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POWER PLANT CAPITAL INVESRlENT COST ESTIMATES - CURRENT TRENDS 
AND SENSITIVITY TO ECONOMIC PARAMETERS 

ABSTRACT 

This  r epor t  d e s c r i b e s  power p l an t  c a p i t a l  investment c o s t  
s t u d i e s  t h a t  were c a r r i e d  out  as p a r t  of t h e  a c t i v i t i e s  of t h e  
Plans and Analys is  Div is ion ,  Off ice of Nuclear  Energy Pro- 
grams, U.S. Department of Energy. The a c t i v i t i e s  i n c l u d e  in -  
vestment c o s t  s t u d i e s  prepared by a n  a rch i t ec t - eng inee r ,  in- 
c lud ing  t r e n d s ,  e f f e c t s  of environmental  and s a f e t y  r equ i r e -  
ments, and c o n s t r u c t i o n  schedules.  
prepare c a p i t a l  investment c o s t  estimates under vary ing  eco- 
nomic cond i t ions  is  desc r ibed ,  and a p p l i c a t i o n  of t h i s  code is 
demonstrated by s e n s i t i v i t y  s t u d i e s .  

A computer code used t o  

Key Words: c a p i t a l  investment c o s t ,  power p l a n t  c o s t s ,  
power c o s t s ,  c o n s t r u c t i o n  c o s t s ,  power p l a n t  economics 

; ??+- 

1. INTRODUCTION 

This  r e p o r t  desc r ibes  s t u d i e s  t h a t  have been c a r r i e d  o u t  as p a r t  of 

t h e  a c t i v i t i e s  of t h e  P lans  and Analys is  Div is ion ,  O f f i c e  of Nuclear  

Energy Programs, U.S. Department of Energy, f o r  t h e  purpose of i n v e s t i -  

g a t i n g  t h e  c a p i t a l  investment c o s t s  of n u c l e a r  and coal-fueled steam- 

electric power p l an t s .  These a c t i v i t i e s  i nc lude  r e fe rence  p l a n t  i n v e s t -  

ment c o s t  s t u d i e s ,  development of computer codes,  and s t u d i e s  of c o s t  

s e n s i t i v i t y  t o  changing t e c h n i c a l  and economic parameters. 

Program planning i n  DOE r e q u i r e s  f u t u r e  p r o j e c t i o n s  of power p l a n t  

c o s t s  t h a t  are c o n s i s t e n t  wi th  c u r r e n t  market p r i c e s  and r e g u l a t o r y  c l i -  

mate, t h a t  a c c u r a t e l y  r e f l e c t  t h e  a n t i c i p a t e d  changes i n  economic condi- 

t i o n s ,  and t h a t  are e a s i l y  obta ined  by t h e  planner .  I n  gene ra t ing  t h e s e  

p r o j e c t i o n s  f o r  program planning a c t i v i t i e s ,  i t  became apparent  t h a t  i m -  

proved procedures ,  i nc lud ing  a s t anda rd ized  fonnat  f o r  r e p o r t i n g  c a p i t a l  

investment  c o s t s ,  were needed f o r  rap id  updat ing  of c o s t  p r o j e c t i o n s  as 

t e c h n i c a l ,  economic, and r e g u l a t o r y  cond i t ions  change. 

Es t ima t ion  of major equipment prices and p l a n t  c o n s t r u c t i o n  c o s t s  

f o r  a power s t a t i o n  t e n  years  o r  more i n  advance of r e q u i r e d  a v a i l a b i l -  

i t y  f o r  s e r v i c e  i s  obviously sub jec t  t o  cons ide rab le  u n c e r t a i n t y .  Even 
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i n  a s t a b l e  economy of p r e d i c t a b l e  l abor  and equipment c o s t s ,  s i g n i f i -  

c a n t  c o s t  v a r i a b l e s  would remain, such as u t i l i t y  procurement p r a c t i c e s ,  

l o c a l  c o n s t r u c t i o n  and s k i l l e d  l a b o r  rates, t e c h n i c a l ,  environmental ,  

and economic f a c t o r s  r e l a t e d  t o  t h e  p a r t i c u l a r  s i t e ,  and t h e  u t i l i t y ' s  

f i n a n c i a l  s t r u c t u r e .  

f u l  assessment f o r  purposes of d e t a i l e d  c a p i t a l  investment cost errti- 
mates. Highly v a r i a b l e  l a b o r  and mter ia l  escalation rates, b a s i c  in- 
f l a t i o n a r y  economic t r e n d s ,  and changing s a f e t y  and environmental  regu- 

lat ions experienced i n  recent  yea r s  a l l  c o n t r i b u t e  to t h e  d i f f i c u l t y  of 

making a c c u r a t e  investment c o s t  p r o j e c t i o n s  f o r  power s t a t i o n s .  

A l l  t h e s e  f a c t o r s  would n e c e s s a r i l y  r e q u i r e  care- 

The need t o  keep a b r e a s t  of t h e  c a p i t a l  investment  costs of nuclear-  

and coa l - f i r ed  power p l a n t s  and t o  i d e n t i f y  t h e  reasons  f o r  increases; i n  

c o s t s  r e s u l t e d  i n  a series of investment  c o s t  s t u d i e s  perfonned Unit- 

ed  Engineers  & Const ruc tors  Inc. (UE6k)'under c o n t r a c t  t o  t h e  DOE and 

i t s  predecessors .  

mation has  been accumulated on c o s t  t r ends ,  c o s t  e f f e c t s  of environ-  

mental  and s a f e t y  requirements ,  and c o n s t r u c t i o n  schedules.  T h i s  i n f o r  

mation is reviewed and discussed.  

i 
I n  t h e  course of t h e s e  s t u d i e s ,  much v a l u a b l e  i n f o r  

I n  a d d i t i o n ,  t h e  need t o  produce r a t i o n a l  and c o n s i s t e n t  investaient 

c o s t  estimates f o r  va r ious  l o c a t i o n s  and time pe r iods  has  l e d  t o  t h e  de- 

velopment of a computer program a t  t h e  Oak Ridge Nat iona l  Laboratory 

(OWL) t h a t  w i l l  prepare conceptual-type c o s t  estimates f o r  a s e l e c t e d  

set  of i npu t  parameters. The computer code u t i l i z e s  refe 'rence p l a n t  

investment  c o s t  estimates as a s t a r t i n g  b a s i s  f o r  deve loping  estimates 

f o r  p a r t i c u l a r  condi t ions  of p l a n t  s i z e ,  l o c a t i o n ,  and s t a r t u p  date .  

The r e f e r e n c e  investment c o s t  estimates are based on t h e  series of i n -  

vestment c o s t  s t u d i e s  prepared by UE&C as mentioned above. The r e p o r t  

a l s o  p re sen t s  t h e  r e s u l t s  of a c o s t  s e n s i t i v i t y  s tudy  t h a t  was made w i t h  

t h i s  code. 
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2. REVIEW OF AEX/ERDA/DOE CAPITAL INVESTMENT COST 
STUDIES - 1967 t o  1979 

The r e s u l t s  of t h e  investment  c o s t  s t u d i e s  performed by UE&C are  

shown g r a p h i c a l l y  i n  Figs. 2.1 and 2.2. Est imated c o s t s  f o r  l igh t -water  

reactor (LWR) n u c l e a r  power gene ra t ing  s t a t i o n s  (NPGS) i n c r e a s e d  as shown 
i n  Fig. 2.1 from about $134/kW(e) i n  1967 ( f o r  1973 ope ra t ion )  t o  over  

$700/kW(e) i n  1974 ( f o r  1983 o p e r a t i o n )  and t o  over  $1500/kW(e) i n  1978 

( f o r  1988 ope ra t ion ) .  F igure  2.3 shows how t h e  e lements  making up t h e s e  

t o t a l  c o s t s  have s h i f t e d .  Although t o t a l  c o s t s  have r i s e n ,  t h e  s h a r e  of 

t h e  c o s t  a t t r i b u t a b l e  t o  t h e  n u c l e a r  steam supply system (NSSS) p lus  t h e  

turb ine-genera tor  dropped from abou t  40  pe rcen t  i n  1967 t o  15 pe rcen t  i n  

1974 and to  on ly  e i g h t  percent  i n  1978. Conversely,  t h e  cost of escala- 

t i o n  p l u s  allowance f o r  funds used Puzing c o n s t r u c t i o n  (AFUDC) i nc reased  

from 17 percent  i n  1967 t o  almost 40 percen t  i n  1974 and ove r  55 percent  
f - .  

i n  1978. C l e a r l y ,  t h e  p r e s s u r e  t o  reduce costs con t inues  t o  remain on 

t ime-re la ted  f a c t o r s  i n s t e a d  of hardware. 

Est imated c o s t s  f o r  f o s s i l - f  i r e d  power gene ra t ing  s t a t i o n s  (FPGS) 

inc reased  as shown i n  Fig. 2.2 from $llO/kW(e) i n  1967 ( f o r  1973 opera- 

t i o n )  t o  over  $600/kW(e) i n  1974 ( f o r  1983 o p e r a t i o n )  and t o  over  $1050/ 

kW(e) i n  1978 ( f o r  1988 ope ra t ion ) .  

The ground r u l e s  used i n  t h e s e  estimates are g iven  i n  Table  2.1 and 

t h e  s t u d i e s  are d iscussed  i n  t h e  fo l lowing  paragraphs. 

2.1 Report WASH-1082 

The 1967 UEdC s t u d y  of l i gh t -wa te r  r e a c t o r  (LWR) p l a n t  costs was 
publ i shed  i n  1968 a s  WASH-1082.l The c a p i t a l  c o s t  f o r  a 1000-MW(e) LWR 

p l a n t  a t  t h e  start  of t h e  p r o j e c t ,  i n  mid-1967 d o l l a r  v a l u e s ,  w a s  esti- 

mated as about  $134/kW(e), i n c l u d i n g  al lowance fo r  i n t e r e s t  du r ing  con- 

s t r u c t i o n  but no al lowance f o r  e s c a l a t i o n .  Th i s  estimate appeared con- 

s i s t e n t  w i th  publ ished cost e s t i m a t e s  fo r  p l a n t s  announced by u t i l i t i e s  

a t  t h a t  t i m e :  $124/kW(e) f o r  Dresden 2 and 3 and $11S/kW(e) for  Browns 

Fer ry  1 and 2. Although t h e s e  c o s t s  were h i g h e r  than  e s t ima ted  c o s t s  f o r  

equ iva len t  c o a l - f i r e d  p l a n t s ,  t h e  a n t i c i p a t e d  sav ings  i n  n u c l e a r  f u e l  

. .  . . . .  . . .  .. . . . .  . .  
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c o s t s  i nd ica t ed  t h a t  nuc lea r  p l a n t s  would be competi t ive w i t h  coal. pltants 

burning c o a l  a t  256/MBtu. 

A climate of g e n e r a l  optimism p reva i l ed ,  and i t  was be l ieved  t h a t  

t h e  nuc lea r  i n d u s t r y  had a t  last reached i t s  goa l  of  low-cost e l e c t r i c i t y  

f r a n  n u c l e a r  power p l an t s .  However, t h e  o p t i m i s t i c  v i e w  was soon t o  be 

s e v e r e l y  cha l lenged ,  because r epor t ed  es t imated  c o s t s  began t o  i n c r e a s e  

sharp ly .  Furthermore,  t h e r e  w a s  l i t t l e  cons is tency  between repor ted  

c o s t s  f o r  d i f f e r e n t  p l a n t s  of t h e  same type,  s ize ,  and t iming. Thus, t h e  

cost estimates reported i n  WASH-1082 were quickly shown t o  be unrealisti- 
c a l l y  low, and a d d i t i o n a l  s t u d i e s  were i n i t i a t e d  t o  o b t a i n  more def ind-  I 

t i v e  estimates and t o  account  f o r  t h e  increases .  

2.2 Report  WASH-1150 
t 4  

During 1968'and 1969, UEdC made 'series of stdies  for the AEC. 

Consis ten t  eng inee r ing  and cost estimate ground r u l e s  were c a r e f u l l y  de- 

f i n e d  t o  o b t a i n  a f a i r  comparison between n u c l e a r  and f o s s i l - f u e l e d  

- p lan t  c o s t s .  Also,  much e f f o r t  was devoted t o  determining causes  of t h e  

unexpected c o s t  i n c r e a s e s ,  i d e n t i f y i n g  cont inuing  t r e n d s  i n  p l a n t  costs, 

and p r o j e c t i n g  f u t u r e  costs. 

WASH-1 150.2 

These s t u d i e s  were publ ished i n  May 1970 as 

The e s t ima ted  c o s t  f o r  a 1000-MW(e) LWR p l a n t  i n i t i a t e d  in mid-1969 

f o r  mid-1975 o p e r a t i o n  was about  $240/kW(e), and t h a t  f o r  - a 1000-MW(e) 

c o a l - f i r e d  uni t  e n t e r i n g  s e r v i c e  i n  mid-1975 was about $195/kW(e). 

on a t o t a l  power c o s t  comparison, t h e  es t imated  break-even c o a l  c o s t  was 

26d/MBtu. 

c o s t s  had r i s e n  s h a r p l y ,  n u c l e a r  p l a n t s  s t i l l  appeared t o  be economically 

compet i t ive  wi th  f o s s i l - f u e l e d  p l a n t s  i n  many areas of t h e  United S t a t e s .  

Based 

Thus, i t  w a s  concluded t h a t ,  even though power p l a n t  calpital 

Results of t h e  UEdC work i d e n t i f i e d  t h e  fol lowing dominant f a c t o r s  

t h a t  had inc reased  e s t ima ted  p l an t  c o s t s  s i n c e  WASH-1082 was publitshetd: 

1. more complete d e f i n i t i o n  of t h e  b i l l  of  materials and scope of work 

than  w a s  inc luded  i n  e a r l y  estimates; 

requirements  f o r  h ighe r  q u a l i t y  of equipment, materials, and 

workmanship; 

2. 
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higher  un i t  c o s t s  f o r  equipment, materials, and labor ;  

a d d i t i o n  of supplementary systems t o  enhance s a f e t y ;  

increased  engineer ing  and c o n s t r u c t i o n  management c o s t s  due t o  

added f e a t u r e s ,  h ighe r  q u a l i t y  s t anda rds ,  more d e t a i l e d  l i c e n s i n g  

procedures ,  l o n g e r  c o n s t r u c t i o n  schedules ,  and i n c r e a s e s  i n  des ign  

and management salaries; 

increased  interest charges due t o  increases i n  d i r e c t  costs, longer, 
c o n s t r u c t i o n  schedules ,  and h igher  i n t e r e s t  rates; 

e f f e c t s  of e s c a l a t i o n  during c o n s t r u c t i o n  t h a t  were not  included i n  

e a r l y  estimates and t h a t  can be a l a r g e  amount i n  a n  i n f l a t i o n a r y  

economy. Current  p r a c t i c e  is t o  inc lude  e s c a l a t i o n  during construc-  

t i o n  i n  t h e  c o s t  estimate; 

t h e  t rend  away from rurn-key con t r ac t s .  

S ince  some of t h e s e  f a c t o r s  infTolved changes t h a t  were s t i l l  i n  
i -  

progress ,  t h e i r  u l t i m a t e  cost impact w a s  d i f f i c u l t  t o  estimate. Fur the r ,  

t h e  p o t e n t i a l  impact of f u t u r e  a d d i t i o n a l  requirements  increased  t h e  un- 

c e r t a i n t y  i n  p ro jec t ed  c o s t  estimates. Therefore ,  t h e  AEC reques ted  t h a t  

UEdC provide  more d e t a i l e d  c o s t  estimates f o r  va r ious  types  of power 

p lan ts .  These de ta i led  c o s t  estimates were t o  s e r v e  as a r e fe rence  po in t  

f o r  p r o j e c t i o n s  and a l s o  as c o s t  models f o r  cap i t a l  c o s t  computer codes 

being developed concur ren t ly  a t  ORNL. 

- 
2.3 Report WASH-1230 

This  r eques t  f o r  d e t a i l e d  c o s t  estimates r e s u l t e d  i n  f u r t h e r  work by 

UEdC under  c o n t r a c t  t o  t h e  AEC. The scope included p r e p a r a t i o n  of c o s t  

estimates u s i n g  s i x - d i g i t  l e v e l s  of t h e  AEC code-of-accounts format3 

f o r  fou r  p l a n t  types:  pressurized-water  r e a c t o r  (PWR), boil ing-water  re- 

a c t o r  (BWR), c o a l - f i r e d  p l a n t s ,  and o i l - f i r e d  p l an t s .  The r e s u l t s  from 

t h i s  e f f o r t  were publ ished i n  June  1972 as WASH-1230.4'7 
This  s tudy  u t i l i z e d  design f e a t u r e s  t y p i c a l  of p l a n t s  under con- 

s t r u c t i o n  in e a r l y  1971; f o r  example, f e a t u r e s  of Dresden 2 and 3 f o r  t h e  

BWR and Indian  Poin t  2 and 3 f o r  t h e  PWR. These des ign  f e a t u r e s  were 

. . . . .  . .;,' , . .  
_ .  
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a d j u s t e d  t o  (1) i d e n t i f y  and add c o s t s  f o r  t h e  latest s a f e t y  requi re -  

ments, codes,  and s t a n d a r d s  c u r r e n t  a t  t h e  time, (2) i nc lude  environ-  

mental  p r o t e c t i o n  and l i c e n s i n g  cri teria a p p l i c a b l e  a t  t h e  time, and (3 )  

r e f l e c t  then-cur ren t  market c o n d i t i o n s  and cost da ta .  Th i s  s t u d y  d i d  not  

i n c l u d e  product  l i n e  improvements, such as t h e  BWR des ign  BWR/6 and M,ark- 

I11 containment a n d ' t h e  ice-condenser containment f o r  t h e  PWR. I n  addi-  

t i o n ,  t h e  s tudy  d i d  not  completely a n t i c i p a t e  t h e  c u r r e n t  s a f e t y  and en- 

vironment a1 requirement  s. 

Based on t h e s e  s t u d i e s ,  c a p i t a 1 , c o s t s  ( i nc lud ing  contingency and in- 

terest and e s c a l a t i o n  du r ing  c o n s t r u c t i o n )  f o r  1000-MW(e) p l a n t s  e n t e r i n g  

s e r v i c e  i n  late 1977 were es t ima ted  as $345/kW(e) f o r  LWRs and $275/kW(e) 

f o r  c o a l - f i r e d  p l a n t s .  

2.4 Report  WASH{1230, Revised 

Although t h e  s t u d i e s  r epor t ed  i n  WASH-1230 involved a major e f f o r t  

t o  i d e n t i f y  a l l  cost e lements  and inc lude  t h e i r  e f f e c t s  i n  t h e  d e t a i l e d  

c o s t  estimates, i n c r e a s e s  i n  r epor t ed  power p l a n t  c o s t s  cont inued t o  out-  

pace expec ta t ions .  

t o  show l a r g e  c o s t  over runs  r e l a t i v e  t o  t h e i r  i n i t i a l  c o s t  estimates. 

E s s e n t i a l l y  a l l  power p l a n t s  under c o n s t r u c t i o n  began 

Again, UEdC was asked t o  i d e n t i f y  t h e  causes of t h e  c o s t  overnms.  .< 

I n  t h e  cour se  of t h i s  work, t h e  WASH-1230 s t u d i e s  were reviewed, anti t h e  

c o s t  estimates were r e v i s e d  to  r e f l e c t  p l a n t  des ign  and enviromentrnl  re- 

quirements  a p p l i c a b l e  i n  e a r l y  1973. A s  shown i n  Fig. 2.1, t hese  r e v i -  

s i o n s  l e d  t o  c o s t  e s t i m a t e s  of about  $440 and $500/kW(e) f o r  lOOO-MW(e) 

LWRs scheduled f o r  s e r v i c e  i n  1978 and 1981 r e spec t ive ly .  

The p r i n c i p a l  f a c t o r s  c o n t r i b u t i n g  t o  t h i s  i n c r e a s e  over t h e  1971 

estimate of $345/kW(e) f o r  a p l a n t  e n t e r i n g  s e r v i c e  i n  1978 are as 

fo l lows  : 

1. a d d i t i o n a l  c o s t  e s c a l a t i o n  from 1978 t o  1981; 

2. AEC/DRL requi rements  f o r  a d d i t i o n a l  engineer ing  and s a f e t y  feature!s  * 

a f f e c t i n g  p l a n t  des ign ;  a 

AEC/EPA requi rements  f o r  environmental  c o n s i d e r a t i o n s  i n  p l a n t  

des ign  and a n a l y s i s ;  

I *  

3. 
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4. increased  engineer ing ,  management, l a b o r ,  equipment, and ma te r i a l  

c o s t s  as a r e s u l t  of t h e  above a d d i t i o n a l  p l an t  f e a t u r e s  and 

des ign  requirements;  

5. longer  c o n s t r u c t i o n  schedules  due t o  t h e  inc reas ing  d e t a i l  and com- 

p l e x i t y  of  p l a n t  c o n s t r u c t i o n  pexmit and l i c e n s i n g  stages; 

inc reased  e s c a l a t i o n  and i n t e r e s t  c o s t s  due t o  t h e  longe r  des ign  6. 

and c o n s t r u c t i o n  schedules.  

As shown i n  Fig.  2.2, t h e  estimate f o r  1000-MW(e) c o a l - f i r e d  p l a n t s  

scheduled f o r  1981 Operat ion,  $450/kW(e), is about one and one-half t i m e s  

t h a t  f o r  1978 ope ra t ion ,  a n  i n c r e a s e  comparable t o  t h a t  p ro j ec t ed  a t  t h a t  

time f o r  nuc lea r  p l an t s .  The reasons  f o r  t h e  i n c r e a s e s  i n  the c o s t s , f o r  

coa l - f i r ed  p l a n t s  are similar t o  those  f o r  nuc lea r  p lan ts :  

c o s t s  f o r  l a b o r ,  materials, and equip!ent and a d d i t i o n a l  p l a n t  requi re -  

ments imposed by environmental  s t agda rds  and regula t ions .  

e s c a l a t i b n  of 

I 

2.5 Report WASH-1345 

The work desc r ibed  i n  Sec t ions  2.1 through 2.4 above r e f l e c t s  t h e  

r e s u l t s  of t h e  r e fe renced  formalized s t u d i e s  made through January  1973. 

T h i s  work was summarized i n  1974 a s  WASH-1345.8 

cluded a d e s c r i p t i o n  of r e l a t e d  ongoing s t u d i e s .  

The summary a l s o  in- 

For t h e  per iod  January 1973 through mid-1974, e s c a l a t i o n  t r e n d s  

cont inued  but s h i f t e d  i n  emphasis from f i e l d  l a b o r  t o  m’anufactured prod- 

u c t s  and basic materials. 

E s c a l a t i o n  i n  f i e l d  l a b o r  c o s t s  dec l ined  dur ing  t h i s  18 month per i -  

od from t h e  double-digi t  i n f l a t i o n  rates of t h e  prev ious  s e v e r a l  y e a r s  t o  

approximately e i g h t  percent  per  year.  During t h i s  same pe r iod ,  t h e  esca- 

l a t i o n  rate f o r  u t i l i t y  r e l a t e d  bas i c  materials and manufactured goods 

r o s e  t o  about  13 percent  per year.  

The results of t h e  s t u d i e s  re ferenced  above, which r e f l e c t  Januaky 

1973 d i r e c t  c o s t s  and assumed ope ra t ion  i n  1981, do not  account  f o r  t h e  

r a p i d  i n f l a t i o n  of t h e  18 months preceding June  1974. Add i t iona l ly ,  t hey  

do no t  r e f l e c t  t h e  schedule  r e s t r a i n t s  which delayed a u n i t  be ing  planned 

i n  l a t e  1974 f r a n  a 1981-star tup t o  a 1983-startup. 
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Revis ions  made t o  t h e  1981-s t a r t u p  p l a n t  estimates t o  provide  f o r  

t h e  i n t e n s i v e  e s c a l a t i o n  of t h e  18 months previous t o  June 1974 and f o r  a 

1983-s ta r tup  l e d  t o  t h e  c o s t s  of lOOO-MW(e) p l a n t s  of about  $720/kW(:e) 

f o r  a n u c l e a r  p l a n t  and $625/kW(e) f o r  a c o a l - f i r e d  p l a n t .  

2.6 Report WASH-1345, Revised 

During 1975, new nuc lea r  and c o a l - f i r e d  p l a n t  c o s t  estimates were 

developed by UEdC f o r  use  i n  ongoing s t u d i e s  as a l t e r n a t i v e s  f o r  cornpair- 

ison.  

were con t inu ing  t o  rise sharply.  Sec t ion  3 d i s c u s s e s  t h e  d r i v i n g  f a c t o r s  

behind t h e  cost i n c r e a s e s  t h a t  occur red  du r ing  and fo l lowing  1975. 

These estimates i n d i c a t e d  t h a t  both c o a l  and n u c l e a r  p l a n t  casts 

Based on t h e s e  i n t e r i m  r e v i s i o n s  to  t h e  cost s t u d i e s ,  c a p i t a l  cosits 

( i n c l u d i n g  cont ingency  and i n t e r e s t  and? e q c a l a t i o n  d u r i n g  c o n s t r u c t i o n )  

for lOOU-MW(e) p l a n t s  . en t e r ing  service!is 1985 w e r e  estimated 'as $925/ 

kW(e> f o r  LWRs and $750/kW(e) for c o a l - f i r e d  p l an t s .  

2.7 Reports  NUREG-0241 through NUREG-0244 

i 

UECC was reques ted  t o  prepare d e t a i l e d  c o s t  estimates j o i n t l y  by t h e  

U.S. Energy Research and Development Adminis t ra t ion  and t h e  U.S. Nuclear  

Regula tory  Commission. The scope inc luded  p repa ra t ion  of c o s t  estimates 
u s i n g  t h e  UEdC n i n e - d i g i t  l e v e l  expansion of t h e  AEC code-of-accounts 

fonnat  and a d e t a i l e d  equipment list f o r  f o u r  p l a n t  types :  - p r e s s u r i z e d -  

water r e a c t o r  (PWR), bo i l ing -wa te r  r e a c t o r  (BWR), and 800-MW(e) and 1200- 

MW(e) h igh  s u l f u r  and low s u l f u r  c o a l - f i r e d  power p l a n t s .  

from t h i s  e f f o r t  were publ ished i n  1977 a s  NUREG 0241 through 0244, "Coim- 

mercial Electric Power Cost S tudies .  * 0 9 - 1 2  

were prepared f o r  mul t ip l e -un i t  p l a n t s ,  f u e l  supply f a c i l i t i e s ,  a l t e r n a t e  

c o o l i n g  systems,  and t o t a l  gene ra t ing  c o s t s  f o r  PWR, BWR, and coal-fltretd 

plants13-16 and c a p i t a l  investment c o s t s  estimates f o r  p r e s s u r i z e d  

heavy water r e a c t o r  (PHWR) and gas-cooled f a s t  r e a c t o r  (GCFR) n u c l e a r  

p l a n t s .  17 18 

The r e s u l t s  

I n  a d d i t i o n ,  c o s t  s t u d i e s  

These s t u d i e s  u t i l i z e d  des ign  f e a t u r e s  t y p i c a l  of p l a n t s  under con- 

s t r u c t i o n  i n  e a r l y  1976; f o r  example, f e a t u r e s  of Seabrook f o r  t h e  PWR 
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and t h e  General  Electric Technical  Reference P l a n t  Design f o r  t h e  BUR. A 

s t anda rd ,  hypo the t i ca l  "Middletown" s i t e  and a f u l l  complement of l i cens -  

ing and des ign  cri teria,  circa January 1, 19.76, were u t i l i z e d .  

The c o a l - f i r e d  power p l a n t s  i nco rpora t e  a once-through s u p e r c r i t i c a l  

p r e s s u r e  single rehea t  type steam gene ra to r  t o  supply steam t o  a cross- 

compound e ight - f low t u r b i n e  f o r  t h e  l a r g e r  u n i t s .  A d i f f e r e n c e  i n  n e t  

p l a n t  ou tput  between t h e  high s u l f u r  c o a l  (HSC) p l a n t  and t h e  lower sul- 

f u r  c o a l  (LSC) p l a n t  is due t o  t h e  v a r i a t i o n  i n  scrubber  a u x i l i a r y  power 

requirements.  The HSC p l a n t s  are designed t o  burn E a s t e r n  Bituminous 

c o a l  with a 3.61 percent s u l f u r  con ten t ,  while  t h e  LSC p l a n t s  burn West- 
e r n  Sub-Bltumimous c o a l  w i t h  0.5 pe rcen t  s u l f u r  content .  'f'hese s t u d i e s  

produced t h e  fo l lowing  c a p i t a l  c o s t s  (exc luding  cont ingency and i n t e r e s t  

and e s c a l a t i o n  dur ing  c o n s t r u c t i o n )  based on p r i c e s  e f f e c t i v e  as of J u l y  

1, 1976: 

Plant d e s c r i p t i o n  

1139 MW(e) 
1190 M W ( e )  
1232 MW(e) 

795 W e )  
1243 MW(e)  

802 MW(e) 

Pressurized Water Reactor NPGS 
Boi l ing  Water Reactor  NPGS 
High S u l f u r  Coal FPGS 

High S u l f u r  Coal FPGS 
Low S u l f u r  Coal FPGS 

Low Sulfur Coal FPGS 

C a p i t a l  c o s t  $/kW(e) 

Normalized t o  
" R E G  1000 M W ( e )  

499 536 
490 539 
378 

398 
422 
324 

359 
- 340 

Based on t h e s e  s t u d i e s  capital  c o s t s  ( i n c l u d i n g  cont ingency and i n t e r e s t  

and e s c a l a t i o n  during cons t ruc t ion )  f o r  lOOO-MW( e) p l a n t s  e n t e r i n g  ser- 

v i c e  i n  1986 were e s t ima ted  as $ll3O/kW(e) f o r  LWRs and $925/kW(e) f o r  

high s u l f u r  coal-f i r e d  p lan ts .  

2.8 Report  Energy Economic Data Base 

During FY 1978, UECC assembled t h e  Energy Economic Data Base (EEDB) 

f o r  t h e  Department of Energy (DOE). The. o b j e c t i v e . o f  t h e  EEDB Program 
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was t o  provide p e r i o d i c  updates  of c o n s i s t e n t  t e c h n i c a l  and c o s t  lnforma- 

t i o n  of s i g n i f i c a n c e  t o  DOE i n  planning U.S. c i v i l i a n  n u c l e a r  power pro- 

grams and i n  eva lua t ing  t h e  nuc lea r  op t ion  a g a i n s t  a l t e r n a t i v e s .  The ef- 

f e c t i v e  cost and r e g u l a t i o n  d a t e  f o r  Phase I of EEDB is  January 1, 1978. 

The EEDB c u r r e n t l y  c o n t a i n s  t echn ica l  and c a p i t a l  c o s t  in format ion  

f o r  s i x  nuc lea r  and s i x  a l t e r n a t i v e  power gene ra t ing  s t a t i o n s :  

PHWR, BWR, GCFR, 2-HSC, 2-LSC, HTGR (High Temperature Gas Cooled Reae- 

t o r ) ,  LMFBR (Liquid Metal F a s t  Breeder Reactor) ,  CGCC (Coal G a s i f i c a t i o n  

Combined Cycle P l a n t ) ,  CLIQ (Coal Liquefac t ion  P lan t ) .  Costs are based 

upon complete conceptual des igns  for  a s ingle  u n i t ,  steam electric power 

gene ra t ing  s t a t i o n  loca ted  on t h e  s tandard ,  h y p o t h e t i c a l  "Mlddletown" 

PWR, 

s i te .  

f o r  t h e  newer concepts ,  and r e l i a b i l i t y  of  t h e  e s t i m a t e s  also varies wi th  

t h e  a v a i l a b l e  d e t a i l .  Technical  d e t a j l s ' a n d  c a p i t a l  costs are evoJ.ution- 
a r y  from t h e  NUREG series of s t u d i e s  desc r ibed  i n  S e c t i o n  2.7 above and 

o t h e r  s t u d i e s  by General Atomic Company (HTGR), Combustion Engineer ing,  

Inc.  (LMFBR and CGCC), and Gulf Mineral  Resources Company (CLIQ). 

i t i e s  of t h e  p l a n t s  for which conceptua l  des igns  and c a p i t a l  c o s t s  were 

developed va r i ed  because of t he  evolu t ionary  n a t u r e  of t h e  d a t a  base. A 

s i g n i f i c a n t  c o s t  change w a s  in t roduced  f o r  a l l  p l a n t s  i n  t h e  doubl ing  of 

t h e  engineer ing  account  I n  t h e  i n d i r e c t  c o s t s  t o  r e f l e c t  i n d u s t r y  aware- 

ness  t h a t  t h e s e  c o s t s  were being es t imated  a t  t o o  low a l e v e l .  

However, t h e  t e c h n i c a l  and economic d a t a  vary  i n  degree  of d e t a i l  

- .  

Capac- 

The EEDB y i e lded  t h e  fol lowing c a p i t a l  c o s t s  (exc luding  cont ingency 

and i n t e r e s t  and e s c a l a t i o n  dur ing  c o n s t r u c t i o n )  based on p r i c e s  i n  e f -  

f e c t  on' January  1, 1978: 

C a p i t a l  c o s t  $/kW(e) 

No ma 1 i z e d t o  
P l a n t  d e s c r i p t i o n  EEDB 1000 M W ( e )  - 

1190 MW(e)  Bo i l ing  Water Reactor NPGS 57 1 628 
1139 MW(e) Pres su r i zed  Water Reactor  NPGS 581 624 
1232 M W ( e )  High S u l f u r  Coal FPGS 

443 
795 M W ( e )  High Sul.fur Coal FPGS 

424 

465 
364 

802 M W ( e )  Low S u l f u r  Coal FPGS 399 

1243 MW( e) Low S u l f u r  Coal FPGS 
380 
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Based on t h i s  i n f o d a t i o n ,  c a p i t a l  c o s t s  ( Inc luding  contingency and 

i n t e r e s t  and e s c a l a t i o n  dur ing  c o n s t r u c t i o n )  f o r  1000-MW(e) p l a n t s  en- 

t e r i n g  service in 1988, e r e  es t imated  as $1500/kW(e) f o r  LWRs and 

$1050/kW(e) f o r  h igh  s u l f u r  coa l - f i r ed  p l a n t s .  

2.9 Continuing S t u d i e s  

Continuing dur ing  FY 1979 and FY 1980, t h e  EEDB w i l l  be updated and 

expanded as requi red  t o  e f f e c t i v e l y  meet t h e  DOE o b j e c t i v e s .  

1979, t h e  e f f e c t i v e  c o s t  and r e g u l a t i o n  d a t e  of t h e  update  has  been ad- 

vanced t o  January 1, 1979. For h 1980, t h e  e f f e c t i v e  c o s t  and regula- 

t i o n  date of t h e  update  w i l l  be advanced t o  January 1 ,  1980. Technica l  

impact f o r  t h e  nuc lea r  p l a n t s  w i l l  be small f o r  t h e  1/1 /79  update.  How- 
e v e r ,  t h e  1977 emission requiremet)ts, which became e f f e c t i v e  dur ing  1979, 

are being eva lua ted  f o r  implementFtion on t h e  c o a l  p l a n t  al ternatives.  

Th i s  w i l l  i nc lude  t h e  a d d i t i o n  of s c rubbe r s  t o  the  low s u l f u r  coal 
p l an t s .  Necessary minor improvements are being made i n  t h e  accuracy of  

a l l  p l a n t  models, and c a p i t a l  and l a b o r  c o s t  e s c a l a t i o n  from 1/1 /78  t o  

1/1/79 and l a b o r  p roduc t iv i ty  ad jus tments  are being incorpora ted .  

For FY 

It is expected t h a t  i n i t i a l  r e g u l a t o r y  and t e c h n i c a l  improvements i n  

response t o  t h e  Three Mile I s l a n d  i n c i d e n t  w i l l  be inco rpora t ed  i n  t h e  

nuc lear  p l an t  c o s t  estimates f o r  t h e  1/1/80 update.  Technica l  d e t a i l s  

and r e f ined  c o s t s  w i l l  be included f o r  t h e  c o a l  p r a n t  a l t e r n a t i v e s  i n  re- 
sponse t o  i n d u s t r y  exper ience  with t h e  1977 emission requi rements  imple- 

mented i n  1979. 

c e n t  i n d i c a t i o n s  s i g n a l  a t r end  t o  p r o d u c t i v i t y  f a l l o f f .  

Labor p r o d u c t i v i t y  w i l l  be eva lua ted  t o  determine i f  re- 

_ . . . .  . . . .  
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3. COST INCREASES AFTER 1974 

Report WASH-1345 d i scussed  t h e  c o s t  i n c r e a s e  d r i v e r s  a f f e c t i n g  cap- 

i t a l  c o s t s  of nuc lea r  and f o s s i l  power gene ra t ing  s t a t i o n s  through 1974. 

Driving f a c t o r s  behind t h e  cost i n c r e a s e s  t h a t  occurred dur ing  and f o l -  

lowing 1975 are d iscussed  i n  t h i s  s ec t ion .  

ic cost adders  developed t o  e x p l a i n  rising p l a n t  costs. 
EEDB c o s t  s t u d i e s ,  d i scussed  i n  Sect .  2 ,  have inco rpora t ed  t h e  impact of 

t h e  prev ious ly  unrecognized c o s t  d r i v e r s  i n  t h e  c o s t  estimates of t h e  

system, s t r u c t u r e ,  and component l e v e l .  Consequently,  c o s t s  genera ted  

by t h i s  impact on des ign  are no longer  r e a d i l y  ob ta inab le .  The follow- 

ing d i s c u s s i o n  w i l l ,  t h e r e f o r e ,  treat t h i s  s u b j e c t  i n  a q u a l i t a t i v e ' w a y .  

To a l a r g e  e x t e n t ,  t h e  most s i g n i f i c a n t  c o n t r i b u t o r s  t o  the  in- 

creases i n  U.S. power p l a n t  construc$od c o s t s  and,  t h e r e f o r e , ,  t o t a l  

gene ra t ing  costs, are more s t r i n g e n t  and g r e a t e r  q u a n t i t i e s  of regula- 

t i o n s ,  codes,  and s t a n d a r d s ,  which must be s a t i s f i e d .  Other  d r i v i n g  

WASH-1345 i d e n t i f i e d  s p e c i f -  

The NUREG and 

f a c t o r s  are inc reas ing  des ign  and engineer ing  manhours, i n c r e a s i n g  quan- 

t i t i e s  of  materials, and i n c r e a s i n g  c o n s t r u c t i o n  manhours, a l l  of which 
1 

u l t i m a t e l y  result in delay  of  o v e r a l l  schedules .  Cons t ruc t ion  schedules  

have been f u r t h e r  delayed by a n  i n c r e a s i n g  time requ i r ed  t o  o b t a i n  regu-' 

l a t o r y  approval  and by a n  i n c r e a s i n g  number of l o c a l ,  state, and f e d e r a l  

agencies ,  which are requ i r ed  t o  g i v e  t h e i r  approval .  There is a l s o  a n  

inc reas ing  number of o u t s i d e  agenc ie s  and i n d i v i d u a l s  p a r t i c i p a t i n g  i n  

t h e  r egu la to ry  process.  

d i r e c t l y  dependent on p l a n t  c o n s t r u c t i o n  schedules  and have been rising 

a t  s i g n i f i c a n t  rates. For example, i n  1978, a one-year schedule  exten-  

s i o n  f o r  a two-unit, 2000-MW(e) n u c l e a r  power gene ra t ing  s t a t i o n  added 

$170 x lo6 i n  e s c a l a t i o n  and i n t e r e s t  c o s t s .  

I n t e r e s t  and e s c a l a t i o n  du r ing  c o n s t r u c t i o n  are 

3.1 E f f e c t  of Environmental  and S a f e t y  
Requirements on Nuclear P l a n t s  

.. 
The number of s t anda rds  f o r  nuc lea r  a p p l i c a t i o n s  has  grown exponen- 

t i a l l y  f o r  a decade, wi th  a very s t e e p  rise from 1973 t o  1977. A1t:hough 

t h i s  growth shown i n  Fig.  3.1 h a s  begun t o  l e v e l  off, t h e  full impact of 
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Fig. 3.1. Identified nuc lea r  a p p l i c a t i o n  s t a n d a r d s  cumulat ive t o t a l  
f r o m  1961 to mid-1975. 

t h e  new s t anda rds  w i l l  a c t u a l l y  occur  over  t h e  next few years .  Estimates 

of p l an t  c o s t s  w i l l  con t inue  t o  i n c r e a s e  as t h e s e  new s t anda rds  are ap- 

p l i e d  t o  p l a n t  designs.  

The decrease  i n  t h e  growth rate of nuc lea r  s t anda rds  is encourag- 

i n g ,  because i t  impl i e s  t h a t  existing s t anda rds  are now perceived t o  be 

adequate.  However, t h e  Three Mile I s l a n d  i n c i d e n t  has  a l r e a d y  I n i t i a t e d  

s e r i o u s  r eeva lua t ion  of t h e  need f o r  new s tandards .  ASME, ANS, and I E E E  

may begin t o  i n c r e a s e  t h e  tempo of s t anda rds  p r o j e c t  approvals .  

t i o n a l l y ,  t h e  c u r r e n t  unce r t a in ty  surrounding p r o l i f e r a t i o n ,  f u e l  recy- 

c le ,  and waste d i s p o s a l  have no t  c r e a t e d  a climate of u t i l i t y  and p u b l i c  

, .  

Addi- 
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confidence.  Ul t imate ly ,  U.S. p o l i c i e s  may have a s u b s t a n t i a l  e f f e c t  on 

nuc lear  power p l a n t  c o s t s .  

remain u n c e r t a i n  u n t i l  t h i s  po l i cy  i s  resolved.  

A s  a r e s u l t ,  p ro j ec t ed  f u t u r e  p l an t  c o s t s  

The number of people i n  t h e  United S t a t e s  t h a t  are working on Stan- 

dards  has a lso  grown exponent ia l ly .  I n  1970, about  1450 vo lun tee r s  were 

working on nuc lea r  s t anda rds  f o r  t h e  American Nat iona l  Standards I n s t i -  

t u t e  (ANSI). 
groups. Data from t h e  series of h i s t o r i c a l  investment c o s t  s t u d i e s  

which UE&C h a s  done f o r  DOE and i t s  predecessors  show t h e  e f f e c t  of reg- 

u l a t i o n s ,  codes,  and s t anda rds  on nuc lea r  power p l a n t  c o s t s .  F igure  3.2 

By 1974, 7450 were involved i n  subcommittees and workir43 

summarizes some of these data. 

Regulat ions i n  t h e  form of NRC Regulatory Guides, NRC Branch Tech- 

nical Environmental P r o t e c t i o n  Agency requirements ,  and Occupational 

S a f e t y  and Heal th  Adminis t ra t ion  requ+rebents  have a l s o  contributedl t o  

h ighe r  costs i n  t h e  same manner as codes and s tandards .  Although some 

of those  requirements  e x i s t e d  p r i o r  t o  mid-1974, much of t h e i r  impact 

w a s  not f e l t  u n t i l  t h e  per iod  1975 and later. 

The shaded area i n  Fig. 3.2 r e p r e s e n t s  t h e  t o t a l  implied e f f e c t  on 

p l a n t  c o s t  due t o  r egu la t ions ,  codes,  and s tandards .  The "Estimated 

Cost" curve g iven  i n  Fig. 3.2 i s  based on t h e  t o t a l  investment  c o s t s  

p ro jec t ed  i n  t h e  h i s t o r i c a l  s t u d i e s .  

p r o j e c t i o n  of a n  e a r l y  estimate of c o s t s  ( r epor t ed  i n  WASH-1150), a t  aln 

e s c a l a t i o n  rate of e i g h t  percent .  The " A c t u a l  Cost" curve  is based on 

c o s t s  f o r  p l a n t s  which are now o p e r a t i o n a l .  The p ro jec t ed  dashed por- 

t i o n  of t h e  actual c o s t  curve i s  based on f o r e c a s t i n g  of u t i l i t y  c o s t  

estimates. The shaded area of t h e  graph  is  t h e  d i f f e r e n c e  between a 

p l a n t  designed i n  1969 and a p l a n t  of similar des ign  which inc ludes  a l l  

changes i n  r e g u l a t i o n  and schedule  t h a t  t h e  u t i l i t y  i n d u s t r y  has  expel- 

i enced  t o  date. The d a t a  for t h e  e s c a l a t i o n  of t h e  c o s t  t o  des ign ,  li- 

cense, and c o n s t r u c t  n u c l e a r  power gene ra t ing  s t a t i o n s  are based on thLe 

h y p o t h e t i c a l  "Middletown" s i te  and average  l a b o r  rates. 
c lude  owner's c o s t s ,  d i s c r e t i o n a r y  costs, f e e s ,  permits ,  taxes, o r  pro? .'* 

v i s i o n s  f o r  cont inued e s c a l a t i o n  i n  r e g u l a t o r y  requirements.  

The "Esca la t ion  Only" curve is t:he 

They do no t  in -  

E a r l y  n u c l e a r  p l a n t s  such as Dresden, Quad Cities,  Connect icut  Yaw 

h e ,  and Browns Fe r ry  were c o n s t r u c t e d  when r e g u l a t o r y  requirements  were 
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Fig. 3.2. E f f e c t  of r e g u l a t i o n s ,  codes, and s t anda rds  on power 
p l a n t  c o s t s .  

- 
minimal, and p l a n t  l a b o r ,  materials, and commodities were more consis-  

t e n t  with e a r l y  p ro jec t ions .  The des ign  cr i ter ia  of t h e s e  p l a n t s  are 

comparable t o  t h e  des ign  cri teria for p l a n t s  represented  by t h e  lower 

curve of Fig. 3.2, i d e n t i f i e d  as "Esca la t ion  Only." 

3.2 Impact of Environmental Requirements 
f o r  F o s s i l  P l a n t s  

Escalating regu la to ry  requirements  have developed f o r  f o s s i l  p l a n t s  

as w e l l  in r e c e n t  years .  

many p l a n t s  burning c o a l  were requi red  t o  convert  t o  o i l .  No sooner  had 

many of t h e s e  p l a n t s  converted t o  o i l  when r i s i n g  o i l  imports  s t imu la t ed  

new r e g u l a t i o n s  r e q u i r i n g  reconversion from o i l  t o  coa l .  

Following passage of t h e  U.S. Clean Air A c t ,  

. . . .  . .  . . . .  
: .. 
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Other r e c e n t  r e g u l a t o r y  changes f o r  c o a l  p l a n t s  i nc lude  water use  

e f f e c t s  on marine species, p a r t i c u l a t e  emissions,   SO^ emiss ions ,  cool!- 

ing-towedstack-gas i n t e r a c t i o n s ,  o f f - s i t e  no i se  l e v e l s ,  NOx emis- 

sions, s ludge  and waste d i sposa l ,  ground water e f f e c t s ,  trace element: 

emissions,  cumulat ive climatic e f f e c t s  of world-wide build-up of C02, 

and redundant sc rubber  systems. Standards f o r  a i r q u a l i t y  and waste 

management f o r  c o a l - f i r e d  p l a n t s  are s t i l l  p r o l i f e r a t i n g .  Growth of 

s t anda rds  f o r  coa l - f i r ed  p l a n t s  will cont inue  f o r  a t  least s e v e r a l  mare 

y e a r s  before  leveling o f f .  Furthermore,  implementation of t h e  N e w  Sta- 

t i o n a r y  Source Performance Standards  of 1977 w i l l  go i n t o  e f f e c t  dur ing  

1979. 

f u r t h e r  u n c e r t a i n t i e s  t o  p r o j e c t i o n s  f o r  coa l - f i r ed  p lan ts .  

The l a c k  of implementation exper ience  with t h e s e  r e g u l a t i o n s  adds 

Coal p l a n t  c o s t s  may thus  cont inue  t o  grow a f t e r  nuc lea r  p l a n t  

costs s t a b i l i z e .  

n u c l e a r  power gene ra t ing  s t a t i o n s  d i sp layed  i n  Fig.  3.2 are a t  worlc on 

f o s s i l  power g e n e r a t i n g  s t a t i o n  c o s t s .  

It is  a n t i c i p a t e d  t h a t ' e f f e c t s  similar t o  those  € o r  

3.3 Miscel laneous Cost Inc reases  

Cons t ruc t ion  schedule  s l i p p a g e s ,  caused by e f f e c t s  d i scussed  above, 

as  w l l  as s t r i k e s  and o t h e r  de lays ,  cause  i n t e r e s t  and e s c a l a t i o n  dur- ' 

ing c o n s t r u c t i o n  c o s t s  t o  rise d rama t i ca l ly .  Table  2.1 c l e a r l y  shows 

t h e  rise i n  d u r a t i o n s  f r a n  s t a r t -o f -p ro jec t  t o  commercial-operat ion f o r  

both nuc lea r  and f o s s i l  power gene ra t ing  s t a t i o n s .  

d u l e s  have inc reased  by approximately 25 percen t  f o r  nuc lea r  p l a n t s  and 

30 percent  f o r  f o s s i l  p l a n t s  between mid-1974 and 1978. The cons t ruc-  

t i o n  per iod  i t s e l f  has  increased  by 20 percen t  f o r  both nuc lea r  p l a n t s  

and f o s s i l  p l a n t s  between mid-1974 and 1978. As poin ted  ou t  i n  t h e  pre- 

ceding pa rag raphs  , r e g u l a t o r y  problems have con t r ibu ted  s ig  n i f  i c a n  t l y  t o  

t h e s e  delays.  I n d i c a t i o n s  are that t h i s  t r e n d  is cont inuing .  

Cons t ruc t ion  sche- 

Another f a c t o r ,  a s s o c i a t e d  w i t h  t h e  impact of c o n s t r u c t i o n  schedule  

de l ays ,  is t h e  s h i f t  of c o s t  s e n s i t i v i t y  from t h e  c o s t  of hardware t o  

t h e  cost of recovery.  F igu re  2.3 c l e a r l y  shows t h e  rate a t  which t h i s  

s h i f t  is occurr ing .  

t h a t  are t ime-related c o s t s  has  increased  by almost 40 pe rcen t  between 

The propor t ion  of t o t a l  cap i ta l  c o s t s  of a p l a n t  
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mid-1974 and 1978. On t h e  o t h e r  hand, base c o s t s  have dec l ined  t o  only  

45 pe rcen t  of t o t a l  capi ta l  cos ts .  Therefore ,  any d e l a y ,  whether i t  is 

r e l a t e d  t o  r e g u l a t o r y ,  engineer ing ,  or c o n s t r u c t i o n  causes ,  is of in-  

creasing s i g n i f i c a n c e  i n  causing c o s t s  t o  rise. 

Current  des ign  cri teria inc lude  standards f o r  extensive q u a l i t y  as- 
su rance  programs. Earlier estimates f o r  p l a n t  c a p i t a l  c o s t s  i n  many 

i n s t a n c e s  were based on more convent ional  s tandards .  Today, q u a l i t y  as- 

su rance  and q u a l i t y  c o n t r o l  programs are f a r  more s t r i n g e n t ,  which seLc 

i o u s l y  impact t h e  c o s t  of equipment, commodities, and a s s o c i a t e d  design.  

Furthermore,  t h e s e  a d d i t i o n a l  programs impact f i e l d  l a b o r  manhours and 

o v e r a l l  c o n s t r u c t i o n  schedules  because of increased  procedures and 

pape rwo rk. 

S i t e - s p e c i f i c  c o s t s  are sometimes not f u l l y  cons idered  i n  e a r l y  

estimates. Examples might i n c l u d e  seismic des ign ,  f l ood  p r o t e c t i o n ,  

extended s p e n t  f u e l  s t o r a g e ,  and cool ing  tower design i n  l i e u  of  once- 

through cool ing.  S i t e - s p e c i f i c  items t h a t  c o n t r i b u t e  t o  t h e  exponen t i a l  

rise i n  a n t i c i p a t e d  c o s t s  of nuc lear  p l an t  p r o j e c t s  result i n  doubling 

and i n  some cases t r i p l i n g  t h e  commodity estimates. Commodities r e f e r -  

r ed  t o  are the  p r i n c i p a l  commodities of p l an t  c o n s t r u c t i o n  such as con- 

crete ,  rebar, s t r u c t u r a l  s teel ,  wire and c a b l e ,  c a b l e  t r a y s ,  and p ip ing .  

Th i s  was a t t r i b u t e d  t o  better d e f i n i t i o n  of p l a n t  des ign  and evolv ing  

s a f e t y  and environmental  cr i ter ia .  

p ropor t iona te ly .  I f  l a b o r  s t r i k e s  a r e  not considered,-  c u r r e n t  estimates 

f o r  c r a f t  l a b o r  are ove r  two times t h e  o r i g i n a l  es t imated  manhours. I t  

is reasonable  t o  expect  t h e  l abor  conten t  t o  double when t h e  q u a n t i t y  of  

commodities has  doubled. 

C r a f t  l a b o r  manhours have i n c r e a s e d  

S t r i k e s  and o t h e r  de lays  have occurred in c e r t a i n  p r o j e c t s  t h a t  

have r e s u l t e d  i n  hundreds of work s toppages caus ing  schedule  ex tens ions  

ex tending  i n t o  yea r s  of delay.  I n t e r e s t  dur ing  c o n s t r u c t i o n  not  only 

i n c r e a s e s  with t i m e  but is a l s o  compounded by expanding e s c a l a t i o n .  

3.4 Future  Cost U n c e r t a i n t i e s  

While t h e r e  are i n d i c a t i o n s  t h a t  t he  rate of c o s t  i n c r e a s e s  f o r  nu- 

c l ea r  power p l a n t s  is tending t o  l e v e l  o f f ,  t h e  impact of t he  Three Mile 
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I s l a n d  i n c i d e n t  may cause a r e v e r s a l  of t h e  c u r r e n t  t rend .  Expectat ions 

f o r  fossil power p l a n t  c o s t s  are not  op t imis t i c .  Implementation of t he  

Fuel  Use Act w i l l  have a d d i t i o n a l  impacts on c o s t s  t h a t  were rising rap- 

i d l y  beforehand. Even though i n t e r p r e t a t i o n  of t h e  A c t  and r u l e s  f o r  

exemptions are s t i l l  being r e so lved ,  i t  is  apparent  t h a t  i t  may be y e a r s  

b e f o r e  t h e  total  comparative econanics of conversion of o i l  t o  coa l ,  new 
coal p l a n t s ,  and nuc lea r  p l a n t s  are f u l l y  determined. E s c a l a t i o n  and 

i n t e r e s t  rates are expected t o  cont inue  t o  rise. Cons t ruc t ion  schedules  

are n o t  expected t o  improve s i g n i f i c a n t l y  in t h e  near  fu tu re .  

Cost  s t u d i e s  by UE&C t o  suppor t  t h e  Energy Economic Data Base w i l l  

con t inue  i n  1979 and 1980. The f a c t o r s  d i scussed  h e r e i n  w i l l  cont inue  

t o  be eva lua ted  as well as t h e  e f f e c t s  of f u t u r e  des ign  changes. I.-.. ._.-._. p5.Y 

I 
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The p lanner  needs a method f o r  ob ta in ing  p-ant investment c o s t  esti-  

mates t h a t  are i n  conformance with t h e  particular p l a n t  s i z e ,  l o c a t i o n ,  

t iming,  and economic condi t ions  a p p l i c a b l e  t o  t h e  proposed p r o j e c t .  Fur- 

t h e r ,  t h e s e  estimates should be e a s i l y  ob ta inab le  and should provide ade- 

q u a t e  d e t a i l  about  t h e  i n d i v i d u a l  components of t h e  t o t a l  p l a n t  c o s t  i-n a 

s t anda rd ized  account ing  format t h a t  i d e n t i f i e s  both d i r e c t  and i n d i r e c t  

cos t s .  

These o b j e c t i v e s  are s a t i s f i e d  by t h e  CONCEPT computer program t h a t  

has  been developed w i t h i n  t h e  P lans  and Analys is  D iv i s ion  of t h e  O f f i c e  

of Nuclear Energy Programs. Work c a r r i e d  out  a t  ORM, has  produced sev- 

eral success ive  ve r s ions  of t h i s  c a p i t a l  investment  c o s t  e s t i m a t i o n  pro- 

gram c a l l e d  CONCEPT. 19-24 i b  

The code is designed p r imar i ly  f o r  use i n  examining average  t r ends  

i n  p l a n t  c o s t s ,  eva lua t ing  important  e lements  i n  t h e  c o s t  s t r u c t u r e ,  de- 

termining s e n s i t i v i t y  to t e c h n i c a l  and economic f a c t o r s ,  and provid ing  

reasonable  p r o j e c t i o n s  of c o s t s .  Although t h e  code i s  no t  in tended  t o  be 

used as a s u b s t i t u t e  f o r  d e t a i l e d  engineer ing  c o s t  estimates f o r  s p e c i f i c  

p r o j e c t s ,  i t  has  been organized t o  f a c i l i t a t e  mod i f i ca t ions  t o  t h e  r e f e r -  

ence  p l a n t  c o s t  models so t h a t  estimates may be t a i l o r e d  t o  a p a r t i c u l a r  

p ro jec t .  The computer code provides  a c o n s i s t e n t  and r a p i d  means of es- 

timating power p l a n t  c a p i t a l  investment c o s t s  w i th  v a r i o u s  assumed sets 

of economic and t e c h n i c a l  ground ru l e s .  The code is also used t o  perform 

s e n s i t i v i t y  s t u d i e s ,  as  i l l u s t r a t e d  i n  t h i s  r epor t .  

The computer code is descr ibed  i n  d e t a i l  i n  o t h e r  reports ;19-24 

however, a summary d e s c r i p t i o n  is presented h e r e  f o r  completeness.  The 

CONCEPT code i s  designed t o  provide d e t a i l e d  c o s t  estimates, inc lud ing  

c o s t s  f o r  a l l  subaccounts  down through t h e  f i v e - d i g i t  account  l e v e l .  I n  

a d d i t i o n ,  each subaccount is broken down i n t o  c o s t s  f o r  f a c t o r y  equip- 

ment, s i t e  materials, and s i t e  labor .  This  code uses  t h e  account  number- 

i n g  system descr ibed  i n  Refs. 3 and 9-12. 

The procedures  used i n  t h e  CONCEPT code24 are based on t h e  premise 

t h a t  any  c e n t r a l  s t a t i o n  power p l a n t  involves  approximately t h e  same 
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major c o s t  components, r e g a r d l e s s  of l o c a t i o n  o r  date of i n i t i a l  opera- 

t i o n .  Therefore ,  i f  t h e  t r e n d s  of t h e s e  major c o s t  components can be 

e s t a b l i s h e d  as a f u n c t i o n  of p l a n t  type and s i z e ,  b a s i c  l a b o r  and mate- 

r i a l s  c o s t s ,  and i n t e r e s t  and e s c a l a t i o n  rates, a c o s t  estimate f o r  a 

r e f e r e n c e  case can be ad jus t ed  t o  f i t  any case of i n t e r e s t .  The app1:L- 

c a t i o n  of t h i s  approach r e q u i r e s  a d e t a i l e d  "cos t  model" f o r  each  p l a n t  

type  a t  a r e fe rence  c o n d i t i o n  and t h e  de te rmina t ion  of t h e  cost- t rend 

r e l a t i o n s h i p s .  

The p resen t  CONCEPT code con ta ins  c o s t  models f o r  single units! and 

first and second u n i t s  of PWR and BWR nuc lea r  s t a t i o n s  and s i n g l e  u n i t s  

and f i rs t ,  second,  and t h i r d  u n i t s  of high-sulfur  and l o r s u l f u r  coal-. 

f i r e d  s t a t i o n s .  Reference 24 c o n t a i n s  a l i s t i n g  of a t y p i c a l  c o s t  model, 

based on Refs. 9-13. The cost models p re sen t ly  conta ined  i n  CONCEPT have 

been r ev i sed  i n  accordance with t h e  EEDB.revisions desc r ibed  i n  Sectialn 

2.8. The presen t  v e r s i o n  is based o m s a f e t y  and environmental  l i c e n s i n g  

cr i ter ia  and c o s t  d a t a  i n  e f f e c t  as of January 1978. 

e 

The r e fe rence  p l a n t s  are assumed t o  be loca ted  a t  t h e  hypo the t i ca l  

Middletown s i te ,  which i s  descr ibed  i n  cons iderable  d e t a i l  i n  Refs. 3 and 

9-12. This  s i t e  is reasonably f avorab le ,  i n  most respects, inc lud ing  a n  

adequate  supply  of coo l ing  water, low popula t ion  d e n s i t y ,  s a t i s f a c t o r y  

t r a n s p o r t a t i o n  f a c i l i t i e s ,  and s u f f i c i e n t  l a b o r  supply. 

The major account  d i r e c t  and i n d i r e c t  c o s t s  f o r  t h e  r e fe rence  ]plants  

are descr ibed  as a f u n c t i o n  of s i z e  by c lass ical  exponent ia l  s c a l i n g  re- 

l a t i o n s h i p s ,  which are be l ieved  t o  be r e p r e s e n t a t i v e  of c a p i t a l  i n v e s t -  

ment c o s t  t r ends  f o r  u n i t  s i z e s  i n  t h e  range of 500 t o  1500 MWe, bu t  

which may a l s o  be used o u t s i d e  t h i s  range wi th  g r e a t e r  unce r t a in ty .  

The c o s t  model f o r  each type of p l an t  i nc ludes  d i s t r i b u t i o n s  or 

"mixes" of  l a b o r  and materials by var ious  c l a s s i f i c a t i o n s  , which are used 

i n  c a l c u l a t i n g  weighted average c o s t  indexes f o r  a d j u s t i n g  base c o s t s  ito 

o t h e r  l o c a t i o n s  and f o r  e s c a l a t i n g  c o s t s  i n t o  t h e  fu tu re .  

The c a l c u l a t i o n  of e s c a l a t i o n  during c o n s t r u c t i o n  and i n t e r e s t  dur- 

ing c o n s t r u c t i o n  r e q u i r e s  cash  f low curves  f o r  each major account ,  and a 

set  of c a s h  flow cu rves  i s  provided w i t h  each model d a t a  set. 

cu rves  f o r  nuc lea r  and f o s s i l  p l a n t s  are i l l u s t r a t e d  i n  Figs.  4.1 and 

4.2. 

Typica l  
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Fig .  4.1. Typical cumulative cash flow CUNBB for major cost 
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Fig. 4.2.  Typical cumulative cash flow cunres for major cost accounts - 
coal-fired power plants. 
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To gene ra t e  a c o s t  estimate under s p e c i f i c  cond i t ions ,  t h e  CONCEPT 

u s e r  s p e c i f i e s  t h e  p l a n t  type and l o c a t i o n ,  ne t  e lectr ical  capac i ty ,  d a t e  

of  purchase of steam supply system, d a t a  of c o n s t r u c t i o n  permit ,  d a t e  of 

commercial ope ra t ion ,  and i n t e r e s t  rate. I f  t h e  s p e c i f i e d  p l a n t  s i z e  is 

d i f f e r e n t  from t h a t  of t he  r e fe rence  p l a n t ,  t h e  c o s t s  f o r  each major ac- 

count are ad jus t ed  by u s i n g  s c a l i n g  f u n c t i o n s  t h a t  d e f i n e  t h e  c o s t  as a 

function of plant size. 
f o r  a p l a n t  of t h e  s p e c i f i e d  type  and s i z e  a t  t h e  r e fe rence  d a t e  and 

l o c a t  ion. 

This  i n i t i a l  step gives an estimate of the costs 

The code has  access t o  cost- index d a t a  f i l e s  f o r  20 major c i t ies  in 

t h e  United S t a t e s ,  two i n  Canada, and t h e  hypo the t i ca l  Middletown s i t e  

(see Fig. 4.3). 

terials c o s t s ,  and c o n s t r u c t i o n  c r a f t  wage rates as repor ted  by U.S. gov- 

ernment and t r a d e   publication^^^'^? over t h e  p a s t  15 years .  These d a t a  
f .)  

are used t o  determine h i s t o r i c a l  &ends i n  e s c a l a t i o n  of equipment, la- 

bor ,  and materials c o s t s .  If d e s i r e d ,  t h e  e s c a l a t i o n  t r e n d s  can be based 

on only a s e l e c t e d  p o r t i o n  of t h e  a v a i l a b l e  h i s t o r i c a l  d a t a  and p ro jec t ed  

i n t o  t h e  f u t u r e  as a n  exponen t i a l  func t ion  of t i m e .  

These f i l e s  c o n t a i n  d a t a  on equipment c o s t  indexes,  ma- 

These cost-index d a t a  are then  used i n  CONCEPT t o  modify t h e  c o s t  

accounts  from t h e  r e fe rence  l o c a t i o n  t o  t h e  s e l e c t e d  l o c a t i o n  and t o  

a d j u s t  c o s t s  t o  d i f f e r e n t  dates  ( e i t h e r  ear l ie r  o r  l a t e r  than  t h e  c o s t  

model r e fe rence  da te ) .  

a r a t e l y ,  using t h e  l a b o r ,  material, and equipment mixes a p p r o p r i a t e  t o  

t h a t  account .  

Each c o s t  account is ad jus t ed  and e s c a l a t e d  sep- 

As a n  example of t h e  procedures  o u t l i n e d  above, assume t h a t  a refer-  

ence c o s t  model is a v a i l a b l e  f o r  a n  1100-MW(e) PWR l o c a t e d  a t  t h e  hypo- 

t h e t i c a l  Middletown s i t e ,  based on c o n s t r u c t i o n  beginning i n  e a r l y  1978 

and t h a t  a c o s t  estimate is needed f o r  a 1200-MW(e) PWR l o c a t e d  near  Chi- 

cago w i t h  c o n s t r u c t i o n  beginning i n  e a r l y  1980 and reaching commercial 

ope ra t ion  i n  mid-1986. 

c o s t s  t o  t h e  1200-MW(e) s i z e ,  a d j u s t i n g  each c o s t  account by t h e  r a t i o  of 

p ro jec t ed  1980 c o s t s  a t  Chicago t o  1978 c o s t s  a t  Middletown, and then es- 

timating e s c a l a t i o n  during c o n s t r u c t i o n  and i n t e r e s t  du r ing  cons t ruc t ion .  

The procedure is i l l u s t r a t e d  schemat i ca l ly  i n  Fig. 4.4. 

The code produces t h e  new estimate by s c a l i n g  

.......'. . .:.:.:n:.: . . .  . . .  
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2. RETRIEVE REFERENCE PLANT COST 
MODEL FROM COMO DATA FILE - 

a 

3. READ IN DATA OVERRIDING BASE 
PLANT COST MODEL AND DEFINING 
YEARS FOR ANALYSISOF HISTORICAL 
EQUIPMENT, LABOR AND MATERIALS 
COST DATA (OPTIONAL WITH USER) 

10. CALCULATE ESCALATION DURING 
CONSTRUCTION , 

RETRIEVE HISTORICAL EOUIPMENT, 
LABOR AND MATERIALSCOST DATA 

ESCALATION RATES (OPTIONAL WITH 

6. ADJUST 3,4, AND 5-DIGIT LEVEL REF. 
RERENCE PLANT COSTS TO SPECIFIED 
PLANT SIZE, LOCATION, DATE, OVER. 
TIME, AND PRODUCTIVITY , 

1 
7. READ IN DATA OVERRIDING CALCULATED 

COSTS (OPTIONAL WITH USER) / \ 

i c- 
i. 

OANL-DWG 75 4433A 

8. SUM ALL DIRECT AND INDIRECT COSTS 

9. CALCULATE CONTINGENCIES 

I 
1 

11. CALCULATE INTEREST DURING 
CONSTRUCTION 

I 

I I 12. SUMALLCOSTS 

1 
13. DEVELOP CASH FLOW INFORMATION ll 

/ PRINT REPORT OF COST ESTIMATE 
(DETAIL OPTIONAL WITH USER) 

Fig. 4.4. General flow of calculations i n  CONCEPT-5. 

, . . .  . .  . .  .,.. 
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5. PLANT CAPITAL INVESTMENT COST ESTIMATES U S I N G  CONCEPT I 

The CONCEPT code w a s  used t o  develop capi ta l  investment  c o s t  est:i- 

mates f o r  power p l a n t s  e n t e r i n g  s e r v i c e  i n  early 1990. Ground r u l e s  f o r  

t h e  base cases are summarized i n  Table  5.1. The c o s t s  of t h e  main st:epup 

t ransformer  and electric power t r ansmiss ion  f a c i l i t i e s  a t  t h e  power p l a n t  

s i t e  are not inc luded  i n  t h e  e s t ima tes .  The p l a n t  l o c a t i o n  is assmeld t o  

be t h e  h y p o t h e t i c a l  Middletown site. Cost index d a t a  f o r  Middletown rep- 

r e s e n t  a canpos i t e  of Boston, New York, and P h i l a d e l p h i a  d a t a  i n  equal1 

p ropor t ions ,  and t h e  h i s t o r i c a l  d a t a  and f i t t e d  curves  are i l l u s t r a t ebd  

g r a p h i c a l l y  i n  Figs .  5.1 and 5.2 f o r  c r a f t  l a b o r ,  i n  Figs .  5.3 and 5.4 

f o r  s i t e - r e l a t e d  materials, and i n  Figs. 5.5 and 5.6 f o r  equipment. 

CEPT models used i n  t h i s  s tudy  =re t h e  1139-MW(e) PWR model, t h e  795- 

MW(e) coa l - f i r ed  model wi th  tandem-cq@pdund t u r b i n e ,  and t h e  1232-MW(e) 

coa l - f i r ed  model w i t h  cross-compound tu rb ine .  Both c o a l  models i nc lude  

f l u e  gas  d e s u l f u r i z a t i o n  equipment. 

CON- 

The CONCEPT estimates f o r  both i n t e r e s t  dur ing  c o n s t r u c t i o n  and es- 

c a l a t i o n  dur ing  c o n s t r u c t i o n  are based on t h e  cumulat ive cash  f low curves  

shown previous ly  f n  Figs .  4.1 and 4.2. The term " i n t e r e s t  du r ing  con- 

s t r u c t i o n "  as used h e r e  is t h e  same as "allowance f o r  funds used dur ing  

cons t ruc t ion"  (AFUDC). 

p l a n t  t o  compensate debt  and e q u i t y  i n v e s t o r s  i n  t h e  u t i l i t y  f o r  t h e  use  

of t h e i r  money dur ing  t h e  long pe r iod  between t h e  time funds f o r  bui ld-  

i n g  t h e  u n i t  are spen t  and t h e  t i m e  t h e  u n i t  goes i n t o  ope ra t ion .  

l a t i o n  during c o n s t r u c t i o n  accounts  f o r  i n f l a t i o n a r y  i n c r e a s e s .  i n  c o s t s  

from t h e  time t h e  estimate is made t o  t h e  time t h a t  a c t u a l  c o s t s  are in-  

cur red .  The t o t a l  cumulat ive cash  flow cu rves  f o r  t he  base cases (defined 

AFUDC is a charge made a g a i n s t  t h e  c o s t  of a 

\ 

Esca- 

i n  Table  5.1 i n c l u d i n g  e s c a l a t i o n  du r ing  c o n s t r u c t i o n  and i n t e r e s t  du r ing  

c o n s t r u c t i o n  are shown i n  Fig. 5.7. 

For t h s  common d a t e  of commercial o p e r a t i o n  January 1990, Fig. 5.7 

i l l u s t r a t e s  t h a t  t h e  date t h e  steam supply system is ordered f o r  fos- 

s i l  p l a n t s  is f o u r  yea r s  later (1984 i n s t e a d  of 1980) than  f o r  n u c l e a r  

p l an t s .  Thus, t h e  start  of des ign  and c o n s t r u c t i o n  c o s t s  f o r  t h e  € o s s i 1  

p l a n t s  a r e  e s c a l a t e d  t o  t h i s  l a te r  d a t e ,  1984. On t h e  o t h e r  hand, i n t e r -  

es t  and e s c a l a t i o n  c o s t s  dur ing  c o n s t r u c t i o n  f o r  f o s s i l  p l a n t s  wil.1 be - - 
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Flg.-5.1.  Craft labor cost index data for LWR power plants. 

. .  . .  . . . .  . . .  
- 



ORNL-DWG 80-4235 ETD 

0 

6 

u 

3 

2 

MIOOLETOHN 

LFleeR SMM( I N  196U.S : 85.06 

/ 
/ 

/ 
/ 

/ .- 
! : >  

k CORL 

Fig. 5.2. Craft labor cost index data for coal-fired power plants. 
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F i g .  5.3. Site-related materials cost index data for LWR power plants. 
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Fig. 5.4. Site-related materials cost index data for coal-fired power 
plants. 
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Fig. 5.7.  Distribution of cash flow for base capital investment cost 
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Table 5.1 Ground r u l e s  f o r  p l a n t  c a p i t a l  
investment c o s t  estimates 

P l a n t  l o c a t i o n  

Unit  s i z e ,  M W ( e )  

Number of units i n  p l a n t  

Length of work week 

Contingency al lowance 

I n t e r e s t  rate 

E s c a l a t i o n  rates, % y e a r  

Equipment 

Labor 

Material 
Weighted average . 

P r o j e c t  d a t e s  

Year of estimate f o r  d i r e c t  
and d i r e c t  c o s t s  

pur chas e 
Year of steam suppy system 

Year of c o n s t r u c t i o n  permit  

Hypothet ical  Middle town s i t e  

1139 LWR 

1232 Coal with cross-compound t u r b i n e  
795 Coal wi th  tandem-compound t u r b i n e  

S i n g l e  u n i t  

40 hours  

10% of d i r e c t  and i n d i r e c t  c o s t s  

9.5% compound 

Coal - LWR 

6.9 7.0 

8.2 8.0 

- 

7.6 8.8 I *  

f 

7.3 7.5 
Coal LWR 

1980 1980 
- - 

1980 1984 

. /  $’ 1984 1986 e. I 

i s s u e  and start of cons t ruc t ion  

Year of f i r s t  commercial 1990 1990 
o p e r a t i o n  - -- 

lower  than  those  f o r  nuc lear  p l a n t s  because of t he  s h o r t e r  des ign  and 

c o n s t r u c t i o n  per iod.  
% 

The r e s u l t i n g  p l a n t  c o s t  estimates for LWR and coa l - f i r ed  p l a n t s  are 

g iven  i n  Table  5.2. 
counts :  l a n d  and land r i g h t s ,  s t r u c t u r e s  and improvements, r e a c t o r /  

b o i l e r  p l a n t  equipment, t u r b i n e  p l a n t  equipment, electric p l a n t  equip- 

ment, misce l laneous  p l a n t  equipment, and main hea t  r e j e c t i o n  system. 

account ing  system used i n  CONCEPT is pa t t e rned  a f t e r  t h e  Fede ra l  Power 

Commission (FPC) Uniform System of Accounts but  d i f f e r s  i n  s e v e r a l  sig- 

n i f i c a n t  r e s p e c t s .  

The d i r e c t  c o s t s  are presented  i n  seven  major ac- 

The 

‘In CONCEPT t h e  main steam pip ing ,  e x t r a c t i o n  steacn 
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Table 5.2 C a p i t a l  investment  cost estimates f o r  base p l a n t s  
f o r  commercial o p e r a t i o n  i n  January  1990 

11 39-MW( e )  7 95 -MW( e ) 1232-W( e) 
LWR Coal Coal 

Direct costs ( m i l l i o n s  of d o l l a r s )  Q 

Land and l a n d  r i g h t s  2 2 2 

Stuctures and improvements 136 55 68 
Reactor/ boiler p l a n t  q u i  pment 172 155 215 

Turbine  p l a n t  equipment 144 82 150 

Electric p l a n t  equipment 50 37 43 

Main h e a t  r e j e c t i o n  sys tem - 
Miscellaneous p l a n t  equipment 17 11 13 

18 

S u b t o t a l  ( d i r e c t  costs) 546 356 509 
- 14 - 25 

t -  

I n d i r e c t  costs (mi l l ions  of d o l 1 a r s ) Q  . . 
C o n e t r u c t i o n  s e r v i c e s  87 46 65 

Home o f f i c e  engineer ing  and s e r v i c e s  104 18 21 

F i e l d  o f f i c e  e n g i n e e r i n g  and s e r v i c e s  34 13 18 

Owner's costs 
S u b t o t a l  ( i n d i r e c t  costs) 

38 - 53 - 
115 - 278 - 

45 

149 
- 
- 

. ...., ..: . 
Direct and i n d i r e c t  costs 824 471 658 

66 - 47 - 82 Contingency al lowance - 
T o t a l  costs ( m i l l i o n s  of d o l l a r s )  - 

T o t a l  direct  and I n d i r e c t  costsa 906 518 724 

243 - 174 - Allowance f o r  e s c a l a t i o n  t o  NSSS/ 0 
b o i l e r  purchase d a t e  

NSSS/boiler purchase d a t e  

c o n s t r u c t i o n  

c o n s t r u c t  ion 

T o t a l  d i r e c t  and i n d i r e c t  costs a t  906a 692 967b 

Allowance f o r  e s c a l a t i o n  dur ing  477 178 251 

354 - 256 - 608 Allowance f o r  i n t e r e s t  d u r i n g  - 
P l a n t  c a p i t a l  investment  cost estimate 
a t  commercial o p e r a t i o n  

M i l l i o n s  of d o l l a r s  1991 1126 1572 

Dollars per k i l o w a t t  1748 1416 1276 

aIn January  1980 d o l l a r s .  
%n January  1984 d o l l a r s .  

. . .  . . .  . . . <  
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pip ing ,  feedwater  and condensate  p ip ing ,  feedwater  h e a t e r s ,  and feedwater  

pumps are inc luded  i n  t h e  t u r b i n e  p l a n t  equiment account. The FPC system 

of accounts  inc ludes  t h e  above i n  b o i l e r  o r  r e a c t o r  p l a n t  equipment ac- 

counts .  I n  a d d i t i o n ,  i n d i r e c t  c o s t s ,  %ontingency allowance, e s c a l a t i o n  

dur ing  cons t ruc t ion ,  and i n t e r e s t  du r ing  c o n s t r u c t i o n  are included i n  FPC 

electric p l a n t  accounts  as opposed t o  t h e  separate t rea tment  i n  CONCEPT. 

.- - 

I n d i r e c t  c o s t s  and a contingency allowance are added t o  t h e  d i r e c t  

cost  s u b t o t a l  t o  arr ive a t  a cost estimate expressed i n  dollars curr len t  

t o  t h e  estimate date. Steam supply  o r d e r  date c o s t s  f o r  coa l - f i r ed  

p l a n t s  i n c l u d e  e s c a l a t i o n  t o  January 1984 while  those  f o r  LWR p l a n t s  i n -  

c lude  e s c a l a t i o n  only t o  January 1980. The a d d i t i o n  of e s c a l a t i o n  and 

i n t e r e s t  du r ing  t h e  des ign  and c o n s t r u c t i o n  per iod y i e l d s  t h e  es t imated  

t o t a l  investment c o s t  a t  commercial ope ra t ion  i n  January 1990. 
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In  t h i s  p a r t  of t h e  s tudy ,  cap i ta l  investment c o s t s  f o r  LWR and 

coa l - f i r ed  p l a n t s  were e s t ima ted  as func t ions  of i n d i v i d u a l  parameters ,  

such as uni t  s i z e ,  s i t e  l a b o r  p roduc t iv i ty ,  s i t e  l a b o r  overtime, l ead .  

t i m e  f o r  des ign  and c o n s t r u c t i o n ,  e s c a l a t i o n  ( o r  i n f l a t i o n )  rates,  d a t e  

of  i n i t i a l  commercial ope ra t ion ,  i n t e r e s t  ra te  f o r  funds used during con; 

s t r u c t i o n ,  and p l a n t  l o c a t i o n .  As each parameter was v a r i e d ,  a l l  o t h e r  

parameters  were he ld  cons t an t  as s p e c i f i e d  i n  t h e  ground r u l e s  of Table  

5.1. I n  t h i s  manner t h e  s e n s i t i v i t y  of t o t a l  e s t ima ted  p l an t  c a p i t a l  

investment  c o s t s  t o  each parameter was developed. 

6.1 Unit  S i z e  

C a p i t a l  investment  c o s t s  e r e  .estimated f o r  u n i t  s i z e s  from 600 

4 .* 
- >  

through 1300 MW(e).  

6.1 i l l u s t r a t e  t h e  importance of t h e  c o s t  scaling e f f e c t  w i th  i n c r e a s i n g '  

u n i t  s i z e .  The d i s c o n t i n u i t y  i n  t h e  c o a l  curve is due t o  t h e  s h i f t  from 

tandem-compound t o  cross-compound t u r b i n e s  i n  the  900-1000 MW(e) ra'-e. 

A s  i l l u s t r a t e d  i n  Fig. 6.1, LWR p l a n t s  are  more compet i t ive  i n  t h e  l a r g e r  

s i z e  range. I n  t h e  1300-MW(e) s i z e ,  a n  LWR p l a n t  would c o s t  a lmost  $400/ 

kW(e) more than  a coa l - f i r ed  p l a n t ,  while i n  t h e  600-MW(e) s i z e ,  a n  LWR 

p l a n t  would c o s t  about $800/kW(e) more than  a coa l - f i r ed  p l a n t ;  

The u n i t  c a p i t a l  investment c o s t s  presented  i n  Fig.  

6.2 Cons t ruc t ion  Labor- 

Based on data a v a i l a b l e  i n  e a r l y  1978, i t  was es t imated  t h a t  con- 

s t r u c t i o n  of a s ing le -un i t  1139-MW(e) LWR p l a n t  would r e q u i r e  about  9.8 

manhours of c o n s t r u c t i o n  l a b o r  pe r  k i l o w a t t  of electrical  capac i ty .  

Cons t ruc t ion  of a s ing le -un i t  795-MW(e) coa l - f i r ed  p l a n t  would r e q u i r e  

about  8.2 manhours/kW(e) and a 1232-MW(e) coa l - f i r ed  p l a n t  about 7.3 

manhourd kW( e) . 
The e f f e c t i v e  p r o d u c t i v i t y  of c o n s t r u c t i o n  l a b o r  v a r i e s  s i g n i f i -  

c a n t l y  even wi th in  a local area depending on f a c t o r s  such as t h e  g e n e r a l  

. . . .  . . .  
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Fig. 6.1. Estimated power plant capital investment costs as  fa fiunction 
of unit s i z e  for 1990 operation. 
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econany, p r o j e c t  management, l a b o r  r e l a t i o n s ,  j o b  cond i t ions ,  a v a i l a b i l -  

i t y  of equipment and materials, and weather. The c o n s t r u c t i o n  l a b o r  

requirement was t r e a t e d  as a parameter ranging from 6 t o  15 manhours/ 

kW(e), assuming a 40-hour work week with no overtime pay. F igure  6 . 2  

shows es t imated  p l a n t  c o s t s  f o r  LWR and coa l - f i r ed  p l a n t s  as a f u n c t i o n  

of c o n s t r u c t i o n  l a b o r  requirements.  T o t a l  p l an t  c o s t s  i n c r e a s e  about  

2-3% f o r  each a d d i t i o n a l  mnhour  per  k i l o w a t t  of e lectr ical  capac i ty .  

6 .3  Overtime Work 

. In  some labor markets i t  is necessary t o  guarantee some overtime 
work t o  s e c u r e  the necessary  work force .  However, r o u t i n e  overt ime 

schedules  tend t o  decrease  worker e f f e c t i v e n e s s  and p roduc t fv i ty .  Ex- 

per ience  i n d i c a t e s  t h a t  overt ime work - i s  most e f f e c t i v e  when s u s t a i n e d  

f o r  s h o r t  per iods  and a t  r e l a t i v e l ;  f e w  hours beyond t h e  nominal 40-hour 

workweek. 

F igure  6 . 3  shows t y p i c a l  da ta ,  based p a r t l y  on Refs. 30-32,  f o r  t h e  

es t imated  r e l a t i v e  e f f i c i e n c y  and ne t  e f f e c t i v e  product ive  hours  f o r  rou- 

t i n e  overtime schedules  when sus t a ined  over  many weeks. As shown i n  t h e  

lower curve ,  exper ience  i n d i c a t e s  decreased e f f i c i e n c y  wi th  s u s t a i n e d  

overtime. The upper curve shows the  diminishing r e t u r n  of product ive  

hours  as t h e  r e g u l a r  workweek is extended t o  g r e a t e r  overtime. Th i s  

curve  shows very  l i t t l e  ne t  i nc rease  i n  output  beyond t h e  60-hour work- 
week. T h i s  decreased e f f i c i e n c y  and high premium pay rates f o r  over t ime 

work l e a d  t o  very high c o s t s  i f  t he  p r o j e c t  musf use r e g u l a r l y  scheduled 

overt ime t o  secu re  a n  adequate  l a b o r  force .  

- 

The s e n s i t i v i t y  of t o t a l  p l a n t  c o s t  t o  l e n g t h  of mrkweek,  us ing  t h e  

e f f i c i e n c y  t r e n d s  i n  Fig. 6 . 3  and double pay f o r  a l l  hours ove r  40 hours/  

week, is shown i n  Fig. 6 . 4 .  Tota l  p l a n t  c o s t s  i nc rease  about 0.8% f o r  

each  hour i n c r e a s e  i n  l e n g t h  of workweek. 

6 .4  Lead Time 

Figures  6.5 and 6.6 i l l u s t r a t e  t h e  s e n s i t i v i t y  of c a p i t a l  c o s t s ' t o  

l e n g t h  of des ign  and cons t ruc t ion  per iod under two sets of assumptions.  

:. ;.~. . . .  . 
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Fig. 6.2. Seneitivity of estimated power plant capital investment costs 
to construction labor requirements for 1990 operation. 
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I n  Fig. 6.5 t h e  y e a r  of steam supply purchase ( o r  s tar t  of p r o j e c t )  was 
he ld  f i x e d  while t h e  des ign  and c o n s t r u c t i o n  per iod was var ied .  A one- 

y e a r  change i n  design and c o n s t r u c t i o n  p e r i o d  l eng th  under these  condi- 

t i o n s  produces about 8% change i n  t h e  t o t a l  e s t ima ted  c o s t  of LWR and 

coa l - f i r ed  p l an t s .  The c o s t  changes are due t o  changes i n  c o s t  of esca- 

l a t i o n  and i n t e r e s t  dur ing  c o n s t r u c t i o n ,  both of which i n c r e a s e  as t h e  

des ign  and ‘ cons t ruc t ion  per iod is lengthened. 

I n  Fig. 6.6, t h e  year  of f i r s t  commercial ope ra t ion  is h e l d  f i x e d  

(1990) while  t h e  steam supply o r d e r  d a t e  (s tar t  of p r o j e c t )  and construc-  

t i o n  permi t  d a t e  are va r i ed .  Under these  cond i t ions  c o s t  is r e l a t i v e l y  

i n s e n s i t i v e  t o  l ead  t i m e .  The curves  of Fig.  6.6 would be h o r i z o n t a l  i f  

t h e  i n t e r e s t  rate and t h e  e s c a l a t i o n  rate were i d e n t i c a l .  The s l i g h t  

s l o p e ,  about  1% change i n  t o t a l  c o s t  f o r  each y e a r  change i n  des ign  and 

c o n s t r u c t i o n  per iod ,  r e s u l t s  from a? interest  rate of 9.5% which exceeds 

t h e  weighted average e s c a l a t i o n  rat& of s l i g h t l y  over  7%. 
. ,  

6.5 E s c a l a t i o n  

F igure  6.7 i l l u s t r a t e s  t h e  effect  of vary ing  t h e  o v e r a l l  e s c a l a t i o n  

rate dur ing  des ign  and c o n s t r u c t i o n  on t o t a l  es t imated  c a p i t a l  i nves t -  

ment c o s t s  a t  f i r s t  commercial ope ra t ion  i n  1990. The s e n s i t i v i t y  o f  

c o s t  t o  e s c a l a t i o n  rate is q u i t e  pronounced. S ince  t h e  c o a l - f i r e d  p l a n t  

c a s h  flow curve  is l a te r  i n  time r e l a t i v e  t o  t h e  LWR, c o a l  shows a h ighe r  

r e l a t i v e  e s c a l a t i o n  effect .  
- 

Figure  6.8 shows t h e  s e n s i t i v i t y  of es t imated  capi ta l  investment  

c o s t  as year  of f i r s t  commercial ope ra t ion  is advanced o r  delayed. The 

curve i n  Fig.  6.8 w a s  developed by vary ing  y e a r  of f i r s t  commercial oper- 

a t i o n  while  main ta in ing  a cons t an t  des ign  and c o n s t r u c t i o n  per iod  of t e n  

y e a r s  f o r  LWR p l a n t s  and six y e a r s  f o r  coa l - f i r ed  p lan ts .  S ince  t h e  

o v e r a l l  e s c a l a t i o n  rate used w a s  7.3%/year and 7.5%/year, r e s p e c t i v e l y  

f o r  LWR and coa l - f i r ed  p l a n t s ,  c o s t s  double i n  approximately a 10-year 

time period. 

. . . . .  . .  
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6.6; Interest During Construction 

Inves to r s  i n  a u t i l i t y  mus t  be compensated f o r  t h e  use of invest-  

ment c a p i t a l ,  both debt  and e q u i t y ,  dur ing  the  long per iod between t h e  

t ime funds f o r  c o n s t r u c t i o n  of t h e  u n i t  are spent  and t h e  t i m e  t h e  u n i t  

goes i n t o  opera t ion .  Allowance f o r  funds used dur ing  c o n s t r u c t i o n  

(AFUDC) i s  a charge made a g a i n s t  c o n s t r u c t i o n  work in progress  t o  com- 

pensa te  t h e s e  i n v e s t o r s .  During commercial ope ra t ion  t h e  u t i l i t y  w i l l  

r ecove r  from i t s  customers through d e p r e c i a t i o n  charges compensation f o r  

f i n a n c i n g  t h e  investment  made p r i o r  t o  ope ra t ion ,  The FPC Uniform Sys- 

tem of Accounts segregates AFUDC i n t o  two components, borrowed funds and 

, 

o t h e r  funds. CONCEPT u t i l i z e s  a s i n g l e  rate r e f e r r e d  t o  as  t h e  average  

annual  i n t e r e s t  rate dur ing  c o n s t r u c t i o n  and al lows t rea tment  as s imple 

o r  annua l ly  compounded i n t e r e s t .  
9 .  

The i n t e r e s t  rate s e l e c t e d  f o r  , h e  i n  t h i s  s tudy was 9.5 pe rcen t  

A s  shown i n  Table  5.2 es t imated  i n t e r e s t  dur ing  per  year compounded. 

c o n s t r u c t i o n ,  o r  AFUDC, amounts t o  about $600 m i l l i o n  f o r  t h e  1139-MW(e) 

LWR p lan t  and about one-half t h a t  amount f o r  t h e  coa l - f i r ed  p l a n t s .  The 

smaller amount f o r  t h e  coa l - f i red  p l a n t s  is due t o  lower d i r e c t  and ind i -  

rect c o s t s  and s h o r t e r  des ign  and c o n s t r u c t i o n  per iod.  

F igure  6.9 shows t h e  s e n s i t i v i t y  of  cap i ta l  investment coscs Lo 

change i n  t h e  i n t e r e s t  rate. LWR and coa l - f i r ed  p l an t  c o s t s  are esti- 

mated t o  change about 4% and 3%, r e s p e c t i v e l y ,  for each one percentage  

po in t  change i n  in te res t  rate. Coal - f i red  p l a n t  c o s t s  are less s e n s i -  

t i v e  t o  changes i n  interest  rates than LWR p l a n t  c o s t s  because of t h e  

s h o r t e r  des ign  and c o n s t r u c t i o n  per iod.  

- 

6.7 Regional Var i a t ions  

The CONCEPT code has  access t o  cost- index d a t a  f i l e s  f o r  20 major 

l o c a t i o n s  i n  t h e  United S t a t e s  and two i n  Canada. The United S t a t e s  d a t a  

were used t o  develop c a p i t a l  investment c o s t  estimates f o r  power p l a n t s  

as a f u n c t i o n  of l o c a t i o n  f o r  January 1990 canmercial ope ra t ion ,  and t h e  
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r e s u l t s  a r e  presented  i n  Table  6.2. The v a r i a t i o n s  i n  c o s t s  with loca- 

t i o n  are due e n t i r e l y  t o  d i f f e r e n c e s  i n  s i t e  l a b o r  wage rates and esti-  

mated c o s t s  of s i t e  m a t e r i a l s  such as s t r u c t u r a l  steel, r e i n f o r c i n g  

steel ,  c o n c r e t e ,  and lumber. The manufactured equipment c o s t  d a t a  are 

t h e  same f o r  a l l  cities. T r a n s p o r t a t i o n  c o s t s  for major equipment, p l a n t  

des ign  f e a t u r e s  f o r  t h e  v a r i o u s  g e o l o g i c a l  and climatic c o n d i t i o n s ,  and 

l a b o r  p r o d u c t i v i t y  d i f f e r e n c e s  from one a r e a  t o  ano the r  were not con- 

s ide red .  

i n  t h e  contex t  of t o t a l  p l a n t  c o s t s ,  bu t  p l a n t  des ign  f e a t u r e s  f o r  o t h e r  

g e o l o g i c a l  and climatic c o n d i t i o n s  and l a b o r  p r o d u c t i v i t y  d i f f e r e n c e s  can 

have major e f f e c t s  on c o n s t r u c t i o n  cos t s .  

lowest  i n  t h e  southern  l o c a t i o n s  (Birmingham, Dallas, New Orleans)  and 

, 

Transpor t a t ion  c o s t s  f o r  major equipment are r e l a t i v e l y  small 

The costs In Table 6.2 are 

: .. 

Table’6.2 Regional v a k t i o n s  i n  power p l a n t  ’ 

capital i n v e s t  ment c o s t  estimates 
for 1990 commercial o p e r a t i o n  

Locat i o n  
1139-MW( e) 795-W e )  1232-MW( e )  

LWR Coal Coal 

A t l a n t a  
Bal t imore 
Birmingham 
Boston 
Chicago 
C i  n c i  nnat  i 
Cleveland 
D a l l a s  
De nve r 
D e t r o i t  
Kansas C i t y  
Los Angeles 
Minneapolis 
New Orleans 
New York 
P h i l a d e l p h i a  
P i t t s b u r g h  

’ St.  Louis  
San F ranc i sco  
S e a t t l e  
U.S. average  
Middle t own 

1620 
1700 
1590 
1750 
1730 
1760 
1730 
1580 
1660 
1790 
1710 
1730 
1620 
1570 
1770 
1730 
1700 
1690 
1760 
1750 
1700 
1750 

1290 
1350 
1290 
1390 
1410 
1420 
1410 , 

1280 
1310 
1450 
1360 
1440 
1320 
1240 
1460 
1410 
1380 
1380 
1430 
1400 
1370 
1420 

- 

1170 
1220 
1150 
1250 
1270 
1280 
1270 
1160 
1190 
1310 
1230 
1290 
1190 
1120 
1310 
1270 
1240 
1250 
1290 
1270 
1240 
1280 
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h i g h e s t  i n  t h e  no r the rn  and eastern i n d u s t r i a l i z e d  a r e a s  ( D e t r o i t ,  New 

York, C i n c i n n a t i )  and o n , t h e  West Coast (Los Angeles, San Franc isco ,  

S e a t t l e )  . 5 :  1 

Figures  6.10 and 6.11 show es t imated  power p l a n t  capital  investment  

c o s t s  as a f u n c t i o n  of u n i t  s i z e ,  i n i t i a l  commercial ope ra t ion  date, and 

l o c a t i o n .  

t i o n ,  t h e  i n d i c a t e d  range of c o s t s  r e s u l t s  from l o c a t i o n a l  v a r i a t i o n s  i n  

s i t e - r e l a t e d  materials and l a b o r  c o s t s  from t h e  extremes of N e w  Or leans  

( lowes t )  t o  D e t r o i t  (h ighes t ) .  

For a g iven  u n i t  s i z e  and year  of i n i t i a l  commercial opera- 

? 

. I . -  , . i-. . . -, . _  . . .. 

,,. . . . . , . '  



56 

ORNL-DWG 80-424.9 ETD 

-I 

1 I 

I 600 ?OO 600 9OC lC3f l  1 l i ; i  1200 1300 If00 
UNIT SIZELFIW(e) 

Fig .  6.10. LWR power plant capital investment cost estimates as a 
function of unit size, initial commercial operation data, and location. 
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Fig. 6.11. Coal-fired power plant capital investment cost estimates 
as  a function of unit s ize ,  i n i t i a l  conrmercial operation date, and location. 

. . . .; . . .  . ,  . I .  



58 

7. REFERENCES 

1. U.S. Atomic Energy Commission, Current Status and Future Technicat 
and Economic Potential of L i g h t  Water Reactors, WASH-1082, March 
1968 . 
U.S. A t o m i c  Energy Commission, Trends i n  the Cost of Light Water 
Reactor Pmer Plants for Vt i t i t i es ,  WASH-1 150, May 1970. 

NUS Corporat ion,  Guide for E c o d c  Evaluations of NucZear h’eactor 
Plant Desiqm, NUS-531, January  1969. 

United Engineers  & Cons t ruc to r s  Inc. ,  2000 W e  Central Station 
Parer Ptant Investment Cost St*, Pressu&ed Water Reactor) 
Plant, WASH-1230 (Vol. I), June  1972. 

United Engineers  6 Cons t ruc to r s  Inc. ,  1000 W e  Centrat Station 
M e r  Plant Investmnt Cost Study, Boiling Water Reactor Plant, 
WASH-1230 (Vol. 11), June  19 2.. 

6. United Engineers  6 Const ruc tors  Inc . ,  1000 W e  Central Station 

2. 

3. 

4. 

5.  

r 7 -  
m e r  Ptcrnt Investment Cost Study, CoaEPired Fossil Plant, Wol. 
1111, June  1972. 

7. United Engineers  & Const ruc tors  Inc . ,  1000 W e  Centrat Station 
Power Ptant Investment Cost Study, O i t - F i r e d  F 0 8 8 i t  Ptant, 
WASH-1230 (Vol. I V ) ,  June  1972. 

8. U.S. Atomic Energy Cornmission, Power Ptant Capitat Cost8 - 
Current Trend8 and Sens i t i d t y  t o  Economic Pammetem, WASH-1345, 
October 1974. 

9. United Engineers  6 Const ruc tors  Inc. , Commrcial’EZectric Pmer 
Cost Studies - Capitat Cost: 
NUREG-0241 (COO-2477-51, June  1977. 

United Engineers  6 Cons t ruc to r s  Inc.  , Comrcial  Electric Pmjer 
Cost Studies - Capital Cost: 
NUREG-0242 (COO-2477-61, June 1977. 

Pressurized Uater Reactor Ptant, 

10. 
Boiling Water Reactor Plant, 

11. United Engineers  d Cons t ruc to r s  Inc.  , Commercia2 Etectric Power 
Cost Studies - Capital Cost: - 1200 W e ,  NUREG-0243 (COO-2477-7). 

United Engineers  6r Cons t ruc to r s  Inc. , Commrciat Electric Pmer ,j. 
Cost Studies - Capital Cost: *I - 800 We ,  NUREG-0244 ( COO-2477-8) . 

High and Low SuZfur Coat Plants 

12. 
Lou and High Sulfur Coat Plants 

13. United Engineers  & Const ruc tors  Inc . ,  Commercia2 Etectric ,Power 
Cost Studies - Capital Cost Addendum 
Nuc Zear Stations, NUREG-0245 (COO-2477-9). 

htti-lhzit Coal and 

** ’  



59  

. .  . . . . . (. , . . . . .  .. .L.*;:: 

14. United Engineers  6 Cons t ruc to r s  Inc.  , Commrcial Electric Power 
Cost Studies - Fuel Supp ly  Investment Cost: 
NUREG-0246 (COO-247!7-10), Apr i l  1979. 

United Engineers  & Const ruc tors  Inc . ,  Commrcial Electric Power 
Co6t Studies - Cooling Systems Addendum 
Generating Co6t Studies, NUREG-0247 (COO-2477-1 l ) ,  September 1978. 

Coal and Nuclear, 
I i  

15. 
Capital and Total 

16. United Engineers  & Cons t ruc to r s  Inc . ,  Commrcial Electric Pmer 
Cost Studies - Total Generating Costs: 
Plants, NUREG-0248 (COO-2477-1 2) ,  February 1979. 

Coal and Nuclear 

17. United Engineers  & Cons t ruc to r s  Inc:, Commrcial Electric Pmer 
Cost Studies - Capital Cost Pressurzzed Heavy Water Reactor 
Plant, COO-2477-13, J u n e  1977. 

18. United Engineers  & Const ruc tors  Inc . ,  Capitat Cost.' &l8 Cooled 
Fast Reactor Plant, COO-2477-16, September 1977. 

19. U.S. Atomic Energy Commission, COEEPT, A Computer Code fo r  COW 
ceptual Cost E 6 t h t e 6  of Stetnh-Eiectrric Pmer Plant8 - Status 
Report, WASH-1 180, Apr i l  1971. 

20. R. C. De loz ie r ,  L. D. Reynolds, and H. I. Bowers, COhCEPT- 
Computerized Conceptual Cost E s t h t e s  fo r  Steam-Electric Pmer 
Plants - Phase I User's Manual, OWLJTM-3276, October  1971 

21. H. I. Bowers e t  al., COEEPT - Computerized Conceptual C 0 6 t  Es-  
t h t e s  f o r  Stem-Electric Pmer Plants - Phase II User's Man- 
ual, OWL-4809, A p r i l  1973. 

22. U.S. Energy Research and Development Adminis t ra t ion ,  COEEPT - 
A Computer Code f o r  Conceptual Cost E6tim~te6 of SteamEZectric 
Power Plants - Phase IV User's Manual, ERDA-108, J u n e  1975. 

23. C. R. Hudson, User's Instruction f o r  Preliminaqi Version of the 
COiKXPT-5 Computer Code, ORNLJTM-6230, February 1978. 

24. C. R. Hudson 11, CONCEPT-5 User's Manual, OWL-5470, January  1979. 

25. U.S. Department of Labor, Bureau of Labor S t a t i s t i c s ,  Monthly 
k b o r  Review, publ i shed  monthly. 

26. U.S. Department of Labor, Bureau of Labor S t a t i s t i c s ,  Employment 
and Earnings, published monthly. 

27. U.S. Department of Labor, Bureau of Labor S t a t i s t i c s ,  PPOhCer 
Prices and Price Indices, Washington, D.C.,  publ i shed  monthly. 



60 

28. U.S. Department of Labor,  Bureau of Labor S t a t i s t i c s ,  Nat$onul 
Supvey of Prof essiona2, Adminstmtive, Technicat and CZel.icctt Pay, 
Washington, D.C., publ i shed  annual ly .  

29. Eng<neekng News-Record, McGraw-Hill, New York, publ i shed  weekly. 

30. C. G. Lindeman and R. E. Hope, "Reducing Cons t ruc t ion  Cos ts , , "  pp. 
292-303 i n  1868 Transactions of the American Society of Cost 
lhg<neerS, American S o c i e t y  of Cost  Engineers ,  1969. 

31. N. D. Jacobs, "SACCS: New Con t ro l  Tool f o r  Power P l a n t  Conrrtruc- 
t i o n  Scheduling and Cos ts ,  " Heat Eng<nee?-hg, Fos terWheelei :  
Corporat ion,  November-December 1969, pp. 66-73. 

32. A. B. Lorenzoni,  "P roduc t iv i ty  - Everybody's Business", Cost 
Engineering,  Vol. 21, No. 5, S e p t e m b e H c t o b - -  '979, pp. 
18 9-1 92 . 

0 U S  WERWMLNT PRINTING OFFICE ISW-310-912/1032 




