r  concern i s  t h a t  many u t i l i t i e s  r e p o r t  r e -  
serves based on nameplate capac i t y  r a t h e r  than t h e  mre r e a l i s t i c  de- 
pendable capac i ty .  The main concern though stems from the composi t ion 
o f  t h e  c u r r e n t  s tock  of genera t ing  capac i ty .  Because new c o n s t r u c t i o n  
has e s s e n t i a l l y  been ha l ted ,  e x i s t i n g  p l a n t  popu la t i ons  a re  a mix o f  
many older,  smal le r  u n i t s  and some newer very l a r g e  s i zed  u n i t s .  These 
sma l le r  u n i t s  cont inue t o  age and by 1990 a s i g n i f i c a n t  number o f  them 
w i l l  be more than 30 years o ld .  The performance o f  the newer u n i t s ,  
however, might not  be s u f f i c i e n t  t o  compensate f o r  the i n c r e a s i n g  degra- 

d a t i o n  o f  t h e  o lde r ,  smal le r  u n i t s .  It has been e s t a b l i s h e d  t h a t  t h e  
l a r g e r  s i z e d  u n i t s ,  600 MW(e) and l a r g e r ,  i n s t a l l e d  by most u t i l i t i e s  
d u r i n g  the  s i x t i e s  and sevent ies  have no t  achieved t h e  r e l i a b i l i t y  f o r  
which they  were designed. Dur ing  t h e  10 year  p e r i o d  s t a r t i n g  i n  1966, 
t h e  e f f e c t i v e  fo rced  outage r a t e  of these u n i t s  was tw ice  as h igh  as 
t h a t  of u n i t s  400 MW(e) o r  smal le r .  Consequently, as t h i s  mixed system 
cont inues  t o  age, it i s  conceivable t h a t  shortages could develop. U t i l -  
i t i e s  must then decide how t o  meet these shortages. Given the c u r r e n t  
r e g u l a t o r y  c l i m a t e  and t h e  c a p i t a l  i n t e n s i v e  na tu re  o f  new capac i ty ,  
l i f e  ex tens ion  may be t h e  more t r a c t a b l e  op t i on .  

Another system c o n s i d e r a t i o n  t h a t  encourages l i f e  ex tens ion  i s  t h e  
growth of a l t e r n a t i v e  sources of e l e c t r i c i t y  such as i n d u s t r i a l  cogen- 
e r a t i o n .  As a r e s u l t  o f  t h e  PUKPA l e g i s l a t i o n ,  u t i l i t i e s  are requ i red  
t o  purchase and t r a n s p o r t  t h i s  independent ly generated power. The num- 
ber  of these f a c i l i t i e s  c u r r e n t l y  ope ra t i ng  o r  i n  the  p lann ing  stage i s  
g rea te r  than a n t i c i p a t e d  and t h e i r  p o p u l a r i t y  ( w i t h i n  i n d u s t r y )  con- 
t i n u e s  t o  groN. It i s  not  i nconce ivab le  t h a t  w i t h  cont inued low o r  
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moderate load growth and l a r g e  b locks of cogenerated power some u t i l i -  

t i e s  cou ld  e l i rn tna te  the  need f o r  new p l a n t s ,  Any system improvements 
needed t o  compensate fo r  ag ing p l a n t s  cou ld  be q u i c k l y  and economical ly  
p rov ided by l i f e  ex tens ion  p r o j e c t s .  

There are some p u r e l y  t e c h n i c a l  cons ide ra t i ons  t h a t ,  wh i l e  not d i -  
r e c t l y  suppor t ing  l i f e  extens ion,  do r e i n f o r c e  t h e  near te rm d e c i s i o n  
no t  t o  b u i l d  new capac i ty ,  These deal w i t h  the  replacement technology 
t o  be used f o r  t h e  next  generat ion of c o a l - f i r e d  p lan ts ,  There a re  
s t i  11 unanswered quest ions concerning t r a d e o f f s  between p l a n t s  w i t h  low 
i n i % i a l  investment but h igh  opera t i ng  costs  and p l a n t s  w i t h  h i g h  c a p i t a l  
investment costs  bu t  lower ope ra t i ng  costs,  The h igh  investment cost  
category inc ludes  t h e  t r a d i t i o n a l  coal and nuc lear  u n i t s  w h i l e  the  low 
i n i t i a l  investment op t ions  i n c l u d e  combined c y c l e  u n i t s .  The Department 
o f  Energy has r e c e n t l y  quoted a f i g u r e  o f  $900/kW(e) f e r  an i n t e g r a t e d  
coal  g a s i f i c a t i o n  combined c y c l e  p lan t .  Th is  i s  cons iderab ly  l ess  than 
t h e  c u r r e n t  p r i c e  o f  $120Q-l500/kW(e) f o r  a t r a d i t i o n a l  c o a l - f i r e d  
u n i t .  Another unresolved t e c h n i c a l  quest ion i s  j u s t  what t ype  of f u e l  
w i l l  be used i n  fu tu re  c o a l - f i r e d  p lan ts .  F l u i d i z e d  bed designs, fo r  

example, permi t  t h e  use of  h igh  s u l f u r  coal  w h i l e  s t i l l  meeting en- 
v i  ronmental standards. There are, t he re fo re ,  economic and env i  ronmental 
i n c e n t i v e s  f o r  de lay ing  new cons t ruc t ion .  Should a u t i l i t y  opt t o  w a i t  
f o r  t h e  new technology and a capac i t y  s h o r t f a l l  develop, l i f e  ex tens ion  
o f  an e x i s t i n g  u n i t  cou ld  o f f e r  a qu ick,  economical s o l u t i o n .  

Because u t i l i t i e s  have on ly  j u s t  begun t o  s e r i o u s l y  cons ider  l i f e  
extens ion,  the dec i s ion  making process i s  no t  t h a t  we l l  def ined.  There 
are  on ly  l i m i t e d  methods f o r  e s t i m a t i n g  the remain ing l i f e  of p l a n t  corn- 
ponents. Also, t h e r e  i s  no s ing le ,  a l l  i n c l u s i v e  ana lys i s  t h a t  i s  cap- 
ab le  o f  cons ide r ing  the  myr iad economic and opera t i ona l  i n f l uences  t h a t  
a f f e c t  t h e  upgrading dec is ion .  The purpose of t h i s  task i s  t o  compile 
i n f o r m a t i o n  t o  permi t  EIA t o  i n c l u d e  t h e  e f f e c t s  o f  l i f e  ex tens ion  i n  
t h e i r  f o r e c a s t i n g  a c t i v i t i e s  and thus permi t  a b e t t e r  understanding o f  
t he  l i f e  ex tens ion  ap t ion .  This o b j e c t i v e  w i l l  be achieved t h e  through 
fo l  1 owi ng steps. 

The aye o f  the  e x i s t i n g  stock  o f  c o a l - f i r e d  genera t ing  p l a n t s  w i l l  
be de f ined f o r  each o f  seven s i z e  groups and f o r  each o f  t h e  44 NCM 
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r e g i  ons I n  a d d i t i o n ,  h i  s t o r i  c a l  p l  a n t  performance deyradat i on data  

w i l l  be d e f i n e d  as a f u n c t i o n  of t h e  same seven s i z e  ranges. 
The var ious c r i t e r i a  t h a t  should be i nc luded i n  t h e  l i f e  extens ion 

d e c i s i o n  making process w i l l  be defined. These i n c l u d e  economic and op- 

e r a t i n g  cons idera t ions  f o r  both t h e  candidate p l a n t  as we1 1 as the  u t i l -  
i t y  system as a whole. 

F i n a l l y ,  t h e  exper ience o f  severa l  u t i l i t i e s  t h a t  are p lann ing  o r  
have completed l i f e  ex tens ion  p r o j e c t s  will be summarized. Types o f  i n -  
fo rmat ion  compiled inc lude,  but are not  l i m i t e d  t o ,  cos t  and schedul ing 
of l i f e  ex tens ion  p r o j e c t s  and t h e  r e a c t i o n  o f  t h e  var ious s t a t e  PSCs 
concern i  plg recovery o f  c a p i t a l  costs  

2. SUMMARY 

Since c o n s t r u c t i o n  of new coal  - f i  red  generat ing p l a n t s  has essen- 
t i a l l y  stopped, u t i l i t i e s  a re  hav ing t o  r e l y  on e x i s t i n g  p l a n t s  f o r  
t h e i r  near term f u t u r e  power needs. Because few new p l a n t s  are e n t e r i n g  
serv ice ,  t h e  average age o f  those u n i t s  remaining i n  s e r v i c e  cont inues 
t o  i nc rease and t h e i r  performance d e t e r i o r a t e .  L i f e  extens ion programs 
a r e  implemented t o  reverse t h e  e f f e c t s  of t h e  aging process and p e r m i t  
cos t  e f f e c t i v e  opera t ion  of coal  - f i r e d  p l a n t s  beyond t h e i r  t r a d i t i o n a l  
l i f e t i m e .  This  approach t o  c a p a c i t y  expansion has severa l  advantages 
over new c o n s t r u c t i o n :  i t  i s  cons iderab ly  l e s s  expensive, has fewer en- 
v i ronmenta l  and s i t i n g  compl icat ions,  and o f f e r s  l e s s  f i n a n c i a l  r i s k .  

The p h y s i c a l  c h a r a c t e r i s t i c s  and h i s t o r i c a l  performance da ta  com- 
p i l e d  as a p a r t  o f  t h i s  study c l e a r l y  show t h e  present  c o n d i t i o n  and 
e x t e n t  o f  performance degradat ion of the  e x i s t i n g  s tock of c o a l - f i r e d  
p l a n t s .  T h e i r  number, average age, and i n s t a l l e d  c a p a c i t y  were d e f i n e d  
f o r  each o f  t h e  44 NCM r e p o r t i n g  regions. Average, t ime dependent per- 
formance data taken from a cross s e c t i o n  of u t i l i t i e s  showed a c o n l i n u -  
i n g  worsening o f  both a v a i l a b i l i t y  fac to rs  and fo rced outage ra tes  f o r  
a l l  bu t  t h e  l a r g e s t  u n i t s .  Performance p r o j e c t i o n s  u s i n g  t h i s  data were 
n o t  made, however one q u a l i f i c a t i o n  was o f fe red  f o r  the  b e n e f i t  o f  any 

end user. It was a reminder t h a t  s imple e x t r a p o l a t i o n s  o f  h i s t o r i c a l  
behavior o f  any type  should no t  be made #hen mechanisms f o r  changes i n  
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t h a t  behavior  have been i d e n t i f i e d .  Th is  s i t u a t i o n  i s  appl icable.  here 
i n  t h a t  t h e r e  are  indeed severa l  such mechanisms t h a t  have t h e  p o t e n t i a l  
t o  a l t e r  t h e  performance t rends  presented i n  t h i s  repo r t .  I n  a d d i t i o n  
t o  l i f e  extens ion,  these i n c l u d e  fewer new p lan ts ,  increased l e v e l s  of 
maintenance f o r  a l l  s i r e  u n i t s ,  and o the r  l e s s  r i go rous  c a p i t a l  programs 
such as heat r a t e  improvement. 

De f in ing  and implementing an optimum l i f e  extens ion program, i n -  
c l u d i n g  s e l e c t i n g  candidate p lan ts ,  was shown t o  requ i  r e  a cons iderab le  
p lann ing  e f f o r t .  Because i t  has the  p o t e n t i a l  t o  a f fec t  t h e  economic 
v i a b i l i t y  and opera t i ng  r e l i a b i l i t y  o f  an e n t i r e  u t i l i t y  system, t h e  
p lann ing  process must cons ider  the  e n t i  re spect~rurn o f  inanageri a1 , engi - 
neer ing,  and opera t i ng  dec i s ion  c r i t e r i a .  The f i r s t  major s tep  i n  t h e  
process i s  a complete mechanical i n s p e c t i o n  of the candidate p lan ts ,  
Th is  procedure def ines t h e  remaining l i f e  o f  t h e  equipment and d e t e r -  
m i  ne5 those m d i  f i e a t  i ons necessary f o r  extended opera t ion .  The cos t  o f  
these proposed improvements toge the r  w i t h  o the r  more t r a d i t i o n a l  p ian-  
n iny  cons ide ra t i ons  are then evaluated t o  de f ine  t h e  p r o j e c t  scope. 
These t r a d i t i o n a l  c r i t e r i a  i n c l u d e  but  are no t  l i m i t e d  to :  

( a )  t h e  u t i l i t i e s  long range business ob jec t i ves ,  
( b )  a l t e r n a t i v e s  t o  new c o n s t r u c t i o n  and l i f e  ex tens ion  such as 

( c )  s t a t e  and fede ra l  environmental requirements, and 
( d )  ex te rna l  f i nanc ing  requi  rernents, increased maintenance costs  

d u r i n g  t h e  extended opera t i ng  per iod,  and r e g u l a t o r y  t rea tment  of l i f e  
ex tens ion  c a p i t a l  cos ts  e 

Dur ing  t h e  e f f o r t  t o  d e f i n e  ac tua l  l i f e  ex tens ion  economic e x p e r i -  
ence, i t  was d iscovered t h a t  t h e  concept and implementation, and the re -  
f o r e  t h e  costs ,  o f  these p r o j e c t s  va r ied  considerable.  The m a j o r i t y  of 
u t i l i t i e s  a re  on ly  j u s t  now s t a r t i n g  t h e i r  programs. O f  30 companies 
s tud ied ,  on ly  9 have progressed beyond t h e  equipment i n s p e c t i o n  step. 
An a d d i t i o n a l  comp l i ca t i on  i s  t h a t  most h a w ,  o r  i n t e n d  t o ,  implement 
t h e i r  programs g r a d u a l l y  i n  a manner- c l o s e l y  a l l i e d  w i t h  t h e i r  normal 
rnai ntenance outages. This  d i f f e r s  cansi  derab ly  f rom t h e  common percep- 
t i o n  o f  l i f e  ex tens ion  as an i n t e n s i v e  replacement and modern izat ion 

canserva t i  an, load  management, and power purchases 
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e f f o r t  f o l l owed  by a r e l a t i v e l y  und is tu rbed extended opera t i ng  per iod .  

A t h i r d  approach encountered i s  one i n  which u t i l i t i e s  have s t e a d i l y  
inc reased o p e r a t i n g  and maintenance ( O M )  and c a p i t a l  investment expen- 
d i t u r e s  over t h e  l a s t  few years i n  an e f f o r t  t o  ma in ta in  t h e i r  p l a n t s '  
e x i s t i n g  performance. While t h i s  i s  not  normal ly  considered l i f e  exten- 
sion, it does have t h e  l ong  te rm b e n e f i t  o f  a l l o w i n g  u n i t s  t o  opera te  
past  t h e i  r o r i  g i  n a l  design 1 i fe. These c i  rcurnstances combine t o  produce 
an i n c o n c l u s i v e  cos t  experience. Overa l l ,  t h e r e  i s  on l y  a very l i m i t e d  
amount of data o f  any k i n d  a v a i l a b l e ,  and s p e c i f i c a l l y  t h a t  which has 
been repo r ted  i s  i n c o n s i s t e n t  . Those u t i  1 i t  i es wi th i ntens i  ve or we1 1 
de f i ned  programs a re  r e p o r t i n g  t o t a l  c a p i t a l  investment costs  t h a t  range 
from $4l/kW(e) t o  $100/kW(e). Those implementing gradual programs have 
toge the r  spent more than $173 m i l l i o n  on c a p i t a l  improvements over a 
p e r i o d  o f  severa l  years and expect t o  spend an a d d i t i o n a l  $360 m i l l i o n  
i n  t h e  near term. Those few u t i l i t i e s  o p t i n g  f o r  increased annual ex- 
pend i tu res  t o  m a i n t a i n  performance l e v e l s  do not  s p e c i f i c a l l y  i d e n t i f y  
l i f e  ex tens ion  costs  and the re fo re  cannot c o n t r i b u t e  a t  a l l  t o  t h e  
cumu 1 a t  i ve exper i  ence . 

Other p e r t i n e n t  l i f e  ex tens ion  experiences de f i ned  d u r i n g  t h i s  
study i n c l u d e :  

( a )  Predominately program c a p i t a l  investment costs  are bei  ng re-  
ported, but  these a re  not  r e p r e s e n t a t i v e  o f  t h e  complete costs. For 
example, one u t i l i t y  repo r ted  a t o t a l  c a p i t a l  investment cos t  o f  
$4l/kW(e), but  when t o t a l  O&M cos ts  es t imated  f o r  t h e  extended opera t i ng  
p e r i o d  were added, the  f i g u r e  became $365/kW(e). 

(b )  General ly,  t h e  pending a c i d  r a i n  l e g i s l a t i o n  i s  not  a s p e c i f i c  
c o n s i d e r a t i o n  i n  u t i l i t y  l i f e  ex tens ion  p lann ing  a c t i v i t i e s .  Any new 
requ i  rements w i  11 be f a c t o r e d  i n t o  u t i  1 i t y  economic analyses when, and 
i f ,  they become law. 

( c )  By and l a r g e  t h e  s t a t e  PSCs are a l l o w i n g  u t i l i t i e s  t o  recover 
O&M and c a p i t a l  investment costs  assoc ia ted  wi th t h e i r  l i f e  ex tens ion  
a c t i v i t i e s .  Al though t h e r e  i s  on ly  l i m i t e d  experience, t h e  consensus of 
o p i n i o n  i s  t h a t  i f  t h e  expendi tures can be shown t o  be cost e f f e c t i v e  
they  w i l l  be allowed. Those few cases where t h e  requests were denied o r  
on l y  p a r t i a l l y  a l lowed were e x t r a o r d i n a r y  i n  t h a t  e i t h e r  i n s u f f i c i e n t  
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i n f o r m a t i o n  was supp l i ed  o r  they were made i n  con junc t i on  w i t h  o the r  
l a r g e  (i .e., nuc lea r )  requests. 

W i t h i n  t h e  contex t  of how these results a f f e c t  t he  major goals  o f  
this  study, t h e r e  are  t h r e e  p r i n c i p a l  conc lus ions:  

( a )  The s e l e c t i o n  of candidate p l a n t s  requ i res  a complex and i t e r a -  
t i v e ,  u t i l i t y  s p e c i f i c  procedure. L i f e  ex tens ion  i s  not an automat ic  
choice, and t h e  scope ( lee. ,  number o f  p l a n t s  msdif ied and l e n g t h  o f  
l i f e  ex tens ion)  can vary g r e a t l y  among u t i l i t i e s .  

( b )  The m a j o r i t y  of u t i l i t i e s  t h a t  are mod i fy ing  t h e i r  p l a n t s  are 
do ing SO g radua l l y  o v e ~  t ime  r a t h e r  than a l l  a t  once, Thus, t h e  concept 
o f  l i f e  ex tens ion  as a d i s c r e t e  event w i t h  d i s t i n c t l y  d i f f e r e n t  "be fore  
and a f t e r "  p l a n t  con f igu ra t i ons  and opera t i ng  c h a r a c t e r i s t i c s  i s  i n -  
v a l i d .  

( c )  P lan t  l i f e  extens ion programs are j u s t  new being implemented on 
any k i n d  of sca le.  Accord ing ly ,  t h e r e  i s  i n s u f f i c i e n t  da ta  w i t h  which 
t o  de f ine  meaningful n a t i o n a l  t rends.  

The circumstances combine t o  make it d i f f i c u l t  t o  develop q u a n t i t a -  
t i  ve recommendati ons and gu i  de l  i nes f o r  p l  ant  s e l  e c t i  on c r i  t e r i  a s  t y p i  - 
c a l  changes i n  p l a n t  performance a f t e r  a l i f e  ex tens ion  program, and 

cos ts  as a f unc t i on  o f  coal  type,  DOE reg ion,  p l a n t  s ize ,  and l e n g t h  o f  
1 i f e  ex tons i  on e However, the f o l  1 owing very specu la t i ve  model i ng 
guide1 i nes are  proposed: 

( a )  Those c o a l - f i r e d  p l a n t s  25 years and o l d e r  between 100 tM(e )  

and 700 MW(e) i n  s i z e  should be se lec ted  fo r  l i f e  ex tens ion  programs. 
( b )  A l i f e  extens ion program wil l  extend the  opera t i on  o f  a coal- 

f i r e d  p l a n t  by 20 years and w i l l  cos t  $75/kld(e) i n  1985 d o l l a r s  f o r  cap- 
i t a l  equipment improvements only. An a d d i t i o n a l  cos t  o f  $lO/KW(e)-year 
should be used wherl i t  i s  des i red  t o  account f o r  increased annual O&M 
expendi tures d u r i  ng t h e  extended opera t i  ny per iod.  

( c )  The p o s t  improvement performance o f  a p l a n t  can be determined 
from the  h i s t o r i c a l  performance da ta  summarized i n  Sect.ion 3. As a 
f i r s t  approximation, i t  i s  reasonable t o  expect t h a t  a l i f e  ex tens ion  
program w i l l  r e t u r n  t h e  p l a n t ' s  performance t o  t h a t  when i t  was new, 
The curve f i t s  t h a t  Mere supp l i ed  w i t h  t h e  performance d a t a  presented a s  

a f u n c t i o n  o f  yeas o f  ope ra t i on  can k used t o  c a l c u l a t e  these post  
i mprovetnent performance 1 eve1 s.  
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It i s  recognized t h a t  these e m p i r i c a l  gu ide l i nes  have l i m i t e d  

accuracy and a re  sub jec t  t o  change as l i f e  ex tens ion  programs become 
more common. However, u n t i l  m r e  economic data becomes a v a i l a b l e ,  they  
a re  t h e  on ly  reasonable a l t e r n a t i v e .  There i s  cons iderab le  a c t i v i t y  
w i t h i n  the  u t i l i t y  i n d u s t r y  t h a t  i s  scheduled f o r  complet ion d u r i n g  t h e  
next yea r  t h a t  should he lp t o  c l a r i f y  matters.  These p r o j e c t s  i nc lude :  

( a )  scopiny s tud ies  by i n d i v i d u a l  u t i l i t i e s  t o  d e f i n e  t h e i r  pro- 

( b )  E P R I  s tud ies  t o  def i ne gener i  c mechanical i n s p e c t i  on techniques 

( c )  a second EPKI workshop on c o a l - f i r e d  p l a n t  l i f e  extension, and 
(d)  a proposed survey by t h e  Edison E l e c t r i c  I n s t i t u t e  t o  de f ine  

grams, 

and economic a n a l y s i s  met hodol og i  es, 

t h e  number and e x t e n t  o f  l i f e  ex tens ion  program. 

3. PYYSICAL AND OPERATING DESCRIPTION OF 
E X I S T I N G  COAL-FIRED PLANTS 

The purpose o f  t h i s  p o r t i o n  o f  t h e  r e p o r t  i s  t o  de f ine  data t h a t  
can be used t o  es t ima te  the  f u t u r e  performance o f  e x i s t i n g  c o a l - f i r e d  
p l a n t s .  Because it would be i m p r a c t i c a l  t o  at tempt t o  apply t h i s  data 
t o  each p l a n t  i n  t h e  na t ion ,  a number of composite p l a n t  popu la t i ons  
were a l s o  def ined. The execut ion  of and r e s u l t s  f o r  these two subtasks 
are discussed i n  d e t a i l  below. 

3.1 C h a r a c t e r i z a t i o n  o f  E x i s t i n g  Coal-Fired P lan ts  

The composite p l a n t  popu la t i ons  and t h e i r  phys i ca l  c h a r a c t e r i s t i c s  
were de f i ned  by f i r s t  d i v i d i n g  a l l  e x i s t i n g  c o a l - f i r e d  u n i t s  i n t o  two 
ca tegor ies ,  by geographical  reg ion  and by s i  ze (nameplate c a p a c i t y )  
w i t h i n  a region. Because t h e  perfarmance data are t o  be used as i n p u t  
t o  both the  NCM and IFFS computer models, it was decided t o  geograph- 
i c a l l y  c a t a l o g  t h e  p l a n t s  by NCM region. These 44 regions comprise sub- 
s e t s  o f  t h e  10 Uegartinent of Energy regions, and t h e i r  use w i l l  permi t  
t h e  es t imates  t o  be compiled d i r e c t l y  i n t o  t h e  more i n c l u s i v e  DOE 

regions. The r e l a t i o n s h i p  between t h e  NCM and DOE reg ions and the  48 
cont iguous s t a t e s  i s  summarized i n  Table 3.1. Once t h e  p l a n t  p o p u l a t i o n  



Table 3.1 Re la t i onsh ip  Between Nat ional  Coal Model and 
Department o f  Energy Repor t ing  Regions 

- 
DOE Region NCM Regions Sta tes  Inc luded 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

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, 26, 27 

28, 29, 30 

31, 32, 33 

34, 35, 36, 37, 
38 

39, 40, 41, 42 

43, 44 

Mai ne Vermont, New Hampshi re, 
Massachusetts, Connect icut ,  Rhode 
Is1 and 

New York, New Jersey 

Pennsylvania, V i  r y i  n i  a West 
V i r g i n i a ,  D i s t r i c t  o f  Columbia, 
Mary1 and Del aware 

Nor th Carol i na, South Caro l  i na, 
Georgia, F l o r i d a ,  Kentucky, 
Tennessee, Alabaina, M i s s i s s i p p i  

Ohi  0, M i  c h i  gan , I1 1 i no i  s ,  I n d i  ana, 
W i  sconsi n, Minnesota 

Arkansas, Loui s i  ana, Oklahoma, 
Texas, New Mexico 

Kansas, Nebraska, Iowa M i  ssou r i  

Nor th Dakota, South Dakota, Montana, 
Wyorni ng , Utah, Colorado 

Nevada, Arizona, C a l i f o r n i a  

Idaho, Washington, Oregon 

of a g iven reg ion  had been de f ined,  i t  was f u r t h e r  d i v i d e d  i n t o  one o f  7 
nameplate capac i t y  ranges: 1-99 MW(e), 100-199 MW(e), 200-299 MW(e), 
300-399 MW(e), 400-599 MW(e), 500-799 MW(e), and those equal t o  or 

grea te r  than 800 MW(e). 
The Generating U n i t  Reference F i  \ e  (GURF) was used as t h e  in forma- 

t i o n  source t o  ca ta log  t h e  p l a n t s  and d e f i n e  some o f  t h e i r  phys i ca l  
c h a r a c t e r i s t i c s .  T h i s  was accomplished by w r i t i n g  and execut iny  a 
s e r i e s  o f  S t a t i s t i c a l  Ana lys is  System ( S A S )  computer programs which used 
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t h e  GURF f i l e  as i n p u t  and accomplished t h e  f o l l o w i n g :  
( a )  cata loged a l l  a c t i v e  c o a l - f i r e d  p l a n t s  i n t o  one o f  t h e  44 NCM 

reg ions  and then i n t o  one of the  7 s i z e  ranges, 

( b )  f o r  each s i z e  range i n  each region, determined t h e  t o t a l  number 
o f  u n i t s ,  t h e i r  average age, and t o t a l  capaci ty ,  and 

( c )  f o r  each reg ion,  def ined t h e  t o t a l  genera t ing  c a p a c i t y  brought 

on l i n e  per  year  s ince  1936. 
An a c t i v e  c o a l - f i r e d  p l a n t  was def ined as one w i t h  an i n i t i a l  s e r v i c e  
da te  up t o  and i n c l u d i n g  1985 and whose pr imary f u e l  i s  coal .  A l l  ca te -  
g o r i e s  o f  coal  l i s t e d  i n  t h e  GURF f i l e  were de f ined as acceptable i n -  
c l u d i n g  bi tuminous, a n t h r a c i t e ,  l i g n i t e ,  sub-bituminous, and pet ro leum 
coke. This  i n f o r m a t i o n  f o r  each o f  t h e  44 NCM reg ions i s  summarized i n  
Table 3.2. 

Al though a reg ion  by reg ion  examinat ion of t h i s  data could no t  be 

made, u s e f u l  i n s i g h t  can be gained by examining i t  f o r  t h e  country  as a 
whole. This  composite data i s  summarized i n  F igures 3.1 through 3.4 and 
shows, r e s p e c t i  ve ly ,  t h e  number o f  u n i t s  t h e i r  c a p a c i t y  weighted aver-  
age age, t h e i r  t o t a l  capac i ty ,  and c a p a c i t y  i n s t a l l e d  per  year. F i g -  
ures 3.1, 3.2, and 3.3 show t h e  values o f  t h e  v a r i a b l e s  a t  t h e  t o p  D f  

each bar.  The l a r g e  number o f  bars i n  F igure  3.4 prevented t h i s  i d e n t i -  
f i c a t i o n  and t h e  values are, instead,  summarized i n  Table 3.3. Some o f  
t h e  rnore prominent t rends  i l l u s t r a t e d  i n  these f i g u r e s  are:  

( a )  t h e  p l a n t s  i n  t h e  1-99 MW(e) s i z e  range have t h e  g r e a t e s t  aver-  
age age, a re  t h e  l a r g e s t  number o f  u n i t s ,  and represent  t h e  smal les t  
f r a c t i o n  o f  t o t a l  c o a l - f i r e d  capaci ty ,  

( b )  those p l a n t s  g r e a t e r  than 8UO MW(e) i n  s i z e  represent  t h e  

s m a l l e s t  f r a c t i o n  o f  t o t a l  u n i t s  bu t  one o f  t h e  l a r g e s t  b locks o f  gen- 
e r a t i n g  capaci ty ,  

( c )  those p l a n t s  400 MW(e) i n  s i z e  and l a r g e r ,  have t h e  lowest  
average age and represent  t h e  smal les t  f r a c t i o n  of t o t a l  u n i t s  bu t  a l s o  
l a r g e s t  f r a c t i o n  o f  i n s t a l l e d  capaci ty ,  and f i n a l l y  

( d )  t h e  t o t a l  c o a l - f i r e d  genera t ing  c a p a c i t y  i n s t a l l e d  per  y e a r  
s i n c e  1936 has grown s i g n i f i c a n t l y .  
These q u a l i t a t i v e  t rends  agree q u i t e  w e l l  w i t h  o t h e r  publ ished summaries 
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Table 3.1. Summary of Speclfle Plant Populations 

1-99 W e )  Slze Range 100.199 W(e) Slze Range 200.299 MW(e) Size Range 300-399 MW(e) Size Range 400.599 M W b )  Slze  Range 60b799 W(e) Slze Range *EO0 M W b )  Slze Range 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
44 

A I  I 

3 
0 
20 
9 
8 
15 
9 
0 
7 
4 
23 
8 
4 
0 
5 
19 
4 
0 
10 
18 
38 
24 
67 
43 
40 
49 
7 0  
0 
1 
3 
19 
75 
38 
17 

1 
8 
10 
15 
0 
0 
0 
5 

689 

31 30.0 
0 0.0 
36 1 , 050.8 
32 189.5 
32 523.0 
38 676.1 
39 587.8 
0 0.0 

35 350.0 
30 272.7 
36 1,353.8 
35 3U7.3 
29 285.6 

30 213.5 
35 752.0 

0 0. 0 

42 24 0. 0 
0 0. 0 
30 362.1 
28 770.0 
33 799.0 
36 387.0 
28 1,929.1 
32 1,359.3 
34 1.228.2 
33 1 ,668.4 
34 1,355.3 
0 0. 0 
6 37.4 
3s 1 0.5 
29 901.3 
31 1,537.5 
33 944.5 
33 279.8 
27 50.0 
28 135.3 
39 293.5 
29 415.1 
0 0.0 
0 0.0 
0 0.0 

26 53.5 
32.8b 218862.7 

6 1 25 
0 0 0  
32 6 32 
1 1  2 22 
9 6 31 
5 15 28 
6 2 28 
0 4 34 
9 8 30 
6 5 22 
8 21 28 
2 1 1  27 
4 3 20 
0 0 0  
9 1 22 
5 23 26 
7 4 31 
0 10 30 
3 12 32 
18 8 30 
24 8 28 
5 16 30 
16 17 30 
7 17 31 
6 22 27 
23 9 25 
22 5 28 
0 0 0  
0 0 0  
0 2 22 
10 9 21 
23 5 17 
8 10 24 
7 1 18 
3 1 17 
2 3 24 
9 2 29 
8 7 23 
0 3 15 
0 3 12 
0 0 0  
3 0 0  

282 27,2b 

113.6 
0.0 

716.3 
299 . 2 
931.4 

2,206.3 
305.3 
610.0 

1 , 1 01 e7 
941.6 

2,935.9 
1,499.0 
527.5 
0.0 

1 00.0 
3,718.5 
700.0 

1,485.2 
1,777.7 
1 , Oc8.8 
1 , 095.8 
2,288.9 
2 , 385.2 
2,561.7 
2,885.0 
1,124.2 
682.4 
0.0 
0.0 

381.6 
1,090.0 
705.6 

1,572.3 
172.0 
172.8 
363.2 
227.2 
948.3 
342.0 
503.0 
0.0 
0.0 

4 0,479.2 

23 0 0  
0 2 22 
22 4 27 
17 0 0  
17 1 23 
15 1 22 
3 3 27 

2 32 1 1  
28 6 25 

0 0  20 
17 8 22 
12 3 21 
12 3 21 

0 0  0 
4 2 20 
24 5 1 1  
19 9 30 
23 0 0  
13 16 20 
23 5 24 
29 0 0  
14 10 29 
19 4 25 
14 7 19 
15 1 1  25 
16 2 25 
1 1  1 21 
0 1 1  
0 0 0  
8 1 21 

2 1 1  12 
1 3 14 
13 3 15 
4 2 17 
10 0 0  
6 2 19 

1 1  7 
19 3 5  
14 2 3  
10 2 6  
0 0 0  

0 0  0 
127 21.d) 

0. 0 
482.0 
872.0 
0.0 

255.0 
299.2 
712.5 
439.4 

1,428.8 
0. 0 

1,915.3 
897.6 
490.2 
0.0 

501.3 
1,230.6 
1,800.0 

0.0 
50821.3 
1,170.6 

2,284.2 
1 , c87.5 
2,492.6 
550.0 
238.9 
24 0.0 
0.0 

253.4 
484.5 
704.9 
736.8 
473.0 
0.0 

437.6 
250.0 
762.4 
524.0 
577.8 
0.0 
0.0 

30,120.7 

0. 0 

1,707.3 

0 
43 
26 
0 
5 
2 
8 

36 
0 

1 1  
7 
7 
0 
21 
8 
49 
0 

28 
27 
0 
14 
9 
9 
13 
8 
4 
2 
0 
6 
5 
1 
6 

t i  
0 
7 
7 
15 
21 
1 1  
0 
0 

8 

1 
0 
0 
2 
3 
0 
0 
0 
1 
3 
8 
1 
2 
0 
1 
2 
0 
7 
0 
0 
0 
1 
3 
8 
4 
6 
1 
0 
3 
2 
1 
1 
2 
0 
2 
3 
0 
3 
0 
0 
0 
0 
71 

17 
0 
0 

25 
25 
0 
.O 
0 
21 
20 
12 
18 
9 
0 
8 
12 
0 

24 
0 
0 
0 
18 
23 
23 
14 
13 
12 
0 
7 

1 1  
2 
13 
20 
0 
10 
1 1  
0 
13 
0 
0 
0 
0 

161 

345.6 
0.0 
0.0 

652.8 
1,070.9 

0.0 
0.0 
0.0 

359.0 
1,C%7.0 
2,731.8 
359.0 
703.8 
0.0 

305.2 
711.0 
0.0 

2 , 245.2 
0.0 
0.0 
0. 0 

317.5 
1 , 095.9 
2,890.0 
1,492.1 
2,046.8 
364.5 
0.0 

676.1 
32 0.0 
549.2 
662.0 
0.0 

716.8 
988.6 
0.0 

1,050.0 
0.0 
0.0 
0.0 
0.0 

,qb 24,620.8 

1,mo.o 

71 0 0  
0 0 0  
0 0 0  

36 0 0  
19 1 '20 
0 4 15 
0 5 17 
0 1 25 
9 0 0  
23 1 5  
16 4 12 
3 5 14 
10 7 14 
0 0 0  
12 1 4  
5 9 6  
0 0 0  

35 0 0  
0 7 15 
0 0 0  
0 2 8  
2 3 1 1  
9 2 17 
16 3 13 
8 13 12 
29 2 9  
6 2 1 1  
0 13 3 

17 6 7 
15 3 4  
4 2 10 
3 1 10 
5 4 17 
0 7 6  

42 0 0  
15 9 6  
0 6 5  

21 4 4  
0 0 0  
0 .  4 5 
0 0 0  
0 1 5  

143 9.qb 

0.0 
0. 0 
0.0 
0.0 

4m. 0 
2,293.3 
2,814.4 
495.6 

442.4 
1,985.7 
2,473.6 
3,292.8 

0.0 

4,618.5 
0.0 
0. 0 

3,578.8 
0.0 

888 * 0 
1,575.6 
1,aBO.O 
1,527.9 

0. 0 

5m.3 

6,482.8 
1,112.0 
1,156.4 
6,947.8 
8,954.2 
1,534.0 
968.2 

2,830.0 
2,132.9 
3,361.0 

0.0 
4,544.0 
2,632.6 
1 ,84 1.0 

0.0 
1,646.8 

0.0 
560.5 . 

72,303.0 

0 0 0  
0 1 16 
0 1 1  
0 1 17 
7 1 16 
16 4 10 
30 5 10 
9 0 0  
0 1 16 
9 3 10 
12 6 1 1  
19 1 13 
49 2 2  
0 1 2  

21 0 0  
30 5 10 
0 0 0  
0 0 0  

27 4 9  
0 2 14 
24 0 0  
9 1 1  13 
9 2 3  
8 10 14 
34 5 7  
16 1 5  
19 2 9  
64 2 2  
54 9 6  
34 0 0  
1 1  6 5  
8 4 5  
17 10 IO 
78 0 0  
0 1 2  

70 0 0  
77 0 0  
37 0 0  
0 0 0  

32 0 0  
0 0 0  

29 2 13 
103 9.3b 

0.0 
642.6 
692.0 
659.7 
79 0.4 

2,637.0 
3,42b. 0 

0.0 
694.0 

4,197.2 1,937.0 

788.8 
1,478.6 
650.0 
0.0 

3,415.0 
0.0 
0.0 

2,988.6 
1,360.0 

0.0 
6,905.4 
77 0.0 

6,336.8 
3,340.0 
617.0 

1,440.0 
1,221.6 
6,510.6 

0.0 
4,154.8 
639.9 

6,278.8 
0.0 

778.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1,329.8 
69,543.7 

0 
0 

21 
37 
14 
18 
36 
0 

18 
41 
24 
6 
22 

1 00 
0 

22 
0 
0 

22 
32 
0 

41 
12 
35 
17 
9 
24 

1 
39 
0 

47 
42 
51 
0 

45 
0 
0 
0 
0 
0 
0 

63 

0 0 
0 0 
0 0 
0 0 
2 13 
7 12 
2 14 
4 1 1  
0 0 
0 0 
2 1 1  
7 8 
0 0 
0 0 
1 16 
1 15 
1 18 
2 12 
1 1 1  
0 0 
1 12 
2 1 1  
4 13 
2 12 
1 1 
0 0 
1 1 
3 4 
0 0 
2 16 
1 13 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 14 
3 10 
2 4 
0 0 

54 10.7b 

0.0 
0.0 
0.0 
0.0 

1,624.5 
6,485.3 
1,632.6 
4,232.6 

0.0 
0.0 

6,395.8 2,160.0 

0.0 
0.0 

816.3 
1,150.2 

2,600.0 
952.0 
0.0 

841.5 
2,600.0 
1,786.0 1 , 420.0 
1,300.0 

0.0 
800.0 

2,400.0 
0.0 

1,636.2 
893.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1,636.2 
2,403.6 
1,6 00.0 

0.0 
90,181.8 

950.0 

0 
0 
0 
0 

29 
44 
17 
73 
0 
0 
13 
50 
0 
0 

33 
7 
26 
41 
7 
0 

23 
16 
27 
10 
7 
0 
13 
22 
0 
36 
10 
0 
0 
0 
0 
0 
0 
0 

65 
47 
100 
0 

' N w r  I ca 1 avarage age. 

bCapaclty we I ghted average age. 
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ORNL DWG 86 4394 f TD 

SIZE RANGE. MW(e) 

F ig .  3.1. Tota l  number o f  c o a l - f i r e d  power p l a n t s  i n  t h e  Un i ted  
States as a f u n c t i o n  o f  s i z e  range. 

ORNL DWGBG 4396ETD 

SIZE RANGE, MW(e) 

F i g .  3.2. Capaci ty  weighted average age f o r  a l l  c o a l - f i r e d  power 
p l a n t s  i n  t h e  U n i t e d  States as a f u n c t i o n  o f  s i z e  range. 
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F ig.  3.3, 
as a func t ion  o f  s i z e  range. 

To ta l  i n s t a l l e d  c o a l - f i r e d  capac i t y  i n  t h e  l l n i t e d  Sta tes  

20000 

.rq * 
I?= 

d 
15000 

-4 w * 
ffi w 

w 
i? a 
4 

; 10000 

w E 
2 5000 
d 
V 

ORNL DWG 86 4397 E T 3  

F i g .  3.4. Annual c o a l - f i r e d  c a p a c i t y  i n s t a l l e d  i n  t h e  l l n i t e d  
S t a t e s  as a f unc t i on  o f  o n l i n e  year .  
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Table 3.3. Summary of Annual Coal-Fired Capacity 
I n s t a l l e d  i n  t h e  Un i ted  Sta tes  Since 1936 

MW(d 
Year Added 

1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 

76 
64 

311 
121 
374 
533 
741 
593 
421 
356 
40 

502 
1,123 
2,768 
2,540 
2,723 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 

3,240 
5 529 
7,081 
8,065 
2,854 
4,612 
6,505 
7,031) 
6 505 

4,878 
4,810 
4,891 
4,799 
7 236 
4,160 
8,085 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

11,290 
12,252 
12,050 
14,143 
15,273 
11,806 
11,475 
12,049 
7,251 

11,123 
13 385 
11,647 
15,304 
11,740 
13,742 

7,980 
13,011 

and, acco rd ing l y ,  c o n t r i b u t e  t o  the  conf idence l e v e l  o f  t h e  reg iona l  
est imates.  

3.2 D e f i n i t i o n  of Generic Age vs Performance Data 

To have t h e  most c o n s i s t e n t  i n f o r m a t i o n  w i t h  which t o  d e f i n e  p l a n t  
ag ing  c h a r a c t e r i s t i c s ,  a p r o p r i e t a r y  da ta  s e t  was ob ta ined from t h e  
North American E l e c t r i c  R e l i a b i l i t y  Counci l  (NERC). It was compiled 
from t h e i r  Generat ing A v a i l a b i l i t y  Data System (GADS), which con ta ins  
opera t i ng  da ta  from t h e  160 NEKC member u t i l i t i e s .  Two separate ca te-  
go r ies  o f  average performance da ta  were de f i ned  f o r  those p l a n t s  whose 
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pr imary  fue l  was coa l :  one as a f u n c t i o n  of year  of ope ra t i on  (age) and 
nameplate capac i t y  and t h e  o the r  as a f u n c t i o n  o f  ca lendar  yea r  and 
nameplate capac i ty .  The same 7 capac i ty  ranges used t o  d e f i n e  p l a n t  
popu la t i ons  were a l s o  used t o  make these performance d e f i n i t i o n s .  

Average performance data s i m i l a r  t o  t h a t  which NEHC pub l ishes  i n  
i t s  s e r i e s  of annual Equipment A v a i l a b i l i t y  Reports was de f i ned  f o r  each 
s i z e  range i n  each category. Performance as a f u n c t i o n  of year  of oper- 
a t i o n  was de f i ned  by averaging t h e  data f o r  the  "n th"  year  o f  ope ra t i on  
f rom a l l  p l a n t s  o f  a g iven size range. This  "n th"  year  o f  opera t ion  
cou ld  occur a t  any p o i n t  i n  r e a l  t i m e .  Performance as a f u n c t i o n  o f  
ca lendar  year  of ope ra t i on  was def ined i n  a s i m i l a r  manner. Oata f rom 
each p l a n t  o f  a given s i z e  t h a t  was opera t i ng  d u r i n g  a g iven ca lendar  
y e a r  vJas averaged regard less  o f  t h a t  p l a n t ' s  ac tua l  age, 

A great  deal af i n fo rma t ion  cover ing  many aspects of p l a n t  perform- 
ance was conta ined i n  t h e  data set .  Four o f  the  most s i g n i f i c a n t  yer- 

forinance parameters were summarized f o r  t h i s  repo r t .  These were the 
forced outage r a t e  (FOR), the avai  lab1  1 i t y  f a c t o r  ( A F ) ,  t h e  equ iva len t  
f o rced  outage r a t e  ( E F O R )  , and t h e  equ iva len t  avai  1 ab i  1 i t y  f a c t o r  
(EAF) .  Equi va len t  performance da ta  were i nc luded  w i t h  t h e  nani  n a l  
( i  .eeD FOR and AF) terms because they more accu ra te l y  r e f l e c t  t h e  impact 
o f  age on system performance. These terms i n c l u d e  t h e  e f f e c t s  o f  pa r -  
t i a l  outages. Temporary dera t ing5 of ten occur i n  older p l a n t s  as non- 
c r i t i c a l  systems are removed from s e r v i c e  f o r  r e p a i r ,  Equ iva len t  f o rced  
outage r a t e  i s  a measure o f  t h e  t ime a u n i t  i s  derated or remaved from 
s e r v i  ce due t o  unplanned equipment f a i  1 ures, The equi va len t  avai  1 - 
a b i l i t y  f a c t o r  i s  the f r a c t i o n  o f  t ime t h a t  a u n i t  i s  i n  se rv i ce  and 
inc ludes  t h e  e f f e c t s  o f  p a r t i a l  planned and unplanned outages. 

The EFOK and EAF data a5 a f u n c t i o n  o f  s i z e  and year of opera t i on  
(age) a re  summarized i n  Table 3.4 and as a f u n c t i o n  of ca lendar  year  of 
ope ra t i on  i n  Table 3.5. The FOR and AF terms as a f u n c t i o n  of s i z e  and 
year  o f  ope ra t i on  a r e  summarized i n  Table 3.6 and as a f u n c t i o n  of c a l -  
endar year  o f  ope ra t i on  i n  Table 3.7. A l l  o f  'chis performance data are 
summarized g r a p h i c a l l y  i n  t h e  Appendix. 
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"fable 3.4. Summary o f  Se lec ted  E q u i v a l e n t  Coa l -F i red  P l a n t  Performance Parameters a s  a Func t ion  of Year o f  Opera t i on  

1-99 MW(e) S ize  Range 100-199 MW(e) S ize  Range 200-299 MW(e) S ize  Range 300-399 MW(e) S i ze  Range 400-599 MWte) S ize  Range 600-799 MW(e) S ize  Range >800 MW(e) S i z e  Range 

'quivafent E q u i v a l e n t  Year 

Opera t i on 
O f  Equ iva len t  E q u i v a l e n t  Equ iva len t  Equ iva len t  Equ iva len t  Equi Equi v a l e n t  Forced Avai l a b i  1 i t y  

F a c t o r  Outage 
Rate 

Forced A v a i l a b i l i t y  Forced A v a i l a b i l i t y  Outage Forced A v a i l a b i l i t y  Outage Forced Avai l a h i  1 i t y  Outage Forced A v a i l a b i l i t y  Outage Forced Avai l a h i  li t y  Outage 
Fac to r  Outage 

Rate 
F a c t o r  Rate Fac to r  Rate Fac to r  Rate Rate Fac to r  Rate Fac to r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15  
16 
17 
18 
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33  
34 
35 
36 
37 
38 
39 
40 
41 
42 
43  
44 
45 

12.05 
1.10 
0.34 
0.00 
0.04 
0.45 
1.28 
4.32 
3.11 
4.28 
1.97 
3.81 
3.07 
2.80 
6.24 
3.95 
6.31 
5.96 
5.65 
5.26 
6.61 
7.01 
7.59 
9.68 

11.98 
9.60 

10.69 
7.15 
8.97 

11.23 
13.30 
5.18 

10.02 
12.51 

4.03 
6.28 
4.63 
3.41 
7.43 
8.01 
3.77 
3.56 

10.94 
9.20 
5.36 

80.28 
91.05 
88.04 
89.70 
94.75 
95.64 
90.30 
89.68 
90.23 
90.27 
91.74 
86.59 
89.45 
88.23 
87.75 
89.23 
85.72 
86.16 
86.23 
85.90 
86.86 
85.88 
84.28 
84.40 
80.82 
83.24 
82.56 
79.99 
84.14 
81.08 
83.28 
85.64 
84.51 
83.96 
92.81 
91.80 
92.61 
93.21 
90.29 
91.21 
88.31 
86.98 
79.37 
88.39 
75.12 

4.24 
2.88 
7.81 
3.50 
3.41 
3.34 
4.17 
3.37 
3.43 
5.04 
5.65 
7.11 
6.31 
6.19 
6.70 
7.27 
8.42 
8.11 
8.21 

10.71 
9.32 

10.69 
11.73 
11.40 
12.29 
11.48 
10.59 
9.37 

10.22 
12.00 
19.18 
6.99 
4.24 
7.25 
1.53 

2.25 

14.30 
39.55 

2.78 

0.71 

88.04 
91.35 
84.22 
90.25 
89.88 
88.36 
89.40 
88.26 
89.24 
87.78 
86.13 
84.47 
85.49 
86.72 
85.82 
84.59 
83.68 
83.91 
84.01 
81.25 
81.91 
80.57 
79.07 
79.99 
80.42 
79.45 
79.33 
81.71 
83.15 
82.07 
77.21 
82.74 
88.71 
92.10 
85.97 
98.02 
83.01 

86.74 
34.78 
86.05 

10.31 
7.76 
5.42 
4.06 
6.55 
7.07 
8.50 
7.79 
8.20 

10.05 
9.17 
9.66 
8.23 
8.00 
7.45 
9.08 

10.97 
9.66 

12.10 
10.43 
11.77 
11.29 
12.74 
13.16 

9.42 
8.57 
5.02 
4.60 
7.61 

11.24 

77.86 
81.10 
85.59 
88.30 
85.83 
84.35 
85.07 
85.69 
85.74 
82.93 
80.68 
80.42 
83.94 
84.37 
54.36 
82.99 
79.46 
81.50 
79.25 
80.84 
79.42 
80.77 
76.38 
76.37 
81.97 
82.26 
87.95 
85.29 
79.85 
61.09 

12.53 
9.28 
9.97 

11.61 
10.10 

9.90 
13.22 
12.56 
15.29 
15.16 
15.42 
16.10 
17.07 
21.30 
21.43 
24.41 
26.49 
29.51 
25.72 
22.63 
22.42 
19.69 
13.73 
16.43 

5.60 
2.25 

10.24 

78.12 
81.36 
79.72 
70.91 
79.40 
78.84 
78.81 
77.63 
78.40 
74.24 
73.67 
72.96 
73.01 
71.90 
68.61 
64.46 
64.66 
67.15 
60.72 
62.53 
69.41 
64.68 
64.82 
68.78 
79.55 
79.14 
97.85 

13.91 
14.79 
15.68 
16.65 
15.11 
15.83 
17.93 
17.21 
17.04 
19.21 
19.49 
19.47 
21 .'53 
23.83 
23.89 
31.10 
36.11 
32.67 
30.19 
30.72 
23.59 
34.00 
24.88 

74.19 
74.66 
75.96 
73.03 
75.07 
713.71 
71.04 

69.29 
68.81 
68.44 
67.96 
66.35 
66.59 
65.34 
60.10 
51.82 
61.52 
59.18 
48.65 
61.32 
53.99 
63.49 

711.71 

18.13 
16.58 
25.98 
17.25 
22.09 
18.38 
22.57 
21.08 
19.15 
18.79 
17.19 
18.32 
16.72 
23.30 
21 .Ol 
26.04 
28.46 
21.73 
35.43 

70.70 
73.18 
74.22 
74.78 
67.63 
7n.22 
67.96 
68.61 
70.19 
71.02 
70.72 
67.99 
72.82 
63.57 
73.72 
68.82 

62.49 
45.33 

62.10 

16.04 

21.36 
19.59 
22.29 
22.35 
22.96 
24.14 

28.27 
30.09 
23.77 
21.00 
20.35 
16.53 
10.38 
22.85 

18.90 

20.31 

74.09 
72.27 
70.13 
71.45 
67.50 
67.17 
64.21 
66.65 
67.14 
60.67 
60.66 
64.24 
70.49 
60.07 
77.14 
76.04 
57.09 
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Table 3.5. Summary o f  Se lec ted  E q u i v a l e n t  Coa l -F i red  P l a n t  Performance Parameters as a Func t i on  o f  Calendar Year of Operat ion 

1-99 MW(e) S i z e  Range 100-199 MW(e) S ize  Range 200-299 MW(e) S i z e  Range 300-399 MW(e) S i z e  Range 400-599 MW(e) S i z e  Range 600-799 MWIe) S i z e  Range >EO0 MW(e) Sl'ze Range 

Equ iva len t  Year 

Operat i  on 
'qui Equi v a l  e n t  Equi €qui  v a l e n t  of Equi en €qui va I e n t  Equi va ent Equi v a l e n t  Equi ent Equi v a l e n t  Equi Equi v a l e n t  

Avai l a b i  1 i  t y  
F a c t o r  Forced A v a i l a b i l i t y  Outage Forced Avai l a b i  1 i t y  Outage A v a i l a b i l i t y  Outage Forced A v a i l a b i l i t y  Outage Forced Avai lab4 11 t y  Outage Forced Avai l a b i  1 i t y  Outage 

Rate F a c t o r  Outage 
Rate Rate Fac to r  Rate Fac to r  Fac to r  Rate Fac to r  Rate Rate F a c t o r  

1963 
1964 
1965 
1966 
1967 
1968 
1369 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

2.74 
1.84 
0.60 
2.19 
1.98 
3.80 
4.71 
3.94 
6.53 
7.43 
7.75 
7.16 
9.63 
10.03 
8.79 
8.30 
7.98 
9.36 
9.44 

91.20 
93.76 
92.66 
91.33 
91.44 
90.95 
88.92 
86.84 
86.40 
85.63 
85.27 
85.30 

85.59 
83.32 
83.04 
84.35 
83.46 
83.41 

83.27 

11.04 
5.49 
2.77 
3.30 
3.03 
3.38 
2.24 
4.81 
6.00 
6.81 
6.22 
8.76 
9.81 
10.56 
11.97 
11.44 
12.08 
10.73 
11.33 
10.72 
10.32 

72.21 
86.41 
90.45 
90.44 
90.71 
90.63 
88.97 
88.63 
86.46 
85.95 
86.62 
83.42 
81.79 
79.85 
78.32 
80.82 
79.19 
81.06 
79.35 
79.66 
80.80 

5.04 
3.22 
3.97 
4.07 
5.53 
5.73 
6.18 
7.34 
7.73 
9.09 
11.71 
13.37 
12.77 
10.58 
13.30 
13.26 
10.96 
10.17 
8.95 
9.71 

86.89 
88.69 
88.46 
89.21 
87.66 

86.63 
86.57 
84.31 
82.76 
82.06 
78.45 
76.67 
80.54 
77.50 
76.09 
79.72 
79.32 
81.75 
79.96 

87.22 

8.79 
7.12 
6.23 
3.93 
5.98 
7.64 
11.34 
11.24 
18.49 
13.52 
17.77 
22.55 
22.60 
22.91 
19.52 
19.54 
17.96 
16.45 
15.48 
12.78 

84.63 
81.35 
84.91 

84.10 
81.94 
78.43 
77.78 
72.05 
76.69 
71.58 
67.98 
66.41 
66.88 
69.94 
70.12 
71.50 
70.97 
73.11 
75.93 

86.72 

8.02 
12.08 
6.44 
17.12 
14.95 
15.53 
15.56 
19.93 
21.31 
16.56 
23.02 
17.74 
20.33 
20.42 
21.47 
21.23 

16.91 
13.93 
12.11 

20.14 

79.30 
.?5.80 
81.41 
76.88 
75.63 
76.04 
73.79 

67.14 
73.98 
68.40 
68.76 
68.22 
67.89 
68.60 
68.34 
68.01 
71.19 
73.78 
76.73 

73.00 

22.26 
18.20 
4.08 
7.65 
29.30 
27.80 
18.96 
20.36 
21.56 
23.15 
23.54 
22.99 
21.93 
25.63 
23.80 
17.47 
13.94 
12.80 
11.92 

75.14 
75.25 
79.44 
83.19 

64. 08 

7n.02 
70.97 
69.46 
66.51 
65.65 
67.82 
65.66 
67.60 
71.05 
75.49 
74.96 
75.51 

67.01 

7n.99 

8.98 
6.71 
22.88 
17.40 
35.93 
21.02 
21.18 
20.81 
27.75 
26.06 
22.55 
28.29 
24.50 
20.71 
22.34 
18.20 
18.12 
14.52 

88.38 
91.67 
66.86 
67.76 
54.79 
72.04 
66.30 
77.31 
64.48 
67.34 
68.97 
58.76 
66.46 
67.65 
69.48 
71.56 
70.06 
73.90 
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Table 3.6. Summary o f  Se lec ted  Coa l -F i red  P l a n t  Performance Parameters a s  s Func t ion  o f  Year of Operat ion 

1-99 MW(e) S ize  Range 100-199 MW(e) S ize  Range 200-299 MW(e) S ize  Range 300-399 MW(e) S i z e  Range 400-599 MW(e) S i z e  Range 600-799 MWIe) S ize  Range >800 MWle) Size  Range 
Year 

F0 reed 
Outage 

Rate 
4va i 1 a b i  1 i t y 

Fac to r  
Forced A v a i l a b i l i t y  Outage Forced A v a i l a b i l i t y  Outage Forced Ava i  l a b i  1 i t y  Outage A v a i l a b i l i t y  Forced A v a i l a b i l i t y  Forced Avai l a h i  1 i t y  o f  

Fac to r  Rate Fac to r  Rate Fac to r  Rate Fac to r  Rate Fac to r  Rate Fac to r  Opera t i  on Outage 
Rate 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15  
16 
1 7  
18 
19 
20 
21 
22 
23  
24 
25 
26 
27 
28 
29 
30 
31 
32 
33  
34 
35 
36 
37 
38 
39 
40 
41 
42 
43  
44 
45 

12.05 
1.10 
0.34 
0.00 
0.04 
0.45 
1.15 
2.89 
2.41 
3.81 
1.53 
3.10 
2.57 
1.81 
3.10 
3.04 
5.08 
4.53 
4.60 
4.19 
4.94 
4.62 
4.74 
5.73 

19.60 
6.90 
8.17 
5.84 
6.64 
8.39 
9.57 
3.58 
8.07 

11.58 
2.49 
3.01 
0.43 
1.00 
1.92 
3.31 
2.41 
3.49 

10.83 
0.84 
0.06 

80.28 
91.05 
88.04 
89.70 
94.75 
95.64 
90.42 
91.03 
90.88 
90.70 
92.19 
87.32 
90.00 
89.18 
90.69 
90.34 
87.02 
87.96 
87.44 
87.10 
88.53 
88.39 
87.24 
87.49 
82.87 
85.49 
84.25 
81.63 
85.69 
83.79 
85.79 
87.15 
85.77 
84.45 
94.08 
93.55 
97.25 
95.47 
94.12 
94.27 
88.94 
86.99 
79.39 
98.23 
79.33 

4.04 
2.38 
6.98 
2.63 
2.70 
2.42 
2.94 
2.19 
2.46 
3.47 
4.24 
5.10 
4.81 
5.00 
5.32 
5.30 
6.57 
5.80 
5.34 
7.761 
6.37 
7.29 
8.24 
8.07 
8.24 
7.91 
7.70 
7.08 
6.97 
9.20 

10.48 
4.05 
2.81 
3.79 
1.15 
0.71 
2.25 

2.30 
35.52 

1.39 

88.42 
92.08 
85.30 
91.27 
91.02 
89.45 
90.95 
89.91 
90.66 
89.89 
87.76 
86.64 
87.24 
88.16 
87.48 
86.64 
85.58 
86.19 
86.77 
84.15 
84.80 
83.81 
82.24 
83.02 
84.08 
82.58 
81.85 
83.69 
85.81 
84.17 
82.59 
85.69 
89.69 
94.20 
86.53 
98.02 
83.01 

96.16 
38.06 
88.19 

7.90 
6.07 
3.79 
2.47 
4.81 
5.40 
7.06 
5.78 
5.34 
6.79 
6.08 
6.69 
5.84 
5.51 
5.14 
6.35 
7.80 
6.30 
8.52 
7.02 
8.48 
8.34 
9.80 
9.47 
6.86 
6.79 
3.39 
3.39 
5.30 
9.21 

80.16 
83.03 
87.47 
90.26 
87.66 
86.22 
86.71 
87.86 
88.62 
86.24 
83.70 
83.34 
86.52 
86.95 
86.80 
85.76 
82.54 
84.75 
82.55 
84.28 
52.37 
83.49 
79.08 
79.72 
84.41 
83.98 
89.48 
86.33 
81.61 
62.23 

9.50 
5.86 
6.67 
8.22 
5.80 
6.96 
6.67 
9.88 
9.19 
9.78 
9.98 

10.92 
9.85 
9.90 

13.23 
14.49 
13.32 
16.65 
19.91 
16.80 
14.57 
14.44 
i4.39 
14.35 

7.07 
5.15 
2.05 

81.06 

83.18 
83.66 
84.07 
82.23 
82.12 
80.94 
81.98 
79.32 
78.60 
78.3' 

78.58 
76.01 
70.50 
74.37 
70.50 
68.96 
69.91 
76.65 
71.78 
68.96 
73.38 
82.79 
79.47 
98.33 

84.87 

7a.86 

9.90 
9.79 
9.90 
9.77 
9.66 
9.68 

11.85 
10.95 
11.16 
12.90 
12.33 
12.49 
14.61 
15.21 
15.23 
20.52 
24.95 
21.10 
21.85 
24.61 
18.49 
25.69 
17.77 

77.88 
79.22 
81.59 
79.40 
80.25 
75.27 
76.87 
76.30 
74.65 
75.15 
75.65 
74.88 
73.11 
74.83 
73.40 
69.68 
60.98 
71.22 
65.72 
52.93 
65.37 
59.75 
69.47 

12.23 
11.25 

10.93 
14.21 
11.72 
13.28 
13.77 
11.52 
11.17 

9.70 
11.57 

9.72 
18.77 
16.50 

21.84 
18.27 
25.49 

10.11 

20.02 

76.78 
78.59 
79.95 
81.21 
75.05 
76.54 
76.44 
75.43 
77.20 
79.26 
77.23 
74.14 
79.76 
68.64 
78.43 
68.98 
67.85 
65.27 
52.12 

12.18 
13.45 
15.80 
12.78 
15.83 
16.47 
14.98 
16.91 
14.99 
20.90 
22.97 
18.16 
13.82 
15.84 
14.63 

7.72 
21.21 

78.08 
77.58 
75.18 
77.89 
73.81 
72.61 
73.22 
73.87 
72.26 
67.80 
67.28 
69.70 
77.06 
63.60 
79.22 
78.64 
59.10 
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Table 3.7. Summary o f  Se lec ted  Coa l -F i red  P' lant Performance Parameters a s  a Func t l on  o f  Calendar Year o f  Operat ton 

1-99 MW(e) Size  Range 100-199 MWle) Sdze Range 200-299 MW(e) S l z e  Range 300-399 MW(e) S i z e  Range 400-599 MW(e) S i z e  Range 600-799 MW(e) S i z e  Range >ROO MGi(el S1ze Range 
Year 

A v a i l a b 7 l i t y  
Fac to r  Outage 

Rate 
o f  Forced Avai l a b j  l i  t y  Outage Forced A v a i l a b i l i t y  ii;;;: A v a i l a b i l i t y  Outage Forced A v a l l a h i  11 t y  Li:Eit Avai l a b l  l i t y  Avai l a b i  l l t y  

Fac to r  Rate Fac to r  Rate Fac to r  Rate Fac to r  Rate Fac to r  Rate Fac to r  Opera t i on Outage 
Rate 

1963 7.60 75.06 
1964 3.47 88.47 3.69 88.42 7.90 86.11 3.47 83.27 
1965 2.65 91.29 2.11 91.32 2.81 89.43 5.83 82.68 10.59 77.41 21.68 75.75 
1966 1.77 93.88 2.52 91.51 2.74 90.04 5.57 85.65 5.50 82.48 16.69 76.64 8.47 88.87 
1967 0.59 92.68 2.24 91.89 2.50 90.91 2.95 87.75 13.88 80.33 3.52 79.91 6.07 93.20 
1968 1.91 91.72 2.80 91.62 4.52 88.78 4.75 85.78 10.46 80.20 5.33 85.18 15.74 74.27 
1969 1.81 91.71 3.78 89.71 4.15 88.95 6.15 83.56 11.36 79.99 28.09 6F(.O? 14.29 75.41 
1970 3.55 91.34 4.11 89.64 4.78 88.32 8.99 80.09 10.76 .78.45 17.57 74.28 30.62 60.54 
1971 4.24 89.98 4.16 88.45 5.72 88.29 7.79 81.11 15.95 76.98 13.11 76.76 17.45 76.54 
1972 2.50 88.85 5.01 87.90 5.79 86.92 10.10 80.06 16.30 72.04 14.48 75.48 15.34 74.58 
1973 3.38 89.37 4.91 88.18 6.67 85.11 9.00 81.26 11.23 78.96 16.42 76.03 14.90 82.44 
1974 3.93 88.73 6.19 85.97 7.70 85.83 11.50 77.49 16.92 74.12 15.55 76.76 20.18 70.75 
1975 5.18 87.32 7.36 84.14 9.81 81.88 15.07 74.83 12.37 73.73 13.73 75.56 18.64 73.85 
1976 5.86 86.55 7.32 82.98 8.95 80.18 13.88 74.28 12.82 74.87 14.37 74.26 16.34 74.35 
1977 6.22 86.36 8.75 81.37 7.30 83.65 15.14 74.42 12.64 75.18 15.62 74.10 19.64 66.53 
1978 7.84 87.41 6.82 85.04 8.66 81.82 11.67 76.87 12.41 76.73 15.91 74.85 18.06 72.65 
1979 5.96 86.43 8.16 82.91 9.40 79.79 11.78 77.35 12.56 76.28 14.50 76.26 14.89 73.22 
1980 4.80 85.95 7.39 84.24 7.51 82.95 10.95 78.08 11.93 75.70 9.78 78.00 16.35 75.01 
1981 5.63 86.20 7.87 82.49 7.04 82.41 11.19 76.19 9.69 77.61 8.87 80.43 12.68 76.84 
1982 7.33 85.09 7.89 82.13 5.93 84.62 10.04 78.03 9.15 78.34 7.66 80.53 12.17 76.13 
1983 7.29 84.86 6.95 83.47 7.12 82.33 8.96 79.64 8.15 80.69 7.56 79.82 10.53 77.72 
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3.3 Ana lys is  o f  the Performance Data 

The mathematical analyses of t h e  performance da ta  are summarized i n  
This type o f  Table 3.8 and c o n s i s t  of l e a s t  squaves, l i n e a r  curve f i t s .  

curve f i t  has the  form: 

Y = a + b X  

The Y te rm represents the  v a r i a b l e  of i n t e r e s t  and X i s  t he  t ime  

coord ina te ,  e i t h e r  t h e  age i n  years o r  t h e  ac tua l  calendar year. The a 
and b c o e f f i c i e n t s  o f  t he  f i t s  f o r  a l l  t he  performance data are sunmar- 
i z e d  i n  t a b u l a r  form i n  Table 3.8 and are shown g r a p h i c a l l y  i n  F igu res  
A.3. th rough A.28. 

Before a c t u a l l y  d i scuss ing  t h e  data, t he  r a t i o n a l e  f o r  d e f i n i n g  

aging c h a r a c t e r i s t i c s  as a f u n c t i o n  o f  two separate t ime  frames w i l l  be 
explained. Performance t rends  s p e c i f i e d  as a f u n c t i o n  o f  year  o f  opera- 
t i a n  (ac tua l  age) are r e a l l y  meant t o  be app l i ed  t o  s p e c i f i c  u n i t s .  As 
an i n d i v i d u a l  p l a n t  ages it i s  not  unreasonable t o  expect t h a t  i t s  deg- 
r a d a t i o n  w i l l  f o l l o w  some average trend. However f o r  t h e  t ime  dependent 
behavior o f  a composite group o f  p l a n t s  ac tua l  age t rends  can be 
inadequate. Th is  i s  due t o  t h e  f a c t  t h a t  t h e  composite group i s  a 
dynamic system; some u n i t s  come on l i n e ,  some are r e t i r e d ,  and a l l  have 
d i f f e r e n t  l e v e l s  of maintenance and r e l i a b i l i t y .  I f  one i s  w i l l i n g  t o  
s t i p u l a t e  t h a t  t h e  "capac i t y  weighted average age" o f  t h e  composite 
group s imu la tes  the  aging process o f  an i n d i v i d u a l  p l a n t  then year  o f  
ope ra t i on  data would be adequate. I f  t h i s  i s  no t  an acceptable assump- 
t i o n ,  then an a l t e r n a t e  se t  o f  c r i t e r i a  must be used, Degradat ion 
d e f i n e d  as a f u n c t i o n  o f  calendar year  o f  ope ra t i on  meets t h i s  need. 
Trends developed i n  t h i s  way i m p l i c i t l y  i n c l u d e  t h e  e f f e c t s  o f  system 
opera t i on  such as maintenance l e v e l  and p l a n t  re t i remen ts .  Accord ing ly ,  
t h i s  t ype  o f  data w i l l  more accu ra te l y  model t h e  behavior o f  a composite 
group. No attempt w i l l  be made here t o  suggest which category i s  more 
a p p r o p r i a t e  f o r  a s p e c i f i c  ana lys i s ;  t h a t  d e c i s i o n  i s  one t h e  end user  
m u s t  make. 
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The e q u i v a l e n t  and nominal performance data def ined as a f u n c t i o n  
of p l a n t  s i z e  c l e a r l y  show t h e  e f f e c t s  o f  ag ing on power p l a n t  p e r f o r -  
mance. Al though t h e r e  i s  cons iderable s c a t t e r  i n  some o f  t h e  i n d i v i d u a l  

da ta  p o i n t s ,  t h e  t i m e  averaged t r e n d s  i n d i c a t e d  by the  l i n e a r  curve f i t s  
have t h e  expected behavior.  For both data types (i.e,, equ iva len t  and 
nominal)  and t i m e  frames, t h e  fo rced outage r a t e  increases w i t h  i n c r e a s -  
i n g  t ime and t h e  a v a i l a b i l i t y  f a c t o r  decreases. There are  severa l  red- 
sons f o r  t h e  var iance i n  t h e  i n d i v i d u a l  p o i n t s ,  and because they  can i n -  
f luence performance p r o j e c t i o n s ,  i t  i s  a p p r o p r i a t e  t o  b r i e f l y  d iscuss 
them, 

W i t h i n  a given s i z e  range t h e r e  are severa l  reasons f o r  t h e  ob- 
served s c a t t e r  i n c l u d i n g :  

( a )  each p o i n t  represents  an average va lue from a number of p l a n t s  
and t h e  number o f  p l a n t s  v a r i e s  between p o i n t s ,  

( b )  t h e  da ta  i s  a composite from severa l  d i f f e r e n t  u t i l i t y  systems, 
(c)  t h e  design o f  t h e  power p l a n t s  represented by t h e  data changes 

as a f u n c t i o n  o f  t ime, and 
( d )  c e r t a i n  s i z e  ranges of p l a n t s  have rece ived increased rnainte- 

nance l e v e l s  i n  recent  years.  
One reason t h e  number o f  p l a n t s  v a r i e s  between p o i n t s  i s  t h a t  NEKC 

c o l l e c t s  performance data f rom a number o f  u t i l i t y  systems, Not a l l  
systems have t h e  same p l a n t  composi t ion,  and w i t h i n  a system u n i t s  are 
c o n t i n u o u s l y  brought on stream and/or r e t i  red. These dynamic popula- 
t i o n s  e s p e c i a l l y  a f f e c t  data de f ine l j  as a f u n c t i o n  of calendar year  of 

operat ior l .  Data s c a t t e r  i n  both t i m e  frames can occur because o f  i m -  
proved p l a n t  designs. A data p o i n t  def ined as a f u n c t i o n  o f  age (i . e .  

f i r s t  year  o f  opera t ion)  can i n c l u d e  a p l a n t  designed i n  t h e  1950s as 
w e l l  as one designed i n  t h e  1970s. Data def ined f o r  a g iven ca lendar  
y e a r  i n c l u d e s  a l l  p l a n t s  designed and b u i l t  up t o  t h a t  p a r t i c u l a r  
year. Another reason f o r  data s c a t t e r ,  especially recent  r e v e r s a l s  i n  

h i s t o r i c a l  t rends,  i s  t h a t  some u t i l i t i e s  have increased maintenance on 
some p lan ts .  The data i n  F igure  A,4 i l l u s t r a t e s  t h i s  q u i t e  well. It 

summarizes performance as a f u n c t i o n  o f  age f o r  t h e  300-399 MW(e) s i z e  
range and shows a steady worsening i n  both t h e  equ iva len t  a v a i l a b i l i t y  
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f a c t o r  and forced outage ra te .  This  decrease cont inues u n t i l  yeas 20 a t  
which t ime t h e  performance undervrent a dramat ic  improvernent. 

When us ing  these data t o  make est imates o f  f u t u r e  performance, t h e  
end user  should proceed cau t ious l y .  Th is  admonishment i s  not  due t o  any 
de f i c iency  i n  t h e  data but  r a t h e r  t o  t h e  u n c e r t a i n t y  i nhe ren t  i n  any 
k i n d  of f u t u r e  p r e d i c t i o n  based on h i s t o r i c a l  t rends .  A common assump- 
t i o n  made when us ing  h i s t o r i c a l  da ta  i s  t h a t  t h e  performance w i l l  con- 
t i n u e  a long h i s t o r i c a l  l i n e s .  This assumption has been shown t o  be 
wrong i n  t h e  u t i l i t y  i n d u s t r y  i n  general (e.g., load  growth p r o j e c t i o n s  
made i n  t h e  1970s) and i s  j u s t  as wrong f o r  t h i s  cu r ren t  s i t u a t i o n .  
There are  severa l  mechanisms a c t i v e  today t h a t  have t h e  p o t e n t i a l  t o  
a1 t e r  t r a d i t i o n a l  performance c h a r a c t e r i s t i c s ,  These i n c l u d e  bu t  arc? 
no t  l i m i t e d  t o :  

( a )  increased maintenance on some u n i t s ,  

( b )  t h e  i n t e n s i v e  modern izat ion,  upgrading, and l i f e  ex tens ion  pro-  

( c )  t h e  i nc reas ing  average age of coal - f i r e d  power p lan ts .  
Perhaps t h e  most obvious event t h a t  w i l l  a f f e c t  f u t u r e  performance 

i s  the, i n c r e a s i n g  age o f  c o a l - f i r e d  p lan ts .  These mechanical systems 
have d i s t i  n c t i  ve aging p a t t e r n s  t h a t  can suddenly a1 t e r  t h e i r  per form- 
ance f o r  t h e  worse. T h i s  should be a concern when e x t r a p o l a t i o n s  beyond 
t h e  range of  a v a i l a b l e  data a re  made. Performance t rends  w i l l  a l s o  
depar t  from t r a d i  t i o n a l  p a t t e r n s  when maintenance schedules are changed 
and/or major equi ptnent modi f i c a t i  ons are  made. This  1 as t  mechanism i s  
e s p e c i a l l y  impor tan t  g iven t h e  cu r ren t  i n t e r e s t  i n  p l a n t  l i f e  extens ion.  

Any o f  t h e  renovat ion  e f f o r t s  c u r r e n t l y  under cons ide ra t i on  by t h e  
u t i l i t y  i n d u s t r y  cou ld  a l t e r  h i s t o r i c a l  performance t rends,  and l i f e  ex- 
t ens ion  p r o j e c t s  i n  p a r t i c u l a r  have t h e  l a r g e s t  p o t e n t i a l  t o  cause 
change These ex tens ive  replacement and moderni z a t i  on e f f o r t s ,  q u i t e  
l i t e r a l l y ,  reverse  t h e  ag ing  process. When a s i g n i f i c a n t  number of 
p l a n t s  have been sub jec ted  t o  l i f e  ex tens ion  programs, h i s t o r i c a l  per -  
formance da ta  i s  no longer  a p p l i c a b l e  and should no t  be used. 

j e c t s  now be ing  implemented, and 
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4, D E C I S I O N  C R I T E R I A  

The purpose of t h i s  s e c t i o n  of t h e  r e p o r t  i s  t o  d e f i n e  var ious  l i f e  
ex tens ion  d e c i s i o n  c r i t e r i a  so t h e  p l a n t  s e l e c t i o n  process can be i n c o r -  
pora ted  i n t o  e x i s t i n g  E I A  computer models. To accomplish t h i s ,  i t  w i l l  
f i r s t  be necessary t o  b r i e f l y  summarize t h e  var ious  c r i t e r i a  and evalua- 
t i o n  procedures t h a t  are c u r r e n t l y  u t i l i z e d  by t h e  u t i l i t y  i n d u s t r y .  
Th is  i n f o r m a t i o n  represents t h e  cu r ren t  t h i n k i n g  w i t h i n  the  u t i l i t y  i n -  
d u s t r y ;  however, t h e  l i f e  ex tens ion  e v a l u a t i o n  process i s  s t i l l  i n  i t s  
i n f a n c y  and cont inues  t o  be a c t i v e l y  i n v e s t i g a t e d  and re f i ned .  The 
E l e c t r i c  Power Research I n s t i t u t e  (EPRI ) ,  f o r  example, c u r r e n t l y  has 
severa l  p r o j e c t s  underway t o  de f ine  both p l a n t  s p e c i f i c  mechanical i n -  
s p e c t i  on procedures and system w i  & economic e v a l u a t i o n  analyses. As 
these s tud ies  are completed, eva lua t i on  processes i n  general and per-  
t i n e n t  c r i t e r i a  i n  p a r t i c u l a r  w i l l  become b e t t e r  de f ined,  

Two ca tegor ies  o f  c r i t e r i a  w i l l  be discussed: s i t e  s p e c i f i c  or 

p r o j e c t  cons ide ra t i ons  and system wide o r  program fac to rs .  Although 
these c r i t e r i a  w i l l  be presented i n  two separate groups, i t  should be 
understood they  are indeed r e l a t e d  and t h a t  an i t e r a t i v e  procedure i s  
r e q u i r e d  f o r  an accura te  eva lua t i on .  The reasons f o r  t h i s  are o b v i -  
ous: one looks  a t  on l y  a s p e c i f i c  f a c e t  of t he  program w h i l e  the  o t h e r  
eval  uates the program froin a corpora te  perspect i ve. The s i t e  speci f i c ,  

eng ineer ing  o r i e n t e d  a n a l y s i s  should i d e n t i f y  and cos t  t he  steps neces- 
sary  t o  implement a p r o j e c t  a t  a candidate p l a n t .  The systems ana lys i s  
then u t i l i z e s  t h i s  cost  data as i t  compares t h e  l i f e  ex tens ion  p r o j e c t  
w i t h  o t h e r  co rpo ra te  investment a1 t e r n a t i  ves. EPKI recommends t h a t  t h e  
i t e r a t i o n s  s t a r t  w i t h  a conceptual systems ana lys is ,  The reasons f o r  
t h i s  are: 

( a )  i t  eva lua tes  t h e  l i f e  ex tens ion  a l t e r n a t i v e  aga ins t  o t h e r  b u s i -  
ness a l t e r n a t i v e s  and thus e s t a b l i s h e s  l i m i t s  of i n i t i a l  involvement, 

and 

If t h i s  p r e l i m i n a r y  a n a l y s i s  f i n d s  l i f e  ex tens ion  t o  be p o t e n t i a l l y  cos t  
e f f e c t i v e ,  then d e t a i l e d  equipment i nspec t i ons  should be conducted on 

( b )  i t  can i d e n t i f y  p rospec t i ve  candidate p lan ts .  



t h e  p rospec t i ve  p l a n t s .  These inspec t i ons  d e f i n e  the  cos t  o f  implernent- 
i n g  t h e  l i f e  extens ion p r o j e c t .  The cos t  i s  then used t o  determine i f  
l i f e  ex tens ion  i s  s t i l l  a f e a s i b l e  corpora te  goal. Th is  i t e r a t i v e  
sequence i s  repeated u n t i l  a f i n a l  dec i s ion  can be made. 

The f o l l o w i n g  d iscuss ion  a f  dec i s ion  c r i t e r i a  u t i l i z e s  nomenclature 
t h a t  i s  i n  common use w i t h i n  t h e  e l e c t r i c a l  i ndus t r y ,  and i t  i s  assumed 
t h a t  t h e  reader i s  f a m i l i a r  w i t h  these terms. Far an i n t r o d u c t i o n  t o  
c o a l - f i r e d  e l e c t r i c  power p lan ts ,  a review o f  e n t r y  33 i n  t h e  B i h l i -  

ography p r i o r  t o  proceeding i s  recommended. For  a d d i t i o n a l  d e t a i  1 , 
e n t r y  34 i s  recommended. 

4.1 S i t e  S p e c i f i c  C r i t e r i a  

Even though a u t i l i t y  will  make t h e  f i n a l  l i f e  ex tens ion  dec i s ion  
u s i n g  a s o p h i s t i c a t e d  systems ana lys i s ,  t he  very f i r s t  s tep  i n  t h e  pro-  
cess must be t o  d e f i n e  the  present  c o n d i t i o n  o f  the  candidate p lan ts .  

Q u a n t i f y i n g  t h e  e f f e c t s  o f  ag ing and e s t i m a t i n g  t h e  remaining l i f e  o f  
p l a n t  components a re  considered by the  u t i l i t y  i n d u s t r y  t o  be t h e  most 
c r i t i c a l  opera t ions  i n  t h e  l i f e  extens ion process. They a f f e c t  t h e  cos t  
of t h e  1 i fe ex tens ion  program, equipment replacement schedules, ope ra t -  
i n g  and maintenance procedures o f  t h e  mod i f i ed  p l a n t ,  and u l t i m a t e l y  t h e  
re1  i a b i  1 i t y  o f  t he  e n t i  r e  genera t ing  system. 

The term "aging" r e f e r s  t o  the  accumulated wear o f  p l a n t  equipment 
due t o  ope ra t i ona l  and environmental cond i t i ons .  It can occur as t h e  
r e s u l t  o f  one o r  imore o f  f o u r  bas ic  mchanisms: creep, f a t i gue ,  e ro-  
s ion,  and cor ros ion .  A b r i e f  summary o f  t h e  causes o f  t h i s  wear and t h e  
equipment i t  t y p i c a l l y  a f f e c t s  i s  g iven i n  Table 4.1. The e f f e c t s  o f  
these processes are  cumulative, t h a t  i s  they worsen as the  equipment 
ages, Even though a r i  y i  na l  equipment desi gns incl  ude a1 lowances fo r  
wear, these s a f e t y  f a c t o r s  a re  in tended f o r  a s p e c i f i c ,  f i n i t e  t i m e  
per iod .  Any dec i s ion  t o  operate the  equipment beyond t h i s  design l i f e -  
t ime  requ i res  a c a r e f u l  assessment o f  t h e  means o f  overcoming t h e  ag ing  
process. A thorough mechanical i n s p e c t i o n  i s  t he  only dependable means 
o f  e s t a b l i s h i n g  t h e  remairi ing l i f e  o f  p l a n t  equipment and i t s  c u r r e n t  
r a t e  o f  degradat ion.  I n  a d d i t i o n  t o  high p r o f i l e  i tems such as b o i l e r  
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Table 4.1 Summary of Fossi l-Fired Power Plant 
Equipment Wear Mechanisms 

Wear 
Mechanism Components Affected Causes 

Creep Superheat and reheat tubes, ou t l e t  High pressure and tempera- 
headers, turbine forgings and she1 1 s ,  tu re  steam 
main steam l ines, valves, and bo l t ing  

headers, drums and tubes, pump and 
fan components and generatw e lec t r i ca l  forces 
w i  ndi ng supports 

Erosion Turbine blades and nozzles, bo i l e r  Hard p a r t i c l e  impingement 
tubes, fan blades, and pumps and f l u i d  cav i ta t ion  

Corrosion Bo i le r  tubes, turbine blades and Water and steam impurit ies, 
discs, precipi tators,  scrubbers, coal ash constituents, and 
stacks, and a i r  preheaters ac id  deposit i on 

Fatigue Turbine blades and shafts, bo i l e r  Thermally induced stress 
and per iodic steam and 

Source: Armor, A. F,, and Scheibe?, J. R., "Plant L i f e  Extension: Deter- 
mining the Correct Strategy," presented a t  EPRI L i fe  Extension 
Conference, Washington, D.C., June 12-15, 1984. 

tubes and t u r b i n e  r o t o r s ,  c o n s i d e r a t i o n  must a l s o  be given t o  t u r b i n e  
foundat ions , stacks,  cool i ng towers, bo i  1 e r  drums, coal  conveyor sys- 
tems, e tc .  Th is  i n t e n s i v e  examinat ion and replacement i s  what d i f f e r -  
e n t i a t e s  a l i f e  extens ion program from o t h e r  l e s s  r i g o r o u s  e f f o r t s  such 
as avai  1 abi 1 i ty  upgrades and heat r a t e  improvements. 

Because t h e  r e s u l t s  of equipment inspec t ions  are so c r i t i c a l  t o  t h e  
success o f  a p r o j e c t  i t  i s  a p p r o p r i a t e  t o  d iscuss i n  some d e t a i l  t h e  
r a t i o n a l e  and makeup of a t y p i c a l  i n s p e c t i o n  program, The most expedi-  
t i o u s  way o f  accompl ishing t h i s  i s  t o  d e f i n e  s p e c i f i c  p l a n t  subsystems, 
i d e n t  i fy t h e  more prorni nent  components w i t h i n  these groups, and then 
e l a b o r a t e  on some of t h e i r  i n s p e z t i o n  cons idera t ions .  Only b r i e f  
d iscuss ions  are  g iven here, and t h e  reader i s  encouraged t o  examine 
e n t r i e s  4, 27, 28, 30, 31, and 32, of t h e  B i b l i o g r a p h y  f o r  e x c e l l e n t  
d iscuss ions  of mechanical i n s p e c t i o n  c r i t e r i a .  It i s  s u f f i c i e n t  here t o  
d e f i n e  and and d iscuss f i  ve p l a n t  subsystems : t u r h i  ne generator ,  steam 
generator ,  a i r  q u a l i t y  c o n t r o l ,  ins t ruments and c o n t r a l ,  and balance o f  
g l  ant. 



4 .1 .1  Turbine-generator subsystem 
Those prominent t u r b i n e  and e l e c t r i c a l  generator components t h a t  

are normal ly  inc luded i n  an i n s p e c t i o n  program are summarized i n  Table 
4.2. The reasons f o r  i n c l u d i n g  these components and some exp lanat ion  o f  
t h e  p o t e n t i a l  b e n e f i t s  t h a t  l i f e  extens ion can have are discussed below: 

( a )  Dur ing t h e  l i f e  o f  a t u r b i n e ,  t h e  r o t o r  i s  the  one component 
subjected t o  t h e  most s t ress .  It r e s u l t s  p r i m a r i l y  froin thermal t r a n -  
s i  en ts  generated d u r i n g  s t a r t u p ,  shutdown, and c y c l  i c operat ions.  The 
conduct o f  an i n s p e c t i o n  program depends a great  deal on t u r b i n e  age. 
Turbines w i t h  l e s s  than 20 years o f  s e r v i c e  should be approached w i t h  a 
view towards r e s t o r a t i o n  r a t h e r  than modernizat ion.  This  inc ludes  i tems 
such as replacement of worn o r  damaged t u r b i n e  blades and c o n t r o l  va lve 
components. Turbines w i t h  more than 20 years o f  s e r v i c e  ( those designed 
be fore  about 1960) must a l so  consider  wear o f  h i g h l y  s t ressed i tems such 
as h i g h  temperature r o t o r s  and casings, These o l d e r  designs can o f t e n  
b e n e f i t  fram recent  improvements i n  bucket design and m a t e r i a l s  o f  con- 
s t  r u c t i  on e 

( b )  Turbine s h e l l s ,  l i k e  r a t o r s ,  can a l s o  be subjected t o  severe 
o p e r a t i  ng condi  t i  ons and should be considered f o r  wholesale rep1 ace- 

ment. Th is  i s  e s p e c i a l l y  t r u e  o f  t h e  o l d e r  s h e l l s  which were designed 

Table 4.2 Summary of Components t o  be 
Inc luded i n  t h e  Turb i  ne-Generator 

Subsystem Inspec t ion  Program 

Turb i  ne 
Rotor,  i n c l u d i n g  buckets 
She l l  
Nozzle 
Contro l  system and v a l  v i  ng 
Seals 

Gene r a t  o r 
S t a t o r  
F i e l d  and e x c i t a t i o n  systems 
F i e l d  f o r g i n g  
C o l l e c t o r s  and brush holders 

-- 
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t o  operate p r i m a r i l y  as pressure vessels. The main advantage o f  a new 
s h e l l  i s  t h a t  i t  bene f i t s  from improvements i n  m a t e r i a l s  and c a s t i n g  
techniques. A secondary b e n e f i t  i s  t h a t  new design fea tu res  can be 
i nco rpo ra ted  i n t o  t h e  s h e l l  t o  account fo r  c y c l i c  duty  or capac i t y  up- 
r a t  i ng . 

( c )  Steam valves should be inspec ted  from the  pe rspec t i ve  o f  re- 

placement wi th  a newer design. Improvement i n  design and m a t e r i a l s  can 
reduce t h e  number o f  working p a r t s  and reduce wear mechanisms such as 
e ros ion  and co r ros ion .  

( d )  Shaft  ends on o l d e r  t u r b i n e s  were sealed us ing  water seals.  
R e t r o f i t t i n g  these t o  steam seals  o f f e r s  many advantages e s p e c i a l l y  i f  
c y c l i c  ope ra t i on  i s  a n t i c i p a t e d .  These advantages i n c l u d e  smoother 
opera t ion ,  l e s s  opera tor  a t t e n t i o n ,  reduced maintenance, and e l i m i n a t i o n  
o f  water e ros ion  

(e )  Older hydrogen cooled generator s t a t o r  windings were i n s u l a t e d  
w i t h  an asphal t -mica i n s u l a t i o n  t h a t  i s  prone t o  tape m i g r a t i o n  and 
g i r t h  cracks. It can be cos t  e f f e c t i v e  t o  rep lace  t h i s  i n s u l a t i o n  sys- 
tem with one t h a t  u t i l i z e s  newer m a t e r i a l s  and e l i m i n a t e s  these prob- 

lems. An a d d i t i o n a l  b e n e f i t  i s  t h a t  d u r i n g  t h e  ac tua l  rewind procedure 
t h e  end w ind ing  support and s l o t  support  systems can be improved t o  make 
the winding more r e s i s t a n t  t o  f a u l t  forces.  

( f )  It can a l s o  be advantageous t o  cons ider  rewind ing  t h e  genera tor  
f i e l d s .  New f i e l d  designs have t h e  p o t e n t i a l  t o  e l i m i n a t e  prewarming 
and reduce r o u t i n e  maintenance inspec t i ons .  These new designs i n c l u d e  
d i  r e c t  rad i  a1 cool  i ng of the conductors, which increases capabi 1 i ty  and 
reduces e l  e c t  r i  c a l  1 osses. These a1 so i n c l  ude procedures f o r  w i  n d i  ng 
the conductor t h a t  reduce break ing  and increase re1 i abi  1 i t y  du r ing  cyc- 
l i c  opera t ion .  C o l l e c t o r  r i n g s  and brush ho lde rs  wear d u r i n g  normal 
s e r v i c e  and should be replaced r o u t i n e l y .  New brush ho lde r  designs are 
a v a i l a b l e  as a r e t r o f i t  which pe rm i t  brushes t o  be changed out w i thou t  
removing the  generator froin serv ice .  

4.1.2 Steam generator and a u x i l i a r i e s  
The l i f e  ex tens ion  process f o r  steam generators c o n s i s t s  p r i m a r i l y  

o f  r e p a i r  o r  replacement of worn, damaged, and outdated components, and 
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t h e  i n s p e c t i o n  sequence should be s t r u c t u r e d  accord i  ngly. A sumnary o f  
those components t h a t  should be i nspec ted  i s  conta ined i n  Table 4.3. 

Some aspects t o  consider  du r ing  t h e  i n s p e c t i o n  i nc lude :  
( a )  A l l  b o i l e r  pressure p a r t s  and componentsp except t h e  drums, inay 

be considered as rep laceab le  or  repa i rab le .  H igh l y  s t ressed p a r t s  o f  
t h e  superheater and reheater  t u b i n g  can be removed and rep laced w i t h  
m a t e r i a l s  t h a t  can w i ths tand more severe opera t i ng  cond i t i ons  Eroded 
convec t ion  sur faces  can be redesigned f o r  g rea te r  spacing between 

Table 4.3 Summary of Components t o  be Inc luded 
i n  t h e  Steam Generator Subsystem 

I n s p e c t i  on Program 

Boi l e r  Pressure Par ts  
Furnace, roo f ,  and f l o o r  
Economizer, superheater, and reheater  
Drums and headersp i n c l u d i n g  hangers and 

expansion j o i  n t s  

Boi 1 e r  S t r u c t u r e  
Main hanger rods 
Ruckstays 
Suspension l e v e l  s tee l  

B o i l e r  S e t t i n g  
Casing, lagg ing ,  r e f r a c t o r y ,  and i n s u l a t i o n  
Furnace hopper and lower  seal  
Dead a i  r spaces 
Pen t ti ou s e 

A i r  and F lue Gas Systems 
A i r  p reheater  
fans 
A i r  and gas ducts  

Fuel System 
W i  ndbox 
Burners 
Coal hand1 i ng systems 

Source: Davis, K., Hunter, J. S., and King, 
J .  P., " B o i l e r  L i f e  Extension - A New 
Lease on L i f e , "  Proceedings o f  t h e  
American Power Conference , Chicago, 
I 1  l i n o i s ,  Volume 47, 1985. 
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tubes. Extended surface economizers can be rep laced w i t h  smooth tube 
des i  gns t o  reduce p l  iuggi ng. 

( b )  Parts of t h e  coal  conveying system can be replaced w i t h  wear 
r e s i s t a n t  ceramics. These m a t e r i a l s  can be a p p l i e d  t o  n e a r l y  a l l  compo- 
nents o f  t h e  conveying system i n c l u d i  ng pul  v e r i  zers, e l  bows , and s h u t  

o f f  valves. Design m o d i f i c a t i o n s  us ing  these m a t e r i a l s  can r e s u l t  i n  
reduced maintenance costs  and fo rced outage ra tes .  

( c )  Fuel burners can be replaced w i t h  newer designs t h a t  reduce the  
amount o f  n i t r o g e n  oxides e m i t t e d  and a l s o  improve heat t r a n s f e r  condi - 
t i o n s  i n  the  lower furnace. 

4.1.3 A i r  q u a l i t y  c o n t r o l  systems 
A p l a n t ' s  a i r  q u a l i t y  c o n t r o l  system has t h e  p o t e n t i a l  t o  be t h e  

s i n g l e  most impor tan t  f a c t o r  i n  t h e  l i f e  ex tens ion  dec is ion .  More than 
any o the r  component, i t s  t rea tment  depends h e a v i l y  on how o the r  sub- 
systems are modif ied.  I n  a d d i t i o n ,  u t i l i t i e s  cannot u n i l a t e r a l l y  
upgrade these systems. The approp r ia te  s t a t e  and fede ra l  r e g u l a t o r y  
agencies must i nspec t  and approve aily design changes. This c o n s t r a i n t  
a f f e c t s  both the conduct o f  t he  i n s p e c t i o n  and t h e  eventual implementa- 
t i o n  and w i l l  be e labo ra ted  on l a t e r .  From a component i n s p e c t i o n  
pe rspec t i ve  t h e r e  are tNo bas ic  systems t o  cons ider :  e l e c t r o s t a t i c  
p r e c i p i t a t o r s  and f l u e  gas d e s u l f u r i z a t i o n  (sc rubber )  systems, 

t h e i r  i n s p e c t i o n  program can focus on s p e c i f i c  components. These i n -  
c lude, but are not l i m i t e d  t o ,  cas ing  and hoppers, c o l l e c t i o n  p la tes ,  
d ischarge e lec t rodes ,  t h e  e l e c t r i c a l  system, and t h e  rapp ing  system. 
I n s p e c t i o n  cons ide ra t i ons  i nc lude :  

( a )  Casings and hoppers are sub jec t  t o  co r ros ion  and should be 

i nspec ted  w i t h  regard t o  s t r u c t u r a l  i n t e g r i t y .  
( b )  C o l l e c t i o n  p l a t e s  are a conponent most sub jec t  t o  d e t e r i o r a -  

t i o n .  This  occurs as a r e s u l t  o f  t h e i r  geometry ( t h i n  sheets) and t h e  
h i g h  gas v e l o c i t i e s  t o  which they a r e  exposed. These should be 

inspec ted  from t h e  s tandpo in t  o f  compl e t e  rep1 acement. 
( c )  Discharge e lec t rodes  are most a f f e c t e d  by co r ros ion  and should 

be considered f o r  replacement. I n  a d d i t i o n ,  any m o d i f i c a t i o n s  t h a t  can 

Because most p r e c i p i t a t o r s  have t h e  same basic  mechanical design 
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be taken t o  p ro long  e lec t rode  l i f e  should be i d e n t i f i e d  du r ing  t h e  
i nspec t i on .  These i n c l u d e  design changes t o  reduce the  causes o f  c o r r o -  
s ion,  hopper level detec tors ,  and changes i n  the e l e c t r o d e  m a t e r i a l  o f  
cons t ruc t i on .  

( d )  The vo l tage c o n t r o l  system i s  a prime candidate f o r  moderniza- 
t i o n .  Recent improvements i n  m a t e r i a l s  and microprocessor  technolagy 
can improve co l  1 e c t  i an e f f i c i e n c y  and re1 i abi  1 i t y  , reduce co r ros ion  and 
eros ion,  and reduce e l e c t r o d e  f a i l u r e  rates. 

( e )  Rappers o r  v i b r a t o r s  a re  sub jec t  t o  trechanical wear i n  t h e i r  
c lect ro-mechanica l  components, and these should be replaced. I f  the i n -  
spec t i on  shows d e t e r i o r a t i o n  o f  t he  rapper i t s e l f ,  o u t r i g h t  replacement 
should be considered. There are  severa l  a l t e r n a t i v e  designs avai  l a b l e ,  
and a choice should be made i n  concer t  w i t h  o the r  p r e c i p i t a t o r  rnodi f ica-  
t i o n s .  

The process of deterini n i  ng a li f e  extens ion procedure f o r  scrubber 
systems i s  somewhat more complicated. There are  severa l  d i f f e r e n t  
designs c u r r e n t l y  i n  ope ra t i on  and9 u n f o r t u n a t e l y ,  most were i n s t a l l e d  
concur ren t  w i t h  t h e i  r techn i  c a l  development . Any i nspec t i  on program 
must be conducted w i t h  an eye toward ex tens ive  m o d i f i c a t i o n  t o  reduce 
opera t i ng  cos ts  and improve opera t i ng  r e l i a b i l i t y  and e f f i c i ency .  These 
m o d i f i c a t i o n s  i n c l u d e  i n s t a l l a t i o n  o f  spare scrubber module, p o s s i b l y  
changing t h e  chemical reagent from l i m e  t o  l imestone,  and us ing  a land-  
f i l l  t ype  d isposa l  i ns tead  of ponds. 

4.1.4 Ins t rumen ta t i on  and c o n t r o l  subsystem 
The eva lua t i on  of e x i s t i n g  i ns t rumen ta t i on  and c o n t r o l  (I&C) sys- 

tems d i f f e r s  somewhat f rom o the r  p l a n t  systems i n  t h a t  besides msdern- 
i z i n g  components, t h e  e n t i r e  c o n t r o l  ph i losophy i s  o f t e n  updated. 
Whereas i ns t rumen ta t i oq  i n  t h e  p a s t  was con f ined  t o  ma in ly  sensors, i n -  
d i c a t o r s  , and recorders , new technology permi ts  a broader pe rspec t i  ve. 
S ta te  o f  t h e  a r t  equipment such as programmable c a n t r o l l e r s ,  micro- 

computers, and h i  gh speed data a c q u i s i t i o n  systems are hei ng appl  i e d  t o  
v i r t u a l l y  a l l  aspects o f  p l a n t  opera t ion .  Table 4.4 summarizes t y p i c a l  
I&C modern izat ion o b j e c t i v e s  and same s p e c i f i c  a p p l i c a t i o n s .  
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Table 4.4 Summary of P o t e n t i a l  I ns t rumen ta t i on  and 
Con t ro l  Subsystem Modern iza t ion  Ac t ions  

Object  i ve f o r  I n s t  rumen t a t  i on 
and Con t ro l  Improvement Speci f i c Act i on 

C y c l i c  Opera t i  on 

Performance Improvement 

Safe ty  and Re1 i abi  1 i t y  

Reduction i n  Opera t ing  and 
Maintenance Costs 

B o i l e r  and t u r b i n e  c o n t r o l s  mod i f i ed  
t o  improve response t ime  t o  meet 
v a r i a b l e  l oad  demand requirements 

Automatic t u r b i n e  runup a ids reduce 
s t a r t u p  hazards 

Computer c o n t r o l  of those parameters 
t h a t  a f f e c t  b o i l e r  e f f i c i e n c y  and 
t u r b i n e  c y c l e  heat r a t e  

Burner c o n t r o l  and f u e l  sa fe ty  system 
f o r  automat ic opera t ion  

Fu rnace i mp 1 os i on pi-even t i on system 

Turbine superv isory  i ns t rumen ta t i on  t o  
de tec t  mechanical changes i n  t ime  t o  
pe rm i t  p r e v e n t a t i v e  mi ntenance 

Rotor s t r e s s  mon i to r  t o  c a l c u l a t e  and 
accumulate c y c l i c  l i f e  expended 

Cen t ra l  c o n t r o l  s t a t i o n s  reduce number 
o f  opera tors  r e q u i r e d  

Data a c q u i s i t i o n  systems can d e t e c t  
equipment degradat ions i n  a t i m e l y  
manner 

As one might expect, t h i s  expaided scope increases the  complex i ty  
o f  t he  i n s p e c t i o n  program. I n  addi - t ion t o  d e f i n i n g  e x i s t i n g  equipment 
d e f i c i e n c i e s  t h e r e  i s  now an a d d i t i o n a l  requirement t o  c l o s e l y  coord i -  
n a t e  t h e  p lann ing  a c t i v i t i e s  o f  non-I&C personnel. Some of these p lan -  
n i  ng cons ide ra t i ons  i nc lude :  

( a )  I t  i s  inore e f f i c i e n t  t o  perform t h e  I&C m o d i f i c a t i o n s  a t  t he  
same t i m e  t h e  a p p l i c a b l e  systems ( i . e . ,  b o i l e r  and t u r b i n e )  are 

improved. 
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( b )  It takes cons iderab le  t ime and i m p a r t i a l  ana lys i s  on the  p a r t  

o f  t h e  u t i l i t y  t o  eva lua te  and select t h e  most approp r ia te  and cos t  
e f  f e c t i  ve I5C equi pment . 

( c )  Replacement o f  pneumatic c o n t r o l s  w i t h  e l e c t r i c a l  designs can 
be cos t  e f f e c t i v e  f o r  major p l a n t  components. 

(d )  Considerable improvement i n  Ruiiian f a c t o r  aspects can he 

achieved a t  t he  same t i m e  c o n t r o l  panel and c o n t r o l  room improvements 
a r e  made. 

4.1.5 Balance o f  p l a n t  subsystem 
Balance o f  p l a n t  components are? i nc luded  i n  an i n s p e c t i o n  program 

t o  i n s u r e  they w i l l  operate r e l i a b l y  d u r i n g  the  p l a n t ' s  extended s e r v i c e  
l i f e .  Table 4.5 summarizes t h e  equipment normal ly  i nc luded  i n  t h i s  sub- 
system. Some impor tan t  i n s p e c t i o n  and p lann ing  cons ide ra t i ons  Snclude: 

( a )  The pr imary  concern fo r  the  steam condenser i s  the c o n d i t i o n  o f  
the tubes and t h e  need f o r  a re tub ing .  The i n s p e c t i o n  should determine 
t h e  ex ten t  of tube s ide  f o u l i n g  and tube w a l l  degradation. I f  a c o o l i n g  
water  t rea tment  ( c o r r o s i o n  p reven t ion )  system i s  no t  i n  p lace,  one 
should  be considered. 

( b )  The i n t e g r i t y  o f  the c o o l i n g  tower f i l l  and s t r u c t u r a l  supports 
should be es tab l  ished. 

( c )  B o l l e r  feedwater pumps and assoc ia ted  p i p i n g  should be i n -  
spected t o  i n s u r e  proper  ope ra t i on  (ecg., co r rec t  ne t  p o s i t i v e  s u c t i o n  
head). I n  some cases replacement o f  the e x i s t i n g  pump w i t h  one o f  a 
newer design and m a t e r i a l s  of  c o n s t r u c t i o n  can be economical due t o  
increased r e 1  i abi 1 i t y  . 

(d )  All  o the r  heat exchangers should  be i nspec ted  f o r  t he  ex is tence 
o f  cracks and f o u l i n g .  As a group, heat exchangers exper ience increased 
t u b e  f a i l u r e  r a t e s  w i t h  t ime, The inspec t i on  should p rov ide  s u f f i c i e n t  
d a t a  f o r  a u t i l i t y  t o  determine remaining l i f e  and i f  a r e t u b i n g  i s  
necessary. 

( e )  The f i r e  p r o t e c t i o n  system should be inspec ted  f o r  plugged 
l i n e s  and valves. 
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Table 4.5 Summary of Components t o  be Inc luded 
i n  t h e  Balance o f  P lant  Subsystem 

Inspec t i on  Program 

Condensing System 
Steam condenser 
Air e j e c t o r s  and vacuum pumps 

Condenser C i r c u l a t i n g  Water System 
Pumps, r o t o r s ,  and valves 
Cool i ng towers 
Travel  i ng screens 
Water t rea tment  program 

Hotwel l  , pumps, and motors 
boos ter  pumps 
P i p i n g  and va lves  
Low pressure heaters  m d  deaerators 
Pol i shers and chemi c a l  a d d i t i o n  

Condensate System 

Feedwater System 
Pumps and d r i v e  motors 
P i p i n g  and valves 

Dra in  pumps 
P i p i n g  and va lves  

Heater D ra in  System 

E x t r a c t  i on Steam P i  p i n g  and Val ves 
E l e c t  r i  cal Systems 

Swi  t c h y a r d  
Main t rans fo rmer  
A u x i l i a r y  t rans former  
S ta r tup  t rans fo rmer  
Smal l e r  t rans formers ,  breakers, 

DC e l e c t r i c a l  system 

Serv ice  water 
C l  osed cool  i ng water 
Auxi 1 i ary boi 1 e r  
Service a i  r 
Instrument a i r  
F i r e  p r o t e c t i o n  
Building s t r u c t u r e s  

conductors, and motor c o n t r o l s  

Auxi 1 i ary Systems 

Source: Proceedings of  E P R I  L i f e  Extension Con- 
ference, Washington, D.C., June 12-15, 
1985. 
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4.2. Program C r i t e r i a  

Even though t h e  systems ana lys i s  p o r t i o n  o f  a l i f e  extens ion s tudy 
can vary cons iderab ly  among u t i l i t i e s ,  most have s i m i l a r  execut ion  se- 
quences and r e q u i r e  t h e  same general types of i npu t .  The s p e c i f i c  value 
of the v a r i a b l e s  (e.g., cos t  o f  money) may vary among u t i l i t i e s  and 
reg ions,  but  v i r t u a l l y  a l l  economic o r i e n t e d  analyses u t i l i z e  s i m i l a r  
i npu t .  The purpose o f  t h i s  sec t i on  of t he  r e p o r t  is  t o  d e f i n e  some o f  
these p lann ing  va r iab les .  To accomplish t h i s  seven major ca tegor ies  o f  
dec i s ion  c r i t e r i a  w i l l  be de f ined  and discussed, These groups and some 
o f  t h e i r  assoc ia ted  cons idera t ions  are  summarized i n  Table 4.6. As was 
done f a r  t h e  s i t e  s p e c i f i c  c r i t e r i a ,  on ly  a b r i e f  overview w i l l  be pre-  
sented here. E n t r i e s  3 ,  11, 13, 14, 17, 18, 24, and 30 o f  the B i b l i o g -  
raphy con ta in  e x c e l l e n t ,  d e t a i l e d  analyses o f  t h i s  sub jec t ,  

The reader should a s s i m i l a t e  the  i n fo rma t ion  presented below as i n -  
d i v i d u a l  dec i s ion  c r i t e r i a  and no t  as sequent ia l  p ieces o f  an e v a l u a t i o n  
procedure. Even though much o f  i t  i s  r e l a t e d  and i t e r a t i o n s  are o f t e n  
necessary t o  p r o p e r l y  d e f i n e  i t , separate d iscuss ions  a r e  u t i l i z e d  here 
f o r  t h e  sake o f  s i m p l i c i t y  and e f f e c t i v e  communication. 

4.2.1 Management p r l  o r i  t i  es 
The d e c i s i o n  t o  implement a l i f e  ex tens ion  program must he p r i -  

m a r i l y  an upper l e v e l  management dec is ion .  It should be t r e a t e d  as ane 
sP severa l  s t r a t e g l c  investment choices, i n  t h e  sense t h a t  i t  has the 
p o t e n t i a l  t o  a f f e c t  t h e  u t i l i t y ' s  compe t i t i ve  p o s i t i o n  and apera t l ana l  
f u t u r e .  To make an e f f e c t i v e  dec i s ion  carpara te  p lanners must cons ider  
a v a r i e t y  o f  i n f l u e n c e s  rang ing  f rom t h e i r  own long  range business 
ob jec t1  ves t o  t h e  ratepayers ' percept ions  of managerial prudence 

These m u l t i p l e  o b j e c t i v e s  a r e  very o f t e n  c o n f l i c t i o g .  Far example$ 
should a u t j l i t y  p lan  t o  remain on ly  an e l e c t r i c a l  producer o r  d i v e r s i f y  
i n t o  a f u l l  service energy company? Another d i f f i c u l t  t r a d e o f f  i s  the 

t r a d i  t i  anal  dual responsi b i  1 i t y  t o  p rov ide  re1 i a b l e  low cos t  se rv i  ce t a  

t h e  ra tepayer  and t o  a l s o  achieve acceptable f i n a n c i a l  performance f o r  
t h e  i n v e s t o r .  
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Table 4.6 Summary o f  Major Systems C r i t e r i a  t o  be 
Considered Dur ing  t h e  L i f e  Extension 

Deci s i  on Making Process 

Management P r i o r i t i e s  
Long range business o b j e c t i  ves 
Increased accountabi 1 i t y  t o  PSCs 

Need f o r  Addi ti onal Capac i ty  
Load fo recas t  
R e l i a b l e  reserve  margin 

A l t e r n a t i v e s  t o  New Cons t ruc t i on  
Conservat ion 
Load management 
Purchase rep1 acement power 
L i f e  ex tens ion  
Upgrade 

P1 an t  Sel e c t  i on 
Equipment i n s p e c t i o n s  
Ope r a t  i ng h i  s t o r y  
Proposed du ty  

Envi ronmental Requi rements 
E x i s t i n g  fede ra l  and s t a t e  r e g u l a t i o n s  
Pending a c i d  r a i n  l e g i s l a t i o n  

F i n a n c i a l  and Economic Cons idera t ions  
Requi red  r a t e  re1 i e f  or  c o n s t r u c t i o n  work i n  progress support 
External  f i  nanci  ny requi  rements 
E f f e c t  o f  new capac i t y  on requ i red  r a t e  of r e t u r n  

d i sp laced  power cos t  
t i m e  d u r i n g  t h e  year  
system load, capac i t y  m i x ,  and fuel  cost  

Cost o f  p l a n t  re fu rb ishment  
s i z e ,  number and t ype  o f  u n i t  
e x t e n t  o f  re fu rb ishment  
l e n g t h  o f  re fu rb ishment  p e r i o d  
replacement power cost  d u r i n g  re fu rb ishment  

Timing o f  l i f e  ex tens ion  p r o j e c t  
Improvement i n  equi va len t  avai  1 a b i  1 i t y  
D i r e c t  and I n d i r e c t  cost  

increased maintenance c o s t s  
t o t a l  costs  c a p i t a l  i zed or  expensed 

U n c e r t a i n t i e s  i n  t e c h n i c a l  and economic v a r i a b l e s  
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Choosing an app l i cab le  course of a c t i o n  requ i res  a c a r e f d l  assess- 
ment o f  a myr iad of dec i s ion  c r i t e r i a  i n c l u d i n g  o p p o r t u n i t i e s  f o r  p r i c -  
i n g  and market ing i n i t i a t i v e s ,  p r o f i t a b l e  d i v e r s i f i c a t i o n ,  and reyu la -  
t o r y  c o n s t r a i n t s .  The f o l l o w i n g  t h r e e  examples, taken f rom e n t r y  13 o f  
t h e  B ib l iography ,  i l l u s t r a t e  t h e  range o f  p o s s i b i l i t i e s :  

( a )  Company A has excess nuc lea r  and coal capac i ty ,  but i t s  ne igh-  
b o r i n g  u t i l i t i e s  r e l y  h e a v i l y  on expensive o i l .  Recognizing the  oppor- 
t u n i t y  f o r  p r o f i t a b l e  of f  system sales,  i t  i n s t i t u t e s  a v a i l a b i l i t y  and 
heat r a t e  iinprovement programs. 

( b )  Company B a l s o  has excess coal capac i t y  and a l ready  s e l l s  much 

o f  i t s  ou tpu t  t o  ne ighbor ing  u t i l i t i e s .  Th is  company wants t o  postpone 
new genera t ing  p l a n t s  and accord ing ly  opts  f a r  l i f e  ex tens ion  o f  i t s  
e x i s t i n g  power p lan ts .  

( 6 )  Much of company C's generat ing s tock  c o n s i s t s  o f  ag ing o i l -  
f i r e d  u n i t s  and combustion tu rb ines .  I n  a d d i t i o n ,  almost h a l f  o f  i t s  
l oad  i s  supp l i ed  by purchases from ne ighbar ing  u t i l i t i e s ,  The company 
p r o j e c t s  low o r  zero l oad  growth and i s  cash cons t ra ined due, t o  l a r g e  
c o n s t r u c t i o n  programs. Accord ing ly ,  i t  decides t o  ma in ta in  o n l y  a few 
o f  I t a  u n i t s  and l e t  the o l d e r  f o s s i l  u n i t s  d e t e r i o r a t e .  

These scenar ios demonstrate d i  f f e r e n t  but equal l y  va l  i d  corpora te  
o b j e c t i v e s .  Company A ' s  focus on sho r t  term p r o f i t  f rom wholesale sa les  
d i c t a t e d  c o s t  reducl ng performance improvement programs e Company B ' s  
C O ~ C ~ I - ~  N i t h  i t s  l ong  term f i n a n c i a l  condition supported a l i f e  ex ten-  
s i o n  program. Company C decided t h a t  major Investments i n  mst of i t s  
p l a n t s  were no t  j u s t i f i a b l e  and acted accord ing ly .  

P u b l i c  acceptance o f  business dec is ions ,  ~r inore c o r r e c t l y  i n -  
creased accountabi 1 i t y  t o  the  PSCs, has become an impor tan t  managerial 
cons ide ra t i on .  U t i l i t i e s  have been and cont inue t o  be c r i t i c i z e d  for 
under tak ing  l a r g e  c a p i t a l  i n t e n s i v e  c o n s t r u c t i o n  p r o j e c t s  t h a t  were d i f -  
f i c u l t  t o  c o n t r o l ,  experienced l a r g e  cos t  overruns, and i f  coiirpleted re -  
s u l t e d  i n  s u b s t a n t i a l  r a t e  shock, Although t h e r e  are l e g i t i m a t e  reasons 
for some o f  these events, they have never the less fos te red  an image of 
l e s s  than capable u t i l i t y  managers, Implementing l i f e  ex tens ion  p r o -  
grams has the p o t e n t i a l  t o  reverse t h i s  percept ion.  L i f e  ex tens ion  o f  
c o a l - f i r e d  p l a n t s  may be favo rab ly  rece ived because i t  appeals t o  t he  



39 

pub1 i c ' s  desi  r e  for  e f f i c i e n c y .  Because these p r o j e c t s  are i n h e r e n t l y  
sma l le r  and l e s s  c a p i t a l  i n t e n s i v e  they  o f f e r  inc reased f l e x i b i l i t y  i n  
responding t o  changing l oad  growth or f i n a n c i a l  cond i t i ons .  Thus, i t  
can g i v e  t h e  impress ion  t h a t  t h e  u t i l i t y  management i s  once again i n  

c o n t r o l  of events. 

4.2.2 Need f o r  a d d i t i o n a l  capac i t y  
Need f o r  a d d i t i o n a l  r e l i a b l e  capac i t y  must be recognized be fo re  a 

l i f e  ex tens ion  p r o j e c t  can be considered. The need f o r  some type o f  ad- 

d i t i o n a l  capac i t y  r e s u l t s  from a combination of two bas ic  mechanisms: 
l o a d  growth o u t s t r i p p i n g  system capac i t y  and decreasing performance o f  
e x i s t i n g  p l a n t s  as they age. Load growth p r o j e c t i o n s  are a science i n  
t h e i r  own r i g h t ,  and i t  i s  not  necessary t o  summarize the means o r  da ta  
requi  red  here, 

4.2.3 A l t e r n a t i v e s  t o  new capac i t y  
I n  a d d i t i o n  t o  new capaci ty,  which c u r r e n t l y  i s  not  an a t t r a c t i v e  

op t i on ,  t h e r e  are severa l  a l t e r n a t i v e s  a v a i l a b l e  t o  a u t i l i t y  which i s  
t r y i n g  t o  deal w i t h  aging capac i ty ,  They f a l l  i n t o  one o r  more of t h ree  
bas i c  ca tegor ies :  reduce consumption, purchase replacement power, o r  
undertake some type of p l a n t  improvement program. To reduce consump- 
t i o n ,  a u t i l i t y  can implement ra tepayer  conserva t ion  p r o j e c t s  and/or 
l o a d  management programs. Buying any needed replacement power i s  be- 
coming a more a t t r a c t i v e  a l t e r n a t i v e  t o  some u t i l i t i e s  because o f  indus-  
t r i a l  cogenerat ion and increased amounts of wheeling. S t r i c t  envi ron- 
mental and s i t i n g  requ i  rements make new capac i t y  undesi r a b l e  and thus  
encourage modern iza t ion  o f  e x i s t i n g  p lan ts .  These modernizat ion e f f o r t s  
vary i n  scope f r o m  upgrading i n d i v i d u a l  p ieces  o f  equipment t o  an ex ten-  
s i v e  l i f e  ex tens ion  program. Making an optimum choice between these 
a1 t e r n a t i  ves however requ i  res e v a l u a t i n g  v i r t u a l l y  every f a c e t  of a 
u t i l i t y ' s  s i t u a t i o n .  The th ree  example u t i l i t i e s  discussed i n  t h e  pre-  
v ious s e c t i o n  i l l u s t r a t e  t h e  l e v e l  o f  d e c i s i o n  making necessary. 

4.2.4 P lan t  s e l e c t i o n  
The s e l e c t i o n  o f  the p a r t i c u l a r  p l a n t ,  o r  p lan ts ,  t o  i n c l u d e  i n  a 

l i f e  ex tens ion  program i s  i n  i t s e l f  q u i t e  an i n v o l v e d  task .  The cho ice  
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i s  a func t i on  o f  t h e  p l a n t ' s  cu r ren t  cond i t i on ,  i t s  post  improvement 
ope ra t i ng  mode, and t h e  cos t  o f  t h e  m o d i f i c a t i o n s  necessary t o  perm i t  
t h e  proposed l e v e l  o f  serv ice .  The fue l  t ype  and s i z e  OF the cdndidate 
p l a n t  a l s o  i n f l u e n c e  t h e  s e l e c t i o n ,  b u t  w i l l  he covered i n  the  d i scus -  
s i o n  of economic and f i n a n c i a l  cons idera t ions .  

De f in ing  t h e  remain ing l i f e  o f  a candidate p l a n t  i s  one o f  t he  mast 
c r i t i c a l  opera t ions  i n  t h e  l i f e  extens ion process. I t s  present  cond i -  
t i o n  determines t h e  number and ex ten t  of equipment mod i f i ca t i ons .  A re -  
view of t he  p l a n t ' s  operabing h i s t o r y  combined w i t h  a nicchanical examin- 
a t i o n  o f  components a re  t h e  on ly  r e l i a b l e  means o f  de termin ing  th i s .  

D e t a i l s  o f  these inspec t i on  procedures were d iscussed i n  Sect ion 4.2. 
The proposed s e r v i c e  and l e n g t h  of l i f e  ex tens ion  a l s o  a f f e c t  p l a n t  
s e l e c t i o n .  A p l a n t  scheduled f o r  c y c l i c  serv ice ,  but which h i s t o r i c a l l y  
has been base loaded, w i l l  r e q u i r e  ex tens ive  b o i l e r  and t u r b i n e  modern- 
i z a t i o n  t o  operate e f f e c t i v e l y .  The l e n g t h  o f  t he  extended opera t i ng  
p e r i o d  determines t h e  f i n a n c i a l  break even p o i n t  ( i  .e., b e n e f i t - c o s t )  
and t h e r e f o r e  i n f l uences  t h e  number of m o d i f i c a t i o n s  t h a t  can be c o s t  
e f f e c t  i ve. 

4.2.5 Envi ronmental requi  renents  
A t  t h e  present  t ime t h e r e  are appraxiinatelyl 50 fede ra l  and s t a t e  

laws t h a t  should be considered d u r i n g  t h e  l i f e  extens ion dec i s ion  making 
process. Q u i t e  understandably, meeting these requirements can s i g n i f i  - 
c a n t l y  a f f e c t  the economic v i a b i l i t y  o f  a l i f e  ex tens ion  program. A 
b r i e f  summary o f  these e x i s t i n g  requirements i s  g iven i n  Table 4.7. 
Th i s  t a b l e ,  and most o f  t h e  f o l l o w i n g  n a r r a t i v e ,  were abs t rac ted  from a 
paper by Dennis P. Ward and Andrew C. Meko o f  the Sargent & Lundy Com- 
pany which was presented a t  t h e  1984 E P K I  L i f e  Extens ion Conference 
( e n t r y  30 o f  the  B ib l i og raphy ) .  

Dec id ing  which o f  the  e x i s t i n g  fede ra l  and s t a t e  gu ide l i nes  are 
a p p l i c a b l e  and j u s t  which m o d i f i c a t i o n s  are  sub jec t  i o  c o n t r o l  can be a 
compl icated task,  Federal regulations genera l l y  apply t o  those rmdi fi - 
c a t i o n s  t h a t  inc rease a i r  p o l l u t i o n  emissions o r  cos t  more thaQ 50% o f  
t h e  p r i c e  o f  a new, comparable u n i t .  The gray area i s  that, those md- 

i f i c a t i o n s  t y p i c a l l y  i nc luded  i n  t h e  50% t e s t  have been de f i ned  more on 
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Table 4.7 Summary o f  Environmental Regulations t o  be 
Considered During the L i f e  Extension Evaluation 

Process 

Federal Requi rernents Considerations - 
New Source Performance Standards apply if f a c i l i t y  i s  new, modified, 

tests:  
Standards (a i  r) o r  reconstructed. The EPA applies these 

new: bo i l e r  replacement 
modi f i ed : physical o r  operational 

reconstructed: f ixed capi ta l  costs exceed 

changes that  resul t  i n  
increased emissions 

50% of the cost o f  a new 
steam generator 

Prevention o f  S i  gn i f i cant Permit requirements apply t o  modif icat ions 

m i  n i mus 'I 1 i m i  t s 
Qeter iorat ion ( a i r )  f o r  which net emissions increase exceeds ''de 

National Pol lutant Discharge New c r  modified permit required i f  point 
El imination System (water) source discharge i s  modified 

Environmental Impact 
S t  a t  erne n t 

Corps o f  Engineers 

Not required unless major renovation subject 
t o  federal l icensing occurs 

Permit required fo r  construction a c t i v i t y  i n  
navi g ib le  waters 

State Requirements Considerations 
_L_ 

A i r  New or modified construction and operating 
permits required 

"Bubble" pol i cy  may apply 

permits requi red 
Water and so l i d  waste New or modified construction and operating 

Source: Proceedings o f  E P R I  L i f e  Extension Conference, Washington, O.C., 
June 12-15, 1985. 

i n d u s t r y  exper ience r a t h e r  than s p e c i f i c  Environmental P r o t e c t i o n  Agency 
(EPA)  d e f i n i t i o n s .  The p lann ing  process i s  f u r t h e r  compl icated by t h e  
f a c t  that  some regu la to ry  requirements depend on t h e  ex ten t  o f  the  mod- 

i f i c a t i o n s .  The Ne# Source Performance Standards (NSPS) are meant t o  
apply p r i m a r i l y  t o  newly cons t ruc ted  f a c i l i t i e s ,  but  they can a l s o  be 
applied t o  "mod i f ied"  or  " recons t ruc ted"  p l a n t s .  There i s  s t i l l  debate 
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w i t h i n  the  u t i l i t y  i n d u s t r y  as t o  the  s p e c i f i c  d e f i n i t i o n s  o f  these 
d e s c r i p t i o n s .  An a d d i t i o n a l  cons ide ra t i on  f o r  u t i l i t y  p lanners i s  t h a t  
s t a t e  regu la t i ons  can apply t o  most a l l  m o d i f i c a t i o n  programs and under 
t h e  Clean A i r  Act can be more s t r i n g e n t  than fede ra l  gu ide l i nes .  

Nard and Meko o f f e r  t h e  fo l l ow ing  environmental gu ide l i nes  f o r  l i f e  
ex tens ion  p r o j e c t s :  

( a )  L i f e  ex tens ion  p r o j e c t s  t h a t  i n c l u d e  capac i t y  expansions are  
inore l i k e l y  t o  be sub jec t  t o  NSPS and Prevent ion o f  S i g n i f i c a n t  Deter -  
i o r a t i o n  (PSD) o r  emission o f f s e t  regu la t i ons  because o f  t he  p o t e n t i a l  
f o r  increased a i r  emissions. A i r  p o l l u t i o n  c o n t r o l  equipment i n  add i -  
t i o n  t o  t h a t  a l ready  i n s t a l l e d  a t  the  e x i s t i n g  p l a n t  may be requ i red  as 
p a r t  of s t a t e  or federa l  a i r  permi ts .  Capaci ty  expansions w i l l  a l s o  

cause increased involvement i n  the  p r o j e c t  by the  s t a t e  PSCs. 
( b )  Pro jec ts  t h a t  r e s u l t  i n  increased waste water d ischarges may be 

c l  ass i  f i ed as new sources and the re fo re  sub jec t  t o  Nat ional  Pol 1 u t a n t  
Discharge E l i m i n a t i o n  System (NPDES) regu la t i ons .  Th is  cou ld  r e s u l t  i n  
t h e  requi  rement f o r  new o r  modi f i ed t reatment  systems. 

(6) Any i nc rease i n  s o l i d  wastes could r e q u i r e  new or en larged 
so l  i d  waste d i  sposal f a c i  1 i t i e s .  

By f a r  t h e  most unce r ta in  environmental cons ide ra t i on  i s  t h e  a c i d  
r a i n  1 e g i  s l  a t 1  on now under consi d e r a t i  on. Even though f i  na l  a c t i  on on 
these b i l l s  i s  no t  expected soon, u t i l i t i e s  would be prudent t o  cons ider  

t h e  economic impact o f  meeting proposed SO2 reduc t ions .  U t i l i t i e s  i n  
a f f e c t e d  areas should i nc lude  op t ions  such as sw i t ch ing  t o  a low s u l f u r  
coal or  t he  i n s t a l l a t i o n  o f  f l u e  gas d e s u l f u r i z a t i o n  systems as a p a r t  
o f  t h e  li f e  extens ion economi c eval ua t  i oris. 

4.2.6 F inanc ia l  and economic cons idera t ions  
Because o f  h igh  i n t e r e s t  r a t e s  and long  c o n s t r u c t i o n  l ead  t imes, 

f i n a n c i a l  cons ide ra t i ons  have become an impor tan t  p a r t  o f  a u t i l i t y ' s  
investment eva lua t i on  process. A t  the  present  t ime new p l a n t  cons t ruc-  
t i o n  c a r r i e s  cons iderab le  f i n a n c i a l  r i s k  i n c l u d i n g :  

( a )  t he  value of t he  c o n s t r u c t i o n  p r o j e c t  tnay exceed t h e  combined 

(b) reduced bond r a t i n g  and h ighe r  requ i red  r e t u r n  on stock,  
asse ts  o f  t he  u t i  1 i ty, 
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( c )  i n t e r e s t  coverage r a t i o s  may f a l l  t o  unacceptable l e v e l s ,  and 
(d)  recovery of t h e  c o n s t r u c t i o n  cos ts  cou ld  be d i f f i c u l t  due t o  

p u b l i c  o p p o s i t i o n  t o  increased ra tes .  
U n l i k e  new c o n s t r u c t i o n ,  l i f e  extens ion p r o j e c t s  have severa l  f i  - 

n a n c i a l  advantages. These b e n e f i t s  r e s u l t  p r i m a r i l y  from t h e i r  modular 
na ture  and inc lude:  

( a )  reduced c o n s t r u c t i o n  expendi tures due t o  t h e i r  l e s s  c a p i t a l  

( b )  reduced need f o r  e x t e r n a l  f inanc ing  due t o  reduced c o n s t r u c t i o n  

( c )  improved i n t e r e s t  and d i  v i  dend coverage, qual i t y  o f  earn ings 

( d )  more f l e x i b i l i t y  t o  meet changing f i n a n c i a l  c o n d i t i o n s .  
This  increased f l e x i b i l i t y  r e s u l t s  f rom t h e  modular na ture  o f  l i f e  

ex tens ion  p r o j e c t s ,  It has f i n a n c i a l  va lue i n  t h a t  i t  a l lows t h e  u t i l -  
i t y  t o  e i t h e r  a c c e l e r a t e  o r  de lay the p r o j e c t  w i t h o u t  ser ious  adverse 

consequences. 
As one might  expect, economic cons idera t ions  tend t o  be t h e  pr imary 

c o n s t r a i n t  on implement ing a l i f e  ex tens ion  program. V i r t u a l l y  any 
amount o f  improvement and modern izat ion i s  poss ib le ,  f o r  a p r i c e .  The 
e v a l u a t i o n  o f  l i f e  ex tens ion  economic c r i t e r i a  most o f t e n  occurs w i t h i n  
an e x i s t i n g  system p lann ing  model. These models vary among u t i  1 i t i e s  
and can u t i l i z e  such measures o f  performance as present value,  i n t e r n a l  
r a t e  o f  r e t u r n ,  and pay back per iod ,  Regardless o f  t h e  s p e c i f i c  proce- 
dure used, the  most fundamental l i f e  ex tens ion  economic a n a l y s i s  i s  a 
comparison o f  costs  versus b e n e f i t s .  This format conven ien t ly  separates 

t h e  r e q u i r e d  v a r i a b l e s  i n t o  components and thus  f a c i l i t a t e s  t h i s  d iscus-  
s ion  o f  i n d i v i d u a l  c r i t e r i a ,  

The most complete t reatments of upgrading and l i f e  ex tens ion  
cos t -benef  i t economi c analyses pub1 i shed t o  da te  are c a n t a i  ned i n  

e n t r i e s  1 7  and 18 of t h e  B ib l iography .  The f o l l o w i n g  i n f o r i n a t i o n  i s  
taken l a r g e l y  f rom these repor ts ,  and t h e  reader i s  encodraged t o  
consult them f o r  d e t a i l s .  The most bas ic  framework f o r  a c o s t - b e n e f i t  
a n a l y s i s  i s  shown i n  F i g u r e  4.1. I t  i n d i c a t e s  t h a t  t h e  e v a l u a t i o n  
depends on s i x  bas ic  q u a n t i t i e s :  t h e  d isp laced power cost ,  p l a n t  

i n t ens i ve nat  u re, 

c o s t  8 

and c o n s t r u c t i o n  work i n  progress due t o  t h e  s h o r t  l e a d  t imes, and 
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VOLUME 1: SUMMARY REPORT, EPRl EA-3890, VOLUME 1, ELECTRIC 
POWER RESEARCH INSTITUTE. P A L 0  ALTO, CALIFORNIA, 1985 

Fig .  4.1, Framework f o r  a t y p i c a l  l i f e  ex tens ion  c o s t - b e n e f i t  
economic ana l y s i  s. 

modi fi cat4 on cos ts ,  p l a n t  s i  ze u t i  1 i z a t i o n  and avai  1 ab1 1 i t y  o f  t h e  
mod i f ied  p l a n t ,  and the change i n  the  u t i l i t y ' s  d i r e c t  and i n d i r e c t  
cos ts .  I f  a u t i l i t y  c a p i t a l i z e s  t h e  l i f e  ex tens ion  expendi ture,  t h a t  
t o o  w i l l  a f f e c t  savings. 

Disp laced power costs  r e s u l t  when the  unrnodified u n i t  i s  allowed t o  

remain on stream and f a i l s .  Th is  l o s t  capac i t y  must be purchased o r  
made up from o the r  u n i t s  w i t h i n  t h e  system. I f  t he  replacement power i s  
t o  be supp l i ed  from w i t h i n  t h e  u t i l i t y ,  then t h e  opera t i on  o f  the  e n t i r e  
u t i  1 i t y  system becomes p e r t  i nent  . Because system load, capaci t y  m i  x, 
and f u e l  c o s t s  f l u c t u a t e  over t ime, t h e  p a r t i c u l a r  p l a n t  de f i ned  as t h e  
marg ina l  u n i t  ( the u n i t  t h a t  must rep lace  t h e  l o s t  capac i t y )  a l s o  
changes. Thus d isp laced power cos t  becomes a f u n c t i o n  o f  t ime, and c a l -  
c u l a t i n g  i t  requ i res  a s o p h i s t i c a t e d  ana lys is ,  a p o i n t  o f t e n  overlooked. 

The ac tua l  c o s t  o f  t h e  l i f e  ex tens ion  p r o j e c t  depends on seve ra l  
f ac to rs ,  These i n c l u d e  t h e  amount o f  equipment m o d i f i c a t i o n  and re -  
placement, t h e  1 ength of t h e  r e f u r b i  shment per iod,  the rep1 acement power 
cos t  d u r i n g  refurb ishment ,  and t h e  amount o f  f i f e  extens ion.  The equip-  
ment m o d i f i c a t i o n s  depend on t h e  a n t i c i p a t e d  se rv i ce  o f  t h e  mod i f ied  
u n i t  and t h e  t o t a l  number o f  u n i t s  inc luded i n  the  program. Improving a 
s i n g l e  u n i t  does no t  s i g n i f i c a n t l y  improve the system's r e l i a b i l i t y  o r  
d e f e r  new capaci ty ,  but  a company wide program i n v o l v i n g  several u n i t s  
can have such b e n e f i t s .  The amount o f  t i ine necessary t o  accomplish t h e  
l i f e  ex tens ion  and t h e  non-cap i ta l  costs  i n c u r r e d  (e.g.p cos t  of re -  
placement power) d i r e c t l y  i n f l u e n c e  t h e  ne t  savings and should be con- 
s ide red  i n  t h e  p lann ing  stages. The t i m i n g  o f  t h e  l i f e  ex tens ion  
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p r o j e c t  r e l a t i v e  t o  a p l a n t ' s  remaining l i f e  i s  a l s o  impor tant .  There 
i s  an optimum p o i n t  where t h e  improvement i n  p l a n t  a v a i l a b i l i t y  and the 

t i m e  value of money combine t o  maximize savings, 
The s i z e  of t h e  p l a n t  and i t s  post  m o d i f i c a t i o n  u t i l i z a t i o n  f a c t o r  

as we l l  as i t s  change i n  e q u i v a l e n t  a v a i l a b i l i t y  are a l s o  p e r t i n e n t  de- 
c i s i o n  c r i t e r i a .  A l l  o t h e r  cons idera t ions  equal, a l a r g e r  p l a n t  y i e l d s  
h i g h e r  b e n e f i t s ,  a l though costs  w i l l  a lso  l i k e l y  be higher .  The reduc- 
t i o n  i n  fo rced outage r a t e  i s  one o f  the  s i n g l e  most impor tan t  p l a n n i n g  
cons idera t ions .  I n c r e a s i n g  p l a n t  r e l i a b i l i t y  and reducing i t s  o p e r a t i n g  
cos ts  are t h e  purposes of t h e  l i f e  ex tens ion  p r o j e c t ,  and t h e  degree t o  
which t h i s  i s  accomplished d i r e c t l y  in f luences  net  savings. 

The change i n  t h e  u t i l i t y ' s  d + r e c t  and i n d i r e c t  cos ts  must a l s o  be 
inc luded i n  any economic eva lua t ion .  I n  a d d i t i o n  t o  an i n i t i a l  c a p i t a l  
o u t l a y ,  implement ing a l i f e  ex tens ion  p r o j e c t  r e q u i r e s  a commitment t o  
an e leva ted  l e v e l  of r o u t i n e  maintenance. This  requirement w i l l  i n -  
crease r o u t i n e  maintenance cos ts  over t r a d i t i o n a l  amounts. A cas t  i n -  
crease a l s o  occurs when t h e  u t i l i t y  c a p i t a l i z e s  the  t o t a l  p r o j e c t  cos t  
r a t h e r  than expenses it. L i f e  e x t e w i o n  i s  a l o n g  term e f f o r t  and costs 
can be l a r g e ;  t h e r e f o r e  i t  i s  no t  unusual t o  expect. c a p i t a l i z a t i o n  of 
costs .  When t o t a l  cos ts  are f inanced, a d d i t i o n a l  revenue r e q u i  rernents 
a r e  r e q u i r e d  t o  pay f o r  t h e  investlnent. These e x t r a  charges are passed 
t o  the  ratepayer  and c o n s i s t  o f  d e p r e c i a t i o n ,  r e t u r n  on investment,  and 
taxes. 

4.2.7 Uncer ta i  n t y  
U n c e r t a i n t y  i s  a p lann ing  c o n s i d e r a t i o n  t h a t ,  w h i l e  not  unique t o  

l i f e  extens ion,  i s  a p p r o p r i a t e  t o  d'scuss here. It i s  e s p e c i a l l y  impor- 
t a n t  because l i f e  extens ion p r o j e c t s  t y p i c a l l y  have long payback p e r i  - 
ods. There are  both t e c h n i c a l  and f i n a n c i a l  u n c e r t a i n t i e s  t h a t  should 
be addressed d u r i n g  t h e  d e c i s i o n  making process. 

Technica l  r i s k s  unique t o  l i f e  extens ion i n c l u d e  u n c e r t a i n t y  about 
j u s t  how much a v a i l a b i l i t y  improvement can be r e a l i z e d  and t h e  l e v e l  of 
e f f o r t  r e q u i r e d  t o  implement a l i f e  extens ion p r o j e c t .  U n t i l  severa l  
projects have been completed, t h e  ac tua l  degree o f  renovat ion  requi  red 
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t o  achieve a 20 year  l i f e  extens ion cannot be accu ra te l y  def ined.  It i s  
a Fact o f  i n d u s t r i a l  l i f e  t h a t  no amount of p lann ing  can d e f i n e  the  du- 
r a t i o n  o r  complete cost  o f  a r e t r o f i t  e f f o r t  i n  advance. The f i n a n c i a l  
and economic r i s k s  assoc ia ted  w i t h  l i f e  ex tens ion  are  s i m i l a r  t o  those 
o f  any o ther  l a rge ,  c a p i t a l  i n t e n s i v e  p r o j e c t .  Load growth, f ue l  cost ,  
the cost o f  money, replacement power costs ,  c o n s t r u c t i o n  delays, t h e  ac- 
t u a l  reduc t i on  i n  ope ra t i ng  cos ts  r e a l i z e d ,  and t h e  requ i red  r a t e  o f  
r e t u r n  a l l  c o n t r i b u t e  t o  economic unce r ta in t y .  

I n  t h e  l a s t  few years, s imu la t i on  models u t i l i z i n g  p r o b a b i l i s t i c  
techniques have been devel oped t o  deal r r d i  t h  p1 anni ng u n c e r t a i n t i e s .  
Combi ned wi t h  f requent  reeval  u a t i  ons o f  t he  p l  anni ng v a r i  ab les,  these 
computer models are super io r  t o  t r a d i t i o n a l  d e t e r m i n i s t i c  procedures f o r  
q u a n t i f y i n g  r i s k .  The sub jec t  o f  u t i l i t y  p lann ing  i n  unce r ta in  t imes i s  
discussed i n  e n t r y  3 o f  the  B ib l iography .  

5. ECONOMIC CONSIDERATIONS 

This  sec t i on  o f  the  r e p o r t  summarizes t h e  economic and r e g u l a t o r y  
experiences o f  some ac tua l  l i f e  ex tens ion  programs. This  type  a f  i n f o r -  
mat ion i s  requ i red  SQ t h a t  a nominal l i f e  ex tens ian  gragran can be dc- 
f i  ned e The programs summari zed he re in  were i d e n t i f i e d  through the  open 
l i t e r a t u r e  and vendor contac ts  but  should no t  be cansidered a d e f i n i t i v e  
l i s t .  To date t h e r e  has no t  been a concerted e f f o r t  wi th- in  the u t i l i t y  
i n d u s t r y  t o  assess t h e  ex ten t  o f  f o s s i  1 - f ue led  l i f e  ex tens ion  a c t i v i t y .  
The Edison E l e c t r i c  I n s t i t u t e  has t e n t a t i v e  p lans t o  conduct such a sur -  
vey i n  ca lendar  yea r  1986, and a t  t h a t  t ime a more complete summary can 
be made. 

5.1 Summary o f  Selected L i f e  Extens ion P ro jec ts  

A b r i e f  summary o f  c u r r e n t  l i f e  extens ion program experience t o  
da te  i s  conta ined i n  Table 5.1. It i s  apparent t h a t  both t h e  concept 
and implementation o f  these programs vary considerably .  Not unexpect- 
ed ly ,  t h e  cos t  da ta  a l s o  va r ies  considerably .  To avo id  confus ion i n  
understanding the  cos t  data, i t  will  be necessary t o  address the  d i f -  

f e r e n t  types o f  l i f e  extens ion programs. 
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Table 5.1. Summary o f  some current  l i f e  extension programs 

U t i l i t y  NCM 
region Status sumnary 

Arizona Publ ic Service 

A t l a n t i c  C i ty  E l e c t r i c  

Carol ina Power & L igh t  

Cinc innat i  Gas & E l e c t r i c  

C1 eve1 and E l  ect  r i  c Ill umi n a t i  ng 

Consumers Power 

Dayton Power & L igh t  

Delmarva Power 

D e t r o i t  Edi son 

Duke Power 

Iowa Public Service 

Jersey Central 

40 

4 

11 

22 

20 

23 

22 

10 

23 

11 

32 

4 

Just now s t a r t i n g  scoping studies. No inspections, schedules, or  costs have been def ined et. 
i n g  ac id r a i n  l e g i s l a t i o n  t rea ted  as another planning uncertainty.  
Gradual implementation. Have s ta r ted  mechanics\ inspect ions on Deepwater #6 and 8. L. England 
uni ts .  Addi t ional  inspect ions scheduled next two calendar years. To date have spent $5 m i l l i o n  on 
turbine-generator o f  Deepwater # S .  No t o t a l  cost f igures have been made yet .  Pending ac id  r a i n  
l e g i s l a t i o n  t rea ted  as any other planning uncertainty.  
No formal e f f o r t .  Program consis ts  o f  extensi ve, contS nui  ng component by component mechani cal  i n -  
spection and remaining l i f e  analysis. Correct any problems as they ar ise.  No t o t a l  cost f igures 
have been made. Pending ac id r a i n  l e g i s l a t i o n  t rea ted  as any other planning uncertainly.  
In tens ive implementation. W. C. Beckjord #3 c u r r e n t l y  down f o r  modif icat ions,  t o  be f in ished 
1/31/86. W. C. Beckjord #1 scheduled f o r  F a l l  of 86, kl. C. Beckjord #2 scheduled fo r  F a l l  of 87. 
Capi ta l  cost pro ject ions are. W. C. B2ckjord #3 about $11 m i l l i o n ,  #I about $9 m i l l i o n ,  and #2 about 
$12 m i l l i o n .  Pending ac id r a i n  l e g i s l a t i o n  d id  not s i g n i f i c a n t l y  a f f e c t  l i f e  extension decision. 
Have not t r i e d  t o  obtain s t a t e  PSC approval f o r  recovery o f  costs a t  t h i s  time. 
Just s t a r t i n g  mechanical inspect ion phase. 
time. No cost f igures have been def ined yet .  
Just s t a r t i n g  on advanced planning and mechanical inspect ions.  
yet .  
Cannot j u s t i f y  l i f e  extension a t  t h i s  t ime due t o  low 'load and less expensive power purchases. Have 
def ined necessary modi f icat ions f o r  Hutchings #1-6. 
t i a l .  
Gradual implementation. Have p a r t i a l l y  completed mechanical inspect ions on 3 u n i t s  and w i l l  cont inue 
them next calendar year. W i l l  make necessary modi f icat ions i n  conjunct ion w i th  rout ine mainten- 
ance. No t o t a l  cost  f igures have been defined t o  date. Pending ac id r a i n  l e g i s l a t i o n  d i d  not s i g n i -  
f i c a n t l y  a f f e c t  l - i f e  extension decision. 
No formal program. Have s tead i l y  increased O&M and c a p i t a l  expenditures since 1974 t o  maintain nomi- 
nal performance. Pending ac id  r a i n  l e g i s l a t i o n  t reated as another planning var iable.  Increased 
costs have been allowed by the s ta te  PSC. 
In tens ive implementation. 
Mechanical inves t iga t ions  scheduled f o r  Allen, Lee Stat ion,  Riverbend, Buck, and C l i f f s i d e  uni ts .  
These u n i t s  w i l l  probably !x modif ied using both rou t ine  and special outages. Only pro jected costs 
c u r r e n t l y  ava i lab le  are f o r  A l len #i and are $4l/kW(e) f o r  cap i ta l  only. Total  estimated cost for  
A l len  #1 i s  $365/kW(e) inc lud ing  O&M over extended l i f e t i m e .  Pending ac id r a i n  l e g i s l a t i o n  t rea ted  
as another planning uncertainty.  State PSC ru led Dan River modi f icat ions as cost e f f e c t i v e  and 
allowed them i n t o  the r a t e  base. 
No f i r m  decis ion on implementing a program has k e n  made. Are s t a r t i n g  mechanical inspect ion o f  Neal 
#l. 
Gradual implementation. Inspect ion o f  three uni t s  i n  progress. No schedules or  cost f igures  have 
been defined yet .  Pending ac id r a i n  l e g i s l a t i o n  t reated as another plannqng uncertainly.  

Pend- 

Have not made a f i r m  decis ion o f  l i f e  extension a t  t h i s  

No cost f igures  have been def ined 

Cost f igures  are considered business confiden- 

Dan River #1,2,3 have been completed a t  approximate cost o f  $225/kW(e). 
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Table 5.1 (Continued) 

U t i1  i t y  NC M 
region Status summary 

Kansas City Power & L igh t  

Met ropol i tan Edi son 

33 

5 

M 

N 

nnesota Power 

agara Mohawk 

27 

3 

Northern States Power 34 

Ohio Edison 

Pennsylvania E l e c t r i c  

20 

5 

Pennsylvania Power & L igh t  5 

Phi ladelphia E l e c t r i c  5 

Potomac E l e c t r i c  Power 10 

Publ i c  Servi ce Colorado 38 

Publ i c  Servi ce o f  Indiana 25 

Just now s t a r t i n g  scoping studies. 
i ng  ac id  r a i n  l e g i s l a t i o n  t rea ted  as another planning uncertainty, 
Gradual implementation. 
f igures  are considered business con f iden t la l  e 

planning uncertainty. 
S ta r t i ng  mechanical inspections, No cost f igures  have been defined yet. Pending ac id  r a i n  l e g i s l a -  
t f  on t rea ted  as another p l  anni ng uncertai  nty. 
Gradual implementation. Only now s t a r t i n g  mechanical inspections. Huntly #6-7 has been completed, 
and w i l l  s t a r t  on remaining nine u n i t s  e a r l y  i n  CY-86. 
come back t o  balance o f  p lant.  
ac id  ra in  l e g i s l a t i o n  w i l l  be a par t  of economic evaluations. 
Combfned in tens ive  and gradual implementation e 

Riverside Stat ion a t  a cost o f  $57 mil l ion.. Addi t ional  work on coal system t o  be completed soon. 
Total costs not yet  avai lab?e. Current ly doing advanced planning on another 8 un i ts .  Pending ac id  
r a i n  l e g i s l a t i o n  t rea ted  as any other plannlng uncertainty.  
t he  s ta te  PSC. 
Just beginning mechanical inspections and have completed 11 o f  25.  Will def ine  t h e i r  program when 
these are f inished. Prel iminary cap i ta l  cost estimate i s  $60-90/kW(e). Pending acs’d r a i n  l e g i s l a -  
t i o n  t rea ted  as another planning uncertainty.  
Gradual implementation. Mechanical inspections complete on Fron ts t ree t  W i  11 iamsburg, and Warren 
stat ions.  No schedules or  cost have been def ined yet.  Pending ac id  r a i n  l e g i s l a t i o n  t rea ted  as any 
other planning uncertainty. 
Gradual implementation. Current ly inspect a l l  13 c o a l - f i r e d  plants on 5 year r o t a t i n g  cycle. Have 
committed $50 million t o  date and have the po ten t l a l  f o r  add i t iona l  $175 m i l l i o n .  
l e g i s l a t i o n  t rea ted  as another planning var iable.  Ear ly costs only p a r t i a l l y  allowed by s t a t e  PSC. 

Gradual implementatfon. Plan t o  keep Eddystone #1,2 and Cromby #1 on l i n e  f o r  extended period. No 
t o t a l  costs have been defined yet. Pending ac id  r a i n  l e g i s l a t i o n  t rea ted  as another planning uncer- 
t a i  nty, 
Gradual implementation. Current ly modifying Potomac River Stat ion. Have $80 m i l l i o n  budgeted and 
have spent $20 m i l l i o n  t o  date. 
l e g i s l a t i o n  t rea ted  as another planning uncertainty.  
Just beg! nni ng mechanical i nspecti  ons. 
yet. 
Just beginning mechanical inspections. Have completed 1 o f  3 scheduled inspections and w i l l  make 
formal plans when a l l  3 are through. No t o t a l  cost  f igures  have been defined ye t .  Pending ac id  r a j n  
l e g i s l a t f o n  t rea ted  as another planning uncertainty.  

No inspections, schedules, o r  costs have been defined yet.  

Inspections complete and work s ta r ted  on Port land and T i tus  s ta t ions .  

Pend- 

Cost 
Pending ac id  r a i n  l e g i s l a t i o n  t rea ted  as another 

Plan t o  modify c r i t i c a l  systems f i r s t  then 
No t o t a l  cost f igures  have been defined yet. Meeting any pending 

Tu date have increased the  capacity and extended 

Riverside s t a t i o n  costs were allowed by 

Pending ac id  r a i n  

No t o t a l  program costs have been defined ye t .  Pending ac id  r a i n  
Costs have been allowed by the s ta te  PSC. 

Do not have an establ  i shed program or cost f i  gures de f t  ned 
Pending acid r a i n  l e g i s l a t i o n  t rea ted  as another planning uncertainly.  
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Table 5.1 (Continued) 

U t i l i t y  NCM 
region Status summary 

Southern Company Services 

Tennessee Val 1 ey Author i ty  

12,19 

Several 

Have commitment t o  keep e x i s t i n g  u n i t s  running f o r  extended periods. 
mal program and no immediate plans t o  implement one. 
Just now s t a r t i n g  l i f e  extension program. Have completed scoping study on Kingston #l. 
cost f igures  have been defined yet. 
uncertainty.  

A t  t h i s  time they have no fo r -  

No t o t a l  
Pending ac id  r a i n  l e g i s l a t i o n  t rea ted  as another planning 

Utah Power & L igh t  37 Gradual implementation over the next 10 years. 
p lants.  Project  10 year average cost of  $2oO/kW(e). Pending ac id  r a i n  l e g i s l a t i o n  t rea ted  as an- 
other planning uncertainty. 

Have p a r t i a l l y  inspected and begun modif icat ions on 3 

V i r g i n i a  E l e c t r i c  & Power 9 Just now s t a r t i n g  l i f e  extension program. Have completed mechanical inspect ion on a s ing le  u n i t  and 
w i l l  begin economic analysis soon. No t o t a l  cost f igures  have been defined yet.  Pending ac id  r a i n  
l e g i s l a t i o n  t rea ted  as another planning uncertainty. 

Wisconsin E l e c t r i c  Power 26 Gradual implementation. Completed inspect ion on P o r t  Washington Sta t ion  #I-4. Work t o  begin l a t e  
86-yearly 87. 
other planning uncertainty.  No costs have been recovered ye t  but i n i t i a l  react ion o f  s ta te  PSC i s  
favorable. 

Total estimated cost , i s  $80 m i l l i o n .  Pending acid r a i n  l e g i s l a t i o n  i s  t rea ted  as an- 

Wisconsin Pub1 i c Service 26 Gradual implementation. Program i s  designed t o  maintain nominal a v a i l a b i l i t y  leve ls  through the  
o r i g i n a l  design l i f e .  No f i r m  costs have been designed ye t .  Pending ac id  r a i n  l e g i s l a t i a n  t rea ted  
as another planning uncertainty. 



The inost prominent f a c t  e s t a b l i s h e d  i s  t h a t  t h e  i m j o r i t y  o f  u t i l i -  
t i e s  a re  on ly  now beg inn ing  t h e i r  programs, Of t h e  30 companies exam- 
ined, o n l y  9 have progressed beyond t h e  i n i t i a l  i n s p e c t i o n  phase and 
s t a r t e d  equipment mod i f i ca t ions .  An a d d i t i o n a l  compl ica t ion  i s  t h a t  most 
u t i l i t i e s  are no t  t r e a t i n g  l i f e  extens ion as a d i s c r e t e  event. They 
have a l ready,  o r  i n t e n d  to ,  implement t h e i r  programs gradua l ly ,  i n  c l o s e  
coord i  n a t i o n  w i t h  t h e i  r r o u t i n e  mi ntenance outages This  d i f f e r s  
cons iderab ly  f rom t h e  common percept ion  o f  l i f e  extens ion as an i n t e n -  
s i v e  replacement and modern izat ion e f f o r t  fo l lowed by a r e l a t i v e l y  un- 
d i s t u r b e d  extended o p e r a t i n g  per iod,  Only two companies, Duke Power and 
C i n c i n n a t i  Gas 81 E l e c t r i c ,  have chosen t h e  i n t e n s i v e  approach, The con- 
sensus of o p i n i o n  f rom t h e  o t h e r  28 u t i l i t i e s  was t h a t  a gradual r e -  
placement i s  more cos t  e f f e c t i v e  f o r  those p l a n t s  whfch a re  s t i l l  good 

performers. There a r e  two v a r i a t i o n s  o f  t h e  gradual implementat ion 
scheme t h a t  f u r t h e r  compl icate cost  r e p o r t i n g .  With one approach t h e  
program i s  f a i r l y  w e l l  de f ined i n  advance, and i n  t h e  o t h e r  equipment 
modi f i  c a t i  ons are schedul ed based on a s e r i e s  o f  cont i n u i  ng mechani c a l  
inspec t ions .  A t h i r d  o p e r a t i n g  phi losophy encountered i s  one i n  which 
u t i l i t i e s  have g r a d u a l l y  increased t h e i r  annual o p e r a t i n g  and mainte- 
nance and c a p i t a l  investment  expendi tures t o  ma in ta in  t h e i r  p l a n t s '  
e x i s t i n g  performance. While t h i s  approach i s  not  normal ly  cons idered 
l i f e  extens ion,  it does have t h e  l o n g  te rm b e n e f i t  o f  a l l o w i n g  p l a n t s  t o  

operate past  t h e i r  o r i g i n a l  design l i f e .  Caro l ina  Power & L i g h t  and 
D e t r o i t  Edison are  two companies t h a t  a r e  implement ing t h i s  t y p e  of 

program. 
These c i  rcurnstances combine t o  produce an i n c o n c l  u s i  ve cos t  exper i  - 

e w e .  There i s  o n l y  a very l i m i t e d  amount o f  data a v a i l a b l e  f o r  analy-  
s i s .  A s p e c i f i c  compl ica t ion  i s  t h a t  two types o f  costs  are be ing re -  
por ted :  t o t a l  expendi tures and amounts spent t o  date. Those u t i l i t i e s  
w i t h  i n t e n s i v e  o r  w e l l  planned gradual programs are able t o  r e p o r t  t o t a l  
cos ts  w h i l e  those w i t h  gradual programs keyed t o  a s e r i e s  o f  c o n t i n u i n g  
i n s p e c t i o n s  can o n l y  g i v e  amaunts spent t o  date. The s i t u a t i o n  i s  made 
even more d i f f i c u l t  because o f  i n c o n s i s t e n c i e s  i n  t h e  way cos ts  are 
repor ted  w i t h i n  these two categor ies.  These a d d i t i o n a l  compl ica t ions  
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are: 

(a )  on l y  one of the t o t a l  cos t  f i gu res  quoted represented ac tua l  

experience, 
( b )  some t o t a l  costs  con ta in  o n l y  c a p i t a l  investment costs  and 

o thers  i n c l u d e  both c a p i t a l  expendi tures and incremental  O&F4 costs,  and 
( c )  when amounts spent t o  da te  are given, they are not expressed i n  

the  same year  d o l l a r s .  
Only 8 u t i l i t i e s  repo r ted  any cost  data. Four of these were c lass -  

i f i e d  as t o t a l s  and 4 as cumula t ive  amounts t o  date. Two companies, 

Uayton Power & L i g h t  and M e t r o p o l i t a n  Edison, considered t h e i r  cos t  
es t imdtes  as business c o n f i d e n t i a l .  Using t h i s  l i m i t e d  data, a range o f  
$4l/kW(e) t o  $100/kW(e) was de f i i l ed  f o r  t o t a l  c a p i t a l  expend i tu res  
only.  A second range was a l s o  de f i ned  which i nc ludes  t h e  t o t a l  O&M 

expenses es t imated  f o r  the extended opera t i ng  per iod .  These amounts 
v a r i e d  from $225/kW(e) t o  $365/kW(c). I n  a l l  o f  t h i s  da ta  ( i - e . ,  both 
ranges) on l y  one f i g u r e  i s  based on ac tua l  experience. The $225/kW(e) 
amount was repo r ted  by Duke Power represented t h e  t o t a l  (i.e., c a p i t a l  
and es t imated  O&M) investment f o r  t h e  Dan R ive r  S ta t i on .  

The u t i l i t i e s  pursu ing  the  gradual approach have toge the r  spent 
inore than $173 m i l l i o n  on c a p i t a l  improvements i n  the l a s t  few years. 
I n  a d d i t i o n  t h e r e  are near te rm p lans  f o r  an a d d i t i o n a l  $360 m i l l i o n .  
There i s  no es t ima te  f o r  t h e  m o d i f i c a t i o n s  t h a t  N i l 1  be made i n  t he  fu -  
t u r e  as a r e s u l t  o f  t h e  c o n t i n u i n g  mechanical i nspec t i ons .  The North- 
ern States Power Company, f o r  example, has spent $57 m i l l i o n  t o  date f o r  
c a p i t a l  improvements a t  t h e  R i v e r s i d e  S ta t i on .  This does not i nc lude ,  
however, t he  p u l v e r i z e d  coal  systew which i s  s t i l l  undergoing i t s  i n i -  
t i a l  i nspec t i on .  Another example o f  a u t i l i t y  w i t h  c u r r e n t l y  undef ined 
costs  i s  t h e  A t l a n t i c  City E l e c t r i c  Company. They are c u r r e n t l y  i n -  
spec t i ng  t h e i r  Deepwater #6 u n i t  and B. L. England s t a t i o n  and so f a r  
have spent on l y  $5 m i l l i o n  f o r  t u rb ine -genera to r  work a t  one s t a t i o n .  
Thus, as these inspec t i ons  are completed, it i s  probable t h a t  a g rea t  
deal  more money cou ld  be spent. 

Those u t i l i t i e s  o p t i n g  f o r  inc reased annual expendi tures t o  main- 
t a i n  performance l e v e l s  do no t  s p e c i f i c a l l y  i d e n t i f y  l i f e  ex tens ion  
cos ts  and t h e r e f o r e  cannot c o n t r i b u t e  t o  t h e  cumulat ive experience. The 
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D e t r o i t  Edison Company i s  a good i l l u s t r a t i o n  o f  t h i s  approach i n  t h a t  

they  have more than doubled t h e i r  annual c a p i t a l  and OPaM budgets ( i n  
cons tan t  d o l l a r s )  s ince  1974. It must be recognized t h a t  these types o f  
programs have t h e  p o t e n t i a l  t o  s i g n i f i c a n t l y  a f f e c t  the  average agc o f  
t he  n a t i o n a l  p l a n t  popu la t ion .  Accord ing ly ,  they should be inc luded i n  
any f u t u r e  e f f o r t  t a  d e f i n e  the  impact and cos ts  o f  l i f e  ex tens ion  pro-  
grams. 

A l l  bu t  one u t i l i t y  i n d i c a t e d  t h a t  f u tu re  cos ts  r e s u l t i n g  from 
pending a c i d  r a i n  l e g i s l a t i o n  were no t  a s p e c i f i c  cons ide ra t i on  i n  t h e i r  
p lann ing  a c t i v i t i e s ,  and t h a t  any new requirements would be fac to red  
i n t o  t h e i r  economic analyses when, and if, they became law, I f  a t  t h a t  
t ime  l i f e  ex tens ion  prove t o  be uneconomical, then a l t e r n a t e  genera t ing  
schemes would be considered. Only Niagara Mohawk i n d i c a t e d  t h a t  i t s  
c u r r e n t  l i f e  ex tens ion  economic analyses inc luded cos ts  f o r  meeting 
nominal a c i d  r a i n  env i  rsnmental requirements. 

5.2 Regulatory  Treatment o f  L i f e  Extens ion Costs - 

Even though o n l y  a few l i f e  ex tens ion  programs have progressed t o  
t h e  p o i n t  o f  be ing a l lowed t o  recover  cos ts ,  t h e  exper ience t o  date i s  
q u i t e  favorab le .  Not unexpectedly, t h e  experience base i s  q u i t e  l i m i t e d  
and c o n s i s t s  o f  only 5 companies: D e t r o i t  Edison, Duke Power, Nor thern 
Sta tes  Power, Pennsylvania Power & L i g h t ,  and Potornac E l e c t r i c .  I n  each 
case, i f  t h e  expend i tu res  viere shown t o  be cos t  e f f e c t i v e ,  they were 
a l lowed.  Those few requests t h a t  were denied as" on l y  p a r t i a l l y  a l lowed 
were due t o  i n s u f f i c i e n t  i n f o r m a t i o n  o r  because they were submi t ted w i t h  
other ,  much l a r g e r  p r o j e c t s .  A request by the Pennsylvania Power & 
L i g h t  Company was i n i t i a l l y  r e j e c t e d  because i n s u f f i c i e n t  da ta  was prc -  
sented t o  prove t h e  expendi tures were cos t  e f f e c t i v e .  The company p lans 
t o  resubmi t  w i t h  t h e  necessary a d d i t i o n a l  i n fo rma t ion ,  and they  are con- 
f i d e n t  i t  w i l l  t hen  be approved. Duke Power's costs  f o r  t h e i r  Dan R ive r  
S t a t i o n  were o n l y  p a r t i a l l y  approved because they were i nc luded  i n  a 
request w i t h  a nuc lear  p l a n t  e 

Because the  r e s u l t s  o f  t h i s  s tudy could no t  be considered represen- 
t a t i v e ,  two n a t i o n a l  bodies were contac ted  i n  an e f f o r t  t o  d e f i n e  a cos t  
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recovery consensus. These were t h e  Nat ional  
L u t e  (NKRI) and t h e  Nat ional  Assoc ia t i on  o f  

s ioners  (NARUC) a Both i n d i c a t e d  t h a t  t h e i r  

Regulatory Research I n s t i  - 
Regulatory U t i  1 i ty Commi s- 
o rgan iza t i ons  had not done 

any work on how the  s t a t e  PSCs were t r e a t i n g  l i f e  ex tens ion  costs.  It 
was t h e i r  op in ion  however t h a t  i f  the expendi tures were cost  e f f e c t i v e ,  
they  would be a l lowed i n  the  r a t e  base. These op in ions  toge the r  w i t h  
t h e  exper ience summarized above woJld seem t o  i n d i c a t e  t h a t  l i f e  exten- 
s i o n  cos ts  w i l l  be t r e a t e d  as any o t h e r  c a p i t a l  improvement program. 

As was t h e  case w i t h  the  cos t  data i n  t h e  preceding sec t i on ,  t h e r e  
proved t o  be i n s u f f i c i e n t  i n fo rma t ion  t o  adequately address t h e  impact 
o f  l i f e  ex tens ion  costs  on e l e c t r i z i t y  p r i ces .  Four of  the 5 u t i l i t i e s  
t h a t  had recovered cos ts  were implementing gradual programs, and t h e r e -  
f o r e  any one request and subsequent inc rease was r e l a t i v e l y  small .  The 
on ly  i n t e n s i v e  program completed t o  da te  also c o n t r i b u t e d  l i t t l e  t o  t h e  
eventual  r a t e  increase. As explained, Ouke Power had requested the  
t o t a l  cos ts  o f  t h e i r  Dan R i v e r  S t a t i o n  l i f e  ex tens ion  program t o g e t h e r  
w i t h  the  costs  o f  one o f  t h e i r  l a r g e  nuc lear  s t a t i o n s .  The s i z e  o f  t he  
l i f e  ex tens ion  costs  r e l a t i v e  t o  t h e  nuc lear  p l a n t  were such t h a t  they  
c o n t r i b u t e d  l i t t l e  t o  the  r e s u l t i n g  p r i c e  increase. A t  t h i s  t ime i t  i s  
no t  p o s s i b l e  t o  p r e d i c t  what impact l i f e  ex tens ion  w i l l  have on an i n d i -  
v idua l  u t i l i t y ' s  f u t u r e  p r i c e  increases. U n t i l  more data i s  a v a i l a b l e  
concerning t h e  t o t a l  number o f  programs, t h e i r  scope, costs,  and f i n a n c -  
i n g  plans, it w i l l  no t  be p o s s i b l e  t o  make any k i n d  o f  r e a l i s t i c  p r o j e c -  
t i o n s .  However, based on i n f o r m a t i m  a v a i l a b l e  t o  date, i t  appears t h a t  
cos ts  o f  l i f e  ex tens ion  programs are having minimal e f f e c t s  on rates.  
On the  o t h e r  hand, i f  l i f e  ex tens ion  programs i n v o l v i n g  replacement of 
major equi pnent ( i  .e., steam genera2or-s and t u r b i n e s )  are imp1 emented on 
a wide scale,  t he re  e x i s t s  a p o t e n t i a l  f o r  some r a t e  increases. 

6. CONCLUSIONS AND RECOMMENDATIONS 

The i n f o r m a t i o n  summarized i n  Sec t ion  4 shows, q u i t e  c l e a r l y ,  t h a t  
t h e  l i f e  ex tens ion  d e c i s i o n  making process i s  a very invo lved,  extremely 
u t i l i t y  s p e c i f i c  procedure. L i f e  ex tens ion  i s  not  an automat ic choice, 
and t h e  t ype  o f  program ( i -e . ,  number o f  p lan ts ,  the p a r t i c u l a r  p l a n t s  
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chosen, ex ten t  of m o d i f i c a t i o n )  can vary g r e a t l y  among u t i l i t i e s .  Thus, 

i t  i s  no t  p r d c t i c a l  t o  expect t h a t  a s i m p l i f i e d ,  a71 i n c l u s i v e  s e t  o f  
p l a n t  s e l e c t i o n  yu i  d e l  i nes can be prepared. However, some general i za- 
t i o n s  are requi red.  Given t h a t  s i m p l i f i c a t i o n  o f  t h e  ac tua l  d e c i s i o n  

liiaking process i s  not  r e a l i s t i c ,  i t  i s  recommended t h a t  t h e  p l a n t  
s e l e x t i s n  c r i t e r i a  r e q u i r e d  as i n p u t  to E M  computer models be based on 

a c t u a l  i n d u s t r y  exper i  ence. Accordi n g l y  , a set  o f  retornmendat i ans i s  
def ined i n  t h e  f o l l o w i n g  paragraph. It i s  recognized t h a t  t h i s  empis i -  
ca? approach has l i m i t e d  accuracy and i s  sub jec t  t o  change as l i f e  
extens ion becomes more common 

Two prominent conc lus ions can be drawn from t h e  summary o f  c u r r e n t  
i n d u s t r y  exper ience i n  Sect ion 5: 

( a )  The m a j o r i t y  o f  u t i l i t i e s  a re  mod i fy ing  t h e i r  p l a n t s  g r a d u a l l y  
over t ime, r a t h e r  than a l l  a t  once. Thus, the concept o f  l i f e  ex tens ion  
as a d i s c r e t e  event w i t h  d i s t i n c t l y  d i f f e r e n t  “before and a f t e r ”  p l a n t  
c o n f i  gurat-s’ans and o p e r a t i  rig c h a r a c t e r i s t i c s  i s  i n v a l i d .  

be i  ny imp1 emented on 
any k i n d  o f  scale.  Accord ing ly ,  t h e r e  i s  i n s u f f i c i e n t  data Vdith which 
t o  def ine d e t a i l e d ,  n a t i o n a l  t rends.  

These r e s u l t s ,  as w e l l  as t h e  complex d e c i s i o n  making process de- 
s c r i b e d  i n  Sect ion 4, combine t o  make h i g h l y  u n c e r t a i n  any q u a n t i t a t i v e  

recommendations such as p l  an t  s e l e c t  i o n  c r i  t e r i  a, t y p i  c a l  changes i n  
p l a n t  performance a f t e r  a l i f e  extens ion program, program cos ts  as a 
f u n c t i o n  o f  coal  type and DOE region, and cos t  Po-ofi les ( i  .e, costs  o f  
modifying major subsystems) as a f u n c t i o n  o f  p l a n t  s i z e  and amount a f  
l i f e  extension. However, some very s p e c u l a t i v e  g u i d e l i n e s  can be de- 
f i n e d ,  Accord ing ly ,  t h e  f o l l o w i n g  recommendations are made: 

( a )  Those c o a l - f i r e d  p l a n t s  25 years and o l d e r ,  between 100 MM(e] 
and 700 MkB(e) i n  s i z e  should be se lec ted  f o r  l i f e  extens ion programs. 

(is) A l i f e  extens ion program will  extend the opera t ion  of a c o a l -  
f i r e d  p l a n t  by 20 years and w i l l  cas t  $7§/kY(e) in  1985 d o l l a r s  fo r  cap- 
i t a l  equipment improvements only. Th is  amount can be spent as a lump 
sum when t h e  l i f e  extens ion program i s  implemented as a discrete? event 
o r  i n  f i v e  equal payments o f  $15/kW(e)-year when the program i s  t o  be 

implemented g r a d u a l l y .  An a d d i t i o n a l  cost o f  $lO/kW(e)-year should be 

( b )  P lan t  l i f e  extens ion programs are j u s t  no 
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used when i t  i s  des i red  t o  accourlt f o r  annual O&M expendi tures d u r i n g  
t h e  extended o p e r a t i n g  per iod .  Increased O&M expend i tu res  a f t e r  a l i f e  
ex tens ion  program are necessary t o  operate a more s o p h i s t i c a t e d  system 
and t o  ma in ta in  t h e  p l a n t ' s  inc reased a v a i l a b i l i t y .  

( c )  The post improvement perforinance of a p l a n t  can be determined 
from t h e  h i s t o r i c a l  performance data summarized i n  Sec t ion  3. As a 
f i r s t  approximat ion,  it i s  reasonable t o  assume t h a t  a l i f e  ex tens ion  
program w i l l  r e t u r n  t h e  p l a n t ' s  performance t o  t h a t  when it was new. 
The curve f i t s  t h a t  were supp l i ed  w i t h  the  performance data presented as 
a f u n c t i o n  o f  yea r  o f  ope ra t i on  can be used t o  c a l c u l a t e  these p e r f o m -  

ance l e v e l s .  
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Fig .  A . l l .  Average equ iva len t  f o rced  outage r a t e  and e q u i v a l e n t  
a v a i l a b i l i t y  f a c t o r  as a f u n c t i o n  o f  ca lendar  yea r  o f  ope ra t i on  f o r  t h e  
300-399 MW(e) s i z e  range. 
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Fig.  A.12. Average equ iva len t  f o rced  outage r a t e  a n d  e q u i v a l e n t  
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F i g .  A.13. Average e q u i v a l e n t  f o r c e d  outage r a t e  and e q u i v a l e n t  
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600-799 MW(e) s i z e  range. 
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F i g  A. 14. Average equi Val e n t  f o rced  outage r a t e  and equi Val en t  
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f u n c t i o n  o f  year  o f  ope ra t i on  f o r  t h e  1-99 MW(e) s i z e  range. 



76 

ORNL--DWG 85-5280 ETD 

i a o  

90 

a0 

4 
ki 70 
‘cl 
E- $ 50 

50 
z 

40 

30 

40 

so 
w 
ffi 
5 
8 2 90 
0 
Ca 
M u s 

10 

0 

A 

A 

1 I a 10 15 20 25 SO S5 40 45 
YEAR OF OPERATION 

A 

A 

n 

A ‘A  . 
I I 

5 10 I6 20 25 50 a5 40 45 
YEAR OF OPERATION 

F i g .  A.16. Average fo rced  outage r a t e  and a v a i l a b i l i t y  f a c t o r  as a 
f u n c t i o n  o f  year o f  ope ra t i on  f o r  the  100-199 MW(e) s i z e  range. 
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F i g .  A.17. Average fo rced  outage r a t e  and availability f n c t a r  a s  a 
f u n c t i o n  o f  year  o f  ope ra t i on  f o r  t h e  200-299 MW(e) s i z e  range. 
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F i g .  A.18. Average forced outage r a t e  and a v a i l a b i l i t y  f a c t o r  as  a 
f u n c t i o n  o f  y e a r  of opera t ion  f o r  the 300-399 MW(e) s i z e  range. 
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F i g .  A.19. Average forced  ou tage  r a t e  and availability f a c t o r  a s  a 
f u n c t i o n  o f  year  o f  o p e r a t i o n  f o r  the 400-599 MW(e) s i z e  range. 
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F i g .  H.20, Average f o r c e d  outage r a t e  and a v a i l a b i l i t y  f a c t o r  a s  a 
f u n c t i o n  a f  y e a r  o f  opera t ion  f o r  t h e  600-799 MW(e) s i z e  range. 
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F ig .  A.21. Average fo rced  outage r a t e  and a v a i l a b i l i t y  f a c t o r  as a 
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F i g .  A.22. Average f o r c e d  outage rate and availability f a c t o r  as a 
f u n c t i o n  o f  calendar year o f  operation f o r  t h e  1-99 MW(e) size range. 
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F i g .  A.23. Average fo rced outage r a t e  and a v a i l a b i l i t y  f a c t o r  as a 
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84 

ORNL-DWG 85-5274 ET0 

A A 

CALENDAR Y E a  

"-7 
1867 1972 1077 

CALENDAR YEAR 

F i g .  A.24. Average forced ou taye r a t e  and a v a i l a b i l i t y  f a c t o r  a s  a 
f u n c t i o n  o f  calendar year o f  ope ra t i on  f o r  t h e  200-299 MW(e) s i z e  range. 
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Fig .  A.25. Average f o r c e d  outage r a t e  and a v a i l a b i l i t y  f a c t o r  a s  a 
f u n c t i o n  of ca lendar  year of opera t ion  f o r  the 300-399 MW(e) s i z e  range. 
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F i g .  A.26. Average fo rced  outage r a t e  and a v a i l a b i l i t y  f a c t o r  a s  a 
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F i g .  A.27. Average forced outage r a t e  and a v a i l a b i l i t y  f a c t o r  as  a 
f u n c t i o n  o f  ca lendar  year of opera t ion  for the  600-799 MW(e) s i z e  range. 
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