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ABSTRACT 

To make comparat ive assessments  of competing t e c h n o l o g i e s ,  
c o n s i s t e n t  ground r u l e s  must be a p p l i e d  when developing c o s t  es- 
timates. This  document provides  a uniform set of assumptions,  
ground r u l e s ,  and requi rements  t h a t  can be used i n  developing 
c o s t  estimates f o r  advanced n u c l e a r  power technologies .  

1 INTRODUCTION 

S e v e r a l  advanced power p l a n t  concepts  are c u r r e n t l y  under develop- 

ment. One measure of t h e  a t t r a c t i - i e n e s s  of a new concept is  i t s  c o s t .  

I n v a r i a b l y ,  t h e  c o s t  of a new type of power p l a n t  w i l l  be compared w i t h  

o t h e r  a l t e r n a t i v e  forms of e lectr ical  g e n e r a t i o n .  This  r e p o r t  p rovides  a 

common s t a r t i n g  p o i n t ,  whereby t h e  c o s t  estimates f o r  t h e  v a r i o u s  power 

p l a n t s  t o  be cons idered  are develoDed with common assumptions and ground 

r u l e s .  Comparisons can then  be made on a c o n s i s t e n t  b a s i s .  

T h i s  r e p o r t  is designed t o  provide  a framework f o r  t h e  p r e p a r a t i o n  

and r e p o r t i n g  of c o s t s .  The c o s t  e s t i m a t e s  w i l l  c o n s i s t  o f  t h e  o v e r n i g h t  

c o n s t r u c t i o n  c o s t ,  t h e  t o t a l  p l a n t  c a p i t a l  c o s t ,  and t h e  product ion  o r  

busbar  g e n e r a t i o n  c o s t .  While provid ing  a g e n e r i c  set of assumptions and 

ground r u l e s ,  t h i s  document does not  provide s p e c i f i c  s c e n a r i o s  and re- 

p o r t i n g  requi rements .  Thus, t h e s e  g u i d e l i n e s  may be used i n  a v a r i e t y  o€ 

s t u d i e s  when supplemented wi th  s p e c i f i c  s c e n a r i o  d a t a .  

C a p i t a l  c o s t s  i n  t h i s  r e p o r t  w i l l  be developed using t h e  U.S. Depart- 

ment of Energy (DOE) Energy Economic Data Base (EEDB) Program Code of Ac- 

counts  t h a t  has evolved from t h e  NUS Corporat ion Code of Accounts through 

m o d i f i c a t i o n  and expansion over  a 15-year per iod .  The u t i l i z a t i o n  of t h e  

EEDB Code of Accounts w i l l  a l l o w  f o r  comparisons between t h e  advanced con- 

c e p t  c o s t  estimate and c o s t s  of o t h e r  p l a n t s  r e p o r t e d  i n  t h e  EEDB format .  

The l e v e l i z e d  busbar g e n e r a t i o n  c o s t s  w i l l  be developed using t h e  method- 

ology p r e s e n t e d  i n  t h e  U.S. DOE Nuclear Energy Cost Data Basel (NECDB). 
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These ground r u l e s  w i l l  be updated as necessary  t o  provide and main- 

t a i n  a comon and c o n s i s t e n t  c o s t  basis .  t h a t  is compatible  wi th  t h e  EEDB 

Program. The WE O f f i c e  of Nuclear Energy (NE) is r e s p o n s i b l e  f o r  ap- 

proving changes t o  t h i s  document. Requested changes should be made i n  

w r i t i n g  t o  Department of Energy A s s i s t a n t  S e c r e t a r y  f o r  Nuclear Energy, 

O f f i c e  of Planning and Analys is ,  Washington, D.C. 20545. 

The fo l lowlng  d e f i n i t i o n  o f  terms w i l l  provide t h e  background neces- 

s a r y  f a r  unders tanding  and i n t e r p r e t i n g  t h e  p r e s e n t  g u i d e l i n e s .  

Lead p l a n t  costs. Lead p l a n t  c o s t s  i n c l u d e  a l l  c o s t s  from con- 

c e p t u a l  des ign  o€ a concept t o  t h e  f i r s t  commercial e l e c t r i c i t y - p r o d u c i n g  

power p l a n t  of that type.  Lead p l a n t  c o s t s  are t o  be subdivided i n t o  

t h r e e  c a t e g o r i e s :  developmental  c o s t s ,  p ro to type  f a c i l i t l e s ,  and f i r s t  

commercial power p l a n t .  Developmental c o s t s  inc lude  a d d i t i o n a l  r e s e a r c h  

and development (R&D) , e n g i n e e r i n g ,  and des ign  a f t e r  conceptua l  develop- 

ment. P r o t o t y p e  f a c i l i t i e s  inc lude  any t e s t  systems o r  f a c i l i t y  t h a t  may 

be proposed, planned,  o r  requi red  p r i o r  t o  t h e  f i r s t  commercial power 

p l a n t  O E  t h a t  type.  The f i r s t  commercial power p l a n t  is the  f i r s t  p l a n t  

of t h a t  type t h a t  is s o l d  t o  an e n t i t y  f o r  t h e  purpose of commercial 

p roduct ion  of e lec t r ic  energy. The lead  p l a n t  c o s t s  inc lude  a l l  

e n g i n e e r i n g ,  equipment, c o n s t r u c t i o n ,  l i c e n s i n g ,  t e s t s ,  t o o l i n g ,  p r o j e c t  

management, and o t h e r  c o s t s  unique t o  the l e a d  p l a n t ,  which w i l l  not be 

i n c u r r e d  f o r  subsequent p l a n t s  of t h e  i d e n t i c a l  des ign .  

R e p l i c a  p l a n t  c o s t s .  The replica p l a n t  is t h e  second commercial 

p l a n t  of ident ica l .  des ign  t o  t h e  l e a d  p l a n t .  R e p l i c a  p l a n t  c o s t s  exclude 

f i rs t -of-a-kind e n g i n e e r i n g ,  management, equipment, and c o n s t r u c t i o n  

c o s t s  t h a t  are i n c u r r e d  with t h e  l e a d  p l a n t .  The r e p l i c a  p l a n t  does in- 

c l u d e  a l l  e n g i n e e r i n g ,  equipment, construct i .on t e s t i n g  , t o o l i n g ,  p r o j e c t  

management, and any o t h e r  c o s t s  that are r e p e t i t i v e  i n  n a t u r e  and would 

be i n c u r r e d  i n  b u i i d i n g  subsequent p l a n t s  of the i d e n t i c a l  des ign .  

Target  p l a n t  c o s t s .  The t a r g e t  p l a n t  is t h e  nth-of-a-kind ( N O M )  o r  

e q u i l i b r i u m  commercial p l a n t  of i d e n t i c a l  des ign  t o  t h e  l e a d  p l a n t .  Tar -  

g e t  p l a n t  c o s t s  i n c l u d e  a l l  e n g i n e e r i n g ,  equipment, c o n s t r u c t i o n ,  test- 

i n g ,  t o o l i n g  s p r o j e c t  management, and any o t h e r  c o s t s  t h a t  are r e p e t i t i v e  

i n  n a t u r e  and would be i n c u r r e d  i f  an i d e n t i c a l .  p l a n t  were b u i l t .  The 
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t a r g e t  p l a n t  a l s o  r e f l e c t s  t h e  Eactory exper ience  of p r i o r  p l a n t s  l e a d i n g  

t o  t h e  target p l a n t .  

Base c o n s t r u c t i o n  c o s t .  The base c o n s t r u c t i o n  c o s t  is t h e  overn ight  

p l a n t  c a p i t a l  c o s t  €or  t h e  d i r e c t  and i n d i r e c t  c o s t s  only.  T h i s  cost is 

lower than t h e  t o t a l  c a p i t a l  c o s t  because c o s t  components such as cont tn-  

gency, i n t e r e s t ,  and e s c a l a t i o n  a r e  I_ NOT included.  The s p e c i f i c  c o s t  

i t e m s  omit ted are l i s t e d  i n  Table 2.1. 

The d i r e c t  c o s t s  are those  c o s t s  d i r e c t l y  a s s o c i a t e d  on an item-by- 

i t e m  b a s i s  wi th  t h e  equipment and s t r u c t u r e s  t h a t  comprise t h e  complete 

power p l a n t .  The i n d i r e c t  c o s t s  are expenses f o r  s e r v i c e s  a p p l i c a b l e  t o  

a l l  p o r t i o n s  o f  t h e  p h y s i c a l  p l a n t ,  such as A r c h i t e c t  Engineer (AE) home 

o f f  ice e n g i n e e r i n g  and d e s i g n ,  AE f i e l d  o f f  ice engineer ing  and s e r v i c e s  

and t a x e s .  Reactor  manufacturer  (IiM) home o f f i c e  e n g i n e e r i n g  and ser- 

vices are a l s o  inc luded  i n  a s e p a r a t e  account (except  as noted i n  Sect. 

2.3). 
T o t a l  c a p i t a l  c o s t .  The t o t a l  cap i ta l  c o s t  is an a l l  i n c l u s i v e  

p l a n t  c a p i t a l  c o s t  developed f o r  t h e  purpose of c a l c u l a t i n g  t h e  p l a n t  

busbar  e l e c t r i c i t y  c o s t .  This  c o s t  is t h e  base c o n s t r u c t i o n  cos t  p lus  

cont ingency ,  e s c a l a t i o n ,  and i n t e r e s t - r e l a t e d  c o s t s .  

Nominal c o s t  of money. The nominal c o s t  of money is  t h e  percentage 

r a t e  used i n  c a l c u l a t i o n s  i n v o l v i n g  t h e  t i m e  va lue  o f  money c o n t a i n i n g  an  

i n f l a t i o n  component. It e x p l i c i t l y  provides  f o r  p a r t  of the r e t u r n  on an 

investment  t o  be s o l e l y  f o r  t h e  purpose of keeping up wi th  i n f l a t i o n .  

R e a l  c o s t  of money. The real c o s t  of money is t h e  percentage  rate 

used i n  c a l c u l a t i o n s  i n v o l v i n g  t h e  t i m e  v a l u e  of money when no i n f l a t i o n  

component is t o  be inc luded .  C a l c u l a t i o n s  us ing  t h e  real c o s t  of money 

assume that t h e  d o l l a r  m a i n t a i n s  a cons tanr  va lue  i n  terms of purchas ing  

power, and, t h u s ,  no r e t u r n  on an investment  is needed f o r  i n f l a t i o n .  

Constant  d o l l a r s .  Constant  d o l l a r  c o s t  is d e f i n e d  as t h e  c o s t  f o r  

a n  i t e m  measured i n  d o l l a r s  t h a t  have a g e n e r a l  purchasing power as of 

some r e f e r e n c e  date. As i n f l a t i o n  is g e n e r a l l y  a s s o c i a t e d  wi th  t h e  ero- 

s i o n  of  t h e  g e n e r a l  purchasing power of t h e  d o l l a r ,  c o n s t a n t  d o l l a r  

a n a l y s i s  i s  s a i d  t o  exclude i n f l a t i o n .  

Materials. B a s i c a l l y ,  materials i n c l u d e  f ie ld-purchased ( s i t e  mate- 

r i a l )  and/or  bulk items such as lumber, r e i n f o r c i n g  c o n c r e t e ,  s t r u c t u r a l  



s t e e l ,  and plumbing i t e m s .  A l l  p ip ing ,  less than  2 1/2-in. nominal p ipe  

s i z e ,  is a materials i t e m  wi th  t h e  excep t ion  of p ipe  f o r  c ryogen ic  

f l u i d s ,  which is an equipment i t e m .  Also a l l  wire and c a b l e  and raceways 

are material items, inc lud ing  those  i n  b u i l d i n g  s e r v i c e  power systems. 

Equipment. Gene ra l ly ,  equipment i n c l u d e s  a l l  manufactured i t e m s  

o rdered  by ICM o r  AE. Such items may be procured on a des ign  and b u i l d  

c o n t r a c t  from q u a l i f i e d  vendors ,  wherein des ign  r e s p o n s i b i l i t y  belongs t o  

the se l le r  (vendor)  o r  i s  maintained by t h e  buyer (KM o r  AE9 on a "bui ld-  

t o -p r in t "  b a s i s .  A l l  p ip ing  greater than 2 1/2-in.  and l a r g e r  nominal 

p ipe  s i z e  i s  a n  equipment i t e m  wi th  the  excep t ion  of ga lvanized  p ipe ;  

s torm,  r o o f ,  and f l o o r  dra inage ;  and s a n i t a r y  p ip ing ,  which are s i t e  

material. 

Force account .  Force account i nvo lves  the  d i r e c t  h i r i n g  and super-  

v i s i o n  of c ra f t smen t o  perfonn a c o n s t r u c t i o n  a c t i v i t y  by a prime con- 

t r a c t o r  as opposed t o  the prime c o n t r a c t o r  h i r i n g  a subcon t rac to r  LO per- 

form t h e s e  func t ions .  

Module. A module is a s i n g l e  r e a c t o r  and nuclear steam supply  sys- 

t e m  (NSSS) a b l e  t o  g e n e r a t e  thermal  h e a t  as an i n t e g r a l  f r a c t i o n  of a 

b u i l d i n g  b lock  of power product ion .  

Bu i ld ing  b lock .  A b u i l d i n g  b lock  is a combination of one o r  more 

modules and a s s o c i a t e d  e l ec t r i ca l  g e n e r a t i o n  equipment and s t r u c t u r e s  

t h a t  r e p r e s c n t  the smallest u n i t  f o r  e lectr ical  gene ra t ion .  Bui ld ing  

blocks may be d u p l i c a t e d  f o r  c a p a c i t y  expansion.  

Common p l a n t  f a c i l i t i e s .  Corninon p l a n t  f a c i l i t i e s  are those  systems,  

s t r u c t u r e s ,  and components t h a t  are r equ i r ed  t o  suppor t  t he  o p e r a t i o n  of 

a f i r s t  b u i l d i n g  b lock  a t  a new p l a n t  s i t e  and inc lude  such f ac i l i t i e s  as 

a d m i n i s t r a t i o n  b u i l d i n g ,  p r o v i s i o n s  f o r  r e f u e l i n g ,  g e n e r a l  warehouse,  

water supply ,  g e n e r a l  f i r e  systems,  e t c .  These common p l a n t  f a c i l i t i e s  

may be s i z e d  s u f f i c i e n t l y  so as t o  be shared  by o t h e r  b u i l d i n g  b locks  

added subsequent ly .  

Single-block p l a n t ,  A stand-alone power p l a n t  c o n s i s t i n g  of a s in-  

g l e  b u i l d i n g  b lock  and a l l  necessary  common plant- f a c i l i t i e s  i s  r e f e r r e d  

t o  a s ingle-b lock  p l a n t .  

Large modular p l a n t .  A power p l a n t  c o n s i s t i n g  o f  m u l t i p l e  b u i l d i n g  

b locks  is r e f e r r e d  t o  as a l a r g e  modular p l a n t .  
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Large mono l i th i c  p l an t .  A l a r g e  mono l i th i c  p l a n t  is de f ined  as a 

power p l a n t  c o n s i s t i n g  o f  a single,  l a r g e  NSSS having a power ou tpu t  a t  

least two and p o s s i b l y  fou r  times a s  large as a t y p i c a l  modular b u i l d i n g  

b lock .  In some i n s t a n c e s ,  a p l a n t  of this s i z e  is r e f e r r e d  t o  as an in- 

tegrated p l a n t .  



2. OVERNIGHT CAPITAL COST GROUND RULES 

2.1 General Ground Rules 

'This s e c t i o n  d e s c r i b e s  t h e  ground rules t o  be followed i n  developing 

t h e  overn ight  c a p i t a l  c o s t  f o r  t h e  advanced concepts .  

1. The U.S. DOE EEDB Program Code of Accounts w i l l  be t h e  s t r u c t u r e  used 

f o r  cost estimates and c o s t  accumulation. The EEDB Code of Accounts 

i s  an e v o l u t i o n a r y  expansion and m o d i f i c a t i o n  of t h e  NUS-531 Code of 

Accounts. Sample EEDB Code of Accounts f o r  t h e  l iqu id-meta l  r e a c t o r  

(LMR) and t h e  high-temperature gas-cooled r e a c t o r  (HTGR) are given i n  

Appendices A and B, r e s p e c t l v e l y .  

2 .  Deta i led  c o s t  estimates dl1 be r e p o r t e d  i n  c o n s t a n t  January  1 dol-  

lars  f o r  t h e  year  s p e c i f i e d  by DOE-NE. Current  s t u d i e s  should be re- 

porhed i n  c o n s t a n t  January  1, 1986, d o l l a r s .  

3 .  The c o s t  estimates w i l l  r e f lec t  t h e  p l a n t  requirements  and des ign  as 

d e t a i l e d  i n  t h e  Design Requirements, System Design D e s c r l p t i o n s  

( SDDS) and o t h e r  formal des ign  documentation. Individual system 

boundaries  w i l l  be as def ined  i n  t h e  SDDs. 

4 .  The base c o n s t r u c t i o n  c o s t  e s t i m a t e s  w i l l  be developed so  t h a t  i t  i s  

t h e  expected c o s t  fo r  a p a r t i c u l a r  EEDB cost e n t r y  without  i n t e r e s t  

(AFU[)@), e s c a l a t i o n ,  o r  cont ingency al lowance as def ined  i n  Sect .  3 .  

5 .  Assumed use of any government-owned o r  -operated f a c i l i t y  s h a l l  be 

cos ted  at f u l l  c o s t  recovery ,  i n c l u d i n g  a l l  d i r e c t  c o s t s ,  a l l o c a b l e  

i n d i r e c t  costs, d e p r e c i a t i o n ,  and any o t h e r  r e l a t e d  g e n e r a l  and ad- 

m i n i s t r a t i v e  c o s t s .  I n q u i r i e s  regard ing  p r i c e s  and charges  t o  be 

assumed f o r  speci t - ic  materials and s e r v i c e s  s h a l l  be made t o  t h e  

DOE-NE . 
6 .  All c o n s t r u c t i o n  and i n s t a l l a t i o n  c o s t s  may reflect a s e p a r a t e d  con- 

s t ruc t - ion  concept whereby n u c l e a r  s a f e t y  grade and S e i s m i c  Category I 

c o n s t r u c t i o n  are s e p a r a t e d  f rom convent iona l  (non-nuclear) cons t rue-  

t i o n .  A l l  c o s t s  of equipment, materials, s t o r a g e ,  q u a l i t y  a s s u r a n c e  

( Q / A ) ,  q u a l i t y  c o n t r o l  ( Q / C ) ,  and l a b o r  p r o d u c t i v i t y  f o r  the non- 

n u c l e a r  areas will.  ref lect  convent iona l  commercial p r a c t i c e  e The 
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p o r t i o n s  or f r a c t i o n s  of t h e  p l a n t  c o n s t r u c t e d  under each  c o n t r u c t i o n  

g rade  shall he documented. 

7 .  A s  an a i d  i n  e s t a b l i s h i n g  system-to-system boundar ies  f o r  c o s t i n g  

purposes ,  t h e  fo l lowing  g e n e r a l  g u i d e l i n e s  are set f o r t h :  

a. The c o s t  estimate f o r  a system, equipment, f a c i l i t y ,  o r  s t r u c t u r e  

s h a l l  i n c l u d e  those  c o s t s  a s s o c i a t e d  w i t h  deve loping ,  i n s t a l l i n g ,  

and c o n s t r u c t i n g  the p a r t i c u l a r  i t e m  desc r ibed  i n  t h e  SDDs. 

b. For c o s t i n g  purposes ,  t h e  boundar ies  of a sys t em,  f a c i l i t y ,  o r  

s t r u c t u r e  are as def ined  i n  t h e  SDDs and i n  t h e  p ip ing  and in- 

s t r u m e n t a t i o n  diagrams (P6IDs). 

c. The c o s t  f o r  al l  electrical power t e r m i n a t i o n s ,  i n c l u d i n g  con- 

n e c t o r s ,  shal l  be borne by t h e  e lectr lcal  power system. For  t h e  

trace h e a t i n g  sys tem,  t h e  i n t e r f a c e  wlth the  e l e c t r i c a l  power 

system is  t h e  i n d i v i d u a l  h e a t e r  c o n t r o l l e r s .  For b u i l d i n g  ser- 

v i c e  power and l i g h t i n g  s y s t e m s ,  t h e  i n t e r f a c e  wi th  the  elec- 

t r i c a l  power system is t h e  i n d i v i d u a l  power l i g h t i n g  panel .  

d. The expense f o r  t e rmina t ing  i n s t r u m e n t a t i o n  and c o n t r o l  c a b l i n g  

and wi r ing  s h a l l  a lso be inc luded  i n  t h e  e lectr ical  power system. 

Th i s  i n c l u d e s  t e r m i n a t i o n s  wi th  i n d i v i d u a l  s e n s o r s  as w e l l  as 

p rov id ing  e l e c t r i c a l  i n t e r c o n n e c t i o n s  between p a n e l s ,  c a b i n e t s ,  

c o n s o l e s ,  d a t a  p rocess ing  u n i t s ,  c o n t r o l l e r s ,  etc. 

e. Cos t s  f o r  r o u t i n g  and l a y i n g  o r  p u l l i n g  w i r e  and c a b l e  i n  d u c t s ,  

c o n d u i t s ,  and t r a y s  s h a l l  be inc luded  in t h e  e l e c t r i c a l  power 

system. 

f .  The c o s t s  f o r  a t t achmen t s  t o  s t r u c t u r e s  (e.g., anchor b o l t s  and 

a u x i l i a r y  s t e e l )  shal l  be borne by t h e  equipment i t em r e q u i r i n g  

t h e  suppor t .  Embedments are inc luded  i n  the  c o s t s  of s t r u c t u r e s .  

8. I f  t h e  NOAK p l a n t  u t i l i z e s  a d e d i c a t e d  f a c t o r y  f o r  producing con- 

s t r u c t i o n  modules f o r  t h e  NSSS and balance  of p l a n t  (BOP),  t h e  bases 

Eor s i t e - d e l i v e r e d  c o s t  assumpizions should be r e p o r t e d  and should in- 

c l u d e  f a c t o r y  c a p i t a l i z a t i o n  and a m o r t i z a t i o n  assumptions (e.g. s num- 

ber of u n i t s  assumed f o r  f a c t o r y  c a p i t a l  c o s t  recovery). 
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2.2 S p e c i f i c  Cost-Estimating Assumptions 

The fo l lowing  assumptions w i l l  be used i n  developing t h e  base con- 

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

1. Assumptions on t h e  o r g a n i z a t i o n a l  s t r u c t u r e  t o  be used i n  developing 

the  

a. 

b. 

6. 

2. The 

a. 

b .  

C.  

c o s t  estimates are as fol lows:  

Overall p r o j e c t  management d.11 be provided by a u t i l i t y .  

A s i n g l e  RM and a s i n g l e  AE contrac.tor w i l l  be employed t o  de- 

s i g n  NSSS and o t h e r  p l a n t  equipment, t o  des ign  p l a n t  b u i l d i n g s  

and s t r u c t u r e s ,  t o  prepare  a l l  t e c h n i c a l  documentation and re- 

p o r t s ,  and to  suppor t  c o n s t r u c t i o n  a c t i v i t i e s .  

A s i n g l e  c o n s t r u c t i o n  manager, which may also be t h e  AE cont rac-  

t o r ,  w i l l  be r e s p o n s i b l e  f o r  c o n s t r u c t i o n  a c t i v i t i e s .  

fo l lowing  assumptions apply  t o  c o s t i n g  t h e  l e a d  p l a n t :  

Lead p l a n t  c o s t s  s h a l l  inc lude  all cos ts  from conceptua l  des ign  

up t o  and i n c l u d i n g  the f i r s t  commercial electricity-producing 

power p l a n t  of t h a t  type.  Lead p l a n t  costs are t o  be subdivided 

i n t o  t h r e e  c a t e g o r i e s :  developmental  c o s t s ,  p ro to type  f a c i l i -  

t ies,  and f i r s t  power p l a n t .  Developmental cos t s  i n c l u d e  addi- 

t i o n a l  R&D, e n g i n e e r i n g ,  and des ign  a f t e r  conceptual  devclop- 

ment . Proto type  f a c i l i t i e s  i n c l u d e  any test  o r  demonstrat ion 

systems o r  f a c i l i t i e s  t h a t  may he proposed, planned,  o r  r e q u i r e d  

p r i o r  t o  t h e  f i r s t  commercial power p l a n t  of t h a t  type.  The 

f i r s t  power p l a n t  is t h e  f i r s t  p l a n t  of t h a t  type t h a t  i s  s o l d  

t o  an e n t i t y  f o r  t h e  purpose of commercial p roduct ion  of elec- 

t r i c  energy.  The a l l o c a t i o n  of c o s t s  t o  the  three c a t e g o r i e s  

should be according t o  purpose. The t iming of a l l  expendieuses  

should be i d e n t i f i e d .  

The l e a d  p l a n t  w i l l  i n c l u d e  the c o s t  of f u l l  p l a n t  l i c e n s i n g .  A 

proto type  s a f e t y  test: i s  a t  the o p t i o n  of t h e  deve loper .  If  a 

p r o t o t y p e  test f a c i l i t y  is assumed, i ts  c o s t  must be e s t i m a t e d  

and documented as d i s c u s s e d  previous ly .  

Changes to  Nuclear Regulatory Commission (NRC) regul.mt i o n s  or  

major codes such as American S o c i e t y  of Mechanical Erigineers 

(ASME) or I n s t i t i i t e  of Electrical. and E l e c t r o n i c  Engineers  
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(IEEE) may be assumed dur ing  t h e  des ign  and . cons t ruc t ion  per iod .  

However, a l l  assumed r e g u l a t i o n  and/or  code changes must be 

f u l l y  desc r ibed  and t h e i r  zos t  impact i d e n t i f i e d .  

d.  Lead p l a n t  c o s t s  i n c l u d e  a l l  e n g i n e e r i n g ,  equipment, cons t ruc -  

t i o n ,  t e s t i n g ,  t o o l i n g ,  p r o j e c t  management c o s t s ,  and any o t h e r  

c o s t s  t h a t  are r e q u i r e d  i n  b u i l d i n g  a f i r s t -of -a -k ind  (FOAK) 

p l a n t .  A sample l i s t i n g  oE 

3. The fo l lowing  assumptions apply  

N O M  p l a n t :  

a. 

b. 

C. 

a. 

e. 

f .  

go 

Design is  i d e n t i c a l  t o  lead  

The p l a n t  site is  enveloped 

N o  product  improvements are 

p l a n t  d e s i g n  i s  f rozen .  

FOAK t a s k s  is presented  i n  Appendix C. 

t o  c o s t i n g  t h e  r e p l i c a  and t a r g e t  

p l a n t .  

by t h e  r e f e r e n c e  s i t e  c o n d i t i o n s .  

i nco rpora t ed ;  t h a t  is ,  t h e  l e a d  

Equipment manufacture  and c o n s t r u c t i o n  are performed by t h e  same 

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

There are no changes i n  NRC r e g u l a t i o n s  o r  major codes and s t an -  

d a r d s  subsequent  t o  t h e  l ead  p l a n t  t i m e  frame. 

The c o s t  estimate w i l l  i nc lude  t h e  cos t  f a r  a l l  s i t e - s p e c i f i c  

l i c e n s i n g  o r  p r e l i c e n s e d  s i tes .  A g e n e r i c  p l a n t  des ign  approva l  

should  be assumed. 

P l a n t  c o s t s  i n c l u d e  a l l  e n g i n e e r i n g ,  equipment, c o n s t r u c t i o n ,  

t e s t i n g ,  t o o l i n g ,  p r o j e c t  management c o s t s ,  and any o t h e r  c o s t s  

t h a t  are r e p e t i t i v e  in n a t u r e  and would be incu r red  i n  b u i l d i n g  

an i d e n t i c a l  p l a n t .  A sample L i s t i n g  of r e p e t i t i v e  e n g i n e e r i n g  

and management t a s k s  i s  presen ted  i n  Appendix D. 

4 .  Labor rates f o r  c raf t smen employed t o  assemble equipment a t  t h e  

o n s i t e  f a b r i c a t i o n  shop w i l l  be t h e  same as c o n s t r u c t i o n  c r e w  rates. 

5 .  A l l  p l a n t  c o n s t r u c t i o n  w i l l  be accomplished by " f o r c e  account"  w i t h  

e x c e p t i o n  of t hose  t a s k s  subcon t rac t ed  by t h e  AE. (Costs  for  a l l  

t a s k s ,  i n c l u d i n g  subcon t rac t ed  t a s k s ,  must be r e p o r t e d  as equipment 

c o s t ,  material c o s t ,  and l a b o r  hours  and c o s t . )  

6 .  Reduct ions i n  f a c t o r y  equipment c o s t s  due t o  l e a r n i n g  e f f e c t s  may he 

recognized .  Unless  a d i f f e r e n t  va lue  is s u b s t a n t i a t e d  and docu- 

mented, t h e  e s t i m a t o r  shall  use a 94% u n i t  l e a r n i n g  curve f o r  es t i -  

mating i n d i v i d u a l  f a c t o r y  equlpmeat i t e m s .  For c o s t i n g  equipment 
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i t e m s  f o r  t h e  NOAK p l a n t ,  all concepts  must assume t h a t  the MOAK 

p l a n t  is that  u n i t  whose manufac tur ing  first p l a c e s  the cumula t ive  

prodiiction of t h a t  type  of p l a n t  a t  or  i n  excess  of 4000 tW(e). The 

c o s t  f o r  a g iven  equipment I t e m  for t h e  NQAK p l a n t  should r e f l e c t  

t h e  cumulat ive product ion  h i s t o r y  f o r  t h a t  i t e m  as determined by the 

cumulat ive item requi rements  necessa ry  t o  s a t i s f y  t h e  NOAK u n i t  

d e f i n i t i o n  above e 

7. It w i l l  be assumed f o r  t he  estimates t h a t  a l l  eng inee r ing  i n f o m a -  

tion, i n c l u d i n g  s p e c i f i c a t i o n s  and drawings,  w i l l  be r e l e a s e d  f o r  

c o n s t r u c t i o n  i n  t i m e  f o r  e f f i c i e n t  planning and performance of the  

work and f u r t h e r  t h a t  a l l  equipment, material, and l a b o r  r e sources  

are a v a i l a b l e  as r equ i r ed .  

8. It wi l l  be assumed t h a t  the b a s e l i n e  c o n s t r u c t i o n  r e q u i r e s  no pre- 

mium t i m e  (over t ime)  work t o  recover  from schedule  de l ays .  Costs  

f o r  p o s s i b l e  schedule  recovery  over t ime W F l l  be r e f l e c t e d  i n  the 

cont ingency  c o s t  ( see  Sec t .  3.1.1). The use of premium time f o r  

normal b a s e l i n e  c o n s t r u c t i o n ,  such as r o l l i n g  4 x 10 work weeks, 

should be i d e n t i f i e d .  

9. It w i l l  be assumed t h a t  funding is a v a i l a b l e  as r equ i r ed  to  suppor t  

u n i n t e r r u p t e d  des ign ,  t e s t i n g ,  c o n s t r u c t i o n ,  i n s t a l l a t i o n ,  checkout ,  

and p l a n t  s t a r t u p .  

10. The nonsa fe ty - r e l a t ed  p o r t i o n  of each p l a n t  1s designed and e r e c t e d  

t o  t h e  same s t a n d a r d s  as a conven t iona l  f o s s i l - f t r e d  power p l a n t .  

Only t h e  s a f e t y - r e l a t e d  s t r u c t u r e s  and equipment r e q u i r e  the  more 

e l a b o r a t e  procedures ,  documentat ion,  and Q/A-Q/C overview, On-site 

f u e l  hand l ing ,  r e p r o c e s s i n g ,  and manufactur ing f a c i l i t i e s  w i l l  be 

assumed t o  be s a f e t y  grade.  

11. S i t e  c o n d i t i o n s  f o r  each p l a n t  are similar t o  those  a t  t h e  "Middle- 

town, U.S.A."  s i t e  desc r ibed  i n  DOE'S EEDB ( s e e  Appendix E): 

a. An adequate  pool. of q u a l i f i e d  c r a f t  l a b o r  is a v a i l a b l e .  

b. There are no unique n u c l e a r  or convent iona l  l i c e n s i n g  r e s t r i c -  

t i o n s  that  would a f f e c t  p l a n t  des ign ,  c o n s t r u c t l o n ,  o r  opera- 

t i o n .  

c. Es t ima tes  cover work wi th in  the p l a n t  s e c u r i t y  fence  and i n c l u d e  

* t he  r i v e r  i n t a k e  systems and s t r u c t u r e s .  
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d. S o i l  and subsu r face  c o n d i t i o n s  are such that no unusual  problems 

are a s s o c i a t e d  w i t h  s o i l - h e a r i n g  c a p a c i t y  o r  rock  removal, major 

c u t  and f i l l  o p e r a t i o n s ,  and dewater ing a 

12. Slte land (Account 20) s h a l l  ?>e based on t h e  e s t ima ted  s i t e  area in- 

c l u d i n g  any b u f f e r  zones and if. c o s t  of $10,00O/acre. 

assumed that t h e  t o t a l  l and  c o s t  i s  i n c u r r e d  a t  the same t i m e  as t h e  

d e c i s l o n  is made t o  b u i l d  a p l a n t .  

It is t o  be 

13. Cost i t e m s  t o  be excluded froin the base  c o n s t r u c t i o n  c o s t  estimate 

are l i s t e d  i n  Table 2.1. 

14-  The assumptions t o  be used f o r  t h e  estimates of t h e  Engineer ing  and 

Home O f f i c e  S e r v i c e s  f o r  t h e  l e a d ,  replica,  and t a r g e t  p l a n t s  are 

d e f i n e d  i n  Appendices C and D. 

Engineer ing  Home O f f i c e  and Se rv ices  i n c l u d e s  only t h e  AE costs  fo r  

d e s i g n ,  e n g i n e e r i n g ,  procurement, c o s t  e n g i n e e r i n g ,  Q/A-Q/C, repro- 

d u c t i o n  s e r v i c e s ,  etc. (Account 92). 

Engineer ing  Home O f f i c e  and S e r v i c e s  costs of the RM (Account 95) 

are assumed t o  be zero f o r  tbe r e p l i c a  and t a r g e t  p l a n t .  Any a p p l i -  

c a b l e  RM e n g i n e e r i n g  cos ts  are cons idered  t o  be p a r t  of the NSSS 

equipment c o s t  (Account 220A). 

Composite wage r a t e s  (base  rate plus  f r i n g e s )  t o  be used f o r  t h e  

Middletown si te  i n  1986 d o l l a r s  are gfven i n  Table  2*2 .  

15. 

16.  

1 7 .  

Table  2.1 e P r e f e r e n t i a l  and d i s c r e t i o n a r y  
items excluded from base  

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

Allowance f o r  funds uised dur ing  c o n s t r u c t i o n  

E s c a l a t i o n  

Contingency 

Owner's d i s c r e t i o n a r y  i t e m s  

Switchyard and t r a n s m i s s i o n  costs  
Genera tor  s tep-up t r ans fo rmer  
I n i t i a l  f u e l  supply 
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Table 2.2* Composite labor rates f o r  1986 
effective date: January 1, 1986 

Installation activity Cost 
($/MI 

Boiler equipment 
Circulating water pipe 
( re i n L‘ or ced conc re t e ) 
Circulat I.ng water pipe 
(steel) 
Clear and grub 
Concrete 
Concrete chimney shell 
Condenser 
Demolition 
Duc two rk 
Electrical equipment 
Embedded s t e e 1 
Excavation - bulk 
Excavation - structural 
Fill - compacted 
Forms - metal 
Forms - wood 

Fill - h l k  

22 e94 
22 13 

23 10 

17.27 
17 -68  
19 e68 
22.97 
18.19 
22 .a5 
23 10 
21.43 
20 16 
18.61 
20 16 
17 e 4 2  
22.93 
19.54 

Installation activity 

Grading 20.01 
W A C  system and ductwork 23.21 

Niscellaneous electrical worka 23.32 
Instrumentation 23.15 

Miscellaneous mechanical 23.63 
b equipment 

Pipe - drainage and sewage 21.82 

Pumps and motors 24.33 
Process piping 23 -70 

Railroad work 17 -27 
Reinforcing steel 22 79 
Roads - blacktops 17 e86 
Sidewalks - cement 18 e59 
Structural steel and 22.93 

Tanks and heat exchangers 23.19 
miscellaneous iron 

Turbogenerator units 23 m 36 
Yard piping 23 e 2 7  

aComponents for miscellaneous electrical work: 

Communication systems 
Conduit and cable tray 
Electrical containment penetrations 
Fire detection systems 
Grounding and cathodic protection 
Heal. tracing and freeze protection 
Lighting and service power 
Security systems 
Wire and cable 

‘~omponents f o r  miscellaneous mechanical equipment : 

Air separators 
Building servlce equipment (other than W A C >  
Elevator and crane equipment 
Fi l.ters and strainers 
F i r e  suppression systems 
Fuel handling equipment 
Hydrogen recombiner 
Lube oil. conditioning equipment 
Sewage treatment facilities 
Shop apparatus 
Water treatment equipment 
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2 . 3  EEDB Cost Account D e f i n i t i o n s  

2.3.1 Direct c o s t  accounts  

Direct c o s t  accounts  i n c l u d e  those  c o n s t r u c t i o n  and i n s t a l l a t € o n  

c o s t s  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  o p e r a t i n g  p l a n t  s t r u c t u r e s ,  systems,  

and components . 
2.3.1.1 Equipment c o s t s .  Equipment c o s t s  i n c l u d e  t h e  c o s t s  f o r  all. 

d e s i g n ,  a n a l y s i s ,  f a b r i c a t i o n ,  docu.mentation p r e p a r a t i o n ,  p r e d e l i v e r y  

t e s t i n g  1) and follow-up e n g i n e e r i n g  performed by equipment vendors;  mate- 

r i a l s  f o r  a l l  p l a n t  equipment; equipment; t r a n s p o r t a t i o n  and i n s u r a n c e  

expenses;  p r o v i s l o n  of sh ipping  f i x t u r e s  and s k i d s ;  w a r r a n t i e s ;  prepara-  

t i o n  of maintenance and o p e r a t i o n s  manuals and handl ing  i n s t r u c t i o n s ;  

d e l i v e r y  of s t a r t u p  and acceptance test equipment; o n - s i t e  unloading and 

r e c e i v i n g  i n s p e c t i o n  expenses;  and overhead expenses.  

A l l  p l a n t  equipment items, whcther d i r e c t l y  a s s o c i a t e d  with t h e  

power g e n e r a t i o n  systems o r  t h e  f a c i l i t y  systems,  such as h e a t i n g  and 

v e n t i l a t i o n ,  arc included i n  t h i s  category.  

For t h e  equipment f a b r i c a t e d  and/or  assernbled at, an o n - s i t e  f a b r i c a -  

t i o n  f a c i l i t y ,  a l l  t h e  a s s o c i a t e d  cos t s  are included as equipment c o s t s ,  

i n c l u d i n g  t h e  c o s t s  t o  move t h e  eqiiipinent w i t h i n  t h e  f a c i l i t y  and t o  i t s  

E i n a l  o n - s i t e  r e c e i v i n g  p o i n t .  

2.3.1.2 S i t e  l a b o r  c o s t .  I Tht? s i t e  l a b o r  p o r t i o n  of t h e  cons t ruc-  

t i o n  and equipment i n s t a l l a t i o n  c o s t s  i n c l u d e s  a l l  on-s i te  a c t i v i t i e s  re- 

l a t e d  t o  permanent p l a n t  s t r u c t u r e s ,  systems,  and equipment r e q u t r e d  f o r  

a l l  a s p e c t s  of power p l a n t  o p e r a t i o n .  

The d i r e c t  c o s t s  of a l l  work x e w s  and foremen t o  e x c a v a t e ,  back- 

f i l l ,  erect, and f i n i s h  s t r u c t u r e s  and t o  place and i n s t a l l  equipment,  

p i p i n g ,  w i r i n g ,  etc. are inc luded .  

Labor rates f o r  t h i s  work i n c l u d e  base rates, f r i n g e  b e n e f i t s  and 

t r a v e l ,  o r  s u b s i s t e n c e  al lowances.  

A l l  d i r e c t  c o n s t r u c t i o n  and i n s t a l l a t i o n  costs are on a f o r c e  ac- 

count basis ( s e e  Sect .  1.1). 

For t h i s  estimate, t h e  c o s t s  a s s o c i a t e d  wi th  i n s t a l l i n g  equipment 

items f o r  both NSSS and BOP systems i n c l u d e  t h e  labor t o  t r a n s p o r t  t h e  

equipment from o n - s i t e  s t o r a g e  or the o n - s i t e  f a b r i c a t i o n  f a c i l i t y  t o  t h e  
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f i n a l  r e s t i n g  p l a c e  as w e l l  as t h e  l a b o r  t o  a l i g n  t h e  equipment and 

p h y s i c a l l y  a t t a c h  it  t o  the  suppor t ing  s t r u c t u r e .  In  a d d i t i o n ,  the labor  

c o s t s  €or  provid ing  mechanical hookups and e lec t r ica l  connec t ions  between 

i n t e r f a c i n g  systems w i l l  be inc luded .  

2.3.1.3 S i t e  materials c o s t .  S i t e  materials inc lude  a l l  materials 

purchased i n  t h e  f i e l d  and/or  bulk i t e m s  such as paint., c o n c r e t e ,  r e b a r ,  

welding rod ,  formwork, etc. All p ip ing ,  less than  2 1/2-in.  nominal p ipe  

s i z e ,  is a m a t e r i a l s  item w i t h  t he  except ion  o f  pipe  f o r  c ryogenic  

f l u i d s .  Also a l l  wire, cable, and raceways are m a t e r i a l  i tems, inc lud ing  

those  i n  b u i l d i n g  s e r v i c e  power systems. 

2.3.2 I n d i r e c t  c o s t  accounts  

The i n d i r e c t  c o s t  accounts  i nc lude  those  c o n s t r u c t i o n  suppor t  nc- 

t i v i t i e s  r e q u i r e d  t o  des ign  and b u i l d  t h e  s t r u c t u r e s  and systems de- 

s c r i b e d  i n  the  d i r e c t  c o s t  accounts .  Ae. the  two-digit  account  l e v e l  of 

d e t a i l ,  t h e  i n d i r e c t  c o s t  accounts d e s c r i b e  the  c o n s t r u c t i o n  s e r v i c e s ,  

home off  i ce  eng inee r ing  and s e r v i c e s ,  and f i e l d  of f  ice eng inee r ing  and 

s e r v i c e s ,  It is  p r e f e r r e d  t h a t  i n d i r e c t  c o s t s  be determined indepen- 

d e n t l y  on a bottoms-up b a s i s .  Pas t  c o s t  estimates, when i n s u f f i c i e n t  de- 

t a i l e d  informat ion  was a v a i l a b l e ,  have been e s t ima ted  as a f u n e t i o o  of 

t h e  d i r e c t  c o s t s .  Table 2 . 3  shows the  wide range of d a t a  covered i n  re- 

cenlt c o s t  estimates based on t h i s  approach. Using the  d i r e c t - c o s t  f r a c -  

t i o n  approach,  based on LKR and c o a l  p l a n t  expe r i ence ,  makes i t  u n l i k e l y  

t h a t  non-LWFC advanced concepts  wi1.1 r ece ive  adequate  c h a r a c t e r i z a t i o n  of 

t h e i r  i n t r i n s i c  or unique a t t r i b u t e s  i n  the  i n d i r e c t  c o s t s s  As an ex- 

ample, eng inee r ing  man-hour es  timates should r e f l e c t  those  concept--unique 

d e s i g n  f e a t u r e s  t h a t  may cause engineer ing  hours  t o  be g r e a t e r  o r  smaller 

than those  for an LhX on an e q u i v a l e n t  b a s i s .  As mentioned, i t  i s  d e s i r -  

a b l e  t o  have i n d i r e c t  c o s t s  developed on a bottoms-up basis. In m y  case, 

the  c o s t  estimate procedure shal l  be f u l l y  documented by t h e  concept  pro- 

ponent.  

The fo l lowing  subsec t ions  provide  R d e s c r i p t i o n  of t he  i n d i r e c t  

costs by t h r e e - d i g i t  EEDB accounts .  
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Table 2.3. I n d i r e c t  c o s t  percentages  

Nuclear F o s s i l  Account 
d e s c r i p t i o n  

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

(%I (%> NO 

91 

911 

9 12 

9 13 
9 14 

92 

92 1 
922 
923 

93 

93 1 
932 
9 33 
934 

Cons t ruc t ion  s e r v i c e a  

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

Cons t ruc t ion  t o o l s  and 

P a y r o l l  i n su rance  and t axes  
B u i l d e r s  r i s k  insurance  

Home o f f  i c e  engineer ing  

f a c i l i t i e s  

equipment 

b and s e r v i c e  

Home o f f i c e  s e r v i c e s  
Home o f f i c e  QA 
Home o f f i c e  c o n s t r u c t i o n  
management 

and se rv ice"  
F i e l d  o f f  ice e n g r i n e e r i n g  

F i e l d  off ice expenses  
F ie ld  j o b  s u p e r v i s i o n  
F i e l d  QA/QC 
'rest and s t a r t u p  eng inee r ing  

62.F.81.2 

30 .O-38 - 8  

12 JF-19 e 1 

20 -0-22 - 7  
0.5 

17 -0-23 a 4  

16.0-22.1 
0 . 5 0 . 8  

0.5 

28.0-39 -8 

2.0-4.6 
20.0-28.3 

2.0-3.0 
4 a 0  

47 5-48 2 

16 - 6 1 8  e 0  

10 .o-12 - 3  

18.8-19 .O 
0.5 

6.5-11.0 

6.0-9.9 
0 .o 

0.5-1.1 

14.9-18e0 

1.1-2.0 
13 .O 

O . W e 4  
0 *&3 -0 

uExpressed as a percentage  of t o t a l  d i r e c t  l a b o r  c o s t s .  

bExpressed as a pe rcen tage  o f  t o t a l  base c o s t  exc luding  the 
NSS§/Steam Genera tor  and Turbine Genera tor  package c o s t s .  

2.3.2.1 Cons t ruc t ion  s e r v i c e s  c o s t s  (Account 91).  Cons t ruc t ion  

s e r v i c e s  (Account 91)  i n c l u d e s  c o s t s  f o r  AE-related ac t iv i t ies  a s s o c l a t e d  

w i t h  c o n s t r u c t i o n  as i n d i c a t e d  below: 

Temporary c o n s t r u c t i o n  f a c i l i t i e s  (Account 911). This subaccount  

i n c l u d e s  temporary s t r u c t u r e s  and f a c i l i t i e s ,  j a n i t o r i a l  s e r v i c e s ,  main- 

tenance  of temporary f a c i l i t i e s ,  guards  and s e c u r i t y 9  roads ,  park ing  

l o t s ,  laydown areas, and temporary e lectr ical ,  heat, a i r ,  steam and water 

sys tems,  g e n e r a l  c leanup,  etc. 

Cons t ruc t ion  t o o l s  and equipment (Account 912) .  Cons t ruc t ion  t o o l s  

and equipment i n c l u d e  r e n t a l  and/or  purchase of c o n s t r u c t i o n  equipment, 

s m a l l  tools and consumables ( f u e l ,  l u b r i c a n t s ,  etc.), as w e l l  as ma in te -  

nance of c o n s t r u c t i o n  equipment. 



P a y r o l l  i n su rance  and t axes  (Account 9 1 3 ) .  These expenses  i n c l u d e  

in su rance  and taxes r e l a t e d  t o  c r a f t  labor ( d i r e c t  and i n d i r e c t  i n c l u d i n g  

g u a r d s  and j a n i t o r s ) ,  such as s o c i a l  s e c u r i t y  taxes  and s ta te  unemploy- 

ment taxes, workmen's coolpensatLon insusance ,  and p u b l i c  l i a b i l i t y  and 

p rope r ty  damage insurance .  

Permi ts  i n su rance  and l o c a l  t axes  (Account 914) .  Cons i s t en t  w-i.th 

o t h e r  EEDB estimates, b u i l d e r s  a l l - r i s k  in su rance  w i l l  be t h e  only c o s t  

inc luded  i n  Account 914. Payments t o  f e d e r n l ,  s t a t e ,  and local.  govern- 

ments f o r  taxes, f e e s ,  and permi ts  are t o  be inc luded  i n  Accounzr 942 be- 

cause  they are p l a n t  s p e c i f i c .  

2 -3.2.2 Engineer ing and home o f f  ice s e r v i c e s  c o s t s  (Account 92) .  
l___l_ 

Engineer ing  c o s t s  as presented  i n  t h i s  r e p o r t  i n c l u d e  a l l  AE management 

eng inee r ing  des ign ,  and assoc i -a ted  suppor t  a c t i v i t i e s .  This  c o s t  element 

i n c l u d e s  a c t i v i t i e s  as g iven  below f o r  Account 92. 

Engineer ing  and home o f f i c e  expenses (Account 921).  These c o s t s  in-  

d u d e  AE eng inee r ing  and des ign  ( b o t h  f i e l d  arid home o f f  i c e ) ,  procurement 

and exped i t ing  a c t i v i t i e s ,  es t l roa t ing  and c o s t  c o n t r o l ,  engineer ing  plan- 

n ing  and schedu l ing ,  reproduct ion  serviees,  and expenses  a s s o c i a t e d  wi th  

performance of the  above f u n c t i o n s  ( i . e . ,  t e lephone ,  pos tage ,  computer 

u s e ,  t r a v e l ,  e t c . ) .  The c o s t s  f o r  these. s e r v i c e s  inc lude  salar ies  of 

personnel. d i r e c t  p a y r o l l - r e l a t e d  costs  (IIPC) , overhead loading  expenses 

and f e e s  f o r  t h e s e  s e r v i c e s .  

Home o f f i c e  q u a l i t y  a s su rance  (Account 922) .  This accounlt i nc ludes  

t h e  s e r v i c e s  of home o f f i c e  QA eng inee r s  an3 s t a f f  personnel  engaged i n  

work on the  p r o j e c t .  Se rv ices  i-nclude reviews,  a u d i t s ,  vendor s u r v e i l -  

l a n c e ,  e tc .  as requ i r ed  f o r  des ign  and c o n s t r u c t i o n  of t he  n u c l e a r  

s a f e ~ y - r e l a t e d  p o r t i o n  of the  f a c i l i t y .  Costs  f o r  t h e s e  s e r v i c e s  inc lude  

s a l a r i e s ,  DPC, overhead load ing ,  and expenses  ( i . e . ,  t r a v e l )  of t h e s e  i n -  

d i v i d u a l s .  

Ilome off  ice c o n s t r u c t i o n  management (Account 923).  These services 

inc lude  those  of the  c o n s t r u c t i o n  manager and h i s  a s s i s t a n t s .  S e r v i c e s  

of c o n s t r u c t i o n  planning and schedul ing  c o n s t r u c t i o n  methods, l a b o r  re- 

l a t i o n s ,  s a f e t y ,  and s e c u r i t y  personnel  are u t i l i z e d  as reqaiired.  Cos t s  

f o r  t hese  s e r v i c e s  inc lude  salaries DPC overhead loading  and expenses .I 
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2 .3 .2 .3  F i e l d  s u p e r v i s i o n  and f i e l d  o f f i c e  s e r v i c e s  costs (Account 

F i e l d  Superv is ion  and F i e l d  O f f i c e  S e r v i c e s  (Account 93) i n c l u d e s  - 93). 

c o s t s  for AE-related a c t i v i t i e s  a s s o c i a t e d  with on-s i te  management o f  

c o n s t r u c t i o n ,  s i t e  Q/A,  s t a r t u p  and test ,  and t h e  suppor t ing  c o s t s  for 

t h e s e  f u n c t i o n s  as i n d i c a t e d  below. 

F i e l d  o f f i c e  expenses (Account 931).  These expenses i n c l u d e  c o s t s  

a s s o c i a t e d  w i t h  purchase and/or  r e n t a l  of f u r n i t u r e  and equipment ( i n -  

c l u d i n g  r e p r o d u c t i o n ) ,  communication charges ,  pos tage ,  s t a t i o n e r y ,  o t h e r  

o f f i c e  s u p p l i e s ,  f i r s t  a i d ,  and medical  expenses.  

F i e l d  job  s u p e r v i s t o n  (Account 9 3 2 ) .  This  management f u n c t i o n  in- 

c l u d e s  t h e  r e s i d e n t  c o n s t r u c t i o n  s u p e r i n t e n d e n t  and h i s  a s s i s t a n t s ;  c r a f t  

labor  s u p e r v i s o r s ;  f i e l d  account ing ,  p a y r o l l ,  and a d m i n i s t r a t i v e  person- 

n e l ;  f l e l d  c o n s t r u c t i o n  s c h e d u l e r s ;  f i e l d  purchasing personnel ;  ware- 

housemen; survey  p a r t i e s ;  s tenographers ;  and c ler tcal  personnel .  Costs  

of t h e s e  s e r v i c e s  i n c l u d e  salaries,  DPC, overhead l o a d i n g ,  r e l o c a t i o n  

c o s t s  of key personnel ,  and f e e s .  

F i e l d  QA/QC (Account 9 3 3 ) .  These s e r v i c e s  i n c l u d e  those  of person- 

n e l  l o c a t e d  a t  t h e  j o b  s i te  engaged 1.11 equipment i n s p e c t i o n ,  r e q u i r e d  

documentation of s a f e t y - r e l a t e d  sqdpment  and i n s p e c t i o n  of c o n s t r u c t t o n  

a c t i v i t i e s .  Costs  inc luded  a r e  sal-aries, DPC, and overhead loading .  

P l a n t  s t a r t u p  and tes t  (Account 9 3 4 ) .  These services are a s s o c i a t e d  

w i t h  p r e p a r a t i o n  of s t a r t u p  and p l a n t  o p e r a t i o n  manuals and test proce- 

d u r e s ,  d i r e c t i o n  and s u p e r v i s i o n  of t e s t i n g  of equipment and systems a6 

t h e  p l a n t  n e a r s  complet ion,  and d i r e c t i o n  of s t a r t u p  of t h e  f a c i l i t y .  

Cos ts  of t h e s e  s e r v i c e s  i n c l u d e  salaries,  DPC, overhead l o a d i n g ,  and mis- 

c e l l a n e o u s  r e l a t e d  expenses.  Costs  of any craEt labor  r e q u l r e d  f o r  

s t a r t u p  and t e s t i n g  a c t i v i t i e s  are inc luded  i n  t h e  a p p r o p r i a t e  d i r e c t -  

c o s t  l i n e  i t e m s .  

2.3.2.4 Owners' c o s t  (Account: 9 4 ) .  Owners' c o s t  (Account 9 4 )  in- 

c l u d e s  t h e  c o s t s  of t h e  owner f o r  a c t i v i t i e s  associatred with the o v e r a l l  

management and i n t e g r a t i o n  of the 7xoject: and o t h e r  costs not  included i n  

t h e  d i r e c t  c a p i t a l  c o s t s  i n c u r r e d  p r i m  t o  s t a r t  of commercial o p e r a t i o n s  

as fo l lows:  
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Management, e n g i n e e r i n g ,  i n t e g r a t i o n ,  and Q/A (Account 941). These 

expenses i n c l u d e  owner p r o j e c t  management, e n g i n e e r i n g ,  i n t e g r a t i o n ,  con- 

t r o l ,  and Q/A. 

Taxes and insurance  (Account 942). These expenses cover a l l  O W ~ ~ K ' S  

n u c l e a r  and o t h e r  i n s u r a n c e  prernlums, s ta te  and l o c a l  t a x e s ,  sales t a x e s  

on purchased materials and equipment i n c u r r e d  dur ing  t h e  course  of t h e  

p r o j e c t ,  and p e r m i t s ,  l i c e n s e s ,  and fees. Rixilder 's  a l l  r i s k  i n s u r a n c e  

i s  inc luded  i n  Account 914. 

Spare p a r t s  (Account 9 4 3 ) .  These expetises i n c l u d e  the  c o s t  of a l l  

p r e o p e r a t i o n a l  equipment s p a r e  par t s  r e q u i r e d  t o  support  t h e  s t a r t u p  

phase and i n i t i a l  s t o c k  of s u p p l i e s  and spares a t  start of p l a n t  opera- 

t i o n .  

T r a i n i n g  (Account 9 4 4 ) .  This  expense i n c l u d e s  t h e  c o s t  of a l l  pre- 

o p e r a t i o n a l  a c t i v i t i e s  of t h e  o p e r a t i n g  and a i n t e n a n c e  s t a f f ,  Items in-  

c lude  i n s t r u c t  i o n  development, t r a i n i n g  materials and equipment,  and 

t r a i n i n g  s e r v i c e s  suppor t ;  a l s o  inc luded  is t r a i n i n g  for any o f f - s i t e  o r  

o n - s i t e  manufactur ing requi red  * 

General  and a d m i n i s t r a t i v e  (G&A) (Account 945). This account in- 

c l u d e s  owner 's  p r e o p e r a t i o n a l  G&A c o s t s  d u r i n g  t h e  p r o j e c t .  

C a p i t a l  equipment (Account 946).  This  i t e m  i n c l u d e s  c o s t s  f o r  any 

s p e c l a l  c o o l a n t s  f o r  t h e  i n i t i a l  loading  of t h e  p l a n t  systems. 

I t  i s  p r e f e r r e d  t h a t  owner 's  c o s t  be es t imated  d i r e c t l y  by consid- 

e r a t i o n  of the c o n t e n t s  of each subaccount.  LE such an estimate is  not  

p o s s i b l e ,  i t  i s  recommended t h a t  t o t a l  owner's c o s t  (Account 9 4 )  be es t i -  

mated as 10% of t h e  sum of t h e  t o t a l  d i r e c t  and o t h e r  i n d i r e c t  c o s t s  p l u s  

t h e  c o s t  of any s p e c i a l  coolan ts .  

2.3.2.5 R e a c t o r  manufac turer ' s  engineer ing  (Accounl: 95) .  This  ac- 

count i n c l u d e s  a l l  t h e  c o s t s  of RM s e r v i c e s  and suppor t  fo r  the  lead  

p l a n t  t h a t  are over  and above the normal charges  included i n  t h e  c o s t  of 

an NSSS package (EEIIR Account 220A). T h i s  c o s t  is assiiined t o  be zero f o r  

the r e p l i c a  and t a r g e t  p l a n t .  
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2 e 4  Overnight  C a p i t a l  Cost Documentation 

S p e c i f i c  r e p o r t i n g  requi rements  w i l l  be determined by DOE Program 

Management. The fo l lowing  documentation g u i d e l i n e s  r e p r e s e n t  p o s s i b l e  

r e p o r t i n g  requi rements .  

2.4.1 Cost r e p o r t s  

A s  determined by DOE, s e p a r a t e  c o s t  estimates f o r  t he  FOAK, r e p l i c a ,  

and N O M  p l a n t  may be r equ i r ed .  Each separate c o s t  set w i l l  be doeu- 

mented us ing  t h e  EEDB t a b u l a r  format and Code of Accaunts. Code of Ac- 

coun t s  for  the LMR and HTCR are provided i n  t h e  Appendices. I n  a d d i t i o n  

t o  t a b u l a r  c o s t  d a t a ,  a complete text d e s c r i p t i o n  of t h e  methods and as- 

sumptions used i n  deve loping  t h e  c o s t s  s h a l l  be submi t ted  wi th  the c o s t  

d a t a .  

A s  determined by s p e c i f i c  DOE guidance ,  suppor t ing  c o s t  estimate 

workshee ts  may be r equ i r ed  t o  be prepared i n  t h e  format  shown i n  Table 

2.4. S e p a r a t e  t a b l e s  w i l l  be prepared as necessa ry  t o  p r e s e n t  c o s t s  f o r  

l e a d ,  r e p l i c a ,  o r  NOAK p l a n t s  as i n d i c a t e d  a t  the  upper-r ight  co rne r  of 

the form. I n  some cases, the cost:; may apply  t o  all c o n d i t i o n s  and on ly  

one set of forms needs be supp l i ed .  

2.4.2 P l a n t  bu lk  commodities d a t a  

To make commodity comparisons wi th  competing p l a n t  concep t s ,  the 

commodities l i s t e d  below should be supp l i ed  as i n d i c a t e d  at the th ree -  

d i g i t  l e v e l  with summaries t o  the two-digi t  Level.  I f  a more d e t a i l e d  

breakdown is a v a i l a b l e ,  t h a t  should be provided.  

Formwork [ squa re  f e e t  ( S F ) ]  - Both wooden and metal  forms are in- 

c luded .  

S t r u c t u r a l  s teel  [ t o n s  (TPJ)] - A l l  s t r u c t u r a l  s tee l  is inc luded  re- 

g a r d l e s s  of whether i t  is used i n  s a f e t y  o r  nonsafe ty  class s t r u c -  

t u r e s .  

Re in fo rc ing  steel [ t o n s  (TN)] - The c o s t s  f o r  cadwelds and wire f a b r i c  

are not  inc luded .  

Embedded steel  [ t o n s  ( T N ) ]  - AIL embedded steel is  inc luded  r e g a r d l e s s  

of whether i t  is used i n  s a f e t y  o r  nonsafc ty  class s t r u c t u r e s .  
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S t r u c t u r a l  c o n c r e t e  [Cubic ya rds  (CY)]  - The c o s t s  f o r  removable con- 

crete p lugs  and for curbs  and wslks are not inc luded .  A l l  s t r u c t u r a l  

c o n c r e t e  is inc luded  r e g a r d l e s s  of whether i t  is  used i n  s a f e t y - c l a s s  

o r  nonsa fe ty -c l a s s  s t r u c t u r e s ,  whether i t  is i n  i n t e r n a l  o r  e x t e r n a l  

w a l l s ,  o r  whether i t  i s  i n  f l o o r  o r  e l e v a t e d  s l a b s .  

Concre te  f i l l  [Cubic yards  ( C Y ) ]  - A l l  f i l l  c o n c r e t e  is inc luded  re- 

g a r d l e s s  of L t s  l o c a t i o n  or  purpose. 

P ip ing  [pounds (LB)]  - The fo l lowing  s u b c a t e g o r i e s  are r e q u i r e d :  

CS, SC, (2 1/2-in. p ipe  

SS, SC, (2 1/2-in.  p ipe  

C S ,  SC, >2 1/2-in. p ipe  

SS, SC, 22 1/2-in. p ipe  

CM, SC, 22 1/2-in. p i p e  

CS, NNS, <2 1/2-in. pipe 

SS, NNS, (2 1/2-in.  p i p e  

CS, NNS, 22 1/2-in. p ipe  

SS,  NNS, >2 1/2-in. p ipe  

CM, NNS, 22 1/2-in. p ipe  

where CS = carbon s teel ,  

SS = s t a i n l e s s  steel ,  

CM = chrome moly s teel ,  

SC = s a f e t y  class, 

NNS = non-nuclear s a f e t y  class. 

These t e n  c a t e g o r i e s  of p ip ing  do not  i n c l u d e  t h e  fo l lowing :  

1. c o n c r e t e ,  copper ,  cast i r o n ,  and ga lvan ized  p ipe ;  

2. roof and f l o o r  d r a i n s  p ip ing ;  

3.  s p r i n k l e r  systems p ip ing ;  and 

4 .  s a n i t a r y  f a c i l i t i e s  p i p i n g .  

Wire and c a b l e  [ l i n e a r  f e e t  (Lf ')]  - This account  c o n s i s t s  o f :  

1. power c a b l e ,  

2. c o n t r o l  c a b l e ,  and 

3. i n s t r u m e n t a t i o n  cab le .  
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6b Wire and c a b l e  duct  m n s  and c o n t a i n e r s  [ l i n e a r  Teet (LF)]  - This ac- 

count  i n c l u d e s  : 

1. underground and aboveground, 

2. metall ic and nonmeta l l ic  d u c t s ,  c o n d u i t ,  and 

3 .  c a b l e  t r a y s .  

Bulk commodities should be repor ted  by EEDB Code of Accounts as 

shown i n  Table  2.5. 

2.4.3 P l a n t  ‘labor requirements  d a t a  

C r a f t  and engineer ing  labor  requirements  w i l l  be summarized by two- 

and t h r e e - d i g i t  c o s t  accounts as w e l l  as by t o t a l  p l a n t .  S p e c i f i c ,  i n d i -  

v i d u a l  manhour d a t a  w i l l  be provided €or t h e  fo l lowing  workers : b o i l e r -  

makers, b r i c k l a y e r s ,  c a r p e n t e r s ,  e l e c t r i c i a n s ,  i ronworkers ,  l a b o r e r s ,  

m i l l w r i g h t s ,  o p e r a t i n g  e n g i n e e r s  p a i n t e r s ,  p ipe  f i t ters,  sheer  metal 

workers ,  teamsters, other c r a f t  l a b o r ,  e n g i n e e r i n g ,  and o t h e r  n o n c r a f t  

home and f i e l d  o f f i c e  l a b o r .  An examplk format is  shown i n  Table 2.6. 

2.4.4 Developmentlprototype c o s t s  I” 

A s  disciisseil i n  Sect .  2.2, l ead  p l a n t  c o s t s  are to  be subdivided 

i n t o  t h e  t h r e e  c a t e g o r i e s  of developmental  c o s t s ,  p ro to type  f a c i l i t i e s ,  

and f i r s t  commercial power plant .  The first  commercial power p l a n t  w i l l  

be r e p o r t e d  as d e s c r i b e d  i n  S e c t s .  2.4.1-2.4.3. Developmental and 

p r o t o t y p e  c o s t s  w i l l  be summarlzed by es t imated  year  of expendi ture  and 

expressed i n  c o n s t a n t  d o l l a r s  as def ined  i n  Sect. 2.1. A s a m p l e  format 

i s  g iven  i n  Table 2.7.  



Table 2.5. P l a n t  bulk commodities 

LEAD (FOAK) PLANT 
REPLICA PLANT 
TARGET (NOAK) PLANT 

EEDB STRUCTURAL CONCRETE REINFORCED 
ACCOUNT CONCRETE FILL FORMS STRUCT STEEL STEEL EMBEDDED STEEL 

NO t CY) (cy) (SF) (TN) (TN) ( TN) 

N 
w 



2
4

 

h
 

N
 

n
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Table  2.6. P l a n t  labor requirements  

LEAD (FOAK) PLANT 

TARGET ( NOAM) PLANT 
.- REPLICA PLmr 

EEDB 

No. 

xxx Boi le r  makers 

Account: Labor type Manhou r s 

- 

B r i c k l a y e r s  
Carpenters  
E l e c t r i c i a n s  
I ronworkers  
Lahore r s 
Millwrights 
Operat ing engineers  
P a i n t e r s  
P ipe  f i t t e r s  
Sheet metal workers  
Teamsters 
Other c r a f t  l a b o r  
Engineer  f ng 
Other noncraf t l a b o r  
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Table 2.7 ,, Deve lopmen t /p ro to type  costs  
( t h o u s a n d s  of J a n u a r y  198- d o l l a r s )  

Developmental  Costs P r o t o t y p e  f a c i l i t i e s  

expenditure Annual Cumulative Annual Cumulative 

Year of 



This  s e c t i o n  provides  t h e  ground r u l e s  f o r  prepar ing  a n  e s t i m a t e  of 

t h e  t o t a l  c a p i t a l  c o s t  of a power p l a n t .  The overn ight  base c a p i t a l  c o s t  

as d e s c r i b e d  i n  t h e  prev ious  s e c t i o n  is t h e  s t a r t i n g  p o i n t  f o r  c o s t s  de- 

veloped i n  t h i s  s e c t i o n .  

3.1 C o n t i n g e n x  

Contingency c o s t  s h a l l  be c a l c u l a t e d  as a percentage of overn ight  

base c o s t .  However, d i f f e r e n t  percentages  should be used f o r  d i f f e r e n t  

systems or components i n  a p l a n t  because t h e  amount of the cont ingency 

c o s t  should be r e l a t e d  t o  t h e  s t a g e  o r  c u r r e n t  l e v e l  of des ign ,  t h e  de- 

g r e e  o€ t e c h n o l o g i c a l  advance represented  by t h e  d e s i g n ,  and t h e  q u a l i t y /  

r e l i a b i l i t y  l e v e l  of t h e  g iven  system/component.. As an example, it 

should be p o s s i b l e  t o  estimate t h e  c o s t  f o r  a s tandard  mechanical d r a f t  

cool ing  tower system more a c c u r a t e l y  ( t h e r e f o r e  r e q u i r i n g  less cont in-  

gency) than the  c o s t  fo r  a new, i n n o v a t i v e  NSSS. To o b t a i n  c o n s i s t e n c y  

between v a r i o u s  c o s t  estimates, t h e  percentages  and requirements  f o r  

t h e i r  use a r e  d e f i n e d  as fol lows.  For those  systems t h a t  are i n n o v a t i v e ,  

t h a t  r e p r e s e n t  a s u b s t a n t i a l  d e p a r t u r e  from p r e v i o u s l y  b u i l t  d e s i g n s ,  or 

t h a t  r e q u i r e  a high assurance  of q u a l i t y  i n  c o n s t r u c t i o n  and o p e r a t i o n  

(e.g;., nuclear-grade sys tems) ,  a cont ingency c o s t  of 25% of t h c  a p p l i -  

c a b l e  base c o s t  s h a l l  be c a l c u l a t e d .  For systems o r  components t h a t  are 

s t a n d a r d ,  c u r r e n t ,  o f f - the-she l f  technology i t e m s  t h a t  are being a p p l i e d  

i n  a normal, i n d u s t r i a l - g r a d e  a p p l i c a t i o n ,  a cont ingency cos t  of 15% of 

t h e  a p p l i c a b l e  base c o s t  s h a l l  be c a l c u l a t e d .  The t o t a l  cont ingency cos t  

t o  be repor ted  w i l l  be t h e  sum of t h e  c o n t r i b u t i o n s  from each system o r  

component c a t e g o r y ,  Contingency amounts f o r  i n d i r e c t  base c o s t s  s h a l l  be 

c a l c u l a t e d  as above, based on an e s t i m a t i o n  of the  propor t ion  of t h e  above 

two c a t e g o r i e s  r e f l e c t e d  i n  t h a t  p a r t i c u l a r  i n d i r e c t  c o s t .  The assump- 

t i o n s  used i n  c l a s s i f y i n g  t h e  d i r e c t  and i n d i r e c t  base c o s t s  accord ing  t o  

t h e  two c a t e g o r i e s  must be f u l l y  docuinented by the  proponent i n  d e t a i l .  

The cont ingency estimate w i l l  be expressed i n  the same year's dol- 

l a rs  as the  overn ight  c a p i t a l  c o s t s .  



3.2 Cash Flow - 
The cash  f low requirements  d u r i n g  t h e  des ign  and c o n s t r u c t i o n  per iod  

w i l l  be determined on a q u a r t e r l y  b a s i s  f o r  l e a d ,  r e p l i c a ,  and NOAK 

p l a n t s  as r e q u i r e d .  The cash f low should be expressed i n  t h e  same y e a r ' s  

d o l l a r s  as t h e  o v e r n i g h t  c o s t s  and should i n d i c a t e  whether cont ingency 

c o s t s  are inc luded .  Contingency c o s t s  must be e x p l i c i t l y  inc luded  i n  t h e  

cash  f low d a t a  i f  i t  is n o t  assumed t h a t  cont ingency cash  f low is  propor- 

t i o n a l  t o  base c o s t  cash  flow. T ime  e f f e c t s  such as e s c a l a t i o n  and in- 

terest  should not  be inc luded  i n  t h e  cash  f low d a t a .  A s  a r e s u l t  of  t h e  

e s c a l a t i o n  assumption t h a t  f o l l o w s ,  t h e  d a t e s  of cash flow may be ex- 

pressed  as e i t h e r  a r e l a t i v e  o r  a b s o l u t e  d a t e  wi th  r e s p e c t  t o  commercial 

o p e r a t i o n .  

3.3 E s c a l a t i o n  

It is  t o  be assumed t h a t  e s c a l a t i o n  dur ing  t h e  des ign  and cons t ruc-  

t i o n  per iod  i s  o c c u r r i n g  at t h e  same rate as i n f l a t i o n ;  t h a t  i s ,  t h e r e  i s  

no real e s c a l a t i o n  dur ing  t h i s  per:-od. A s  t h e  t o t a l  c o s t  is t o  be ex- 

pressed  i n  c o n s t a n t  d o l l a r s  f o r  t h e  year  g iven  i n  Sect .  2.1, e s c a l a t i o n  

w i l l  be zero  when expressed i n  c o n s t a n t  d o l l a r s .  

3.4 I n t e r e s t  Ijuring Cons t ruc t ion  

I n t e r e s t  c o s t s  will be c a l c u l a t e d  based on t h e  real ,  e f f e c t i v e  tax- 

a d j u s t e d  c o s t  of money. The f i n a n c i a l  parameters  g iven  i n  Table  3 . 1  a r e  

from t h e  DOE NECDBl and are t o  be 3ssumed i n  de te rmining  i n t e r e s t  dur ing  

c o n s t r u c t i o n  ( IDC) c o s t s .  

I n t e r e s t  w i l l  be c a l c u l a t e d  uging t h e  cash  f low summaries developed 

i n  Sec t .  3.2 and t h e  real ,  i n f l a t i m - f r e e ,  c o s t  of money shown i n  Table 

3.1. A l l  i n t e r e s t  c o s t s  w i l l  he c a p i t a l i z e d  up t o  the  commercial opera- 

t i o n  d a t e  us ing  t h e  fo l lowing  methsd. 

T 

t = o  
I n t e r e s t  d u r i n g  c o n s t r u c t i o n  = Ct  [ ( l  + i)T't - 11 , 
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Table 3.1. F i n a n c i a l  parameters  

Parameters  c o s t  

C a p i t a l i z a t i o n ,  X 

Debt: 
P r e f e r r e d  s t o c k  
Common e q u i t y  

Return on c a p i t a l i z a t i o n ,  % / y e a r  

Debt i n t  eres t 
P r e f e r r e d  dividend 
Common e q u i t y  r e t u r n  

Federa l  income tax rate ,  % 

S t a t e  income tax rate,  % 

E f f e c t i v e  ( tax-adjus ted)  c o s t  of 

I n f l a t i o n  rate, %,/year 

R e a l  ( i n f l a t i o n - a d j  u s t c d )  c o s t  

money, % / y e a r  

of money, % / y e a r  

516 
10 
40 

9.7 
9 
14 

46 

4 

9 .O 

5 .O 

3.8  

where 

T = p o i n t  of commercial o p e r a t i o n ,  

Ct = cash f low at  t i m e  t (from Sect .  3 . 2 ) ,  

i =: real c o s t  of money. 

If t h e  cash f low d a t a  developed i n  Sec t .  3.2 does not  e x p l i c i t l y  

c o n t a i n  cont ingency c o s t s ,  then  t h e  i n t e r e s t  c a l c u l a t e d  us ing  the cash 

f low summaries must be a d j u s t e d  by t h e  r a t i o  oE t h e  t o t a l  overn ight  c o s t  

t o  base c o n s t r u c t i o n  c o s t  as fo l lows ,  

- b a s e  c o s t  + cont ingency 
c 

ID' t o t a l  base c o s t  IDCbase c o s t  

3 . 5  

T o t a l  c a p i t a l  c o s t  w i l l  c o n s i s t  of t h e  base c a p i t a l  c o s t  as developed 

i n  Sect .  2 ,  cont ingency,  e s c a l a t i o n  (when a p p l i c a b l e )  and i n t e r e s t  d u r i n g  

c o n s t r u c t i o n .  A l l  c o s t s  w i l l  be expressed i n  c o n s t a n t  d o l l a r s  i n  t h e  year  
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d e f i n e d  i n  Sec t .  2.1. Table  3.2 prov ides  t h e  format  t o  be used i n  r e p o r t -  

i n g  t o t a l  c a p i t a l  c o s t .  

Table  3.2. P l a n t  t o t a l  c a p i t a l  c o s t  estimate 
(thousands of Janua ry  198 I d o l l a r s )  

EEDB 
Account Account d e s c r i p t i o n  c o s t  

NO. 

20 Land and l and  r i g h t s  
21 S t r u c t u r e s  and improvements 
22 Reactor  p l a n t  equipment 
23 Turbine p l a n t  equipment 
24 Electric p l a n t  equipment 
25 Misce l laneous  p1ar.t equipment 
26 Main c o n d i t i o n i n g  h e a t  r e j e c t i o n  system 

T o t a l  d i r e c t  costs '  

91 Cons t ruc t  i o n  s e r v i c e s  
92 AE home o f f i c e  eng inee r ing  and s e r v i c e  
93 F i e l d  o f f i c e  s u p e r v i s i o n  and s e r v i c e  
94 Owner ' s expenses 
95 RM home o f f i c e  e n g i n e e r i n g  and service 

T o t a l  i n d i r e c t  c o s t s  

BASE CONSTRUCTION COST - T o t a l  $ 
- $ / W e )  

CONTINGENCY 

TOTAL OVERNIGHT COST - T o t a l  $ 
- $/kW(e) 

ESCALATION 

TNT E RE ST DURING CONSTRUCT I O N  

TOTAL CAPITAL COST - T a t a l  $ 
- $/kW(e> 
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4 .  BUSBAR GEMEMTION COST 

This  s e c t i o n  provides  guidance f o r  deve loping  the  i o t a 1  g e n e r a t i o n  

o r  busbar c o s t  f o r  a power p l a n t  c o n s i s t i n g  of one o r  more b u i l d i n g  

b locks*  The method is  e q u a l l y  a p p l i c a b l e  t o  a l a r g e  mono l i th i c  p l a n t .  

4.1 General Assumptions and Methodology 

A t o t a l  p l a n t  energy gene ra t ion  c o s t  o r  busbar c o s t  i nc ludes  the  capi-  

t a l ,  nonfue l  o p e r a t i o n  and maintenance (O&M), f u e l ,  and decommissioning 

c o s t s  and i s  g e n e r a l l y  expressed as a c o s t  p e r  u n i t  energy. I n  t h i s  case, 

a c o n s t a n t  d o l l a r  l e v e l i z e d  busbar c o s t  w i l l  be determined.  In the  con- 

s t a n t  d o l l a r  l e v e l i z e d  approach,  the  year-by-year u n i t  p r i c e  of e l e c t r i c i t y  

i s  assumed to  r i se  i n  c u r r e n t  d o l l a r  terms at  the  rate of i n f l a t i o n .  The 

method used t o  determine e.his u n i t  p r ice  is i o  c a l c u l a t e  t h e  p re sen t  

v a l u e  of a l l  t h e  p l a n t  c o s t s  and d i v i d e  t h a t  amount by t h e  p re sen t  v a l u e  

of t h e  energy genera ted  over  t he  l i f e  of the  p l a n t .  A complete desc r ip -  

t i o n  of t he  l e v e l i z e d  c o s t  approach can be found i n  the  U.S. DOE document 

NECUB. 

Following some g e n e r a l  assumptions be low,  t he  t rea tment  of each c o s t  

component w i l l  be d i s c u s s e d ,  and i n  Chap. 5 ,  examp1.e~ of t h e  method wi th  

a l t e r n a t i v e  p l a n t s  w i l l  be given. 

1. 

2 .  

3 .  

4 .  

5 .  

The l e v e l i z e d  busbar cos t  ~ l l  be expressed i n  cons t an t  d o l l a r s  i n  

the  year  de f ined  i n  Sec t .  2.1. 

The economic o p e r a t i n g  l i f e  of each u n i t  (b lock )  is  assumed t o  be 

30 yea r s  f o r  cos t - e s t ima t ing  purposes .  

The d e f a u l t  c a p a c i t y  f a c t o r  t o  he assumed is  70%. A concep t - spec i f i c  

c a p a c i t y  f a c t o r  may be used i f  i t  i s  p rope r ly  s u b s t a n t i a t e d .  

The present-worth d i scoun t  rate is 9% f year  (nominal)  and 3.8Xfyear 

( r e a l ) .  The general .  i n f l a t i o n  ra te  i s  5%/year .  

Assumed use of any government-owned OK -opera ted  f a c i l i t y  shal l  be 

cos t ed  a t  f u l l  c o s t  recovery ,  i nc lud ing  a l l  d i r e c t  c o s t s ,  a l l o c a b l e  

i n d i r e c t  c o s t s ,  d e p r e c i a t i o n ,  and any o t h e r  nre1at:ed g e n e r a l  and ad- 

m i n i s t r a t i v e  c o s t s .  I n q u i r i e s  r ega rd ing  p r i c e s  and charges  to  be as- 

sumed f o r  s p e c i f i c  materials and s e r v i c e s  s h a l l  be made tcj the  DOE-NE. 
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4.2 C a d t a l  Cost 

Under t h e  assumption of equa l  annual  energy g e n e r a t i o n ,  t h e  equa t ion  

f o r  c a l c u l a t i n g  t h e  c o n s t a n t  d o l l a r  l e v e l i z e d  c a p i t a l  c o s t  can be ex- 

p res sed  as 

where 

LCC = l e v e l i z e d  c a p i t a l  c o s t ,  

FCR = f i x e d  charge  ra te ,  

CAPi = t o t a l  c a p i t a l  c o s t  f o r  u n i t  i as determined i n  Sec t .  3,  
d = r e a l  c o s t  of money, 

ti = commercial o p e r a t i o n  d a t e  fo r  u n i t  i., 

E = annual  energy g e n e r a t i o n  f o r  s i n g l e  u n i t .  

A f i x e d  charge rate is used t o  p r o p e r l y  account  €or d e p r e c i a t i o n ,  

i n t e r i m  rep lacements ,  and income tax e f f e c t s .  The f i x e d  charge  rate i s  

dependent  upon t h e  f r a c t i o n  of the t o t a l  p l a n t  investment  t h a t  is e l i g i -  

b l e  f o r  t a x  d e p r e c i a t i o n  ( d e p r e c i a z i o n  may no t  be taken on AFUDC). Th i s  

f r a c t i o n  i s ,  i n  turn, dependent upon the c o n s t r u c t i o n  t i m e  l eng th .  Fixed 

charge  rates f o r  v a r i o u s  c o n s t r u c t i o n  l e n g t h s  are provided i n  Table  4.1 

as c a l c u l a t e d  using the computer code desc r ibed  in  Appendix B of t h e  

N E f 3 B . l  

a r e  g iven  i n  Table  4 . 2 .  

Other  i n p u t  parameters  used i n  de te rmining  t h e  f i x e d  charge ra te  

For a s i n g l e - u n i t  (b lock)  plaTC, the prev ious  equa t ion  reduces  t o  

LCC = (FCR x CAP)/E . 
4.3 06M Costs  

This  s e c t i o n  p rov ides  guidance on t h e  development of t he  nonfuel 

O&M c o s t s .  The O&M c o s t s  a r e  i n c u r r e d  from commercial o p e r a t i o n  and 
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Table 4.1. C a p i t a l  c o s t  f i x e d  charge rates 

Tax d e p r e c i a t i o n  
al lowance 

(% of as-spent 
i nve  s t rnent ) 

Cons t ruc t  i o n  Constant  d o l l a r  
l e n g t h  f i x e d  charge  

ra te  (months) 

36 

42 

48 

54 

60 

66 

72  

83.74 0 e0920 

81 -32  0.0930 

79.37 0.0938 

76.78 0.0948 

74.77 0.0956 

72.63 0.0964 

71.13 0.0970 

Table 4 . 2 .  Fixed charge rate inpu t  parameters  

Parameters  Rate 

Investment  t a x  c r e d i t ,  % 8 

E f f e c t i v e  ( t a x  a d j u s t e d )  c o s t  9 

I n f l a t i o n  ra te ,  % / y e a r  5 

of money, % / y e a r  

Real c o s t  of money, %/yea r  3.81 

Combined s t a t e  and f e d e r a l  48.16 
t a x  ra te ,  % 

inves tment /year  

of inves tment /year  

P rope r ty  tax ra te ,  % of c a p i t a l  2 

I n t e r i m  replacement ra te  % 0.5 

Book l i f e ,  year 30 

Tax d e p r e c i a t i o n  d u r a t i o n ,  10 
y e a r s ,  TEFRA 

of investment  
Tax d e p r e c i a t i o n  component, % See Table 4.1 

Accounting method Normalized 



throughout  t h e  o p e r a t i n g  l i f e  of t h e  p l a n t .  For t h e s e  s t u d i e s  on ly  t h e  

f i r s t  30 y e a r s  of o p e r a t i o n  w i l l  be cons idered .  

C e r t a i n  O&M c o s t s ,  such as those  f o r  materials and s u p p l i e s ,  can be 

at least  p a r t i a l l y  dependent upon t h e  amount of energy gene ra t ed  by t h e  

p l a n t .  These v a r i a b l e  c o s t s  should be added t o  t h e  f i x e d  c o s t s ,  which 

are independent  of g e n e r a t i o n ,  t o  a r r i v e  at  a t o t a l  annual  O&M c o s t .  

The O&M cost estimate should provide ,  as a m i n i m u m ,  t h e  d e t a i l  shown 

i n  Table  4.3 f o r  f i x e d ,  v a r i a b l e ,  and t o t a l  O&M c o s t s  as a p p l i c a b l e .  S i t e  

s t a f f  requi rements  d a t a  should  a l s o  be r epor t ed  as shown i n  Table 4 . 4 .  

The O&M c o s t  estimate should Le expressed  i n  c o n s t a n t  d o l l a r s  i n  t h e  

yea r  de f ined  i n  Sect. 2.1. It  i s  t.o be assumed t h a t  t h e  e s c a l a t i o n  rate 

f o r  O&M c o s t s  i s  e q u a l  t o  t h e  rate of i n f l a t i o n ,  such t h a t  t h e r e  i s  no 

real e s c a l a t i o n  f o r  O&M c o s t s .  For  mu l t ib lock  p l a n t s ,  t h e  annual  O&M 

c o s t s  are t o  be s p e c i f i e d  by b lock  as w e l l  as f o r  t h e  t o t a l  p l a n t .  

To o b t a i n  t h e  c o n s t a n t  d o l l a r  l e v e l i z e d  c o s t  f o r  O&M, t h e  p r e s e n t  

worth of the annual  p l a n t  O&M c o s t s  must be determined by d i s c o u n t i n g  a t  

t h e  real c o s t  of money each year's OSlM c o s t  back t o  t h e  commercial opera- 

t i o n  d a t e  of t h e  f i r s t  u n i t  (block!. In equa t ion  form 

c OMn 
n 

PWOM = L 9  
L 
n . ( 1  + d)  

where 

PWOM = p r e s e n t  worth of O&M c o s t s ,  

0% = annual  t o t a l  p l a n t  0 & M  c o s t s ,  

d = real c o s t  of money, 

t, = t i m e  r e l a t i v e  t o  f i r s t  b lock  commercial o p e r a t i o n .  

Th i s  present-worth c o s t  is thzn  d iv ided  by t h e  p r e s e n t  worth of t h e  

t o t a l  energy  g e n e r a t i o n  as shown b l o w  t o  a r r i v e  a t  t h e  l e v e l i z e d  c o s t .  

CRF x PWOM 
t i - t  ' LCOM = 

1 
E x c 1 / ( 1  + d )  

i 



36 

Table 4 . 3 .  Nonfucl O&M expense accounts  

Account Desc r ip t ion  
- 

On-si te  s t a f f  

Maintenance materials 

Supp l i e s  and expenses 

Regulatory f e e s ,  i n s p e c t i o n s ,  
and review expenses 

O f  f-si-te suppor t  services 

Admin i s t r a t ive  and gene ra l  

Inc ludes  a l l  personnel  ass igned  t o  
the  p l a n t  s i te .  See Table  4.4 f o r  
t y p i c a l  c a t e g o r i e s .  

Cons is t  of noncap i t a l i zed  hardware 
used i n  normal maintenance a c t i v i t i e s .  

Can be e i t h e r  v a r i a b l e  o r  f i x e d  c o s t s .  

Can be e i t h e r  v a r i a b l e  or f i x e d  c o s t s .  
Cons is t  of consumable materials and 
o t h e r  unrecoverable  items such as 
makeup f l u i d s ,  chemica ls ,  g a s e s ,  l u h r i -  
c a n t s ,  off  i ce  and personnel  s u p p l i e s ,  
and monitor ing and record  s u p p l i e s ;  
c o s t s  f o r  on - s i t e  r a d i o a c t i v e  and non- 
r a d i o a c t i v e  waste management a c t i v i -  
t i es .  

NlKC annual  f e e s  and review c o s t s  as 
w e l l  as o t h e r  r o u t i n e  s a f e t y ,  environ-  
menta l ,  and h e a l t h  phys ics  i n s p e c t i o n s .  

A c t i v i t i e s  by personnel  not ass igned  
f u l l  t i m e  t o  t h e  p l a n t  s i t e ;  examples 
are s a f e t y  reviews,  o f f - s i t e  t r a i n i n g ,  
environmental  moni tor ing ,  meteoro- 
l o g i c a l  surveys ,  power planning fue l  
s t u d i e s ,  and o t h e r  owner home o f f i c e  
a c t i v i t i e s  d i r e c t l y  suppor t ing  the  
p l a n t .  

Admin i s t r a t ive  and general. sa lar ies  and 
r e l a t e d  expenses ,  welfare and pens ion  
c o s t s  commercial and government li- 
a b i l i t y  in su rance ,  p rope r ty  damage in-  
su rance ,  and replacement  power in- 
surance.  
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Table 4 . 4 .  On-site staff requirements 

__ - - - 

Category 
Number of 

persons 

Plant manager's office 

Manager 
As s is t ant 
Quality assurance 
Environmental control 
Public relations 
Training 
Safety and fire proteczion 
Administrative serviceis 
Health services 
Security 

Sub to tal 

Operations 

Supervision (excluding shift) 
Shifts 

Subt o t a1 

Maintenance 

Supe rv i s i o n  
Crafts 
Peak maintenance (annual average) 

Subtotal 

Technical and engineering 

Reactor 
Radiochemical 
Engineering 
Performance, reports, and technicians 

Subt o t a1 

Total staff 
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where 

LCOM = l e v e l i z e d  O&M c o s t ,  

PWUM = presen t  worth of annual  O&M c o s t s ,  

E = annual  energy g e n e r a t i o n  f o r  s i n g l e  b lock ,  

CRF = c a p i t a l  recovery  f a c t o r  € o r  30 y e a r s  a t  the  real c o s t  of 

money d ( 1  + d ) 3 0 / [ ( l  + dI3O - 11,  

d = real c o s t  of money, 

ti = commercial o p e r a t i o n  d a t e  f o r  block i.* 

For a s ingle-b lock  p l a n t ,  t he  l e v e l i z e d  O&M c o s t  is s imply the an- 

nua l  O&M c o s t  d iv ided  by the annual  energy g e n e r a t i o n ,  Examples using 

t h i s  methodology are presented  i n  Sec t .  5. 

4.4 Fuel  Cos ts  

Complete f u e l  c y c l e  c o s t s  f o r  30 yea r s  of ope ra t ion  s h a l l  be esti-  

mated. The f u e l  c y c l e  w i l l  be subdiv ided  i n t o  i t s  components, such as 

uranium, thorium o r  plutonium purchase convers ion ,  enr ichment ,  f ab r i ca -  

t i o n ,  r ep rocess ing ,  and waste d i s p o s a l .  Costs and q u a n t i t i e s  w i l l  be re- 

por ted  f o r  each component over the  assumed o p e r a l i n g  p e r i o d .  All assump- 

t i o n s ,  such as u n i t  c o s t s ,  p rocess ing  l o s s e s ,  mass balance d a t a ,  and l e a d  

and l a g  times f o r  c o s t s ,  s h a l l  be r epor t ed .  A complete d e s c r i p t i o n  of 

the f u e l  c y c l e  c o s t  a n a l y s i s  sha l l  be prepared.  

The fo l lowing  u n i t  costs should be assumed i n  developing f u r l  c y c l e  

c o s t s :  

1. Uranium ore p r i c e  i n  1986 i s  $34/ lb  (1986 d o l l a r s )  w i th  real escala- 

t i o n  of 1 .()%/year. 

2. Uranium convers ion  p r i c e  i n  1986 i s  $8/kg U (1986 d o l l a r s )  wi th  esca- 

l a t i o n  equa l  t o  i n f l a t i o n  (i.e., no real e s c a l a t i o n )  I 

3 .  Enrichment p r i c e  i n  1386 i s  $115/kg SWU (1986 d o l l a r s )  d t h  real  de- 

e s c a l a t i o n  of 3.4%/year t o  2005 and no real  e s c a l a t i o n  thc?renEt(?r* 

4 .  Waste d i s p o s a l  f e e  is 1 mill/kWh (1986 d o l l a r s )  with no real escala- 

t i o n .  

5. E s c a l a t i o n  will be a t  the rate of i n f l a t i o n  f o r  a l l  o t h e r  f u e l  c y c l e  

components ( i . e . ,  no real e s c a l a t i o n ) .  
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A d d i t i o n a l  or  r e v i s e d  c o s t  assumptions may be provided by WE. 

C a p i t a l  cost and a m o r t i z a t i o n  assumptions f o r  a l l  f u e l  c y c l e  f a c i l i -  

t i e s  (e.g., r e p r o c e s s i n g / r e c y c l e  f a c i l i t i e s )  s h a l l  be f u l l y  documented. 

C a p i t a l  c o s t  estimates f o r  such f a c i l i t i e s  s h a l l  i n c l u d e  a cont ingency 

c o s t  as d e s c r i b e d  i n  Sect .  3.1 of t:his r e p o r t .  

Some components of t h e  f u e l  c y c l e  may be c a p i t a l i z e d  Eor t a x  pur- 

poses  r a t h e r  than  expensed. I f  any component of t h e  f u e l  c y c l e  is capi-  

t a l i z e d ,  then  t h e  a n a l y s i s  should be performed i n  c u r r e n t  r a t h e r  t h a n  

c o n s t a n t  d o l l a r  terms t o  p r o p e r l y  r e f l e c t  t a x  d e p r e c i a t i o n .  F i n a l l y ,  a l l  

f u e l  c y c l e  c o s t s  f o r  t h e  power p l a n t  should be present-worthed t o  t h e  

year  i n d i c a t e d  i n  Sec t .  2.1 f o r  use i n  developing t h e  t o t a l  busbar c o s t .  

The methodology t o  o b t a i n  t h e  percent  worth of t h e  f u e l  c o s t s  i s  provided 

i n  Sect .  3 of t h e  NECDl3.l 

t o  h e l p  c a l c u l a t e  t h e  f u e l  c y c l e  c o s t s . 2  

A comput:er code such as EFCO-83 may be used 

S i m i l a r  t o  t h e  c a l c u l a t i o n  of l e v e l i z e d  O&M c o s t s ,  t h e  c o n s t a n t  dol-  

l a r  l e v e l i z e d  f u e l  c o s t  can be expressed as 

CRF x PWFC 
LCPC = 

ti - t l  ’ 
E x C l / ( l  + d )  

i 

where 

LCFC = l e v e l i z e d  f u e l  cos t ,  

PWFC = p r e s e n t  worth of annual.. f u e l  c o s t s ,  

E = annual  energy g e n e r a t i o n  f o r  s i n g l e  block,  

CRF = capi ta l  recovery f a c t o r  f o r  30 y e a r s  at t h e  real c o s t  of  

money, 

d = rea l  c o s t  of money, 

ti = commercial o p e r a t i o n  d a t e  f o r  block i. 

4.5 I_ Decommissioning 

The c o s t  f o r  p l a n t  decommissioning should be es t imated  and inc luded  

i n  the busbar  c o s t .  I n  t h e  absence of a s p e c i f i c  decommissioning estimate, 
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a d e f a u l t  c o s t  t h a t  i s  a f u n c t i o n  of block ( u n i t )  s i z e  may be used. The 

d e f a u l t  va lue  is  $140 m i l l i o n  (1986 d o l l a r s )  f o r  an 1100-MW(e) u n i t .  

This  v a l u e  should be l i n e a r l y  sca l ed  [ i . e .  , $127.27/kW(e)] f o r  b locks  

( u n i t s )  of o t h e r  s i z e s .  

It should be assumed t h a t  an e x t e r n a l  s ink ing  fund OF U.S. govern- 

ment s e c u r i t i e s  ea rn ing  8 .%/year  nominal ly  w i l l  be e s t a b l i s h e d  over  t h e  

o p e r a t i n g  l i f e  of t h e  p l a n t  t o  accumulate the  funds necessa ry  f o r  decom- 

miss ioning .  The p resen t  worth of t h i s  decommissioning fund can be ca lcu-  

l a t e d  us ing  the  expres s ion  

t i  - t l  
x SFP(8.5,30) x c 1 / ( 1  + d )  

DCO 
I 

--__I PWDC = Y 

( 1  + d)3a  x SFF(X,30) 

where 

PWDC = p r e s e n t  worth of t o t a l  decommissioning c o s t s ;  

DCo = decommissioning c o s t  i n  r e f e r e n c e  y e a r ' s  d o l l a r s  f o r  one 

b lock;  

S F F ( r , t )  = s i n k i n g  fund f a c t o r  at rate r Lor t y e a r s ,  that i s ,  

r / [ ( l  I- r I t  - 11; 

d = real  c o s t  o f  money; 

X = t ax-adjus ted  nominal c o s t  of money; 

ti = cornrnrrcial o p p r a t i o n  da te  f o r  block i. 

Following the t rea tment  used f o r  0624 and f u e l  c o s t s ,  t he  c o n s t a n t  

d o l l a r  l e v e l i z e d  c o s t  of decommissioning can be expressed  as 

CKF x PGJDC 
LCDC = 

t. - tl 
1. 

E x x  1 / ( 1  + d )  
i 

where 

LCDC = l e v e l i z e d  deconmissioning c o s t ,  

PWDC = present worth o f  t o t a l  decommissioning c o s t s ,  

E = annual  energy gene ra t ion  f o r  s i n g l e  block,  



41 

CRF = c a p i t a l  recovery  f a c t o r  f o r  30 yea r s  at  the  real c o s t  of 

money, 

d = real c o s t  of money, 

ti = commercial o p e r a t i o n  d a t e  f o r  block i. 

An example of t h i s  c a l c u l a t i o n  is g iven  i n  Sec t .  5 .  

4.6 Tota l  Busbar Cost - 
The l e v e l i z e d  t o t a l  busbar  c o s t  is s i m p l y  t h e  sum of t h e  l e v e l i z e d  

c o s t s  f o r  c a p i t a l ,  OhM, fuel ,  and decommissioning as determined pre- 

v i o u s l y .  Examples of t he  development of t o t a l  busbar c o s t s  f o r  a l t e r n a -  

t i v e  p l a n t s  are provided i n  t h e  next  chap te r .  
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5. ALTERNATIVE POWER PLANT COMPARISONS 

The economic compet i t iveness  of advanced nuc lea r  power t echno log ie s  

w i l l  be compared r e l a t i v e  t o  o t h e r  a l t e r n a t i v e  power p l a n t s .  Th i s  chap- 

ter  provides  c o s t  d a t a  f o r  a l t e r n a t i v e  power p l a n t  c o n f i g u r a t i o n s  and an 

exp lana t ion  of t he  method used t o  estimate t h e i r  busbar  c o s t s .  The al- 

t e r n a t i v e  p l a n t s  were s e l e c t e d  t o  provide  r e p r e s e n t a t i v e  v a l u e s  f o r  c o a l  

and pressur ized-water  r e a c t o r  (PWR) p l a n t s  of va r ious  s i z e s  s t a r t i n g  coin- 

mercial o p e r a t i o n  i n  t h e  year  2000. 

Nuclear --.- Coal-f %red 

4OO-MW( e )  s i n g l e  u n i t  800-MbJ(e) PWR 
600-MM( e )  s i n g l e  u n i t  1200-M3J( e )  PWR 
800-Mw( e )  s i n g l e  u n i t  
800-MW(e) two u n i t  
12OO-MW( e> two nni.t 

The fo l lowing  g e n e r a l  assuinptions apply t o  the development of the 

l e v e l i z e d  busbar  g e n e r a t i o n  c o s t s  for  the  a l t e r n a t i v e  power p l a n t s :  

1. Thc l e v e l i z e d  busbar c o s t  w i l l  be exprcbssed i n  cons t an t  1986 d o l l a r s .  

2 .  The c a p a c i t y  f a c t o r  f o r  a l l  a l t e r n a t i v e  p l a n t s  is assumed t o  be 70%. 

3 .  The o p e r a t i n g  l i f e  of each u n i t  i s  assumed t o  be 30 y e a r s  f o r  cos t -  

e s t i m a t i n g  purposes.  

4 .  The present-worth d i scoun t  rate is 9%/yea r  (nominal)  and 3.81%/year 

( r ea l ) .  The g e n e r a l  i n f l a t i o n  rate is  S%/year .  

5.1 C a p i t a l  Cost 

Because mu1 t i - u n i t  p l a n t s  are being cons ide red ,  n ine  c a p i t a l  c o s t  

estimates are needed f o r  t h e  seven altermat-ive power p l a n t s  l i s t e d  pre- 

v i o u s l y .  The c a p i t a l  c o s t  estimates are given i n  Table 5.1 and were cal- 

c u l a t e d  us ing  t h h  CONCEPT code and c o s t  da t a  developed i n  t h e  DOE EEDB 

P r ~ g r a r n . ~ ,  

estimate fo r  an a l t e r n a t i v e  is d i scussed  i n  Sect .  5.6. 

The procedure us ing  t h e  d a t a  i n  Table 5.1 t o  produce a c o s t  

The assumed c o n s t r u c t i o n  per iod  for  t h e  c o a l  and nuc lea r  p l a n t s  was 

4 and 6 y e a r s ,  r e s p e c t i v e l y .  The commercial o p e r a t i o n  d a t e  is the  year 
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Table  5.1. A l t e r n a t i v e  power p l a n t  capi ta l  c o s t  d a t a  

P l a n t  type  
T o t a l  c a p i t a l  c o s t  

( m i l l i o n s  1986$)  

4 0 0 - ~ ~ (  e) s i n g l e - u n i t  c o a l  7 30 
400-MM(e) f i r s t  of two u n i t s  c o a l  7 33 
400-MW(e) second of two uniLts c o a l  556 
€iOO-MW( e) s i n g l e - u n i t  c o a l  913 
600-MW(e) f i r s t  of two u n i t s  c o a l  917 
600-MW(e) second of two u n i t s  c o a l  696 
800-~W( e )  s i n g l e - u n i t  c o a l  1071 
800-MW(e) PWR 1733 
lZOO-MW( e )  PWR 2123 

2000 for s i n g l e  u n i t s  and f o r  t h e  f i r s t  u n i t  of t h e  two-unit p l a n t s .  The 

second u n i t  i s  assumed t o  fo l low t h e  f i r s t  by 1 year .  

The coal-f i r e d  p l a n t s  have p r e c i p i t a t o r s  and w e t  l imes tone  scrub-  

b e r s .  The PWR p l a n t s  conform t o  1984 l i c e n s i n g  s t a n d a r d s .  A l l  p l a n t s  

use  mechanical  draft:  w e t  coo l ing  towers. 

The PWR c o s t s  shown r e f l e c t  assumptions i n  t h e  q u a n t i t i e s  of com- 

m o d i t i e s ,  equipment, i n s t a l l a t i o n  manhours, and i n d i r e c t  c o s t s  t h a t  are 

today on ly  s imi l a r  t o  t h e  b e s t  c o s t  expe r i ence  f o r  s t a t i o n s  c u r r e n t l y  

under c o n s t r u c t i o n .  These c o s t s  are provided as r e p r e s e n t a t i v e  va lues  of 

t y p i c a l  f u t u r e  p l a n t s  under an improved manager ia l  and r e g u l a t o r y  c l i -  

mate. To a l low f o r  comparisons t o  t h e  i n d u s t r y ' s  c u r r e n t  median exper i -  

ence ,  t h e  c a p i t a l  c o s t s  by two-digi t  EEDB account  f o r  a 1200-MW(e) median 

expe r i ence  and b e s t  expe r i ence  PWI: are provided i n  Table 5.2. 

5.2 O&M Cost 

Seven O&M c o s t  e s t i m a t e s  are needed f o r  e s t i m a t i n g  t h e  a l t e r n a t i v e  

p l an t  c o n f i g u r a t i o n s  under  c o n s i d e r a t i o n .  The O&M c o s t  estimates were 

c a l c u l a t e d  us ing  t h e  OMCOST code5 and are g iven  i n  Table 5.3. The proce- 

du re  us ing  t h e  d a t a  i n  T a b l e  5.3 to produce a cost estimate for an a l t e r -  

n a t i v e  p l a n t  i s  d i scussed  i n  Sect, 5.6. 
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T a b l e  5.2. PFIR c a p i t a l  cost estimates ( m i l l i o n s  1986$) 

EEDB 
Account  

No. 

EEDB Account  
d e s c r i p t i o n  

Med i a n  Best 
experienc-e e x p e r i e n c e  

20 
21 
22 
23 
24 
25 
26 

T o t a l  

91 
92 
93 
94 

T o t a l  

Land and l a n d  r i g h t s  
S t r u c t u r e s  and improvements  
Reactor p l a n t  e q u i p m e n t  
T u r b i n e  p l a n t  equipment  
E l e c t r i c  p l a n t  e q u i p m e n t  
M i s c e l l a n e o u s  p l a n t  equipment  
Main c o n d i t i o n i n g  h e a t  reject  s y s t  em 

d i r e c t  costR 

C o n s t r u c t i o n  s e r v i c e s  
Home 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  
F i e l d  o f f  ice e n g i n e e r i n g  and s e r v i c e  
Omer's c o s t s  

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

BASE CONSTRUCTION GOST 
- [S/kW(e)l 

CONT I NGENCY a 

TOTAL OVERNIGHT COST 
- [S/kw(e)l 

ESCALATION 

INTEREST DURING CVNSTRUCTION~ 

TOTAL CAPITAL QIST 
- ~ -  [ S / k w ( e > l  

5 
340 
383 
27.3 
120 
64 
59 

1244 

30 1 
368 
40 7 
232 

1309 

11- 

- 

2553 
2128 

499 

3052 
2543 

0 

699 

3751 
3126 

5 
213 
306 
228 
79 
43 
49 

923 

164 
20 1 
102 
139 

606 

- 

- 

1529 
1274 

299 

1828 
1523 

0 

295 

2123 
1769 

% c l e a r - g r a d e  C o n s t r u c t i o n  a s s u m p t i o n s :  65% Account  21, 100% 

bBascd on 8-year c o n s t r u c t i o n  time f o r  median case and & y e a r  

Account  2 2 ,  50K Account 24, 502 Accounts  92-94. 

c o n s t r u c t i o n  time f o r  b e s t  case. 

T a b l e  5.3. A l t e r n a t i v e  power p l a n t  
OhM c o s t  d a t a  

P l a n t  t y p e  Annual  OM4 cost  
( m i l l i o n s  1986$) 

bOO-MW(e) s i n g l e - u n i t  coal 
600-HW( e> s i n g l e - u n i t  coal 
800-F.BJ( e)  s i n g l e - u n i  t coal 
80O-Mw( e) two-uni t  coal 
12OO-Mw( e )  two-uni t  coal 
800-MW(e) PwrZ 
1200-WJ(e) PWR 

22.9 
25 .O 
27.1 
34.6 
38.9 
47.4 
47 -8 
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5.3 Fuel  Cos t s  

The d e l i v e r e d  p r i c e  of c o a l  is assumed t o  be $1.75/MBtu (1986 dol- 

l a r s )  i n  1986. The real  e s c a l a t i o n  of c o a l  is assumed to be l.O%/year. 

For t h e  PWR cases, an extended burn-up f u e l  (54,000 megawatt-days per 

metric ton )  is used. The f u e l  c y c l e  u n i t  c o s t s  assumed are g iven  i n  

Table  5.4. 

Table 5.4. Fuel  c y c l e  u n i t  c o s t  parameters 

Fue l  
Real e s c a l a t i o n  rate 

( X / y e a r  1 1!W6 Price 

Uranium o r e ,  $ / l b  34 1 .o 
Conversion,  $/kg U 8 0 

F a b r i c a t i o n ,  $/kg HM 240 0 
Waste d i s p o s a l ,  mills/kWh 1 0 

Enrichment ,  $/kg SWU 115 -3.4 t o  2005, 0 
t h e r e a f t e r  

5 -4  - Decommissioning 

The c o s t  of decommissioning an  1100-MW(e) PWR p l a n t  i s  e s t ima ted  t o  

be $140 m i l l i o n  i n  1986 d o l l a r s .  Decommissioning c o s t s  are assumed t o  

vary l i n e a r l y  wi th  s ize  and e s c a l a t e  at  t h e  ra te  of i n f l a t i o n .  A s ink ing  

fund similar t o  t h a t  desc r ibed  i n  Sect. 4.5 w i l l  be used t o  accumulate  

t h e  necessa ry  funds du r ing  t h e  o p e r a t i o n  of t he  p l a n t .  An example of 

t h i s  method is  g iven  i n  Sec t .  5 .6 .3 .  

5.5 T o t a l  Busbar Cost 
_I_ 

The c a p i t a l ,  O&M, f u e l ,  and decommissioning c o s t s  f o r  t h e  PWR make 

up t h e  t o t a l  busbar  c o s t .  Each component as w e l l  as the  t o t a l  busbar  

c o s t  i t s e l f  can be expressed  as a cons t an t  d o l l a r  l e v e l i z e d  unit c o s t .  

The l e v e l i z e d  u n i t  c o s t  f o r  each c o s t  component is ob ta ined  by d i v i d i n g  

t h e  p r e s e n t  worth of t h e  p a r t i c u l a r  c o s t  stream by t h e  p r e s e n t  worth of 

t h e  energy g e n e r a t i o n  d i scoun ted  a t  t h e  real c o s t  of money. The t o t a l  

busbar  c o s t  is then  t h e  sum of the  l e v e l i z e d  c o s t s  f o r  a l l  t h e  components. 
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A summary of these l e v e l i z e d  c o s t s  f o r  t h e  a l t e r n a t i v e  p l a n t  conf igura-  

t i o n s  1s given  in Table 5.5. 

Table 5.5. A l t e r n a t i v e  power p l a n t  c o s t  estimate sumnary 

Level i zed cos t 

P l a n t  

C a p i t a l  O& M 

(1986 mills/kWh) 

4OO-MW( e )  s ing le-uni  t c o a l  
600-MW( e> s ing le -un i t  c o a l  
800-MW(e) s ing le -un i t  coa l  
800-MIJ( e )  two-unit c o a l  
1200-MW(e> two-unit c o a l  
800-MJ(e) PWR 
12OO-lqd( e )  PWR 

27 e90 
23 26 
20 -47 
24 e69 
20 e60 
34.24 
27 a97 

9.33 
6 -79 
5.52 
7.13 
5.34 
9 -66 
6.49 

Fue 1 

22.19 
21.97 
21.74 
22.30 
22 e08 

6 e96 
6.96 

Decommissioning T o t a l  

59.42 
52.02 
47.73 
54.12 
48.02 

0.42 51.28 
0.42 41.84 

5.6 Example Calcu1.ations 

To f u r t h e r  understand how the  l e v e l i z e d  c o s t s  are ob ta ined ,  a de- 

s c r i p t i o n  of t h e  c a l c u l a t i o n a l  procedure i s  provided below f o r  t h r e e  o f  

t he  c o n f i g u r a t i o n s .  The remaining c o n f i g u r a t i o n s  are determined i n  an 

analogous manner. 

5.6.1 Cost c a l c u l a t i o n  f o r  a $OO-MW(e)  coal. p l a n t  

This  s e c t i o n  w i l l  d i s c u s s  the  c a l c u l a t i o n  of t he  cons t an t  d o l l a r  

l e v e l i z e d  c o s t  for a s ing le -un i t  400-MW(e) coa l - f i r ed  p l a n t  s t a r t i n g  com- 

merc i a l  o p e r a t i o n  i n  the year  2000. A cons tan t  d o l l a r  l e v e l i z e d  c o s t  f o r  

each c o s t  component w i l l  be determined and then  summed to  o b t a i n  the 

t o t a l  busbar g e n e r a t i o n  l e v e l i z e d  c o s t .  

5.6.1.1 C a p i t a l  c o s t .  A s  given  i n  Sec t .  4.2, t he  l e v e l i z e d  capi- ta l  

c o s t  f o r  a s ing le -un i t  p l a n t  is found by m u l t i p l y i n g  the  t o t a l  c a p i t a l  

c o s t  by the f ixed  charge rate and d i v i d i n g  by the  annual  energy genera- 

t i o n .  The t o t a l  c a p i t a l  c o s t  f o r  t h i s  p l a n t  i s  shown i n  Table  5.1 t o  be 

$730 i n i l l i on  (1986 d o l l a r s ) .  The cons t an t  d o l l a r  f i xed  charge rate t o  be 

used f o r  t h e  c o a l  p l a n t  a l t e r n a t i v e s  i n  t h i s  s tudy  i s  0.0938. This  f i x e d  

charge r a t e  is  determined us ing  the  methodology presented  i n  the  NECDH. 



This  s t u d y  assumes a c o n s t a n t  annual  energy  g e n e r a t i o n  at  70% c a p a c i t y  

f a c t o r .  For t h e  400-MNe) p l a n t ,  th i s  cor responds  t o  g e n e r a t i o n  of 2.454 

m i l l i o n  MWh/year. Using t h e s e  v a l u e s ,  t he  c o n s t a n t  d o l l a r  l e v e l i z e d  

c a p i t a l  c o s t  is $27.90/MWh, which is e q u i v a l e n t  t o  27.90 mills/kWh. 

5.6.1.2 O&M cost. A s  s t a t e d  i n  Sect. 4.3, t h e  l e v e l i z e d  O&M c o s t  

f o r  a s i n g l e - u n i t  p l a n t  i n  t h i s  s tudy  is  t h e  annual  O&M c o s t  d iv ided  by 

the annual  energy g e n e r a t i o n .  Using t h e  annual  OSIM c o s t  g iven  i n  Table  

5.3 ($22.9 m i l l f o n )  and t h e  annual  energy g e n e r a t i o n  (2.454 m i l l i o n  MWh) , 
t h e  l e v e l i z e d  O&M c o s t  is c a l c u l a t e d  t o  be 9.33 mills/kWh. 

5.6.1.3 Fuel  c o s t .  The b a s i c  procedure  f o r  o b t a i n i n g  t h e  l e v e l i z e d  

f u e l  c o s t  is d e s c r i b e d  i n  Sec t .  4.4. The p r e s e n t  worth of t h e  annual  

f u e l  c o s t s  must r e f l e c t  a real e s c a l a t i o n  of l.O%/year f o r  c o a l .  Given a 

real e s c a l a t i o n  and assuming c o n s t a n t  annual  energy g e n e r a t i o n ,  t h e  pres-  

e n t  worth can be c a l c u l a t e d  as 

where 

PWFC = p r e s e n t  worth of f u e l  c o s t ,  

FC = annual  f u e l  c o s t  -Ln t h e  r e f e r e n c e  y e a r ,  

e = real e s c a l a t i o n  rate f o r  f u e l ,  

L = t i m e  between commercial o p e r a t i o n  and r e f e r e n c e  d a t e ,  

CRF(Z,30) = capi ta l  recovery  Eactor at  rate Z f o r  30 years, 

Z = combined e s c a l a t i i d d i s c o u n t  rate de f ined  as 

(1 + d ) / ( l  + e) - 1, where d is t h e  real d i scoun t  rate. 

Using a c o a l  p r i c e  of $1.75/MBtu (1986 d o l l a r s ) ,  a p l a n t  heat rate 

of 9684 Btu/kWh, and annual  gene rac ion  of 2.454 m i l l i o n  MwI.I, an annual  FC 

of $41.59 m i l l i o n  (1986 d o l l a r s )  i n  t h e  r e f e r e n c e  year i s  ob ta ined .  The 

t i m e  between t h e  commercial o p e r a t l o n  d a t e  and the r e f e r e n c e  d a t e  i s  

2000 - 1986 or  14 years .  The combined e s c a l a t i o n / d i s c o u n t  rate Z is 

1.038/1.01 - 1 o r  2.78%. S u b s t i t u t i n g  v a l u e s  i n t o  t h e  p rev ious  equa t ion  

yields 

41.59 x 106 x 1.1495 
0 00496 

PWFC = ¶ 
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P W C  = $964 x l o 6  (1986 d o l l a r s )  . 
Using t h e  e q u a t i o n  i n  Sect.  4.4 and a c a p i t a l  recovery f a c t o r  (CRF) 

o f  0.0.565, t h e  l e v e l i z e d  f u e l  c o s t  i s  c a l c u l a t e d  as 

5.6.1.4 T o t a l  busbar c o s t .  The t o t a l  c o n s t a n t  d o l l a r  l e v e l i z e d  

busbar  c o s t  i s  t h e  sum of t h e  t h r e e  c o s t  components d e r i v e d  above or  

59.42 mills/kW1i as shown i n  Table 5.5. 

5.6.2 Cost c a l c u l a t i o n  f o r  a two-unit 800-MW(e) 
c o a l  p l a n t  

This  s e c t i o n  w i l l  d i s c u s s  t h e  c a l c u l a t i o n  of t h e  c o n s t a n t  d o l l a r  

l e v e l i z e d  cost  for  a two-unit 800-MW(e) c o a l  p l a n t .  The commercial op- 

e r a t i o n  d a t e s  for the two u n i t s  are 2000 and 2001. 

5.6.2.1 C a p i t a l  c o s t .  The c o n s t a n t  d o l l a r  Level ized c a p i t a l  cost  

i s  g iven  i n  e q u a t i o n  form i n  Sect. 4.2. S u b s t i t u t i n g  c a p i t a l  c o s t s  from 

Table  5.1, t h e  e q u a t i o n  becomes 

0.0938 x [733 +- 556 (l.0381)"11 

2.454 x l o 6  x r l  I- (l.0381)-11 
J X C  = --- ' 

o r  

LCC = 24.69 mills/kl9la 

5.6.2.2 OEM cos t .  In t h i s  case, two d i f f e r e n t  annual  O&M c o s t s  are 

r e q u i r e d  from Table  5.3 t o  ref lect  t h e  number of units o p e r a t i n g  at t h e  

p l a n t  s i t e  through t i m e .  Fat- years 1. and 31, i h e  annual  O&M cost is 

$22.9 m i l l i o n ,  while  f o r  all o t h e r  y e a r s  i n  between, rhe annual  c o s t  i s  

$34.6 m i l l i o n .  Following t h e  equat ion  given i n  Sect .  4.3, t h e  p r e s e n t  

worth of t h e  O&M costs (PWQM) is c a l c u l a t e d  as $608.25 m i l l i o n  (1986 dol-  

l a r s ) .  Using the  l e u e l i z e d  c o s t  equat ion  a l s o  g iven  i n  Sect .  4.3 and an 

annual  u n i t  energy g e n e r a t i o n  o f  2.454 m i l l i o n  m, t h e  c o n s t a n t  d o l l a r  

l e v e l i z e d  0 & M  c o s t  is 7.13 mills/kWn. 
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5.6.2.3 Fuel  c o s t r  For a mul t i -un i t  c o a l  p l a n t  t h a t  has real f u e l  

c o s t  e s c a l a t i o n ,  t h e  e q u a t i o n  g iven  i n  Sec t .  5.6.1.3 has t o  be expanded 

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

expanded e q u a t i o n  is  

where 

P W C  = p r e s e n t  worth of f u e l  c o s t ,  

FC = annual  fue l  c o s t  in t h e  r e f e r e n c e  year  f o r  one u n i t  

(block), 

e = real  e s c a l a t i o n  r a t e  f o r  f u e l ,  

L = time between f i r s t  u n i t  commercial o p e r a t i o n  and 

r e f e r e n c e  d a t e ,  

CRF(Z,30) = c a p i t a l  recovery  f a c t o r  a t  rate 2 f o r  30 years, 

2 = combined e s c a l a t i o n / d i s c o u n t  rate de f ined  as 

( 1  + d ) / ( l  + e) - I ,  where d i s  t h e  real d i scoun t  rate, 

t = r e l a t i v e  t i m e  from t h e  commercial o p e r a t i o n  of the  

f i r s t  u n i t ,  

= summation over a l l  u n i t s  i nc lud ing  t h e  f i r s t  u n i t .  
i 

Using t h e  same c o s t  d a t a  as Sec t .  5.6.1.3, t h e  p re sen t  worth of t h e  

f u e l  c o s t  is $1.9 x lo9 (1986 d o l l a r s ) .  

p e r  u n i t  energy g e n e r a t i o n  of 2.4544 m i l l i o n  MWh, t he  l e v e l i z e d  f u e l  c o s t  

as determined by t h e  equa t ion  i n  Sezt. 4.4 is 

Using t h i s  v a l u e  and an annual  

= 22.3 mills/kWh . 0.0565 x 1.9 x l o 9  
2.4544 x lo6  x [ l  + (1.0381)-1] 

5.6.2.4 Busbar c o s t .  The l e v e l i z e d  busbar  cos t  is t h e  sum of t h e  

l e v e l i z e d  component c o s t s .  In t h i s  case, t h e  sum of the t h r e e  cos t  com- 

ponents  is 54.12 mills/kWh (1986 do:l lars) .  

5 .6 .3  Cost c a l c u l a t i o n  f o r  a 800-Mkl(e) PWR p l a n t  

Large mono l i th i c  l i gh t -wa te r  r e a c t o r  power p l a n t s  are a l s o  t o  be 

cons ide red  as a l t e r n a t i v e  energy  sources .  Discussed i n  t h i s  s e c t i o n  are 
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t h e  c o s t  c a l c u l a t i o n s  €or  a BOO-MW(e) PWR p l a n t  wi th  commercial o p e r a t i o n  

i n  t h e  year  2000. 

5.6.3.1 C a p i t a l  c o s t .  To c a l c u l a t e  a l e v e l i z e d  c a p i t a l  c o s t  using 

t h e  e q u a t i o n  g iven  i n  Sect, 4.2 f o r  s i n g l e - u n i t  p l a n t s ,  the f i x e d  charge 

ra te ,  t o t a l  c a p i t a l  c o s t ,  and annual  energy g e n e r a t i o n  nusr be known. 

For PWR p l a n t s  i n  t h i s  s tudy ,  t h e  f i x e d  charge rate is  0.097. The t o t a l  

c a p i t a l  cost is given i n  Table 5.1 as $1733 m i l l i o n  (1986 d o l l a r s ) ,  and 

t h e  annual  energy generatloxi a t  70% c a p a c i t y  f a c t o r  i s  4.909 m i l l i o n  WWh. 

These v a l u e s  produce a c o n s t a n t  d o l l a r  l e v e l i z e d  cost  of 34.24 mills/kWh 

( 1986 d o l l a r s ) .  

5.6.3.2 O&M c o s t .  For a s i n g l e - u n i t  p l a n t  t h e  l e v e l i z e d  O&M c o s t  

is the annual  O&bt c o s t  of $47.4 m i l l i o n  from Table  5.3 d i v i d e d  by the an- 

nua l  energy g e n e r a t i o n  o r  9.66 mills/kWh. 

5.6.3.3 F u e l  c y c l e  c o s t .  The l e v e l i z e d  f u e l  c y c l e  c o s t  €or the PWK 

p l a n t  is d e s c r i b e d  by the  equat ion  i n  Sect .  4.4,  IJsing t h e  f u e l  c y c l e  

un i t  c o s t  parameters  g iven  i n  Table  5 .4 ,  t h e  p r e s e n t  worth of t h e  f u e l  

c o s t s  f o r  30 y e a r s  of o p e r a t i o n  w a s  c a l c u l a t e d  t o  be $604.7 m i l l i o n  (1986 

d o l l a r s ) .  As shown i n  Sect. 4 . 4 ,  d i v i d i n g  t h i s  amount by t h e  annual  en- 

e r g y  g e n e r a t i o n  and m u l t i p l y i n g  by t h e  CW f o r  30 years  produces a l e v e l -  

i zed  f u e l  c y c l e  c o s t  of 6.96 mills/kWh. 

5.6.3.4 Decommissioning e o s t .  The decommissioning cos t  is assumed 

t o  scale l i n e a r l y  w i t h  s i z e  Erom t h e  r e f e r e n c e  p o i n t  of $140 m i l l i o n  f o r  

an 1100-MW(e) p l a n t .  T h e  assumed c o s t  is 140/1100 x 800 o r  $101.8 m i l -  

l i o n  (1986 d o l l a r s ) .  

Using the e q u a t i o n s  g iven  i n  Sect.  4.5 and an assumed decommission- 

ing  c o s t  of $101.8 i n i l l i o n  i n  1986 d o l l a r s  wi th  no real e s c a l a t i o n ,  t h e  

p r e s e n t  worth of the  decommissioning c o s t  can be w r i t t e n  as 

101.8 x l o6  x 0.008051 
PWDC 3.0698 x 0007336 9 

or 

PWDC = $36.39 m i l l i o n  (1986 d o l l a r s ) .  

Dividing t h i s  amount by the annual  energy g e n e r a t i o n  and t h e  CKF € o r  

30 years  produces a 1evel.ized decommissioning c o s t  of 0.42 mills/kWh. 



5 1  

5 . 6 . 3 . 5  Busbar cost. The l e v e l i z e d  busbar  cost is t h e  sum of t h e  

levelized component costs. In  this case, the sum of the f o u r  cost com- 

ponents  is 51.28 millslkWh (1986 d o l l a r s ) .  
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A p p e n d i x  A 

EEDB CODE OF ACCOUNTS FOR LIQUID-METAL REACTOR (LMR) CONCEPT 





Table  A . l .  LMR p l a n t  c o s t  estimate by EEDB c o s t  account  
( t h o u s a n d s  of J a n .  198 - d o l l a r s  w i t h o u t  c o n t i n g e n c y )  

Lead (FOAK) P l a n t  
R e p l i c a  P l a n t  
T a r g e t  (NOAK) P l a n t  

Account F a c t o r y  S i t e  labor  S i t e  Site 
NO Account d e s c r i p t i o n  equipment h o u r s  l a b o r  material T o t a l  $ 

20 LAND & LAND RIGHTS 
21 STRUCTURES 6 IMPROVEMENTS 
22 REACTOR PLANT EQUIPMENT 
23 TUKBINE PLANT EQUIPMENT 
24 ELECTRIC PLMT EQUIPMEb!T 
25 MISCELLANEOUS PLANT EQUIPMENT 

TOTAL DIRECT COSTS 
26 M A I N  COND. HEAT REJECT. SYSTEM 

91 CON ST RU CT I ON SERVICES 
92 AE HOME OFFICE ENGR. & SERVICE 
93 FIELD OFFlCE SUPV. & SERVICE 
94 OWNERS' EXPENSES 
35 RM HOME OFFICE ENGK. & SERVICES 

TOTAL I N D I K E C T  COSTS 

TOTAL COST 



Table A . l .  LMK p l a n t  c o s t  estimate by EEDB c o s t  account  
(thousands of Jan. 198 - d o l l a r s  wi thout  cont ingency)  

Account Fac tory  S i t e  labor  S i t e  S i t e  
No. Account d e s c r i p t i o n  equipment hours  l abor  material T o t a l  $ 

211 
212 
213 
214 
2 15 
216 
218A 
2 1 8 B  
2 1 8 D  
218E 
2 1 8 H  
218N 
2 1 8 R  
218s 
2 18” 
2 1 8 U  
218V 
218W 
218X 
218Y 
2 1 9 A  
219K 
21 

YARDWORK 
REACTOR MODULE STRUCTURE 
TURBINE GENERATOR B’JILDINGS 
SECURITY BUILDING AND GATE HOUSE 
REACTOR SERVICE BUILDING 
RADWASTE BUILDING 
CONTROL BUILDING 
ADMINISTMTION BUILDING 
F I E  PUMP HOUSE 
STEAM GENEUTOR BUILDINGS 

PLANT WAREHOUSE AND MAINTENANCE SHOP 
NON-IE D/G AND AUXILIARY BOILER 5LDG. 
WASTEWATER TREATNEXT BUILDING 
GAS TURBINE BUILDING 
RECEIVIMG AND hLSSE?IBLY BLDG. 
BOP PERSONNEL SERVICE BLDG. 
WAREHOUSE 
EQUIPMENT VAULT 
REACTOR MODULE SERVICE ROADWAY 
OFF-SITE T E C H N I C L  CENTER 
SODIUM UNLOADING FACILITY 
STRUCTURES & IMPROVEMENTS 

NONESSEN. SWGR BUILDING 



, 

T a b l e  A.1. LMR p l a n t  cost estimate by EEDB cost a c c o u n t  
( t h o u s a n d s  of Jan. 198 - d o l l a r s  w i t h o u t  contingency) 

A c c o u n t  F a c t o r y  S i t e  labor  S i t e  S i t e  
No. A c c o u n t  d e s c r i p t i o n  e q u i p m e n t  hours labor  material T o t a l  $ 

2 20A NUCLEAR STEAM SUPPLY (NSSS) 
220B NSSS OPTIONS 
2 2 1  REACTOR EQUIPMENT 
2 2 2  MAIN HEAT TRANSPORT SYSTEM 
2 2 3  SAFEGUARDS SYSTEM 
2 2 4  RADWASTE PROCESSING 
2 2 5  FUEL 'HANDLING 
2 2 6  OTHER REACTOR PLANT EQUIPMENT 
2 27  RX INSTRUMENTATION 6 CONTROL 

22  REACTOR PLANT EQUIPMENT 
2 2 8  EACTOR PLANT MIX. ITEMS 

2 3  1 TURBINE GENERATOR 
2 3 3  CONDENSING SYSTEMS 
234  FEED HEATING SYSTEM 

236 INSTRUMENTATION & CONTROL 

23 TIJRBINE PLANT EQUIPMENT 

2 35 OTHER TURBINE PLANT EQUIP. 

2 37 TURBINE PLANT MISC. ITEMS 



Table A . 1 .  LMR p l a n t  c o s t  estimate by EEDB cost  account  
( thousands of Jan. 198 d o l l a r s  without  cont ingency)  - 

hccounr F a c t o r y  S i t e  labor  S i t e  Site 
No. Account d e s c r i p t i o n  equipment hours  l a b o r  m a t e r i a l  T o t a l  $ 
241 SWITCHGEAR 
242 STATION SERVICE EQUIPMENT 
243 SWITCHBOARDS 
244 PROTECTIVE EQUIPMENT 

246 POWER & CONTROL WIRING 
24 ELECTRIC PLANT EQUIPMENT 

245 ELECT. STRUC. & WIRING CONTNR. 

25 1 TRANSPORTATION & L I F T  EQUIPMENT 
252 A I R ,  WATER, & STEAM SERVICE SYS. 
253 COMMUNICATIONS EQUXPMENT 
254 FURNISHINGS 5 FIXTURES 
255 WASTEWATER TREATMENT EQUIP. 
25 MISCELLANEOUS PLANT EQUIP. 

26 1 STRUCTURES 
262 MECHANICAL EQUIPMENT 
26 MAIN COND. FEAT REJECT SYS. 

TOTAL DIKECT COSTS 



Table 8.1, LMX p l a n t  c o s t  estimate by EEDB c o s t  account 
( thousands  of Jan. 198- d o l l a r s  wi thout  cont ingency)  

S i t e  Account F a c t o r y  S i t e  l a b o r  S i t e  
l a b o r  material T o t a l  $ No. A c c o u n t  d e s c r i p t i o n  equipment hours 

911 
912 
9 13 
914 
91 

92 1 
9 22 
923 
92 

93 1 
932 
933 
9 34 
93 

941 
942 
943 
944 
945 
946 
94 

TEMPORARY CONSTRUCTION FAC. 

PAYROLL INSURANCE & TAXES 
PERMITS, INS., & LOCAL TAXES 
CONSTRUCTION SERVICES 

CONSTRUCTION TOOLS & EQUIP. 

ENGR. & HOME OFFICE EXPENSES 
ENGR, HOME OFFICE QA 
ENGR. HOKE OFFICE CONSTRCTN. MGMT. 
ENGR. & HOME OFFICE SERVICES 

FIELD OFFICE EXPENSES 
FIELD J O B  SUPERVISION 
FIELD QA/QC 
PLANT STARTUP & TEST 
FIELD OFFICE & SERVICE 

MGMT.9 ENGR., & QA 
TAXES 6 INSURANCE 
SPARE PARTS 
TRAINING 
G& A 
CAPITAL & EQUIPMENT 
OWNERS' COSTS 



Table A . 1 .  LMR p l a n t  cost estimate by EEDB cos t  account 
C thousands of Jan. 198 d o l l a r s  without contingency) 

Account Factory Site l abor  Site Site 
No. Account description equipment hours l abo r  material Tota l  $ 
951 HOME OFFICE SERVICES 
952 HOME OFFICE QA 
95 RM HOME OFFICE ENGR. & SERVICE 

TOTAL INDIRECT COSTS 
TOTAL COST 



T a b l e  A . l .  LMR p l a n t  c o s t  estimate by EEDB c o s t  account  
( thousands  of Jan. 198 - d o l l a r s  wl thout  cont ingency)  

Account Fac tory  S i t e  l a b o r  S i t e  Site 
No. Account d e s c r i p t i o n  equipment hours  l a b o r  material T o t a l  $ 

21 
21  1 
211.1 
211 - 4  
211.7 

212 
212.1 
212.2 

213 
213.1 
213.2 

2 14 
214.1 
214.2 

215 
215.1 
215.2 

STRUCTURES & IMPROVEMENTS 
YARDWORK 
GENERAL YARDWORK 
RAIL ROAD S 

211 YARDWORK 
STRUCTURAL ASSOC. YARDWORK 

REACTOR MODULE STRUCTUKE 
BUILDING STRUCTURE 
BUILDING SERVICES 
21 2 REACTOR ZfOD'JLE STWCTGRF, 

TURBINE GENERATOR BUILDING 
BUILDING STRUCTURE 
BUILDING SERVICES 
213 TURBINE GENERATOR BLDG. 

SECURITY BUILDING AND GATEHOUSE 
BUILDING STRUCTURE 
BUILDING SERVICES 
214 SECURITY BUILDING AND GATEHOUSE 

REACTOR SERVICE BUILDING 
BUILDING STRUCTURE 
BUILDING SERVICES 
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Table A.l. LMR p l a n t  c o s t  estimate by EEDB c o s t  account 
( thousands  of Jan. 198 - d o l l a r s  without  cont ingency)  

Account Fac tory  S i t e  l a b o r  S i t e  Site 
NO Account d e s c r i p t i o n  equipment hours  l a b o r  material T o t a l  $ 

218H 

218H.2 
218H. 1 

2 1 8 N  

218N.1 
218N.2 

2 1 8 R  

218R.  1 
218R.2 

218s 
218S.1 
2 1 8 5 . 2  

2 1 8 Y  
218Y.1 

NONESSENTIAL SWGR BUILDING 
BUILD ING STRUCTURE 
BUILDING SERVICES 
2 1 8 H  NONESSENTIAL SWGR BUILDING 

PLANT WAREHOUSE AND 
MAINTENANCE SHOP 

SHOP STRUCTURE 
SHOP SERVICES 
2 i d N  PLT. WAREHOUSE & EWINT. SHOP 

NON-IE D/G AND AUXILIARY 
BOILER BUILDING 

BUILDING STRUCTURE 
BUILDING SERVICES 
2 1 8 R  NON-IE D/G AND AUX. BOIL. BLDG. 

WASTE MATER TREATME37 BLDG. 
BUILDING STRUCTURE 
BUILDING SERVICES 
2 1 8 5  WASTE WATER TREATMENT BLDG. 

REACTOR MODULE SERVICE ROADWAY 
BUILDING STRUCTURE 
2 1 8 Y  KEACTOR MODULE SERVICE ROADWAY 



T a b l e  A . 1 .  LMR plant cost estimate by EEDB cost account 
(thousands of Jan. 198 - d o l l a r s  w i t h o u t  contingency) 

A c c o u n t  Factory Site l a b o r  Site S i t e  
No. Account description equlpinent hours labor material Total  .$ 

219A OFF-SITE TECHNICAL CENTER 
219A. 1 BUILDING STRUCTURE 
219A.2 BUILDING SERVICES 

219.4 OFF-SITE TECHNICAL CXNTER 

2B9K SODIUM UNLOADING FACILITY 
219K. 1 STRUCTURE 
219K.2 SE RV I CE S 

219K SODIUM UNLOADING FACILITY 

21 STRUCTURES & IMPROVEMENTS 



T a b l e  A.1. LMR p l a n t  cost estimate by EEDB cost account  
( t h o u s a n d s  of Jan.  198- d o l l a r s  w i t h o u t  c o n t i n g e n c y )  

Account F a c t o r y  S i t e  l a b o r  S i t e  S i t e  
NO Account d e s c r i p t i o n  equipment h o u r s  l a b o r  material T o t a l  $ 

22 
220A 
220A. 1 
220A. 2 
2208.21 
2208.211 
220A. 2 12 
2208.213 

220A. 22 
220A. 22 i 
220A. 222 
220A. 223 

220A. 23 
220A. 23 1 

220A. 25 

REACTOR PLANT EQUIPMENT 
NSSS 
QUOTED NSSS PRICE 
DISTRIBUTED NSSS COST 
REACTOR EQUIPMENT 
REACTOR VESSELS 
REACTOR VESSEL INTERNALS 
CONTROL ROD SYSTEMS 

HEAT TRANSPORT SYSTEM 
PRiHA2-f liEAl' TRAiiSFOET SYSTEX 

STEAM GENERATOR SYSTEM 
INTERM. HEAT TRANSPORT SYSTEM 

SAFEGUARDS SYSTEMS 
BACKUP HEAT REMOVAL SYSTEMS 

FUEL HANDLING & STORAGE 



Table  A . 1 .  LMR p l a n t  cost  estimate by EEDB c o s t  account  
( t h o u s a n d s  of J a n .  198 - d o l l a r s  w i t h o u t  c o n t i n g e n c y )  

Account F a c t o r y  S i t e  l a b o r  S i t e  S i t e  
No. Account d e s c r i p t i o n  equipment h o u r s  l a b o r  material  T o t a l  $ 

220A. 26 
220A. 26 1 
220A.242 
2208.264 
220A. 265 
2208.266 
220A.267 
220A.268 

220A. 27 
220A. 3 

220B 

221 
221. B 
221.11 
221.12 
221.13 

OTHER EQUIPMENT 
INERT GAS K E C E I V I N G  d PROCESSIXG 
SPECIAL HEATING SYSTEM 
SODIUM STORAGE, EELIF. MAKEUP 
SODIUM PURIFICATION SYSTEM 
Na LEAK DETECTION SYSTEM 
AUXILIARIES COOLING SYSTEM 
MAINTENANCE EQUIPMENT 

INSTKUMENTATION & CONTROL 
UNDISTRIBUTED NSSS COST 
220A NSSS 

NSSS OPTIONS 

REACTOR EQUIPMENT 
ELEACTOR VESSEL & ACCESSORY 
REACTOR & GUARD VESSEL SUPPORT 
VESSEL & GUARD VESSEL STRUCTURE 
VESSEL INTERNALS 



T a b l e  A . 1 .  LMR p lan t  cost  estimate by EEDB c o s t  account 
( thousands of Jan. 198 - d o l l a r s  w i t h o u t  contingency) 

A c c o u n t  Factory S i t e  labor  S i t e  S i t e  
NO A c c o u n t  d e s c r i p t i o n  e q u i p m e n t  hours labor  material T o t a l  $ 

221.2 
221.21 

222 
222.1 
222.11 
222 12 
222 13 
222.15 

222.2 
222.21 
222.22 
222 23 
222.24 

REACTOR CONTROL DEVICES 
CONTROL ROD SYSTEM 

2 2 1 REACTOR EQUIPMENT 

MAIN HEAT TRANSPORT SYSTEM 
PRIHARY HEAT TUVSPORT SYSTEM 
FLUID CIRCULATION DRIVE SYSTEM 
WACTBR COOLAW I'Il'IXG SYSTE?I 
INTERM. HEAT EXCHANGER EQUIPMENT 
PRIMARY COOLANT P I P E  WHIP RESTRNT. 

INTERM. HEAT TRANSPORT SYSTEM 
FLUID CIRCULATION DRIVE SYSTEM 

EXPANSION TANK 
INTERM, COOLANT PIPING SYSTEM 

COOLANT P I F E  WHIP RESTRNT. 



Table A.1. LAW p l a n t  c o s t  estimate by EEDB c o s t  account  
(thousands of Jan. 198 d o l l a r s  w i t h o u t  cont ingency)  - 

Account Fac to ry  S i t e  labor  S i t e  S i t e  
No. Account d e s c r i p t i o n  equipment hours l a b o r  material Total $ 

2 2 2 . 2 5  
2 2 2 . 2 5 3  
222  e 2 5 5  
222 .257  
2 2 2 . 2 5 8  
2 2 2 . 2 5 9  

2 2 2  - 3  
2 2 2 . 3 1  
222 .33  

2 2 3  
223 .1  
223 .19  
2 2 3  1 2  
2 2 3 . 1 3  

223 .16  
2 2 3  15 

2 2 3  e 1 7  

Na/B20 REACTION PROTECTION SYS. 
TAWS 
PIPING 
PIPING - MISCELLANEOUS ITEMS 
INSTRUMENTATION h CONTROL 
POUND AT IONS 

STEAM GENERATION SYSTEM 
FLUID CIRCULATION DRIVE SYSTEM 
STEAM GENERATOR EQUIPmNT 

222  MAIN HEAT TRANSPORT SYSTEM 

SAFEGUARDS SYSTEM 
AUXILIARY HEAT TRANSPORT SYSTEM 
ROTATING EQUIPMENT 
HEAT TRANSFER EQUIPMENT 
TAMK d PRESSURE VESSEL 
PIPING 
VALVES 
PIPING - MISCELLANEOUS ITEMS 



T a b l e  A . 1 .  LMJ3 p l a n t  c o s t  estimate by EEDB cost account  
( t h o u s a n d s  of Jan. 198 - d o l l a r s  without c o n t i n g e n c y )  

Account F a c t o r y  S i t e  l a b o r  S i t e  S i t e  
No. Account d e s c r i p t i o n  equipment hours l a b o r  material T o t a l  $ 

223 e 18 
223.19 

224 
224.1 
224.2 
224.3 

225 
225.1 
225.2 
225 - 3  
225 e 4  

226 

226.2 
226.3 

226.8 
226 -9 

226 1 

226 *7 

INSTRUMENTATION & CONTROL 
FOUNDATIONS 

223 SAFEGUARDS SYS. 

RADWASTE PROCESSING 
LIQUID WASTE PROCESSING 
GAS DISTRIBUTION & PROCESS SYSTEM 
SOLID WASTE SYSTEM 
224 RADWASTE PROCESSING 

FUEL HANDLING MECHANISMS 
E'UEL HANDLING EQUIPMENT 
INSPECTION EQUIPMENT 
CORE COMPONENT STORAGE 
225 FUEL HANDLING 

FUEL w m m e  

OTHER REACTOR PLANT EQUIPMENT 
INERT GAS SYSTEM 
SPECIAL HEATING SYSTEMS 

AUXILIARY COOLING SYSTEM 
MAINTENANCE EQUIPMeNT 
SAMPLING EQUIPMENT 
226 OTHER REACTOK PLANT EQUIPMENT 

LM REC. STORAGE & PROC. SYSTEM 



T a b l e  A . l .  LNR p l a n t  c o s t  estimate by EEDB c o s t  account  
(thousands of Jan. 198- d o l l a r s  wi thout  cont ingency)  

Account Fac to ry  S i t e  labor  S i t e  S i t e  
KO. Account d e s c r i p t i o n  equipment hours labor  material T o t a l  $ 

227 RX INSTRUMENTATION & CONTROL 

227 -2  PROCESS COMPUTERS 
227.3 MONITORING SYSTEMS 
227.4 PLANT CONTROL & PROTECTION SYSTEM 

227 .  Z BENCHBOARD, PANELS & RACKS, ETC. 

227 RX INSTR. d CONTROL 

228 REACTOR PLANT MISCELLANEOUS ITEMS 
223.1 FIELD PAINTING 

228.2 QUALIFICATIOK OF WLDERS 
228.3 STmDARD NSSS VALVE PACKAGE 
228.4 REACTOR PLANT INSULATION 

228 REXCTOR PLANT MIX. ITEMS 

v 
0 

22 REACTOR PLANT EQUIPMENT 



, 

T a b l e  A.L. LMR p l a n t  cost estimate by EEDB cost account 
( t h o u s a n d s  of Jan. 198- dollars w i t h o u t  c o n t i n g e n c y )  

Bccount F a c t o r y  S i t e  labor S i t e  S f t e  

23 TURBINE PLANT EQUIPMENT 
23 1 TURBINE GENERATOR 
231 *1  TURBINE GENERATOR & ACCESSORY 
231.2  FOUNDATIONS 
231 - 4  LUBRICATING OIL SYSTEM 
231 a 5  GAS SYSTEMS 
231 -6 MSTR. SEPRTR./REHTR. D R A I N  SYSTEM 

231 TURBINE GENERATOR 

NO Account d e s c r i p t i o n  equipment hours labor material T o t a l  $ 

233 CONDENSING SYSTEMS 
233 e 1  CONDENSER EQUIPMENT 
2’33.12 HEAT TRANSFER EQUIPmNT 

233 m2 
233 e 2 1  
233.23 
233 -25 
233 26 
233.27 
233 a28 
233 29 

CONDENSATE SYSTEM 
ROTATING EQUIPMENT 
TANKS & PRESSURE: VESSELS 
PIPING 
VALVES 
PIPING - MISCELLANEOUS ITEMS 
INSTRUMENTATION & CONTROL 
FOUNDATIONS 
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T a b l e  A. l .  LMR p l a n t  c o s t  estimate by EEDB c o s t  account  
( thousands  of Jan ,  198 - d o l l a r s  without cont ingency)  

Account Fac to ry  Site labor  S i t e  S i t e  
NO Account d e s c r i p t i o n  e q u i  pment hours  labor  m a t e r i a l  T o t a l  $ 

235 
235.1 
235 e2 
235 - 3  
235 e 4  
235 - 5  
235 -6 

2 36 
236. l 
236 e 2  

236 - 3  

237 
237.1 
237 - 2  
237.3 

OTHER TURBINE PLANT EQUIPMENT 
MAIN VAPOR PIPING SYSTEM 
TURBINE AUXILIARIES 
TB CLOSED COOLING WATER SYSTEM 

CHEMICAL TREATMENT SYSTEM 
NEUTRALIZATION SYSTEM 

DEMIN WATER MAKEUP SYSTEM 

235 OTHER TURBINE PLANT EQUIP. 

INSTRUMENTATION & CONTROL 

PROCESS COMPUTER 

236 INSTRUMENTATION & CONTROL 

FRGCZSS INSTR, S GONTROL EQtrIPMENT 

TURBINE PLANT INSTR, & CONTROL TUBING 

TURBINE PLANT MISCELLANEOUS ITEMS 
FIELD PAINTING 
QUALXFICATION OF WELDERS 
TURBINE PLANT INSULATION 
237 TURBINE PLANT MISC. ITEMS 

23 TURBINE: PLANT EQUIPMENT 



Table A . l .  LMR plant cost estimate by EEDB cost account 
(thousands of Jan. 198 - d o l l a r s  wdthout contingency) 

Account Factory Site labor Site Site 
No. Account description equipment hours labor  material T o t a l  $ 

24 
24 1 
241.1 
241.2 

242 
242 I 
242 - 2  
242 - 3  

243 
243.1 
243.2 

244 
244 -1 
244.2 
244.3 
244.4 
244.5 

ELECTRICAL PLANT EQUIPMENT 
SWITCHGEAR 
GENERATOR EQUIPMENT SWITCHGEAR 
STATION SERVICE SWITCHGEAR 
24 1 SWITCHGEAR 

STATION SERVICE EQUIPMENT 

UN LT SU BSTATIONS 
AUXILIARY POWER SOURCE S 
242 STATION SERV. EQUIPMENT 

STATION SERVICE & STARTUP EQUIP. 

SWITCHBOARDS 
CONTROL PANELS 
AUXILIARY POWER Ei SIGNaL BOARDS 
243 SWITCHBOARDS 

PROTECTIVE EQUIPMENT 
GENERAL STATION GROUND SYSTEM 
FIM DETECTION & SUPPRESSION 
LIGHTNING P ROTE CT I ON 
CATHODIC PROTECTION 

244 PROTECTIVE EQUIPMENT 
HEAT TRACING & FREEZE PROT. 



’ 

Table A.l. LMR plant cost estimate by EEDB cost account 
(thousands of Jan. 198- dollars without contingency) 

Account Factory Site l a b o r  Site Site 
No. Account description equipment hours l a b o r  material Total !j 

245 ELECT. STRUCTURE & WIRING CONTAINERS 
245.1 UNDERGROUND DUCT RUNS 
245 e2 CABLE TRAYS 
245 -3 CONDUITS 

245 ELECT. STRUCTI & WIRING 

2 46 POWER & CONTROL WIKING 
246.1 GENERATOR CIRCUITS WIKING 
246.2 STATION SERVICE POWER WIRING 
246 - 3  CONTROL CABLE 
91rh .4 TNSTRIJMRNT WTRF: 
246 e 5  CONTAINMENT PENETWTIONS 

246 POWER & CONTROL WIRING 

24 ELECTRICAL POWER EQUIPMENT 



T a b l e  A . 1 .  LMR p l a n t  cost  estimate by EEDB cost  account 
( thousands of Jan. 198 - d o l l a r s  w i t h o u t  contingency) 

A c c o u n t  Factory S i t e  labor  S i t e  S i t e  
No A c c o u n t  d e s c r i p t i o n  equipment hours l abor  material T o t a l  $ 

25 
25 1 
251.1 

252 
252 1 
252 - 2  
252 - 2 1  
252.22 
252.23 
252.24 

252.3 
252.4 
252.5 

253 
253 1 
253 9 2 

MISCELLANEOUS PLANT EQUIPMENT 
TRANSPORTATION 6 L I F T  EQUIPKENT 
CUGVES 6 HOISTS 
251 TRANSPORTATION & L I F T  

AIR,  WATER, & STEAM SERV. SYSTEM 
AIR SYSTEHS 
WATER SYSTEMS 
PLANT SERVICE WATER SYSTEM 
NORMAL FIRE PROTECTION SYSTEM 
PROCESS CHILLED WATER SYSTEM 
POTABLE WATER SYSTEM 

AUXILIARY STEAM SYSTEM 

SODIUH FIRE PROTECTION SYSTEM 
PLAN'S FUEL OIL SYSTEM 

252 AIR, WATER, & STEAM SEfclr. SYS. 

COM~V~UNICATIONS EQUIPMENT 
LOCAL COMMUNICATIONS SYSTEMS 
SIGNAL SYSTEMS 
253 COMMUNICATIONS EQUIPMENT 



T a b l e  A . 1 .  LMR p l a n t  c o s t  e s t i m a t e  by EEDB c o s t  account  
( thousands  of Jan. 198 - d o l l a r s  wi thout  cont ingency)  

Account Fac to ry  S i t e  l a b o r  S i t e  S i t e  

254 FURNISHING & FIXTURES 
254 1 SAFETY EQUIPMENT 

254.3 OFFICE EQUIPMENT & FUIWISHINGS 
254.4 CHANGE ROOM EQUIPMENT 
254 e5 ENVIRONMENTAL MONITORING EQUIPMENT 
254 -6 D I N I N G  FACILITIES 
254.7 MAINTENANCE SHOP EQUIPMENT 

NO. Account d e s c r i p t i o n  equipment hours  l abor  material T o t a l  $ 

254 - 2  CHEMICAL LAB & INSTR. SHOP 

254 FURNISHINGS & FIXTURES 

255 WASTEWATER TREATMENT SYSTEM 
U 
U 

25 MISCELLANEOUS PLANT EQUIPMENT 

26 MAIN COND. HEAT ReJECTION SYSTEM 
26 1 STRUCTURES 
261 e 1  MAKEUP WATER & DISCH. STR. 
261 - 2  CIRC.  WATER PUMP HOUSE 
261 e 3  MAKEUP WATER PRETREATMENT BUILDING 
241.4 COOLING TOWER SWITCHGEAR BUILDING 

26 I STRUCTURES 



Table A. l .  LME plant cos t  estimate by EEDB cos t  account 
(thousands of Jan, 198 - d o l l a r s  without contingency) 

Account Factory Site labor Sire Site 
No. Account description equipment hours labor material T o t a l  .$ 

2 6 2  MECHANICAL EQUIPMENT 
2 6 2  1 NEAT REJECTION SYSTEM 

2 6 2  MECHANICAL EQUIPMENT 

2 6  M A I N  CUND. KEAT KEJECT. SYS. 

91 CONSTRUCTION SERVICES 
911 TEMPORARY CONSTRUCTION F A C I L I T I E S  
911.1 TEMPORARY BUILDINGS 
3 1 1 . 2  TEMPOPaY FACILITIES  

911 TEMP. CONSTRCTN F A C I L I T I E S  

9 12 CONSTRUCTION TOOLS & EQUIPmNT 
9 1 2 . 1  MAJOR EQUIPMENT 
912 .2  MISCELLANEOUS VEHICLES 
912.3 PURCWSE OF SMALL TOOLS 
912 e 4  EXPENDABLE SUPPLIES 
9 1 2 . 5  SAFETY EQUIPMENT & INSPECTION 

9 1 2  CONSTRCTN. TOOLS & EQUIPMENT 

-4 
W 

9 13 PAYROLL INSURANCE & TAXES 
914 PERMITS, INSURhNCE, & LOCAL TAXES 

91 CONSTRUCTION SERVICES 



T a b l e  A.1. LMR p l a n t  cost e s t i m a t e  by EEDB cos t  account 
(thousands of Jan. 198 - d o l l a r s  w i t h o u t  contingency) 

A c c o u n t  Factory S i t e  l a b o r  S i t e  S i t e  
NO A c c o u n t  d e s c r i p t i o n  e q u i  plne n t  hours labor material Total $ 

92 
9 2  1 
9 22 
923 

93 
931 
93 2 
9 33 
934 

94 
941 
942 
943 
944 
945 
946 

95 
951 
952 

ENGR. & HOMl3 OFFICE SERVICES 
HOME OFFICE EXPENSES 
HOME OFFICE QA 

9 2  ENGR. ti HOME OFFICE SERVICES 
HOME OFFICE CONSTRCTN. MGMT. 

FIELD OFFICE & SERVICES 
FIELD OFFICE EXPENSES 
FIELD J O B  SUPERVISION 
PZE'LE OFFXCE QAfQC 
PLANT STARTUP & TESTING 
93 FLD. SUPERVISION & FLD. OFFICE S E W .  

OWNERS' COSTS 
MANAGEMENT, ENGINEERING, & QA 
TAXES AND INSURANCE 
SPARE PARTS 
TRAINING 
G&A 
CAPITAL AND EQUIPMENT 
94 OWNERS' COSTS 

RM HOME OFFICE ENGINEERING & SERVICE 
HOME OFFICE SERVICES 
HOME OFFICE QA 
95 RM HOME OFFICE ENGINEERING ti SERVICE 
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Appendix B 

EEDB CODE OF ACCOUNTS FOR HIGH-TEPIPERATURE 
GAS-COOLED REACTOR (HTGR) CONCEPT 





Tab le  B.1. HTGR p l a n t  c o s t  estimate by EEDB c o s t  account  
( t h o u s a n d s  of Jan .  198 dollars wi thou t  con t ingency)  

Lead (FOAK) P l a n t  
R e p l i c a  P l a n t  
T a r g e t  ( N O M )  P l a n t  

Account F a c t o r y  Site l a b o r  S i t e  S i t e  
No. Account d e s c r i p t i o n  equipment: hours  l a b o r  m a t e r i a l  T o t a l  $ 

20 LAND h LAND RIGHTS 
21 STRUCTURES 6 IMPROVEMENTS 
22 REACTOR PLANT EQUIPMENT 
23 TURBINE PLANT EQUIPMENT 
24 ELECTRIC PLANT EQUIPMENT 
25 MISCELLANEOUS PLANT EQUIPMENT 
26 MAIM COND. HEAT REJECT. SYSTEM 

TOT& DIRECT COSTS 

91 CONSTRUCT I O N  SEKV I CE S 
92 HOME OFFICE ENGR* & SERVICE 
93 FIELD OFFICE SUPV. & SERVICE 
94 OWNERS' EXPENSES 
95 RM HOME OFFICE ENGR. & SERVICES 

TOTAL INDIRECT COSTS 

Qs 
W 

TOTAL COST 



T a b l e  B.B. HTGR plant cos t  e s t i m a t e  by EEDB cos t  account 
( thousands  of Jan. 198 - d o l l a r s  w i t h o u t  cont ingency)  

Site A c c o u n t  F a c t o r y  S i t e  labor  S i t e  
labor m a t e r i a l  T o t a l  $ NO A c c o u n t  d e s c r i p t i o n  e q u i p m e n t  hours 

211 
212 
2 13 
214 
2 15 
214 
217 
2 1 8 A  
218B 
218C 
2 18D 
2 1 8 E  
218F 
218G 
218H 
2181 
2 18L 
2 1 8 N  
2 1 8 R  
2185 
218U 
218M 
2 1 8 X  
218Y 
2182 
2 1  

YAIWWORK 
REACTOR BUILDING 
TURBIhT BUILDING 
SECURITY BUILDING 
REACTOR SERVICE BLDG. 
RADIOACTIVE WASTE BLDG 
FUEL STORAGE AREA 
CONTROL BLDG 
ADMINISTRATION BLDG 
AUXILIARY BOILER BLDG 
FIRE PUMP HOUSE 
HELIUM & MISC. GAS STORAGE AREA 
MAKEUP WATER TREATMENT 5LDGo 
CONFINEMENT FILTRATION SLDG 
MAIN STEAM & FEEDWATER P I P I N G  STRUC. 
WAREHOUSE 
HELIUM PURIFICATION 
SPENT FUEL STORAGE AREA 

HOLDING POND & CONTROL HOUSE 
1 E  POWER BUILDING 

W W A S T E  MANAGEMENT BLDG. 

PERSONYEL SERVICES BLDG. 
ENCLOSURE COOLING FACILITY B L K  
REACTOR MAINTENANCE ENCLOSURE 
AUXILIARY REACTOR AREA 
STRUCTURES 6 IMPROVEMENTS 



T a b l e  B.l. HTGR p l a n t  cost estimate by EEDB cost account 
( t h o u s a n d s  of Jan. 198 - d o l l a r s  w i t h o u t  c o n t i n g e n c y )  

Account F a c t o r y  S i t e  labor S i t e  S i t e  
NO Account d e s c r i p t i o n  e q u i pmen t h o u r s  labor  material T o t a l  $ 

221 REACTOR AND VESSEL SYSTEMS 
222 HEAT TRANSPORT SYSTEM 
223 SHUTDOWN COOLING SYSTEM 
224 RADWASTE PROCESSING SYSTEMS 
22s FUEL HANDLING, STORAGE, AND SHIPPING SYSTEM 
226 OTHER REACTOR SERVICE SYSTEMS 
227 PLANT CONTROL, DATA, AND INSTRUMENTATION SYSTEMS 

22 REACTOR PLANT EQUIPMENT 

23 i TJBBINE GEi"u'EMTOR 
233 CONDENSING SYSTEM 
234 FEEDWATER SYSTEM 
235 OTHER TURBINE PLANT EQUIP. 
236 INSTRUMENTATION & CONTROL 

23 TURBINE PLANT EQUIPMENT 

228 REACTOR PLANT MISC. ITEMS 

237 TURBINE PLANT MISC. ITEMS 



Table B.1. HTGR plant cost estimate by EEDB cost account 
(thousands of Jan. 198 - d o l l a r s  without contingency) 

A c c o u n t  Factory Site labor Site Site 
No. Account description equipment hours labor material Total $ 

241 SW ITCHGEAR 
242 STATION SERVICE EQUIPMENT 
243 SWITCBBOARBS 
244 PROTECTIVE EQUIPMENT 
245 ELECT. STRUC. & WIRING CONTAINERS 
246 POWER & CONTROL WIRING 
24 ELECTRIC PLANT EQUIPMENT 

25 1 TRANSPORTATION & L I F T  EQUIP. 
252 A I R ,  WATER, & STEAM SERVICE SYSTEMS 
253 COMMUNICATIONS EQUIPMENT 
2 54 FURNISHINGS & FIXTURFS 
25 MISCELLANEOUS PLANT EQUIPMENT 

261 STRUCTURES 
26 2 MECHANICAL EQUIPMENT 
26 K4IN COND. HEAT REJECT. SYS. 

TOTAL DIRECT COSTS 



Table B . l .  HTGR plant cost estimate by EEDB cost account 
(thousands of Jan. 198 - d o l l a r s  without contingency) 

Account Factory  Site labor Site Site 
NO. Account description equipment hours labor material T o t a l  $ 

911 
912 
9 13 
914 
91 

92 1 
9 22 
923 
92 

931 
932 
933 
9 34 
93 

941 
942 
943 
944 
945 
946 
94 

TEMPORARY CONSTRUCTION FAC. 
CONSTRUCTION TOOLS & EQUIP 
PAYROLL INSURANCE & TAXES 
PERMITS, INS., & LOCAL TAXES 
CONSTRUCTION SERVICES 

ENGR. & HOME OFFICE EXPENSES 
ENGR. HOME OFFICE QA 

ENGR. & HOME OFFICE SERVICES 
ENGR. HOME OFFICE CONSTRCTN. MGMT- 

FIELD OFFICE EXPENSES 
FIELD .JOB SUPERVISION 
FIELD QA/QC 
PLANT STARTUP & TEST 
FIELD OFFICE & SERVICE 

MGMT., ENGR., & QA 
TAXES & INSURANCE 
SPARE PARTS 
TRAIN I NG 
G&A 
CAPITAL & EQUIPMENT 
OWNERS' COSTS 



Table B.1. HTGR p l a n t  c o s t  estimate by EEDB c o s t  account 
( thousands of Jan.  198 - d o l l a r s  wi thout  cont ingency)  

Account F a c t o r y  S i t e  l a b o r  S i t e  S i t e  
No. Account d e s c r i p t i o n  equipment hours l a b o r  material T o t a l  $ 
951 HOME UFFIfX SERVICES 
952 HOME OFFICE QW 
95 RM HOME OFFICE ENGR. & SERVICE 

TOTAL INDIRECT COSTS 
TOTAL COST 

03 
03 
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Appendix C 

LISTING OF SAMPLE LEAD PLANT FOAK TASKS 
(Appl icable  t o  t o t a l  FOAK p l a n t )  

0 

e 

e 

e 

0 

e 

a 

e 

e 

e 

C.l Engineering and Management 

P r e p a r e  e n g i n e e r i n g  s p e c i f i c a t i o n s  and drawings (Payouts ,  d e s i g n ,  

manufac tur ing ,  i n s t a l l a t i o n ,  and i n t e r f a c e  c o n t r o l  drawings).  

Prepare  o v e r a l l  p l a n t  t e c h n i c a l  documents and maintenance and o p e r a t -  

i n g  manuals. 

P r e p a r e  management p l a n s ,  d i r e c t i v e s ,  and procedures .  

Prepare  t e s t  p l a n s ,  s p e c i f i c a t i o n s ,  and procedures  i n c l u d i n g  def i n i -  

t i o n  of s t a r t u p  systems and turnover  p lans  and procedures .  

Conduct a n a l y s e s  (stress, thermal ,  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  

a v a i l a b i l i t y ,  thermal  h y d r a u l i c s ,  l o a d s ,  seismic f a i l u r e  mode analy- 

s is ,  and s a f e t y ) .  

Conduct des ign  review meetings.  

Prepare  v e r i f i c a t i o n  and v a l i d a t i o n  p l ans  and conduct v e r i f i c a t i o n  

tests and ana lyses .  

Develop computer programs. 

Prepare  vendor b id  packages,  inizluding p r e p a r a t i o n  of RFPs, bid 

e v a l u a t i o n s ,  owner i n t e r f a c e  a c t i v i t i e s ,  and award of c o n t r a c t .  

Prepare  p l a n t  model c o n s t r u c t i o n .  

C.2 Equipme.nt Manufacturer 

0 Develop t o o l i n g  and f i x t u r e s  f o r  f a b r i c a t i o n  and assembly of compo- 

nents .  

0 F a b r i c a t e  o r  purchase s p e c i a l  mmponent sh ipping  f i x t u r e s  and condi- 

t i o n i n g  equipment. 

e Conduct component development tests. 

e F a b r i c a t e  s p e c i a l  tes t  f i x t u r e s .  

0 Purchase or  f a b r i c a t e  s p e c i a l  t es t  equipment. 

F a b r i c a t e  o r  purchase any s p e c i a l  component /material handl ing  or 

t r a n s p o r t a t i o n  equipment used f o r  equipment f a b r i c a t i o n .  
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C.3 Construction 

e Prepare construction planning documentation. 

Fabricate any special forms or scaffolding req1;ire.d for construction 

of the first plant. 

e Fabricate or purchase any special component and/or material handling 

or transportation equipment used on the first construction site .. 



Appendix D 

0 

e 

e 

0 

e 

e 

e 

e 

e 

0 

0 

e 

REPLICA AEJD TARGET PLANT ENGINEERING AND MANAGEMENT TASKS 
(App l i cab le  t o  t o t a l  repl ica  and N O M  p l a n t )  

P repa re  s i t e - r e l a t e d  eng inee r ing  s p e c i f i c a t i o n s  and drawings ( l a y o u t s ,  

d e s i g n ,  manufac tur ing ,  i n s t a l l a t i o n ,  and i n t e r f a c e  c o n t r o l  drawings) .  

I d e n t i f y  and r e t a b  n o n s i t e  drawings ( d e s i g n ,  manufac tur ing ,  i n s t a l l a -  

t i o n ,  and i n t e r f a c e  c o n t r o l  drawings) ,  t e c h n i c a l  documents, s p e c i f i c a -  

t i o n s ,  and manuals t o  show a p p l i c a b i l i t y  t o  t h e  Ta rge t  P l a n t .  

Update and ma in ta in  t e c h n i c a l  work packages. 

Provide  suppor t  at  vendor ' s  p l a n t  t o  wi tness  f a c t o r y  acceptance  test- 

i n g .  

Support  t he  c o n s t r u c t o r  dur ing  p l a n t  c o n s t r u c t i o n  and acceptance  t e s t -  

i n g .  

Provide  suppor t  t o  t h e  Materials Review Board (MRB). 

Provide  suppor t  as s p e c i f i c a l l y  r eques t ed  t o  PSAR and FSAR ( i n c l u d i n g  

emergency response)  t o  show t h a t  t h e  p l a n t  is i d e n t i c a l  i n  des ign .  

Support vendor b id  e v a l u a t i o n s  and n e g o t i a t i o n s  as r eques t ed  by Pro- 

curement. 

Support  t h e  Cons t ruc to r  i n  t h e  r e s o l u t i o n  of any  f i e l d  problems. 

P repa re  s i t e - s p e c i f i c  l i c e n s i n g  documents, such as ER and SAR. 

Repeat p l a n t  p lanning  and schedul ing  and a d m i n i s t r a t i v e ,  q u a l i t y  as- 

s u r a n c e ,  procurement, and i n d u s t r i a l  and p u b l i c  r e l a t i o n s  a c t i v i t i e s .  

Provide  e n g i n e e r i n g  necessa ry  t o  excavate  and l a y  ou t  t h e  s i t e  f o r  

c o n s t r u c t i o n .  This  i n c l u d e s  excava t ion  drawings;  dewater ing  c a l c u l a -  

t i o n s  and a n a l y s e s ;  and d e s i g n  and l ayou t  of a c c e s s  roads ,  park ing  

l o t s ,  u t i l i t i e s ,  etc. 

Provide  p r o j e c t  management a s s o c i a t e d  wi th  t h e  above t a s k s .  
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Appendix E 

EEDB PROGRAM DESCRIPTION OF A STANDARD HYPOTHETICAJA 
MIDDLETOWN SLTE FOR WCLEAR POWER PLANTS* 

E.1 General  

This site d e s c r i p t i o n  provides  the  s i te  and envi ronmenta l  d a t a ,  de- 

r i v e d  from t h e  Guide for  Econorn&? E:vaLuaticm of Nuclear Reactor Plum5 

D@!signs, modif ied  t o  r e f l e c t  c u r r e n t  nuc lea r  power p l a n t  s i t i n g  r equ i r e -  

ments. These d a t a  form t h e  s i t e - r e l a t e d  bases  of t he  c r i te r ia  used t o  

deve lop  t h e  conceptua l  d e s i g n s  of t h e  nuc lea r  power p l a n t  t e c h n i c a l  d a t a  

models f o r  t h e  EEDB Program, i n c l u d i n g  e v a l u a t i o n  of t h e  r o u t i n e  and ac- 

c i d e n t a l  release of r a d i o a c t i v e  and o t h e r  l i q u i d s  and gases  t o  t h e  en- 

vironment .  The si te i s  r e p r e s e n t a t i v e  of l o c a l e s  found i n  t h e  north- 

e a s t e r n  United S t a t e s .  

E.2 Topography and Gensral S i t e  C h a r a c t e r i s t i c s  

The s i te  is  l o c a t e d  on t h e  east bank of t h e  North River at a d i s -  

t ance  of 25 m i l e s  sou th  of Middletown, t h e  n e a r e s t  l a r g e  c i t y .  The North 

River  f lows from n o r t h  t o  sou th  and is -0.5 mile (2600 E t )  wide a d j a c e n t  

t o  t h e  p l a n t  site. A f lood  p l a i n  ex tends  from both  r i v e r  banks an aver -  

age d i s t a n c e  of 0.5 mile, ending wich h i l l t o p s  g e n e r a l l y  150 t o  250 E t  

above t h e  r i v e r  l e v e l .  Beyond th i s  area, t h e  topography is  g e n t l y  r o l l -  

i n g ,  w i th  no major c r i t i ca l  topograph ica l  f e a t u r e s .  The plant  s i te  

i t s e l f  ex tends  from r i v e r  l e v e l  t o  e l e v a t i o n s  of 50 f t  above t h e  r iver 

l e v e l .  The containment  b u i l d i n g ,  o t h e r  Seismic Category I s t r u c t u r e s ,  

pr imary non-Seismic Category I s t r u c t u r e s ,  and t h e  swi tchyard  are l o c a t e d  

on l e v e l  ground a t  an e l e v a t i o n  of 18 ft above t h e  mean r i v e r  l e v e l .  

According t o  U.S. Army Corps of Englneers '  s t u d i e s  of t h e  area, t h i s  

e l e v a t i o n  is 10 f t  above t h e  100-year maximum r i v e r  l e v e l .  

To op t imize  l and  area requi rements  f o r  t h e  n u c l e a r  power p l a n t  s i t e ,  

maximum use of t h e  r i v e r  l o c a t i o n  is employed. The containment  s t r u c t u r e  

*Developed by United Engineers  & C o n s t r u c t o r s ,  Inc . ,  f o r  t h e  U.S. DOE 
EEDB Program 
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i s  l o c a t e d  -400 f t  from the  east bank of the r i v e r .  The s i t e  land area 

is  taken as -500 acres. 

E . 3  S i t e  Access 

Highway access i s  provided t o  t h e  hypothet ical .  s i t e  by 5 m i l e s  o f  

secondary road connec t ing  t o  a s ta te  highway; t h i s  road is i n  good con- 

d i t l o n  and needs no a d d i t i o n a l  improvements. Rai l road  access is provided 

by c o n s t r u c t i n g  a spur  t h a t  i n t e r s e c t s  t h e  B&M Railroad. .  The l e n g t h  of 

t h e  requi red  spur  from t h e  main l i n e  t o  t h e  p l a n t  s i t e  is assumed t o  be 

5 miles. The North River  is  navigable  throughout  the year  wi th  a 40-ft- 

wide by 12-ft-deep channel.  The d i s t a n c e  from t h e  s h o r e l i n e  t o  t h e  cen- 

ter o f  t h e  s h i p  channel  i s  2000 ft, A l l  p l a n t  shipments are assumed to  

be made overland except  t h a t  heavy equipment (such as t h e  r e a c t o r  v e s s e l  

and t h e  g e n e r a t o r  s t a t o r )  may be t r a n s p o r t e d  by barge.  The Middletown 

Municipal A i r p o r t  is l o c a t e d  3 miles w e s t  of ehe State highway, 15 m i - l e s  

s o u t h  of Middletown, and 10 riiiles n o r t h  of t h e  s i te .  

E.4 x u l a t i o n  Densi ty  and Land Use 

The h y p o t h e t i c a l  s i t e  is  near  a l a r g e  c i t y  (Middletown) of 250,000 

popula t ion  but  i n  an area of low popula t ion  d e n s i t y .  V a r i a t i o n  i n  popu- 

l a t i o n  wi th  d i s t a n c e  froin t h e  s i t e  boundary is 

Cumu 1. a t  i v e  
popr l l  a t i 011 Miles .-_I_  ̂

0.5 0 
1 .o 3 10 
2 .O 1,370 
5 .O 5,020 

10 .o 28,600 

30 -0 1,010,000 
20 .o 133,000 

There a r e  f i v e  i n d u s t r i a l  manufactur ing p l a n t s  w i t h i n  15 m i l e s  of 

t h e  h y p o t h e t i c a l  s i te .  Four are small p l a n t s ,  employing (100 people 

each. The f i f c h ,  near the  a i r p o r t ,  employs 2500 people.  Close ly  popu- 

l a t e d  areas are found only  i n  t h e  c e n t e r s  of the s m a l l  t o m s  so t h a t  t h e  
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l o c a l  land area used for housing i s  small. The remaining l and ,  i n c l u d i n g  

t h a t  a c r o s s  t h e  r i v e r ,  is used as f o r e s t  o r  c u l t i v a t e d  crop l and ,  except  

€ o r  r a i l r o a d s  and highways. 

E.5 Nearby F a c i l i t i e s  

U t i l i t i e s  are a v a i l a b l e  as fo l lows :  

1. 

2. 

3 .  

4 .  

N a t u r a l  gas  s e r v i c e  is a v a i l a b l e  2 miles from t h e  s i t e  boundary on 

the same s i d e  of t h e  r i v e r .  

Communication l i n e s  are fu rn i shed  t o  t h e  p r o j e c t  boundar ies  a t  no 

cos t .  

Power and water f o r  c o n s t r u c t i o n  a c t i v i t i e s  are a v a i l a b l e  a t  the  

southwest  co rne r  of t he  s i te  bomdary .  

Two independent  o f f - s i t e  power sources  (one a t  500 kV or 230 kV for  

t h e  g e n e r a t o r  connec t ion  and one a t  230 kV o r  115 kV f o r  t h e  r e s e r v e  

a u x i l i a r y  t r ans fo rmer  connec t ion )  are a v a i l a b l e  at  the swi tchyard .  

E.6 Meteorology and Climatology 

E.6.1 Ambient t empera tu res  

The w i n t e r s  i n  t h e  Middletown area are modera te ly  c o l d ,  w i t h  average  

t empera tu res  i n  t h e  low 30s (OF). 

average  tempera tures  i n  t h e  low 70s (OF) and with h igh  tempera tures  aver-  

ag ing  -82°F. The h i s t o r i c  maximum wet bulb  and d r y  bulb  tempera tures  are 

78 and 99’F, r e s p e c t i v e l y .  

The summers a r e  f a i r l y  humid w L t h  

The year-round tempera ture  d u r a t i o n  curves  f o r  t h e  dry  bulb  tempera- 

t u r e s  and c o i n c i d e n t  w e t  bu lb  tempera tures  are shown i n  F ig .  E.1. 

E-6 .2  P r e v a i l i n g  wind 

According t o  Weather Bureau r eco rds  a t  the Middletown A i r p o r t ,  lo -  

ca t ed  10 m i l e s  no r th  of t h e  s i te  on a low p l a t e a u  j u s t  east of the  North 

R ive r ,  s u r f a c e  wtnds a r e  predominant ly  sou thwes te r ly  a t  4 t o  10 knots 

du r ing  t h e  w a r m  months of t h e  yea r  and w e s t e r l y  a t  6 t o  13 knots d u r i n g  

t h e  cool  months. 
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Fig.  E . l .  Temperature d u r a t i o n  curves €or  Middletown, U . S . A .  

There are no l a r g e  d i u r n a l  v a r i a t i o n s  i n  wind speed o r  d i r e c t i o n .  

Observat ions of wind v e l o c i t i e s  as a f u n c t i o n  of a l t i t u d e  i n d i c a t e  a 

g r a d u a l  i n c r e a s e  i n  mean v e l o c i t y  and a g r a d u a l  v e e r i n g  of the p r e v a i l i n g  

wind d i r e c t i o n  f rom southwes ter ly  and w e s t e r l y  near  the s u r f a c e  t o  w e s t -  

e r l y  and n o r t h w e s t e r l y  a l o f t .  

In a d d i t i o n  t o  t h e  above, s t u d i e s  of the area i n d i c a t e  that t h e r e  is 

a s i g n i E i c a n t  channel ing  of t h e  winds below the surrounding h i l l s  i n t o  

the north-south o r i e n t a t i o n  of t h e  North River.  It is es t imated  t h a t  

winds w i t h i n  t h e  r i v e r  v a l l e y  blow approximately p a r a l l e l  t o  t h e  v a l l e y  

o r i e n t a t i o n  >50% of the t i m e .  

E.6.3 Atmospheric d i f f u s i o n  p r o p e r t i e s  - 
During t h e  warm months of t h e  y e a r ,  according to  an a n a l y s i s  of 

Weather Bureau r e c o r d s ,  the  atmosgheri-c c o n d i t i o n s  near  t h e  s u r  €ace are 

25% u n s t a b l e  ( P a s q u i l l  A, B, and C ) ,  40% n e u t r a l  ( P a s q u i l l  D ) ,  and 35% 

s t a b l e  ( P a s q u i l l  E and F). Average wind speeds are 4 3  mph dur ing  UA- 

s t a b l e  c o n d i t i o n s ,  10 mph dur ing  n e u t r a l  c o n d i t i o n s ,  and 4 mph d u r i n g  

s t a b l e  c o n d i t i o n s .  
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During t h e  cool months of t h e  y e a r ,  a tmospheric  c o n d i t i o n s  are 15% 

u n s t a b l e ,  50% n e u t r a l ,  and 35% s t a b l e .  Average wind speeds are 6 mph 

d u r i n g  u n s t a b l e  c o n d i t i o n s ,  12 mph d u r i n g  n e u t r a l  c o n d i t i o n s ,  and 4 mph 

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

E.6.4 Severe m e t e o r o l o g i c a l  phenomena 

A maximum i n s t a n t a n e o u s  wind v e l o c i t y  of 100 mph has been recorded 

at t h e  s i t e .  During t h e  p a s t  50 y e a r s ,  t h r e e  t r o p i c a l  s torms,  a l l  of 

them i n  t h e  f i n a l  d i s s i p a t i o n  s t a g e s ,  have passed w i t h i n  50 m i l e s  of t h e  

s i t e .  Soue heavy p r e c i p i t a t i o n  and winds >40 mph were recorded ,  but  no 

s i g n i f i c a n t  damage o t h e r  than t o  crops  r e s u l t e d  

The area near  t h e  s i t e  e x p e r i e n c e s  an average of 35 thunderstorms a 

y e a r ,  w i t h  maximum frequency i n  e a r l y  summer. High winds near  60 mph, 

heavy p r e c i p i t a t i o n ,  and h a i l  are recorded about once every  4 years .  The 

10-year, 24-h r a i n f a l l  f o r  t h e  site, is d e f i n e d  as 4.9 i n .  

In  40 y e a r s  of record  keeping ,  t h e r e  have been 20 tornadoes repor ted  

w i t h i n  50 m i l e s  of t h e  s i te .  This  moderately high frequency of tornado 

a c t i v i t y  i n d i c a t e s  a need t o  des ign  Seismic Category I s t r u c t u r e s  a t  t h e  

s i t e  f o r  t h e  p o s s i b i l i t y  of an on-s i te  tornado.  Maximum tornado f r e -  

quency occurs  dur ing  t h e  months of May and June. 

During t h e  p a s t  40 y e a r s ,  t h e r e  have been t e n  s torms i n  which f r e e z -  

i n g  r a i n  has caused power t r a n s m i s s i o n  l i n e  d i s r u p t i o n s .  Most of t h e s e  

s torms have occurred  i n  e a r l y  December. 

E.6 .S P o t e n t i a l  a c c i d e n t  release meteorology 

Use the  la tes t  Nuclear Regulatory Commission (NRC) requirements .  

E.7 Hidrology 

The North River provides  an adequate  source  of r a w  makeup water for  

t h e  s t a t i o n .  The average maximum tempera ture  i s  75"F, and t h e  average  

minimum is  39°F. The mean annual  tempera ture  is 57°F. 

U.S. Army Corps of EngFneers? s t u d i e s  i n d i c a t e  t h a t  t h e  100-year 

maximum f lood  l e v e l  r o s e  t o  8 f t  above t h e  mean r i v e r  l e v e l .  Near t h e  
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s i t e  t h e r e  are no dams t h a t  coiild f a i l  and cause t h e  r i v e r  t o  rise above 

t h e  8 4 %  l e v e l .  

E.8 -andeismologx --- 

E.8.1 S o u r o f l l c s  and load-bearing c h a r a c t e r i s t i c s  - 
Soil p r o f i l e s  f o r  t h e  site show a l l u v i a l  s o i l  and rock f i l l  t o  a 

depth  of 8 f t ,  B r a s s f i e l d  l imes tone  t o  a depth  of 30 f t ,  blue-weathered 

s h a l e  and f o s s i l i f e r o u s  Richmond l imes tone  t o  a depth  of 50 ft, and bed- 

rock t o  a depth  of >50 f t .  Allowable s o i l  hear ing  i s  6,000 p s f ,  and rock- 

bear ing  c h a r a c t e r i s t i c s  are 18,000 and 15,000 ps€ f o r  B r a s s f i e l d  and Rich- 

mond s t r a t a ,  r e s p e c t i v e l y .  No underground c a v i t l e s  exist  i n  t h e  l imestone.  

E.8.2 Seismology 

The s i t e  is l o c a t e d  i n  a g e n e r a l l y  s e i s m i c a l l y  i n a c t i v e  region.  

H i s t o r i c a l  records  show t h r e e  ear thquakes  have occurred  i n  t h e  r e g i o n  

between 1870 and 1984, A safe shutdown ear thquake (SSE) wi th  a 

h o r i z o n t a l  ground a c c e l e r a t i o n  of 0.25 g provides  c o n s e r v a t i v e  d e s i g n  

margin. For des ign  purposes ,  the  hori  x v n t a l  and v e r t i c a l -  component 

Design Response S p e c t r a  given i n  NRC Rcguzatoq Guide 1.60 ( R e f .  3)  a r e  

l i n e a r l y  s c a l e d  t o  a h o r i z o n t a l  ground a c c e l e r a t i o n  of 0.25 g. 

E.9 - Sewage and Radioac t ive  Waste Disposa l  

E.9.1 SewaEe 

Sewage genera ted  on-s i te  must r e c e i v e  primary and secondary treat-  

ment before  d i s c h a r g e  i n t o  t h e  North River ,  Nonradioact lve wastewater 

niust be d ischarged  i n  compliance wi t h  Environmental P r o t e c t i o n  Agency 

(EPA) e f f l u e n t  s t a n d a r d s  as promulgated i n  40 CFR 423. 

E.9.2 Gaseous and l i q u i d  r a d i o a c t i v e  wastes 

Gaseous and l i q u i d  e f f l - u e n t  releases a t  t h e  s i t e  must comply with 

10 CFR 20 and the  i n t e n t  of Appendix I of I0 CFR 50. 
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E . 9 . 3  S o l i d  r a d i o a c t i v e  wastes 

On-si te  s t o r a g e  of s o l i d  r a d i o a c t i v e  wastes t o  p e r m i t  r a d i o a c t i v e  

decay is  p e r m i s s i b l e ,  but u l t i m a t e  d i s p o s a l  o n - s i t e  1s not  planned.  
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