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A 8 STRAC T 

COST ESTIMATE GUTI)ELLNES FOR ADVANCED 
NUCLEAR PBWEK 'I"EC1INOLOG LES 

C ,  R. Hudson I1 

To make comparat ive a s ses smen t s  of competing technolo-  
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 deve lop ing  
c o s t  estimates. Th i s  document p rov ides  a uniform set of 
a s sumpt ions ,  ground r u l e s  and requirements  khat can be used 
i n  deve lop ing  c o s t  estimates f o r  advanced n u c l e a r  power t ech -  
n o l o g i e s .  

1 e I N T R O D U C T I O N  

S e v e r a l  advanced power p l a n t  concep t s  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 v e n e s s  oE a new concept is i ts  c o s t .  

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

o t h e r  a l t e r n a t i v e  forms of e l e c t r - l c a l  g e n e r a t i o n .  Th i s  report  p rov ides  

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 ide red  are deve;oped wi th  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 .  

Th i s  r e p o r t  is designed t o  provide a f i-amework fo r  the  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  estimates w i l l  c o n s i s t  of t h e  over- 

n i g h t  c o n s t r u c t  ion  c o s t ,  t he  t o t a l  p l a n t  c ap i t a l  c a s t ,  and t h e  produc- 

t i o n  o r  busbar g e n e r a t i o n  c o s t .  While p r o v i d i n g  a g e n e r i c  set of 

assumptions and ground r u l e s ,  t h i s  doiument does not p rov ide  s p e c i f i c  

s c e n a r i o s  and r e p o r t i n g  r equ i r emen t s  a 'Rius , t h e s e  g u i d c l i  ncs may be 

used i n  a v a r i e t y  of s t u d i e s  when supplemented wfth 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 us ing  the U.S. 

Department of Energy ( D O E )  Energy Economic Data Base (ECDB) Program Code 

of Accounts tha t  has evolved froin t h e  NUS Corpora t ion  Code of Accounts 

through m o d i f i c a t i o n  and expansion over a 15-year pe r 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 concept 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  the 
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EEDB format.  The l e v e l i z e d  busbar g e n e r a t i o n  Costs  w i l l  be developed 

us ing  the  meehodology p resen ted  i n  t h e  U.S. DOE Nuclear Bnergy Cost Data. 

Bass (NECDB).l Al.1. cos t s  w i l l  be developed us ing  t h e  methods and tax  

rates a p p l i c a b l e  i n  the  Tax Reform Act of 1986, 

These ground r u l e s  w i - l l  be updated as necessary t o  p rov ide  and 

ma in ta in  a common and consLs ten t  c o s t  b a s i s  t h a t  is compatible  w i t h  t h e  

EEDB Program. The DOE O f f i c e  of Nuclear Energy ( N E )  i s  r e s p o n s i b l e  f o r  

approving changes t o  this docuinent. Requested changes should be made i n  

w r i t i n g  t o  Departinent 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, 

Off ice  of Planning and A n a l y s i s ,  Washington, D.C. 20545. 

The fo l lowing  d e f i n i t i o n  of terms w i l l  p rov ide  the background 

necessa ry  f o r  unde r s t aad ing  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 .  

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  cos t  is t h e  p l a n t  

c a p i t a l  c o s t  for t h e  d i r e c t  and i n d i r e c t  cos t s  s n l y .  Th i s  cost  i s  lower 

than the  t o t a l  c a p i t a l  c o s t  because c o s t  e lements  such as con t ingency ,  

i n t e r e s t ,  and e s c a l a t i o n  are NOT included.  The s p e c i f i c  costr items 

omi t t ed  are l i s t e d  i n  Table  2.1, 

II-_ 

II.... 

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 itern-by- 

item b a s i s  with 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 1ndirec.t  costs are expenses f o r  servi.ces a p p l i c a b l e  to  

a l l  p o r t i o n s  of the 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)  hone 

o f f i c e  e n g i n e e r i n g  and d e s i g n ,  hE f i e l d  of f  i c e  e n g i n e e r i n g  and services, 

c o n s t r u c t i o n  management and taxes. Reac to r  manufacturer  (W) home 

o f E i c e  e n g i n e e r i n g  and s e r v i c e s  are a l s o  inc luded  in a s e p a r a t e  account  

( excep t  as ~ i o t e d  i n  Sect. 2 . 3 ) .  

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

r e a c t o r  modules and a s s o c i a t e d  elece r Ecal 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 e n t  the smal.lest u n i t  f o r  e l ec t r i ca l  genesa t ion .  

B u i l d i n g  bJ.ocks 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 .  Common p l a n t  f a c i l i t i e s  are chose sys -  

teiiis, s t  ruc t r i r e s ,  and components t h a t  are r e q u i r e d  t o  suppor t  the opera-  

t t o n  of a f i rs t  b u i l d i n g  block a t  a new p l a n t  s i t e  and i n c l u d e  such  

f a c i l i t i e s  as a d m i n i s t  ration b u i l d i n g ,  p r o v i s i o n s  fo r  r e f u e l i n g ,  genera l  

warehouse,  water supp ly ,  g e n e r a l  f i r e  s y s t e m s ,  e t c .  These comnon p l a n t  

f a c i l i r 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  blocks added subsequent ly .  

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

an 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  da te .  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  with t h e  ero-  

s i o n  of t h e  g e n e r a l  pu rchas ing  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  is s a i d  t o  exc lude  i n f l a t i o n .  

Equipment. G e n e r a l l y ,  equipment: i n c l u d e s  a l l  manufactured items 

o rde red  by RM or AE. Such items may be procured on a d e s i g n  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 d e s i g n  r e s p o n s i b i l i t y  belongs 

t o  the seller (vendor)  o r  is maintained by the  buyer (RM o r  AE) on a 

"bu i ld - to -p r in t "  b a s i s .  All p i p i n g  2-1/2411. and l a r g e r  nominal p i p e  

s i z e  is an equipment item w i t h  t h e  e x c e p t i o n  of g a l v a n i z e d  p i p e ;  s t o r m ,  

r o o f ,  and f l o o r  d r a i n a g e ;  and s a n i t a r y  p i p i n g ,  which are s i t e  m a t e r i a l .  

Equipment nodule .  An equipment module is  a skid-mounted, f a c t o r y -  

assembled package which i n c l u d e s  ( b u t  i s  not l i m i t e d  t o )  equipment,  

p i p i n g ,  i n s t r u m e n t a t i o n ,  c o n t r o l s ,  s t r u c t u r a l  components, and e l ec t r i ca l  

items. 

Force account .  Force account  i n v o l v e s  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  perform a c o n s t r u c t i o n  a c t i v i t y  by a p r i m e  con- 

t r a c t o r  as opposed t o  t h e  pr ime c o n t r a c t o r  h i r i n g  a s u b c o n t r a c t o r  t o  

perform t h e s e  f u n c t i o n s .  

Large m o n o l i t h i c  p l a n t .  A large mono l i th i c  p l a n t  is d e f i n e d  as a 

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

l eas t  two and p o s s i b l y  f o u r  times as l a r g e  as a t y p i c a l  modular b u i l d i n g  

block.  I n  some i n s t a n c e s ,  a p l a n t  of t h i s  s i z e  i s  r e f e r r e d  t o  as a n  

i n t e g r a t e d  p l a n t .  

Lead p l a n t  c o s t s .  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  a f te r  concep- 

t u a l  desibm of 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 t h a t  type.  Lead p l a n t  c o s t s  are t o  be subd iv ided  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 r o t o t y p e  f a c i l i t i e s ,  and f i r s t  

Commercial power p l a n t .  Developmental c o s t s  i n c l u d e  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 d e s i g n  a f t e r  concep tua l  develop- 

ment. P r o t o t y p e  f a c i l i t i e s  i n c l u d e  ,my tes t  s y s t e m s  o r  f a c i l i t y  t h a t  

[nay be 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  coinmercial 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  is  s o l d  t o  an e n t i t y  f o r  t h e  purpose of commer- 

cial produc t ion  of e lec t r ic  energy. The l e a d  p l a n t  c o s t s  s h a l l  i n c l u d e  
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a l l  e n g i n e e r i n g ,  cqcipnient , cons t i u c t i o n ,  li  cecsirrg , t e s t s ,  t o o l i n g ,  

p r o j e c t  management, and other c o s t s  un ique  t o  t h e  l e a d  p l a n t ,  which r a i l 1  

no t  be incur red  f o t  sobsequent pLants of t h ~  i d e n t i c a l  des ign .  

Materials. Has{ c a l l y ,  mEtarials  i n c l u d e  f i c l d - p u r c h a s e d  ( s i t e  

m a t  ( : r i a l )  and/or bulk  items s~.~ch as lunber  , r e i n f o r c i n g  m i i c r c t e  ~ s t r u c -  

t u r a l  s t e e l ,  and plumbing itcrns. A 1 1  p i p i n g ,  l ess  than 2-1/2-in. 

cryogenic  f l u i d s ,  which i s  m equipmen-c i t  ma. Also a l l  wire and cable  

and raceways are rnaierial items , i n c l u d i n g  those  i n  b u i l d i n g  s e r v i r ?  

powcr s y s  terns .I 

Mult i -block p l a n t  A power p l a n t  c o n s i s t i n g  of m l t i p l e  b u i l d i n g  _______l.l....l____ 

b locks  is r e f e r r e d  t o  as a mult i -block p l a n t .  

Nominal cost  of money. Th= noirrinal cost  of money is the percent age 

ra te  used i n  c a l  c u l a t i o n s  involvi rtg t he  ziae va lue  of money c o n t a i n i n g  

...11_- ------------̂I- 

a n  j . n € l a t i o n  componenL. It explicitly prov ides  f o r  p a r t  of t h e  re turn 

on an investment t o  be s o l e l y  f o r  t h e  pu rpose  of keeping up  wi th  i n f l a -  

t i o n .  

Nth-of-a-kind (NQAK) p l a n t  cos t s  e The MOAK p l a n t  is the nth-of-a- 

kind o r  equ i l ib r iu ra  commercial p l a n t  of i d e n t i c a l  design t o  t h e  l e a d  

-.....-__I-- 

p l a n t .  NQAK p l a n t  c o s t s  i n c l u d e  a l l  engCneering, equipment,  constt 'uc-. 

t i o n ,  LestLerg, 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  t ha t  are 

repet i t ive i n  n a t u r e  and would be incurred i f  an i d c n t i c a l  p l a n t  were 

b u i l t .  The NOAK p l a n t  a l s o  re f lec ts  t h e  expecience of p r i o r  p l a n t s  

l e a d i n g  EO t he  NQAK p l a n t .  

Reactor nrodule, A r e a c t o r  m d u l e  is  a s i n g l e  reactor  and nuclear 

s t e w  s u p p l y  system (NSSS) able  t o  g e n e r a t e  thermal  hea t  as an i n t e g r a l  

p a r t  of a b u i l d i n g  block of power product ion.  

-.- 

R e a l  cost o€ m o n 9  The real c o s t  o f  n o n r y  i s  t l r e  pe rcen tage  c a ~ ~  

used i n  c a l c u l a t i o n s  i n v o l v i n g  the t i m e  va lue  of money whea 110 i n f l a t i o n  

component is  to be included.  C a l c u l a t i o n s  us ing  the real cost  of money 

E~SSUKL~?~ t h a t  t h e  d o l l a r  m i n & a i n s  a constant va lue  i n  t e rm of  pu rchas ing  

-~ 

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

R e p l i c a  plant :  cost s .  The r e p l i c a  p l a n t  is t h e  second coiitiilercial. 

p l a n t  of i d e n t i c a l  d e s i g n  to t he  lead p l a n t .  Rep l i ca  p l a n t  cos t s  

._.-_._II 

exc lude  f i r s t - o f  -a -kind e n g i n c c r i n g  , inanage~wnt equ i  pmcnt , and con- 

s t r u c t i o n  cos t s  that are i n c u r r e d  wi th  the  lead p l a n t .  The r ep l i ca  
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p l a n t  does i m l  ude a l l  engineer ing ,  equipment cons t ruc t ion ,  testing 

t o o l i n g ,  pro- ject  nanagement, and any sther c a s t s  t h a t  are repetitive i n  

f iatuse and W C J U ~ ~  be l n c ~ r r r d  in b u i l d i n g  SUbsrqUent plants S C  t h e  iden- 

tical des ign .?  

Single-blosk pPam:. a stand-aIcJne power p lank  corasiatilxg of a 

s i n g l e  building black alld a12 necessary Cornon plant f a c i l i t i e s  it; 

referred t o  at5 a sbngle-block pl,anr_* 

To ta l  capital cos t .  The t o t a l  c a p i t a l  cos t  i s  an a l l  i n c l u s i v c  

p l a n t  c a p i t a l  cost dcve8oped f o r  the purpose  of c a l c u l a t i n g  the  p l a n t  

busbar e l e c t r i c i t y  c o a t r  T h i s  cost is t h e  base c o n s t r u c t i o n  c o s t  p l u s  

contingency, escalation, aid interest-related costs. 

-I 

Total overnight  cost .) The total overn igh t  cost is the base con- 

R ~ I X B C ~ ~ Q ~  c o s t  p l u s  applicable cont ingency  c o s t s ,  IC is reEerred t o  as 

an overnight coat in the sense that ti.me va lue  c o s t s  such as interest: 

d u r i n g  canstruction are not inc luded .  '%tal ove rn igh t  cost: i s  expressed 

as a constant  d o l l a r  amount i n  r s ; t f e ~ e ~ ~  yecln: d o l l a r s l  
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2. BASE CONSTRUCTION CAPITAL COST GROUND RULES 

2 , 1  General Ground Rules  

Th i s  s e c t i o n  d e s c r i b e s  t h e  ground rules t o  be fol lowed i n  develop- 

ing  t h e  base c o n s t r u c t i o n  c a p i t a l  c o s t  f o r  t h e  advanced concep t s ,  

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

used f o r  c o s t  estimates and cost accumulat ion.  The EEDB Code of 

Accounts is an e v o l u t i o n a r y  expansion and rnod i f t ca t ion  of the NUS- 

531 Code of Accounts. Sample EEDB Code of Accounts €or  t h e  l i q u i d -  

metal 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  ‘4ppendices A and B ,  r e s p e c t i v e l y .  

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

l a rs  fo r  the  year  s p e c i f i e d  by DOE-NE. Current  s t u d i e s  should be 

r e p o r t e d  i n  c o n s t a n t  J anua ry  1 ,  19847, d o l l a r s .  

3. The c o s t  estimates w i l l  r e f l e c t  t he  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 i p t i o n s  

(SDDs),  and o t h e r  formal  d e s i g n  documentation. I n d i v i d u a l  system 

boundar i e s  w C l l  be as d e f i n e d  i o  the SDUs.  

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

t h e  expected cost  f o r  a p a r t i c u l a r  EEDB c o s t  e n t r y  w i t h ~ ~ t  interest 

(AFUDC), e s c a l a t i o n ,  o r  cont ingency al lowance as d e f i n e d  i n  Sect .  3. 

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

cos t ed  a t  E l i l l  c o s t  r ecove ry ,  i n c l u d i n g  a l l  d i r e c t  c o s t s ,  r e l a t e d  

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  r e l a t e d  g e n e r a l  and 

a d m i n i s t r a t i v e  costs .  I n q u i r i e s  r ega rd ing  prf ce s  and cha rges  t o  be 

assumed 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 t o  t h e  

O f f i c e  of Advanced Reactor  Programs, DOE-NE. 

6. A l l  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 r e f l e c t  a s e p a r a t e d  con- 

s t r u c t i o n  concept whereby nuclear-grade and Seismic Category I COR- 

s t r u c t i o n  a r e  s e p a r a t e d  froin conventional.  (non-nuclear)  construc-  

tion. 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 su rance  

( 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- 

nuclear a r e a s  w i l l  ref lect  convent tonal  commercial p r a c t i c e .  The 

p o r t i o n s  or  f r a c t i o n s  oE t h e  p l a n t  c o n s t r u c t c d  under each cons t rus -  

t i o n  g rade  s h a l l  be documented. 
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7. A s  an a i d  i n  e s t a b l i s h i n g  system-to-system boundarles €or cos t ing  

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

a. 

be 

C .  

d.  

e .  

f .  

9 .  If 

The c o s t  estimate f o ~  a sys t em,  eyuiprnent, f a c i l i t y ,  or s t r u c -  

t u r e  shall i n c l u d e  those cos ts  a s s o c i a t e d  w i t h  f a b r i c a t i n g  

i n s  t a l l i n g  , and /o r  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  d e s c r i b e d  i n  

the  SDDs. 

For c o s t i n g  purposes, t h e  bou:w.laries of a systemn,  facility, o r  

s t r u c t u r e  are. as d e f i n e d  i n  t h e  SDDs a ~ d  i n  t-he p i p i n g  and 

i n s t r u m e n t a t i o n  diagrams (P&XD1; ) e 

The c o s t  f o r  a l l  electrical power t e r m i n a t i o n s  I n c l u d i n g  ~ i a - n -  

nec to r s ,  s h a l l  be borne by t h e  e lec t r ica l  power system. For the 

t r a c e  h e a t i n g  system, t h e  Lti~erface w i t h  the e lec t r ica l  power 

system is  the  i n d i v i d u a l  hea te  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  systEms,  the interface with the elec- 

t r i c a l  power system i s  the. individual .  power l i g h t i n g  pane l ,  

The expense f o r  t e r m i n a t i n g  instrumentalt : ion and ~ o i i t r o l  cabling 

and w i r i n g  s h a l l  a l s o  be i nc ldded  i n  t h e  e l e c t r i c a l  power sys-  

tem, T h i s  i n c l u d e s  t e r m i n a t i o n s  w i t h  iridividtaal- sensors as w d . 1  

a s  p r o v i d i n g  e lectr l  ca l  iiiterconnections between pane l s  

c a b i n e t s ,  consoles,  data p r o c e s s i n g  u n i t s ,  c o n t r o l l e r s ,  etc,  

Costs 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  shall. be inc luded  i n  the e l e c t r i c a l  power 

s ys  t e m  

The c o s t s  fo r  a t t achmen t s  to ~ t r u c r u r e s  ( e a g d 9  anchor b o l t s  and 

a u x i l i a r y  s teel)  shal l .  be borne by the equipment . i t e m  r e q u i r i n g  

t h e  s u p p o r t ,  Embedments are inc l r ided  i n  the cos ts  of stsuc- 

Cures .) 

t h e  N O M  p l a n t  utllizes a d e d i c a t e d  f a c t o r y  f o r  p roduc ing  con- 

s t r u c t i o n  modules f o r  the FJSSS and halarice of p l a n t  (MOP), the bases  

f o r  s i t e - d e l i v e r e d  cos t  assumptions should be r e p o r t e d  and should 

i n 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  ard ancsrtizat ion assumpt ions  (e.g. 

number of u n i t s  assumed f o r  f a c t o r y  capital cost  recovery). 
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2.2 Spoci  f i c  C o s t - E s t i ~ ~ ~ a t i n g  Assumptions _--_ -- ̂ .... ~ 

The f o l l o w i n g  assumptions w L l l  be used i n  dsve lop i i ig  the base eon- 

n t ruc t  i o n  c o s t  e s t i m a t e s .  

1. Assumptions oil t h e  organ-i-zat ional  s t r u c t r i c e  to  he used i n  develop- 

ing the cos t  e s t i m a t e s  are as follows: 

a. O v e r a l l  project  mnagement w i l l  be provided by a u t i l i t y .  

11. A s i n g l e  E34 ai-id a s i n g l e  RE c o n t r a c t o r  w i l l  be employed t o  

des  i.gn NSSS and o t h e r  p l a n t  equipment:, t o  design p l a n t  bu i ld -  

i n g s  arid stiriictiires, t o  prepare a l l  t e c h n i c a l  documentation and 

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

c .  A s i n g l e  c o n s t r u c t i o n  manager (CM), which may a l s o  be the  AE 

c o n t r a c 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 .  

2 ,  The fo l lowing  assumptions app ly  t o  c o s t i n g  the  l e a d  p l a n t :  

3.. Lead p l a n t  c o s t s  shall i n c l u d e  a l l  c o s t s  a f t e r  concep tua l  

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

producing power p l a n t  o f  (:hat type.  Lead p l a n r  cos ts  a r e  t o  be 

subd iv ided  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 -  

t y p e  f a c i - l i t i e s ,  and f i r s t  power p l a n t .  Developinentab costs 

i n c l u d e  a d d i t i o n a l  U D ,  eagfneering, and d e s i g n  af te-s concep- 

tual. development. P ro to type  f a c i l € t i e s  i n c l u d e  any tes t  o r  

demons t r a t ion  systems o r  f a c i l i t i e s  t h a t  may be proposed,  

plai lmed,  or r e q u i r e d  p r i o r  t o  the f i r s t  cornruercial power p l a n t  

of t h a t  t y p e .  The .first power plant. is t h e  f i r s t  p l a n t  of t h a t  

t y p e  t h a t  is sold t o  an e n t i t y  f o r  the purpose  of commercial 

p roduc t ion  of e l e c t r i c  energy. The a l l o c a t i o n  of c o s t s  t o  t h e  

t h r e c  c a t e g o r i e s  should be acco rd ing  t o  purpose- The  t iming  of  

all e x p e n d i t u r e s  shou ld  be i d e n t i f i e d .  

b. The l e a d  p l a n t  will. i n c l u d e  t:he c o s t  of f u l l  p l a n t  l i c e n s i n g  

i n c l u d i n g  t h e  a c t t v l t i e s  ne4:e:;sary t o  o b t a i n  s tandard  p l a n r  

f i n a l  design approva l  and d e s i g n  c e r t i f i c a t i o n .  A p r o t o t y p e  

s a f e t y  t e s t  is a t  the o p t i o n  of the devel-oper. If A p r o t o t y p e  

t e s t  Eac i l . i t y  is assumed, i t s  c o s t  must be e s t i m a t e d  and docu- 

mented as d i s c u s s e d  p r e v i o u s l y .  
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c. Changes t o  NucZear Regulatory Commission (NPC)  r e g u l a r i o n s  o r  

major codes such as Americen S o c i e t y  of Mechanical Eng inee r s  

(ASME) o r  I n s t i t u t e  of Elcclrrical and ELectronie Engineers 

( I E K E )  may be assurned d u r i n g  t h e  d e s i g n  and c o n s t r u c t i o n  

p e r i o d .  However, a l l  assumed regula~ion and/or  eode changes 

must be f u l l y  d e s c r i b e d  and t h e i r  wst  i m p a c t  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  equf.pment construc-  

t i o n ,  t e s t i n g ,  t o o l i n g ,  y r o j s 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 requi  red i n  building a f i r s t -of -a -k ind  (FGaLaK) 

p l a n t .  A sample l i s t i n g  of FOAK tasks  is p rcsenced  i n  

Appendix 6 ,  

3. The f o l l o w i n g  assumptions app l )  t o  c o s t i n g  the replica a n d  NOAK 

p l a n t :  

a, 

b. 

C .  

de 

2.  

f .  

g *  

Design is  i d e n t i c a l  to l ead  p l a n t .  

The p l a n t  s i t e  i s  enve loped  by the  r e f e r e n c e  sa’tr. condttions. 

No product  improvements arc i n c o r p o r a t e d ;  t h a t  I s  Lhe Lead 

p l a n t  d e s i g n  i s  frozen.  

Equipment m n u f a c t u r e  and p l a n t  construction isre perforwed 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 r i o n s  or  major codrs.; and 

s t a n d a r d s  subsequent  t o  t h e  l e a d  plant time frame, 

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

l i c e n s i n g  o r  p t e l i c e n s e d  s i tes  a A g e n e r i c  p l a n t  d e s i g n  

a p p r o v a l  should be assumed. 

P l a n t  c o s t s  i n c l u d e  a l l  en t , i nee r ing  equipment,  consCruc t ion ,  

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  i n  n a t u r e  izlid would be i n c u r r e d  i n  b u l 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 l 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 managernent t a s k s  is preset i ted i n  Appendix I). 

4 .  Labor rates f o r  c ra f t smen  employed to  assemble equipment a t  t h e  on- 

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  crew rates ,  

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

e x c e p t i o n  of t hose  tasks subcoir t racted by t h e  AE;, Costs f o r  all 

tasks, i n c l u d i n g  s u b c o n t r a c t e d  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  I-.ours arid c o s t .  
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6. 

7 . 

8 .  

9. 

10. 

Reductioiis i t a  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 

be recognized ,  Unless a d i f f e r e n t  v a l u e  is s u b s t a n t i a t e d  and docu- 

mented, t h e  e s c i w a t o r  s h a l l  us3 a 94% u n i t  I.earning curve f o r  e s t i -  

mating individual .  f a c t o r y  equipment iteras For  cos t i i i g  equipment 

items f o r  the NOAK p l a n t ,  a l l  concepts  must assume t h a t  t h e  NOAK 

p l a n t  i s  t h a t  u n i t  whose u a n u f a c t a r i n g  f i r s t  p l a c e s  t h e  cumula t ive  

p roduc t ion  of t h a t  t y p e  of p l a n t  a t  01: i c i  excess  of 4000 MrJ(e). The 

base o r  s t a r t i n g  p o i n t  f o r  c o s t  r e d u c t i o n  due t o  l e a r n i n g  w i l l  be 

equlpoien; I t e m  ?or the first.  coinmercial power p l a n t .  The c o s t  f o r  

a g iven  cquipment i t e m  f o r  t h e  NOAK p l a i t  s1ioiil.d r e f l e c t  the curnu- 

I . a t i v e  p r o d u c t t o n  h i s t o r y  f o r  t h a t  i t e m  as determined by the cumu- 

l a t i v e  item requi rements  iit3t::essary t o  s a t i s f y  t h e  N O M  u n i t  def ini- 

t i o n  above. The l e a r n i n g  curve r e d u c t i o n s  s h a l l  apply  only  t o  

i t e m  which are riot commercially a v a i l a b l e ,  off- the-shelf  i tems,  

It will be assumed f o r  t h e  es t i rna~es th~ t t :  a l l  e n g i n e e r i n g  informa- 

t ion incl.uding s p e c i f i c a t i o n s  and drawings,  w i l l  be released f o r  

c o n s t r u c t i o n  i n  time f o r  e f f i c i e c t  p l a n n f n g  and performance of t h e  

vork and f i .~rther tlliarl a l l  equipment,  m a t e r i a l  and l a b o r  r e s o u r c e s  

a r e  a v a i l a b l e  as r e q u i r e d .  

II: w i 1 . L  be assi.irncd t h a t  tihe b a s e l i n e  c o n s t r u c t i o n  r equ i r e s  no pre-  

mtuin time (overt-trne) work t o  recover  from s c h e d u l e  d e l a y s .  Cos ts  

f o r  poss ib l e  scheclu1.e r e c o v e r y  overtirut? w i l l  be  r e f l e c t e d  i n  t h e  

cont ingency c o s t  ( s o e  Sect .  3.1) .  The iise of premium t ae f o r  

n o r m 1  b a s e l i n e  c o n s t r u c e i o n ,  such as r o l l i n g  4 x 10 work weeks, 

should  ba i d e e t i f i . e d ,  

It w i l l  be assumed t ha t  funding i s  a v a i l a b l e  as r e q u i r e d  t o  s u p p o r t  

u n i n t e r r u p t e d  d e s i g n ,  t e s t i n g ,  const.ruc.t ion,  i n s t a l l a t i o n ,  check- 

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

The nonsaf ety-related portion of each p l a n t  is  designed and e r e c t e d  

t o  the  same s t a n d a r d s  as a c o n v e n t i o n a l  f o s s i l - f i r e d  power p l a n t .  

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

e l a b o r a t e  procedures  documentat ion,  and Q/A--Q/@ overview,  On-si te  

f u e l  m n u f a c t u r i . n g ,  h a n d l i n g ,  and r e p r o c e s s i n g  f a c i l i t i e s  w i l l  be 

a s suned  t o  be s a f e t y  grade. 
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11. S i t e  c o n d i t i o n s  f o r  each p l a n t  a r e  similar t o  those  at t h e  hypo- 

t h e t i c a l  "Middletown, U.S .A."  s i t e  d e s c r i b e d  i n  DOE'S EEDB (see 

Appendix E ) :  

a. An adequate  poo l  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  o r  conven t iona l  l i c e n s i n g  res t r ic -  

t i o n s  t h a t  would a f f e c t  p l a n t  d e s i g n ,  c o n s t r u c t i o n ,  o r  opera-  

t i o n .  

c. Estimates cover  work w i t h i n  t h e  p l a n t  s e c u r i t y  f ence  and 

i n c l u d e  t h e  r i v e r  i n t a k e  systems and s t r u c t u r e s .  

d. S o i l  and s u b s u r f a c e  c o n d i t i o n s  are such t h a t  no unusual  

problems are a s s o c i a t e d  w i t h  s o i l - b 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 r a l r i o n s ,  and dewater ing .  

12. S i t e  land (Account 20) s h a l l  be based on t h e  e s t i m a t e d  s i t e  a r e a  

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

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

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

13. Cost items t o  be excluded from 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  T a b l e  2.1. 

14. The assumpt ions  t o  be used €or  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 ,  r e p l i c a ,  and NOAK p l a n t s  a r e  

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

15. Engineer ing  and Home O f f i c e  S e r v i c e s  i n c l u d e s  o n l y  t h e  AE c o s t s  f o 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  services,  etc. (Account 92) .  

Tab le  2.1. 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  
i t e m s  exc luded  from b a s e  

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

Allowance f o r  funds  used  d u r i n g  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  items 

Switchyard and t r a n s m i s s i o n  c o s t s  
Genera t o  r s t ep-up t r arts f o m e  r 
I n i t i a l  f u e l  s u p p l y  
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15. Nonrecurring e n g i n e e r i n g  and horn0 o f f i c e  s e r v i c e s  cos ts  of zhe KM 

(Accoenat 95) are assunrasd t o  ne zero fo r  L h  r e p l i c a  and NOAK 

p l a n t .  Any a p p l i c a b l e  r r n i i r i a g  RM e r~gl  n e e r i n g  c o s t s  arc con- 

s i d e r e d  t o  be par t  of t h e  MSSS equipneiat cos t  (Acrnurri 2 2 0 A ) .  

1 7 .  Composite wage r a t e s  (base rate p l u s  f r i n g e s )  t o  be used f o r  t h e  

Middletawn s i t e  Pn 1987 do l l a r s  ~ K P  gdven i n  T a b l c  2.2. 

18. Capisal c o s t s  s h a l l  be separated i n t o  tiw catpzaries re la ted  i o  

whether the e q u i p ~ e n t / c o n s t T u c t i o n  is  n u c l e a r  .grade o r  i n d u s t r i a l -  

grade.  Costs  w i t h i n  each ea t egory  w i l l  be c e p u r t ~ d  i n  k:l.:Dt( F~9rraat 

as i l l u s t r a t e d  i n  Appendices A and B. 

19. Although inc luded  and r e p o r t e d  i n  t h e  o v e r a l l  p l a n t  estirnrite, C O R ? Y  

of c o ~ x m n  p l a n t  facilities will, i n  a d d i t i o n ,  b: idnntified at, “ihe 

t h r e e  d i g i t  account l e v e l  and l i s t e d  sepa raLe ly  i n  EEDB format as 

d i s c u s s e d  abol7cl. 

20. I n  cases where e p d i p m n t  items or p i p i n g  arc  coiiibined v i t h  skLur -  

t u raP  mcmbcrs t o  produce a factory-assembled q u i p i n o u t  

work s h e e t  d o c u w n t i n g  each module n u s t  be prepared.  The work 

s h e e t  w i l l  i d e n t i f y  by t h r e e  d i g i l  R K D H  account t he  a p p l i c a b l e  

items and costs tha t  comprise t h e  module. For each t h r e e - d i g i t  

a c c o u n t ,  t he  work shPct will prov ide  Lhr equipment a d  matezlal  

c o s t s ,  shop and f i e l d  l abo r  hours  arid c o s t s ,  f a c t o r y  overhead and 

p r o f i t ,  f r e l g h t ,  and t o t a l  module c o s t .  I n  a d d i t i o n ,  t he  t-ext ~ u a t  

d e s c r i b e  thc approach uscd t o  e s t h a t e  each of Lhe c o s t  i t e w .  i n  

regard t o  t h e  t o t a l  p l a n t  cost  estimate, t h r e e - d i g i t  l e v e l  c o s t s  

f o r  items t h a t  are p a r t  of a f a c t o r y  modulc m u s t  r c ~ m a i i ?  i n  tlar. K E D R  

account tha t  represents that gsct icular  i t tern [i.e3., c o s t s  f o r  

s t r u c t u r a l  p o r t i o n s  of a m d u l e  should be rcpor ied  i n  Account 21. 

and equipmcnt/pipfng costs should be reportc.4 i n  the relevaii t  

system account (Accoziats 22-26) ] .  The t o t a l  f a c t o r y  c o s t ,  i nc lud -  

ing shop labor m-4 m a t e r i a l a ,  should be seccrded as f a c t o r y  equip-  

ment c o s t s  i n  t he  EEIIB c o s t  estimate € C I L U ~ ~ -  F i e l d  l a b o r  t o  

i n s t a l l  a orodule should be recorded a s  s i t e  l a b o r  in thF I.’.KI)A 

e s t i m a t e  forma;. Labor c o s t s  t o  produce and/or  h s t a l l  a module 

may be pro-sated among the related t h r e e - d i g i t  EED6 arrcountrs, i f  

necessary. The wage pates f o r  f a c t o r y  c r a f t  wrrckers shoi i ld be 



T a b l e  2 . 2 .  1987 c o q i o s i t e  l a b o r  crews a n d  r a t e s  

E f f e c t i v e  d a t e :  J a n u a r y  I ,  1987 

COMPOSITE CREWS 

Elec t r ica l  6 Sa r thwo r k  

For work S t r .  s t e e l ,  C lea  r i n g  , 
e x c a v a . ,  

c o n c r e t e  a r c h i t e c t u r a l  b a c k f i l l  

M e c h a n i c a l  C o n c r e t e  S t r u c t u r a l  
e q u i p m e n t  P i p i n g  I n s t r u m e n t a t i o n  

Ins  t a 1 I a t  i on Ins t a 1 I a t  i o n I n s  t a P l a  t i o  n 
Wage r a t e  

$/hr 
r e b a r ,  embeds,  d s c .  i r o n  b C r a f t  

2 G n t r .  4 Contr .  46 Cont r .  x Cont r .  X Contr. x Cont r .  

- Boiler maker $ 2 3 .  LO 2 3  $4 .62  

C a r p e n t e r  $21.19 40 $8.48 5 $r,os 
E l e c t r i c i a n  $24.66  

I r o n  Uorker  $23.95  20 $4.79  7 5  $13.96 

w 5 $1.06 5 $i.O6 

i o  $2 .47  9 5  $23.43  

5 $1.20 
L a b o r e r  $16.95 30 $5.09 5 $ 3 . 8 5  8 0  $13.56 5 $O.SS 5 $0 .85  

O p e r a t i n g  Engr.  $21.94  5 $1.10 1 5  $3.29  1 5  $3.29  5 $1.10 5 $1.10 

P i p e f i t t e r  $24.33  2 5  $6 .33  5 5  $21.53 5 $1.27 

X i i l w r i g h t  $24.55  2 5  $6.14 

Teams te r  $16.50 5 $0.83 

O t h e r s  $ 2 0 . 4 1  5 $1 .02  - -  - - - - - - - - - -  
100 $20.47 100 $ 2 3 . 1 6  100 $17.68 100 $23.76 100 $24.53 100 $ 2 4 . 6 9  



based on t h e  f i e l d  trait l a b o r  d a t a  i n  Table 2.2 w i t h  ad jus tmen t s  

as a p p r o p r i a t e  f o r  any assumed wage d i f f e r e n c e s  due t o  p r o d u c t i v i t y  

O K  environment.  Any ad jus tmen t s  t o  t h e  l a b o r  rates i n  Table  2.2 t o  

r e f l e c t  t he  f a c t o r y  e n v i r o n m n t  must be t u l l y  suppor t ed  i n  t h e  cost  

c?s tima te r e p o r t .  

21.  For l a r g e  fac(rory equipmctat, items such as t h e  r e a c t o r  v e s s e l  and 

i n t e r n a l s ,  steam generators ,  h e a t  exchange r s ,  e tc . ,  s u p p o r t i n g  cos t  

d a t a  by component must be a v a i l a h l e  foe- r e v i e w .  The s u p p o r t i n g  

d a t a  w i l l  i n c l u d e  f a c t o r y  material c o s t  material. w e i g h t s ,  f a c t o r y  

man-hours, r e o c c u r r i n g  cos t ,  and t o t a l  c o s t  f o r  each equipment 

i t e m .  

2 2 .  The hea t  r e j e c t i o n  sys tem will be designed €or t h e  Middletown coil- 

d i t i o n s  as d e s c i i b e d  i n  Appendix E such t h a t  t h e  t u r b i n e  exhaust  

p r e s s u r e  w i l l  be at o r  hclow t h e  d e s i g n  v a l u e  91% sf the t i m e .  

2 . 3  EEDB C o s t  Account D e f i n i t i o n s  

D i r e c t  c o s t  accoun t s  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 i 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  with the o p e r a t i n g  p l a n t  s t r u c t u r e s ,  sys t ems ,  

and components . 
2.3.1.1 Equipment c o s t s .  Equipment c o s t a  i n c l u d e  the c o s t s  fo 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 ,  documentation 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  and follow-up e n g i n e e r i n g  performed by equipment vendors;  

materials 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 -  

ance expenses ; p r o v i s i o n  of s h i p p i n g  f i x t u r e s  and s k i d s ;  war ran t i i ? s ;  

p r e p a r a t i o n  of maintenance and o p e r a t i o n s  iuanaials and hand l 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 accep tance  tes t  equi .paent ;  o n - s i l e  

u d o a d i n g  aind recebving i n s p e c t  i o n  expenses  ; arid overhead expenses  

All p l a n t  equipment i t e m s ,  whether d i r e c t l y  associated with the 

power g e n e r a t i o n  s y s t e m s  o r  t he  f a c i l i t y  sys t ems ,  such as h e a t i n g  and 

v e n t i l a t i o n ,  a r e  included i n  t h i s  ca t egory .  

For t h e  cquipiuent f a b r i c a t e d  and /o r  assembled a i  an o n - s i t e  fab- 

r i c a t i o n  f a c i l i t y ,  all t h e  a s s a c i a t e d  costs  are incl\ ided as equipmenr 
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c o s t s ,  i n c l u d i n g  t h e  f a b r i c a t i o n  and /o r  assembly c o s t s  and t h e  c o s t s  t o  

move t h e  equlpment w i t h i n  t h e  f a c i l i t y  t o  i t s  on- s i t e  r e c e i v i n g  o r  

s t o r a g e  p o i n t .  

2.3.1.2 S i t e  l a b o r  c o s t .  The s i t e  l a b o r  p o r t i o n  of t h e  cornstruc- 

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 t e  a c t i v i t i e s  

r e l a t e d  t o  permanent p l a n t  s t r u c t u r e s ,  sys t ems ,  and equipment r e q u i r e d  

for a l l  a s p e c t s  of power plant  o p e r a t  ion. 

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

f i l l ,  e rec t ,  and finish s t r u c t u r e s  and t o  p l a c e  and i n s t a l l  equipment,  

p i p i n g ,  w i r i n g ,  modules li e t c .  are included.  

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

any 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 ListalRation c o s t s  are on a force 

account  basis  (see S e c t ,  1 . 1 ) .  

F o r  t h i s  estimate, t h e  c o s t s  a s s o c i a t e d  w i t h  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  l a b o r  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  o r  t h e  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  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  alEgn t h e  equipment and 

p h y s i c a l l y  a t t a c h  i t  t o  the  s u p p o r t i n g  s t r u c t u r e .  In a d d i t i o n ,  t h e  

l a b o r  cos t s  f o r  p r o v i d i n g  mechanical hookups and e l e c t r i c a l  connec t ions  

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

2.3.1.3 S i t e  m a t e r i a l s  cost.  S i t e  tilaterials i n c l u d e  a l l  materials 

purchased i n  the f i e l d  a n d f o r  bulk items such as p a i n t s  c o n c r e t e ,  r e b a r ,  

welding rod ,  formwork, etc.  A l l  p l p i n g ,  less than  2-1/2-in, nominal 

p i p e  size, i s  a mter ia ls  item with t h e  e x c e p t i o n  of p i p e  f o r  c ryogen ic  

f l u i d s .  Also a l l  wi re ,  c a b l e ,  and raceways are material i t e m s ,  i nc lud -  

i n g  those  i n  b u i l d i n g  s e r v i c e  power t;ys tems. 

2 . 3 , 2  I n d i r e c t  c o s t  a c c o u n t s  

The i n d i r e c t  c o s t  accoun t s  i n c l u d e  &hose c o n s t r u c t i o n  suppor t  

a c t i v i t i e s  r e q u i r e d  t o  design and b u i l d  t h e  s t r u c t u r e s  and systems 

d e s c r i b e d  i n  t h e  d i r e c t  c o s t  accounts .  A t  t h e  two-digi t  account  l e v e l  

o f  d e t a i l s  the i n d i r e c t  c o s t  accoLint:j c o l l . e c t  t h e  c o s t s  f o r  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 s ,  and f i e l d  o f f i c e  

e n g i n e e r i n g  and s e r v i c e s .  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 
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deter inined independen t ly  on a bottoms-up b a s i s .  Past c o s t  estimates, 

when i n s u f f i c i e n t  d e t a i l e d  in fo rma t ion  was a v a i l a b l e ,  have been e s t i -  

mated as a f u n c t i o n  of the d i r e c t  c o s t s .  Using t h e  d i r e c t - c o s t  f r a c t i o n  

approach ,  based on LI%% and c o a l  p l a n t  experi-ence,  makes i t  u n l i k e l y  t h a t  

non-Lm advanced concep t s  w i l l  r e c e i v e  adequa te  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  o r  unique a t t r i b u t e s  i n  t h e  i n d i r e c t  c o s t s .  As a n  

example, e n g i n e e r i n g  man-hour estimates shou1.d r e f l e c t  t h o s e  conccpt-  

unique des ign  features t h a t  may cause  e n g i n e e r i n g  hours  to be g r e a t e r  o r  

smaller than those  f o r  a n  LWR on an equi.val.znt b a s i s .  I n  any c a s e ,  t h e  

c o s t  es t imate  procedure  should  be f u l l y  documented by t h e  e s t i m t o r .  

The followi.ng s u b s e c t i o n s  provide  a d e s c r i p t i o n  o f  t he  i n d i r e c t  

c o s t s  by three-di .gi t  EEDB accounts .  

2.3.2.1 C o n s t r u c t i o n  s e r v i c e s  ---. c o s t s  (Account 91) .  C o n s t r u c t i o n  

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  CM-related a c t i v i t i e s  a s s o c i -  

a t e d  wiIIh c ~ n s t r u c t i o n  as i n d i c a t e d  below: 

-..I I...____ 

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).  Th i s  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 ,  m i n -  

t e n a n c e  of temporary f a c i l i t i e s ,  guards  and s e c u r i t y ,  roads ,  pa rk ing  

I o L s ,  laydown areas,  and temporary e l e c t r i c a l  h e a t  i p i i ,  steam anti 

water sys t ems ,  g e n e r a l  c l eanup ,  e tc .  

C o n s t r u c t i o n  t o o l s  and equipment (Account 912) .  C o n s t r u c t i o n  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 ,  

small t o o l s  and consumables ( f u e l ,  l u b r i c a n t s ,  e tc . ) ,  as well as  mainte- 

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

P a y r o l l  i n s u r a n c e  and t axes  (Account 91 3). These expenses  i n c l u d e  

i n s u r a n c e  and t a x e s  r e l a t e d  t o  c r a f t  l a b o r  ( d i r e c t  and i n d i r e c t  i nc lud -  

i n g  guards  and j a n i t o r s ) ,  such as soc ia l .  s e c u r i t y  t a x e s  and s t a t e  

unemployment t a x e s  E workmen's compensat ion i -nsurance and p u b l i c  

L i a b i l i t y  and p rope r ty  damage i.nsurance e 

P e r m i t s ,  i n s u r a n c e  and local. t axes  (Account 914) .  C o n s i s t e n t  w i t h  

o t h e r  EFUB estimates b u i l d e r s  a l l - r i s k  i n s u r a n c e  will be t h e  only  c o s t  

i nc luded  i n  Account: 914,  Payments t o  f e d e r a l ,  s t a t e ,  and l o c a l  govern- 

ments f o r  t a x e s ,  f e e s ,  and p e r m i . t s  are t o  be inc luded  i n  Account 942 

because they a r e  p l a n t  s p e c i f i c .  
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2.3.2.2 Engineer ing and hone o f f i c e  services c o s t s  (Account 92 ) .  

Eng inee r ing  c o s t s  as p r e s e n t e d  i n  t h i s  r e p o r t  i nc lude  a l l  AE mariagerlient 

e n g i n e e r i n g  d e s i g n ,  and a s s o c i a t e d  s u p p o r t  a c t i v i t i e s .  T h i s  cost: 

element i n c l u d e s  a c t i v i t i e s  as g iven  below. 

Eng inee r ing  and home o f f i c e  expenses (Account 921) .  These c o s t s  

i n c l u d e  AE e n g i n e e r i n g  and d e s i g n  ( b o t h  f i e l d  and home o f f i c e ) ,  p racu re -  

rnent and e x p e d i t i n g  a c t i - v i t i e s  , e s t i m a t i n g  and c o s t  c o n t r o l ,  e n g i n e e r i n g  

p l ann ing  and s c h e d u l i n g ,  r e p r o d u c t i o n  s e r v i c e s  and expenses  a s s o c i a t e d  

w i t h  perEormance o f  t h e  above f u n c t i o n s  (i.e., t e l e p h o n e ,  pos t age ,  coni- 

puller use, t r a v e l ,  e t c . ) .  The c o s t s  f o r  t h e s e  s e r v i c e s  i n c l u d e  sa la r ies  

of p e r s o n n e l ,  d i r e c t  p a y r o l l - r e l a t e d  c o s t a  ( D P C ) ,  overhead l o a d i n g  

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

[iorne o f f  ice q u a l i t y  a s s u r a n c e  (Account 922).  Th i s  account  i n c l u d e s  

t h e  s e r v i c e s  of home o f f i c e  QA e n g i n e e r s  and s t a f f  pe r sonne l  engaged i n  

work on t h e  p r o j e c t .  S e r v i c e s  inc lude  reviews,  a u d i t s ,  vendor s u r v e i l -  

l a n c e ,  etc. as r e q u i r e d  f o r  d e s i g n  and c o n s t r u c t i o n  of t h e  n u c l e a r  

s a f e t y - r e l a t e d  p o r t i o n  of tlic f a c i l i t y .  C o s l ~ s  f o r  t h e s e  s e r v i c e s  

i n c l u d e  sa la r ies ,  DPC, overhead Loading, and expenses  (1. e., t r a v e l )  of 

t h e s e  individua1.s 

Home o f f i c e  c o n s t r u c t i o n  management (Account 923) .  These s e r v i c e s  

i n c l u d e  t h o s e  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  p l ann ing  and s c h e d u l i n g ,  c o n s t r u c t i o n  methods, l a b o r  

r e l a t i o n s ,  s a f e t y ,  and  s e c u r i t y  pe r sonne l  are u t i l i z e d  as r equ i r ed .  

Cos t s  f o r  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 

expenses  

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  c o s t s  

(Account 93).  F i e l d  S u p e r v i s i o n  and F i e l d  OfCice S e r v i c e s  (Account 93)  

i n c l u d e s  c o s t s  f o r  CM-related a c t i v i t i e s  a s s o c i a t e d  with o n - s i t e  manage- 

m e n t  of 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  s u p p o r t i n g  

c o s t s  f o r  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. 

Field.  of E ice  expenses (Account 9 3 1 ) .  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 /o r  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 c h a r g e s ,  pos t age  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  j o b  s u p e r v i s i o n  (Account 9 3 2 )  T h i s  management € u n c t i o n  

i n 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  l abo r  s u p e r v i s o r s ;  f i e l d  accoun t ing  p a y r o l l ,  and a d m i n i s t r a t i v e  

personnel ;  f i 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  pu rchas ing  p e r s o n n e l ;  

warehousemen; survey p a r t i e s ;  s t e n o g r a p h e r s ;  and c l e c i c a l .  pe r sonne l .  

Cos t s  of t h e s e  s e r v i c e s  i n c l u d e  s a l a r i e s ,  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 fees, 

F i e l d  QA/QC (Account 933). These services incl.ude those  of person- 

nel I.oc.ated a t  t h e  j o b  s i t e  engaged i n  equipment i n s p e c t i o n ,  r e q u i r e d  

documentatdon of s a f e t y - " r e l a t e d  equipment , i n s p e c t i o n  of c.onstruct i o n  

a c t i v i t i e s  and c o n s t r u c t i o n  t r a i n i n g  meetings.  Cos t s  i n c l u d e d  a re  

sa la r ies  DPC , and overhead load ing .  

P l a n t  s t a r t u p  and test. (Acc-oi.int 934) .  These s e r v i c e s  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 tes t  

p rocedures  , 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 

sys t ems  as t h e  p l a n t  nears 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 t s  of t h e s e  s e r v i c e s  i n c l u d e  sa la r ies ,  DPC,  overhead load- 

i n g ,  and misce l l aneous  r e l a t e d  expenses.  C o s t s  of any craf l :  l abo r  

r e q u i r e d  f o r  s t a r t u p  and r e s t i n g  a c t i v i t i e s  are inc luded  i n  the appro- 

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

2.3.2.4 O w n e r s '  cost (Aceoiint 9 4 ) .  OwnersB cos t  (Account 94) 

i n 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  a s s o c i a t e d  wi th  t h e  

o v e r a l l  management and i n t e g r a t i o n  of t h e  p r o j e c t  and other c o s t s  not 

i n c l u d e d  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 o r  t o  s t a r t  of conmet- 

c i a 1  o p e r a t  i o n s  as f o l l o w s  : 

... 

Management e n g i n e e r i n g ,  i n tP&qrd t ion  , an3 QA/QC (Accoiint 941 ). 

These expenses  i n c l u d e  owiier p r o j e c t  managemenC e n g i n e e r i n g ,  i n t e g r a -  

t i o n ,  con(rrol,  and QAfQC. 

Taxes and insut'ance (Account 9 4 2 ) .  These expenses  cover  a l l  

owner 's  n u c l e a r  and o t h e r  i n s u r a n c c  preuiiums, s t a t e  and l o c a l  t a x e s  

(e.g., p r o p e r t y  taxes  and sales t a x e s  an purchascd materials and equip- 

ment incurred d u r i n g  t h e  cour se  of t he  p r o j e c t ) ,  and peruits % l i c e n s e s  ~ 

and f e e s .  B u i l d e r ' s  a l l  r i s k  i n s u r a n c e  is inc luded  i n  Account 914. 
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Spare par ts  (Account 9 4 3 ) .  These expenses  i n c l u d e  t h e  c o s t  of a l l  

p r e o p e r a t i o n a l  equLpment s p a r e  p a r t s  r e q u i r e d  t o  suppor t  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  s t a r t  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  oE t h e  o p e r a t i n g  and maintenance s t a f f  s Items 

i n c l u d e  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  s u p p o r t ;  a l s o  inc luded  is  t r a i n i n g  f o r  any o f f - s i t e  o r  

o n - s i t e  manufactur ing r e q u i r e d .  

General  and a d m i n i s t r a t i v e  (G&X) (Account 945) .  Th i s  account  

i n 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 a 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 9 4 6 ) .  This  i t e m  i n c l u d e s  c o s t s  f o r  any 

special  c o o l a n t s  f o r  the i n i t l a 1  load ing  of t h e  p l a n t  sysferns. 

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

e r a t i o n  of t h e  c o n t e n t s  of each subaccount .  I f  such a n  estimate is no t  

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

e s t i m a t e d  as 10% of t h e  s u n  of t h e  t o l d  d i r e c t :  and o t h e r  i n d i r e c t  cos t s  

p l u s  t h e  c o s t  of any s p e c i a l  coo lan t s . ,  

2.3.2.5 Reac to r  manufac tu re r ' s  e n g i n e e r i n g  (Account 95) e T h i s  

accoun t  i n c l u d e s  a l l  t h e  c o s t s  of E3.I s e r v i c e s  and suppor t  f o r  t h e  l e a d  

p l a n t  t h a t  are over  and above the  normal cha rges  inc luded  i n  t h e  c o s t  of 

an NSSS package (EEDB Account 220A). Th i s  c o s t  is assumed t o  be z e r o  

f o r  t h e  r e p l i c a  and NOAK p l a n t .  

2.4 Base C o n s t r u c t i o n  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  requirements w i l l  be determined by DOE Program 

Managwent . The f o l l o w i n g  documentat ion 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  r equ i r emen t s  

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 h e  FGAK, 

r e p l i c a ,  and NOAK p l a n t  may be r e q u i r e d .  Each s e p a r a t e  cos t  set will b e  

documented u s i n g  t h e  EEDB t a b u l a r  format and Code of Accounts. T y p i c a l  

Code of Accounts f o r  t h e  LMR and HT2R are provided i n  t h e  Appendices. 
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Irk a d d i t i o n  t o  t a b u l z r  c o s t  da t a ,  a complete t e x t  d e s c r i p t i o n  of t h e  

methods and assumpt Lons used i n  developing the  c o s t s  s l r i l l  be submi t t ed  

wi th  t h e  c o s t  da t a .  

A s  determined by s p e c i f i c  110E gu idance ,  supporting cost estimate 

worksheets  “nay be r e q u i r e d  t o  he prepared i n  the  forma& shown i n  

Table  2.3, S e p a r a t e  t a b l e s  w f l l  be p repa ted  as necessa ry  t o  p r e s e n t  

c o s t s  for Lead, r e p l i c a ,  o r  N O M  p l a n t s  ds i n d i c a t e d  a L  t h e  uppe r - r igh t  

c o r n e r  of t he  form. In some cases, the costs m y  apply  t o  a l l  condi- 

t i o n s  and only one set of forms need be supplied. 

As d i s c u s s e d  i n  S e c t i o n  2 .2 ,  documentation on factory-produced 

equipment nodules  m u s t  i n c l u d e  a work sheet f o r  each d i f f e r e n t .  nodiilc 

which idenlifies c o s t  by three-d lg i t  EEDB account .  A sugges t ed  work 

sheet format is provided i n  Table 2.4. 

2.4.2 Plant bulk commodities da&a 

To m k e  co~nmodi t y  comparisons w i t h  cornpe~ing  p l a n t  c o n c e p t s ,  t h e  

c o ~ m o d i t i e s  l i s t e d  below should be s u p p l i e d  as i n d i c a t e d  a t  the t h r e s -  

d ig i t .  l e v e l  w i t h  summaries t o  t h e  two-digi t  l e v e l .  If  a more detailed 

breakdown Fs avai Lable,  t h a t  shuul d be provided.  

Formwork [ squa re  feet  (SP)] - Both wooden and met91 forms are 

i n c l u d e d  (I 

S t r u c t u r a l  s teel  [ t o n s  (TN) 1 ”’- All s t r u c t u r a l  s teel  i s  inc luded  

regardless of whether i t  is used i n  s a f e t y  o r  nonsa fe ty  c lass  s t ruc-  

tures. 

R e i n f o r c i n g  s tee l  [ t o n s  (TN)]  - The c o s t s  fo r  cadwelds and wire 

f a b r i c  are not Encluded. 

Embedded steel [ L o w  (TN)] - All embedded steel is i n c l u d e d  regard-  

less of whether i t  is  used i n  s a f e t y  OK nonsa fe ty  class s t r u c t u r e s .  

S t r u c t u r a l  C O R C K ~ ~ ~  [ c u b i c  yards  ( C Y ) ]  - The c o s t s  for  removable con- 

crete  plugs and far curbs and walks are not included.  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  safety-class 

O K  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  or e x t e r n a l  

~ ~ 1 1 1 s ~  o r  whether it is i n  f l o o r  o r  e l e v a t e d  s labs .  

Concrete f i l l  [ c u b i c  ya rds  (CY)] - A l l  f i l l  c o n c r e t e  is inc luded  

regardless of i t s  l o c a t i o n  or purpose. 
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0 Pip ing  [pounds ( L B ) ]  - 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 i p e  

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

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

S S ,  S @ ,  >2 1 /2- ine  p ipe  

CM, S G ,  > 2  1/2-in.  p ipe  

ss, N N S ,  c2 1/2-in. p i p e  

CS, N N S ,  (2 1/2-in. p i p e  

CS, N N S ,  22 i /2-tn.  p ipe  

SS, N N S ,  >2 1/2-in. p i p e  

C M ,  NNS,  2 2  1/2-in. p i p @  

where CS = carbon steel., 

S S  = s t a i n l e s s  s t e e l ,  

CM = chrome moly s t e e l ,  

SC = s a f e t y  c lass ,  

NNS = non-nuclear saEety class. 

These t e n  ca t egorLes  of p i p i n g  do not i n c l u d e  the fo l lowing :  

1. c o n c r e t e ,  coppe r ,  cast i r o n ,  and galvanized p ipe ;  

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

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

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

e Wire and c a b l e  [ l i n e a r  f e e t  (LE')] - T h i s  account  c o n s i s t s  of :  

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 .  

e Wire and c a b l e  duc t  runs and c o n t a i n e r s  [ l i n e a r  f e e t  (el?>] - This 
accoun t  i n c l u d e s  : 

1. underground and above ground,  

2. metall ic and n o n m e t a l l i c  d u c t s  c o n d u i t  I and 

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

Bulk commodities should be r e p o r t e d  by EEDB Code of Accounts as  

shorn i n  Tab le  2.5. 
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2.4.3 P l a n t  l a b o r  r equ i r emen t s  d a t a  

C r a f t  and e n g i n e e r i n g  l a b o r  r equ i r emen t s  w i l l  be summarized by two- 

and t h r e e - d i g i t  d i r e c t  and i n d i r e c t  c o s t  accoun t s  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 f o r  the 

f o l l o w i n g  workers  i f  u t i l i z e d :  bo i l e rmaker s ,  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 ronworke r s ,  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 i p e  f i t t e rs  , s h e e t  metal worke r s ,  teamsters, o t h e r  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  labor.  An 

example format  is shown i n  Table  2.6. 

T a b l e  2.6. P l a n t  l a b o r  r ec ,u i r emen t s  

FOAK PLANT 

NOM PLANT 
I_ 

REPLICA PLATFT 

- _ ~ ~ ~ ~ ~ _ ~ ~  

EEDB 

No. 
Account Labor t y p e  Ma nhou r s 

- - -  

xxx B o i l e r  makers 
B r i c k l a y e r s  
Carp 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 i p e  f i t t e r s  
Sheet  metal workers  
Teamsters 
O t h e r  c r a f t  l a b o r  
Eng i n e e  r i n g  
O t h e r  nonc ra f  t l a b o r  

2.4.4 Development/prototype c o s t s  

A s  d i s c u s s e d  i n  Sect .  2 .2 ,  l e a d  p l a n t  c o s t s  are t o  be subd iv ided  

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 r o t o t y p e  f a c i l i t i e s ,  

and f i r s t  commercial power p l a n t .  The f i r s t  commercial power p l a n t  w i l l  
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he reported as descr ibed  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 i temized  and expressed i n  c o n s t a n t  d o l l a r s  as 

def ined in Sec t .  2.1. The t i m i n g  of each c o s t  item s h a l l  be i d e n t i -  

f i ed .  The r e p o r t  format is given i n  Table  2.7. 

Year of 
Cost 

.I___ P r o t o t y p e  c o s t s  . .. 
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3.  'TOTAL CAPITAL COST 

T h i s  s e c t i o n  p rov ides  t h e  ground r u l e s  € o r  p r e p a r i n g  an estimate of 

the 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 base c o n s t r u c t i o n  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  p r e v i o u s  s e c t i o n  i s  t h e  s t a r t i n g  p o i n t  f o r  

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

3.1 Con t i. rige nc y 
_I 

Contingency c o s t  s h a l l  be c a l c u l a t e d  as a pe rcen tage  of base 

c o n s t r u c t i o n  c o s t n  However, d i f f e r e n t  p e r c e n t a g e s  should be used f o r  

d i E f e r e n t  systems o r  components i n  a p l a n t  because t h e  amount of t h e  

cont ingency c o s t  shou ld  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 

d e s i g n  t h e  deg ree  of t e c h n o l o g i c a l  advance r e p r e s e n t e d  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 i v e n  system/component, As an 

example,  i t  should be p o s s i b l e  t o  estimate the c o s t  f o r  a s t a n d a r d  

mechanical d r a f t  c o o l i n g  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 con t ingency)  than  t h e  cost  f o 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  cost estimates, the  pe rcen tages  and 

r equ i r emen t s  f o r  t h e i r  use are d e f i n s d  as fol lows.  For t h o s e  systems 

tha 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 ,  t h a t  r e q u i r e  a high a s s u r a n c e  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.9.) nuclear-grade s y s t e m s ) ,  a con t ingency  

c o s t  of 25% of t h e  appl icable  base c o s t  s h a l l  be c a l c u l a t e d ,  For  

systems or components that  are s t a n d a r d ,  c u r r e n t ,  o f f  - the-shelf  t ech -  

nology items t h a t  are being a p p l i e d  i n  a normal $ industr ia l . -grade a p p l i -  

c a t i o n ,  a cont ingency c o s t  of 15% of the 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 ccist t o  be r e p o r t e d  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 ca t egory ,  Con- 

t i n g e n c y  amounts for 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 t h e  p r o p o r t i o n  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 assumptions 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 :  b a s e  cos t s  a c c o r d i n g  t o  t h e  t w o  

c a t e g o r i e s  must be f u l l y  docunented by the e s t i m a t o r  i n  d e t a i l .  
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The cont ingency e s t i m a t e  w i l l  be expres sed  i n  t h e  same y e a r ' s  do l -  

lars  as the  base c o n s t r u c t i o n  c o s t s .  

3 .2  Cash Plow 

The cash  f l o w  r equ i  remerals d u r i n g  t h e  d e s i g n  arid c o n s t r u c t i o n  

pe r 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 ,  rep l ica ,  and 

N O W  p l a n t s  as r e q u i r e d .  The cash flow should be expres sed  i n  the same 

y e a r ' s  d o l l a r s  as the  ove rn igh t  c o s t s  and should i n d i c a t e  whether con- 

t i ngency  casts a r e  inc luded .  Contingency costs must be e x p l l c i t l y  

inc luded  i n  the  cash f low d a t a  i F  i t  i s  not assumed t h a t  con t ingency  

c a s h  f l o w  is p r o p o r t i o n a l  t o  base c o s t  ca sh  f l o w ,  T i m e  e f f e c t s  such as 

e sca l a t ion  and i n t e r e s t  should not be inc luded  i n  the cash f low d a t a .  

As 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 ,  the d a t e s  of cash 

flow may be expressed 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  w i t h  r e s p e c t  

t o  corauercial  o p e r a t i o n .  

3 . 3  E s c a l a t i o n  

It i s  t o  be assumed t h a t  e s c a l a t i o n  d u r i n g  t h e  d e s i g n  and c o n s t r u c -  

t i o n  per iod  is o c c u r r i n g  a t  t h e  saae 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 r e a l  e s c a l a t i o n  du r ing  t h i s  per iod.  A s  t h e  t o t a l  c o s t  is t o  be 

expressed i n  c o n s t a n t  d o l l a r s  f o r  t h e  yea r  g i v e n  in Sect. 2.1,  escnla- 

t i o n  will be ze ro  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  During C o n s t r u c t i o n  

I n t e r e s t  c o s t s  w F l l  be c a l c u l a t e d  based on t h e  real ,  average c o s t  

of money. The f l n a n c i a l  parameters given i n  Table  3.1 are from the  DOE 

NECIJHB1 a d j u s t e d  f o r  t he  Tax Reform A c t  of 1986, and are t o  be assumed 

i n  de t e rmin ing  i n t e r e s t  du r lng  c o n s t r u c t i o n  (IDC) c o s t s .  I t  should be 

noted t h a t  t he  'Tax Reform Act of 1986 no longe r  a l lows  bond i n t e r e s t  as 

a t a x  deduc t ion  d u r i n g  c o n s t r u c t i o n  but  r e q u i r e s  t ha t  i t  be f u l l y  

c a p i t a l i z e d .  Thus, t h e  average and not t ax -ad jus t ed  c o s t  of money must 

be used i n  ca l cu la t ing  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 .  

- 
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Tab le  3.1. F i n a n z i a l  p a r a m e t e r s  

Parameters c o s t  

C a p i t a l f z a t i o n ,  % 

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 L o n ,  %/year 

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

Average c o s t  of money, %/year 

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

Real ( i n f l a t i o n a d  jus t red)  a v e r a g e  
c o s t  of money, %/year  

50 
10 
40 

9.7 
9 
14 

11.35 

5.0 

6.05 

I n t e r e s t  w i l l  be c a l c u l a t e d  u s i n g  t h e  cash flow summaries developed 

i n  Sec t .  3.2 and the  rea l ,  i n f l a t i o n - f r e e ,  c o a t  of money shown i n  Table  

3 - 1 .  A l l  i n t e r e s t  costs w i l l  be c a p i t a l i z e d  up t o  t h e  comrwrcial  opera- 

t i o n  d a t e  u s i n g  t h e  f o l l o w i n g  method. 

.L 
T-t 

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  = C ct  [ ( I  -t i) - 11 , 
t = O  

where 

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

C t  = cash f l o w  a t  t € m e  t (from Sec t .  3 . 2 1 ,  

i = real c o s t  of money. 

I f  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  

flow summaries must be a d j u s t e d  by t h e  r a t i o  of t h e  t o t a l  ove rn igh t  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 .  

- base c o s t  +- con t ingency  
IDCbase c o s t  

- 
ID' t o t a 1 base c o s t  
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3.5 Total C a p i t a l  Cos t  -. 

T o t a l  c a p i t a l  c o s t  will c o n s i s 1  of t h e  base c o n s t r u c t i o n  c o s t  as 

developed i n  Sect .  2 ,  con t ingency ,  e s c a l a t i o n  (when a p p l i c a b l e ) ,  and 

in t e re s t :  du r ing  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  y e a r  de f ined  i n  Sect. 2.1 and s e p a r a t e d  into n u c l e a r -  

g r a d e ,  i n d u s t  r i a l  -grade $ and t o t a l  c o s t  e Table 3.2 p rov ides  the 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 .  

T a b l e  3.2. P l a n t  t o t a l  c a p i t a l  c o s t  e s t i m a t e  
( thousands  of J anua ry  198 d o l l a r s )  

II__I_..__......... ~ --.-- I_ --.I.---. 

Nuclear Zndus t r i a l  
T o t a l  
cos t  

E EDE 
Account Account d e s c r i p t i on g rade  g r a d e  

No. c o s t  c o s t  
PI_-._ _s . . . ___--...-I 

20 Land and l a n d  r i g h t s  
2 1  St ruct iares  a n d  i m p  rovernents 
22 Reactor  p l a n t  equipment 
23 T u r b i n e  p l a n t  equipment 
24 E l e c t r i c  p l a n t  equipment 
25 Misce l l aneous  p l a n t  equipment  
26 Main condense r  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  c o s t s  

9 1  Cons t ruc t  i o n  s e r v i c e s  
92  AE home o f f i c e  e n g i n e e r i n g  and 

9 3  
s e r v i c e s  

s e r v i c e s  
F i e l d  o f f  ice s u p e r v i s i o n  and  

9 4  Owner's expenses  
95 RM 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 s  

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

BASE CONSTRUCTION COST - T o t a l  $ 
.-.. $/kW(e) 

C ONT I NGE NCY 

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

ESCALATION 

INTEREST D U R I N G  CONSTRIJC'Y LON 

TOTAL CAPITAL COST - T o t a l  $ 
-- $/kN(e) 
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4 .  BUSBAR GENIXATION COST 

This  s e c t i o n  p rov ides  guidance  f o r  deve lop ing  t h e  t o t a l  g e n e r a t i o n  

o r  busba r  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 s b l e  t o  a l a r g e  m o n o l i t h i c  p l a n t .  

4.1 Genera l  Assumptions and  Methodology 

A t o t a l  p l a n t  energy  g e n e r a t i o n  c o s t  o r  busba r  c o s t  i n c l u d e s  t h e  

c a p i t a l ,  n o n f u e l  o p e r a t i o n  and maintenance (OSIM), f u e l ,  and decommis- 

s i o n i n g  c o s t s  and  i s  g e n e r a l l y  e x p r e s s e d  as a c o s t  p e r  u n i t  energy .  In 

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 de te rmined ,  

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  approach ,  t h e  year-by-year u n i t  p r i c e  

of e l e c t r i c i t y  is assumed t o  rise i n  nominal d o l l a r  terms a t  t h e  ra te  o f  

i n f l a t i o n .  The method u s e d  t o  d e t e r m i n e  t h i s  u n i t  price i s  t o  c a l c u l a t e  

t h e  p r e s e n 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 r e s e n t  v a l u e  oE t h e  energy  g e n e r a t e d  o v e r  t h e  l i f e  af t h e  p l a n t .  A 

complete  d e s c r i p t i o n  of t h e  l e v e l i z e d  c o s t  approach  can be  found i n  t h e  

U.S. DOE document NECDl3.l 

Fo l lowing  some g e n e r a l  assumpt ions  below, t h e  t r e a t m e n t  o f  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 ,  examples of t h e  method 

w i t h  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  c o s t  w i l l  be e x p r e s s e d  i n  c o n s t a n t  d o l l a r s  i n  

t h e  y e a r  d e f i n e d  i n  Sec t .  2.1. 

The economic o p e r a t i n g  l i f e  of e a c h  u n i t  ( b l o c k )  i s  assumed t o  be 

30 y e a r s  f o r  c o s t - e s t i m a t i n g  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  be  assumed i s  70%. A eoncept-  

s p e c i f i c  c a p a c i t y  f a c t o r  may be  J s e d  i f  i t  i s  p r o p e r l y  s u b s t a n t i -  

a t e d .  

The present -wor th  d i s c o u n t  r a t e  i s  9 ,57%/year  (nominal )  and  4.455%/ 

y e a r  ( r e a l ) .  The g e n e r a l  i n f l a t i o n  ra te  i s  S%/year .  

Assumed u s e  of any government-owned o r  -ope ra t ed  f a c i l i t y  s h a l l  be  

cos t ed  a t  f u l l  cost  r ecove ry ,  i n c l u d i n g  a l l  d i r e c t  c o s t s ,  r e l a t e d  

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  r e l a t e d  g e n e r a l  and  

a d m i n i s t r a t i v e  c o s t s .  Inqu i t - t e s  r e g a r d i n g  pr ices  and cha rges  t o  be 
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assumed f o r  s p e c i f i c  materials and services  s h a l l  be made t o  t h e  

O f f i c e  of Advanced %ac to r  Programs, DOE-NE. 

6 .  Cos t s  w i l l  be c a l c u l a e e d  i n  B iimnner c o n s i s t e n t  wfth the  Tax Reform 

Act of 1985. 

4.2 C a o i t a l  Cos t  

Under t h e  a s s w r p t i o n  of e q u a l  a n n u a l  energy generation, t he  equa- 

t i o n  f o r  c a l c u l a t i n g  the 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  c a n  b e  

e x p r e s s e d  a s  

i 

where 

LCC = P e v e l i z e d  capi ta l .  c o s t ,  

FCR = f i x e d  c h a r g e  ra te ,  

CAPi = t o t a l  c a p i t a l  c o s t  € o r  unit i as de te rmlned  i n  S e c t .  3 ,  

d = rea l  cosf  of money, 

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

E = a n n u a l  energy g e n e r a t i o n  f o r  single unit. 

For  a single-unit ( b l o c k )  p l ank ,  t h e  p r e v i o u s  e q u a t i o n  redaces t o  

LCC = ( F C R  x CAP)/E . 
A f i x e d  charge ra te  i s  u s e d  t o  p r o p e r l y  accoun t  f o r  d e p r e c i a t i o n ,  

i n t e r i m  rep lacemen t s ,  property t a x ,  and income t a x  ef fec ts .  The f i x e d  

cha rge  ra te  i s  dependent  upon t h e  f r a c t i o n  of t h e  t o t a l  p l a n t  t n v e s ~ m e n t  

t h a t  i s  e l i g i b l e  for Lax d e p r e c f a t i o n  ( t a x  d e p r e c i a t i o n  may n o t  be t a k e n  

on e q u i t y  f i n a n c i n g  c o s t s ) .  The r e l a t i o n s h i p  g i v e n  below s h o u l d  be u s e d  

t o  de t e rmine  t h e  a p p l i c a b l e  f i x e d  cha rge  rate based on t h e  ratio of  

t o t a l  i n t e r e s t  d u r i n g  c o n s t r u c t t o n  ( i n c l u d i n g  q t i i . t y  f i n a n c i n g )  t o  t o t a l  

c a p i t a l .  c o s t  ( a l l  e x p r e s d  i n  c o n s t a n t  d o l l a r  t e rms) .  

FCR = 0.015775 x ( l D C / T C C >  + 0.093357 
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where 

I D C  = c o n s t a n t  d o l l a r  i n t e r e s t  dus ing  c o n s t r u c t i o n ,  

TCC = constant:  d o l l a r  t o t a l  c a p i t a l  c o s t .  

The i n p u t  parameters g iven  t n  Table 4.1 were used t o  develop t h e  above 

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

T a b l e  4.1. F ixed  c h a r g e  r a t e  i n p u t  parameters 

Pa rame te r s  Rate 

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

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

R e a l  c o s t  of money, %/year- 

F e d e r a l  income t a x  ra te ,  ;; 
S t a t e  income tax  r a t e ,  X 

Combined s t a t e  and  f e d e r a l  

of money, %/yea r  

t a x  ra te ,  % 

i n v e s t m e n t l y e a r  

of i n v e s t m e n t l y e a r  

P r o p e r t y  t a x  ra te ,  % of c a p i t a l  

I n t e r i m  rep lacemen t  ra te ,  % 

Rook l i f e ,  y e a r  

Tax d e p r e c i a t i o n  d u r a t i o n .  

Tax d e p r e c i a t i o n  method 

y e a r s ,  

Accounting method 

9 .573  

5 

4 .355  

3 4  

4 

36.64 

2 

0.5 

30 

1 5  

150% d e c l i n i n g  
b a l a n c e  

Norma 1 i zed 

4.3 O&M Costs  -- 
This  s e c t i o n  p rov ides  guidance on t h e  development of t he  nonfuel  

06M costs. The O&M costs  are i n c u r r e d  from corninercial o p e r a t i o n  and 

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 ide red .  
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C e r t a i n  O&M costs ,  such as t hose  f o r  reaterials and s u p p l i e s ,  can be 

at least  partially dependent upon the amount of energy generated by t h e  

p l a n t .  'These v a r i a b l e  cos ts  should be added t o  the f i x e d  cos t s ,  w l l l c l l  

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

The O&M c o s t  estimate sthou1.d p r o v i d e ,  as a minimum, t h e  d e t a i l  

shown i n  Tables 4.2 and 4.3 f o r  f i xed ,  v a r i a b l e ,  and tatal O&M costs as 

a p p l l c a b l c .  S i t e  s t a f f  requirements  data should a l s o  be repost l id  as 

shown i n  T a b l e  4.4. For mult i -block p l a n t s ,  t h e  annual  O&M c o s t s  and 

s t a f f € n g  requirements  are t o  be s p e c i f i e d  by block a5 vel1 as f o r  t h e  

t o t a l  plane ,  

Table 4 . 2 .  Nonfuel O&M expense a c c o u n t s  

-. I l_..._..._l.. II_ 

Account D e s c r i p t i o n  

On-slte staff Pncludes a l l  p e r s o n n e l  a s s i g n e d  t o  t h e  
p l a n t  s i t e .  See Table 4.4 f o r  t y p i c a l  
c a t e g o r i e s .  

r an  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 .  
ConsLst  of n o t i c a p i t a l i z e d  hardware u s e d  
i n  normal maintenance a c t i v i t i e s .  

S u p p l f e s  and expenses  Can h e  e i t h e r  variable o r  f i x e d  c o s t s .  
ConsisL of consumable materials 2nd 
o t h e r  unrecoverahlc  i t e m 5  s u c h  a s  make- 
up f l u i d s ,  chemica l s ,  gases, l u b r i -  
c a n t s ,  o f f  i ce  and p e r s o n n e l  s u p p l i e s ,  
and moni to r ing  and r e c o r d  s u p p l i e s ;  
c o s t s  f o r  o n - s i t e  r a d i o a c t i u e  and  non- 
r a d i o a c t i v e  waste managemetit act ivi- 
t ies. 

O f f - s i t e  t e c h n i c a l  s u p p o r t  Activllties by p~ csonnel  n o t  a s s i g n e d  
f u l l  tine t o  t h e  p l a n t  s i t e ;  examples 
are  s a f e t y  r e v i e w s ,  o f f - s i t e  t r a i n i n g ,  
e 11. v i  r onme n t: a 1 m e  t eo r o- 
l o g i c a l  s u r v e y s ,  power planniog, f u e l  
s t u d i e s ,  and o thc r  owner  h o m  o f f i c e  
activitfes d i r e c t l y  supporting t h e  
p l a n t ,  

mo n i t o r i rig 

Mminis t ra t - lve  and g e n e r a l  Employee pens ions  and  b e n e f i t s  ( i n e l u d -  
i n g  workman's c o q e n s a t i c l n  in su rance )  
n u c l e a r  r e g u l a t o r y  f e e s ,  p u b l i c  l i a -  
b i . l - t ty  i n s u r a n c e ,  p r o p e r t y  damage 
i n s u r a n c e ,  and o t h e r  r e l a t e d  expenses .  

-____ . -- ._ 
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Tab le  4 - 3 ,  Annual 06M c o s t  format: 

- 
1987 $ k / y e a r  

I t e m  
1 block 2 b locks  Etc. 

Direct power g e n e r a t i o n  

On-site s t a f f  

Maj ntenarice materials 

Fixed 
V a r i a b l e  

Supp l i e s  and expenses  

F ixed  
Va  r i. a b  l e 

O f f - s i t e  t e c h n i c a l  s u p p o r t  

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

Pens ions  and b e n e f i t s  

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

Nuclear i n s u r a n c e  premiums 

Othe r  admLnistrat i.ue atid g e n e r a l  expenses  

T o t a l  a n n u a l  O W  c o s t s  
ll__l 

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

e f i n e d  i n  Sec t .  2.1. T t  is t o  be assumed t h a t  the e s c a l a t i o n  

rate f o r  ObM c o s t s  is equa 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  for O&M c o s t s .  C e r t a i n  O&M cos t  f a c t o r s  a r e  d e s i g n  

independent  and/or  owner r e l a t e d .  Daca Lor t h e s e  f a c t o r s  a r e  provided 

below aid should  be used i n  the  development of t h e  annual  O&M c o s t s .  

Annual o n - s i t e  staff salaries t o  be assumed are shown i n  Table 4 . 4  wi th  

arm a d d i t i o n a l  1oX t o  be. added f o r  payrol l .  t a x  and insurance .  For o f f -  

s i t e  t e c h n i c a l  s u p p o r t ,  an annua l  s a l a r y  of $51,000/person (1987$) 

shou ld  be assumed wi th  an a d d i t i o n a l  70% added t o  t h e  t o t a l  (10% f o r  

p a y r o l l  t a x  and i n s u r a n c e  and 60% t o  r e f l e c t .  g e n e r a l  o f f - s i t e  overhead) .  

The pens ion  and b e n e f i t s  account  which i n c l u d e s  workman's compensat ion 
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Table 4 . 4 .  On-site s t a f f  r e q u i r e m e n t s  

Category 
Salarya Number of persons  

1987 
S l y r  1 Block 2 B locks  E t e .  

Pl.anf. manager 's  o f f  ice  

Manage I 
A s s i s t a n t  
Envi Eonmental c o n t r o l  
Publ-tc r e l a t i o n s  
T r a i n i n g  
S a f e t y  and f i r e  p s o t e c t l o n  
A d m i n i s t r a t i v e  s e r v i c e s  
Health s e r v i c e s  
Se cu c i t y 

S u b t o t a l  

Ope r a t  1 ons 

S u p e r v i s i o n  ( e x c l u d i n g  s h i f t )  
S h i f t s  

Sub t o t a 1 

Maintenance 

S u p e r v i s i o n  
C r a f t s  
An nip a 1 i z e d peak ma i n t  e nance 
Q u a l i t y  c o n t r o l  
Ma rehou s e 

Sub t o t a1 

T e c h n i c a l  and e n g i n e e r i n g  

Reactor  e n g i n e e r i n g  
Radiochern and w a t e r  chem 
Engineering 
Te c h n i  c i ans  
Hea l th  p h y s i c s  

Subt o t a 1 

T o t a l  s t a f f  

100,000 
70,000 
44,000 
44,000 
49,000 
41,000 
27,000 
27,000 
24,000 

5 1,000 
43,000 

48,000 
34,000 
34,000 
37,000 
31,000 

51,000 
48,000 
44,000 
36,000 
36 ,000 

a.4dd 10% t o  sa la r ies  for  payroll t a x  and unemployment i n s u r a n c e .  
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i n s u r a n c e  s h o u l d  be calculated as 25% c f  the 8 of an-sfte a n d  o f f - s i t e  

d l rec t  salar ies  ( exc lud ing  of f  s i t e  ove rhead)  (I Annual nuclear r e g u l a -  

t o r y  fees s h o u l d  be assumed t o  be $ ~ ~ l ~ ~ ~ ~ ~ ~ ~  ~~~~~~~ p e r  b l o  

Es t ima tes  of annual premium f a r  n u c l e a r  p l a n t  insurance f o r  medium- 

s i z e d  (350-700 M W e )  advanced n u c l e a r  plants are prov ided  in Table  4.5, 

F i n a l l y ,  o t h e r  a d m i n i s t r a t i v e  and g e n e r a l  expenses  sh u l d  b@ esPla3ulated 

as 15% of t h e  d i r e c t  power generatton a c c o u n t s  (la@*, 15% of t h e  sum o f  

on-site s t a f f ,  maintenance materials s u p p l i e s  and expenses,  and o f f -  

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

T a b l e  4.5, k i n u a l  preunims f o r  n u c l e a r  power p l a n t  i n s u r r a n c e  
for m e d i u m s i z e d  (350-700 M W e )  advanced nuclear  p l a n t s  

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

Phsmber o f  b l o c k s  per  site 

1 2 3 4 

P u b l i c  1 i ab1  l l l t y  

Commercial ($160 m i l l i o n )  $ 500,000 $ 750,000 $3,000,006 $ 1,250,008 
S e l f  insurance -0- -0- -0- -0- 

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

P r i m a r y  ($500 m i l l i o n )  2,000,000 3,000,000 's,0oo,ocn0 5,000,008 
S e c o n d a r y  ($600 million) 1,000,000 1,250,OOO 1. ,500,000 1,750,000 

_II__- --____I_.__-. -- -------___ 
T o t a l  $3,500,000 :'5,000,000 $6,500,000 $ 8,000,008 

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   COS^ f o r  O&M, t h e  p reseng  

worth of the  annua l  p l a n t  08rM c o s t s  ::t he  de te rmined  try iscesurating a t  

t h e  real c o s t  of money each  yearts O&M cos t  back t o  t h e  eonaooercial 

o p e r a t i o n  d a t e  of t h e  flrst u n i t  (block) .  I n  e q u a t i o n  form 

h. 

IP ( 1  -4. d )  

where 

= presen t  wor th  of O&M costs ,  

OM, = a n n u a l  t o t a l  p l a n t  O&M cas.:ss, 



d = r e a l  cost o E  money, 

= t h e  r e l a t i v e  t o  f i r s t  block c o r n m r e l a l  o p e r a t i o n .  
til 

This  present-worth c o s t  i s  t h e n  d i v i d e d  by t h e  present worth of the 

t o t a l  energy g e n e r a t i o n  as s h ~ n  below t o  a r r i v e  i I t  t h e  l e v e l i z e d  cos t .  

where 

LCOM = l e v e l i z e d  OhM cos t ,  

PVOM = present worth of annua l  O&M coscs,  

E = a n n u a l  enerky g e n e r a t i o n  f o r  single block ,  --- 
CRF -x c a p i t a l  r ecove ry  factor f o r  30 years a t  the  rea l  c o s t  of 

money d ( l  + d p O / [ ( l  + d)3° - 11, 

d .-I 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  f o r  block i. 

F o r  a s ing le -b lock  p l a n t ,  t h e  l c v e l i z e d  O&M c o s t  is s i m p l y  t he  an- 

n u a l  O&M c o s t  d i v i d e d  by t h e  annua l  energy g e n e r a t i o n .  Examples  u s i n g  

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

4.4 F u e l  Costs - 
Complete f u e l  cyc le  c o s t s  f o r  30 years  of o p e r a t i o n  s h a l l  be esti- 

mated.. ‘She f u e l  c y c l e  will. be subd-ivided i n t o  its companents, such as 

uranium t h o r i u m  or plutonium purchase ,  conve r s ion ,  enr ichment ,  f a b r i c a -  

t i o n ,  r e p r o c e s s i n g ,  and waste d i s p o s a l .  C o s t s  and q u a n t i t i e s  w i l l  be 

r e p o r t e d  f o r  each component over  t h e  assurned o p e r a t i n g  pe r iod .  All 

assumptions such as u n i t  c o s t s ,  p r o c e s s i n g  l o s s e s ,  mass ba lance  d a t a ,  

and I f a d  and l ag  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 t h e  fuel  c y c l e  cost  a n a l y s i s  s h a l l  be prepared.  Addi- 

t i o n a l  requi-rements are l i s t ed  below, 
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1. 

2. 

3. 

4 .  

5.  

6 .  

7. 

8. 

Fuel  management p l a n s  i n c l u d i n g  mass f l o w s  and t h e i r  t iming i n t o  

and o u t  of t h e  r e a c t o r  must be provided f o r  a l l  f u e l ,  b l a n k e t ,  anid 

a b s o r b e r  e lements .  

For f u e l  r e c y c l e  cases, t h e  capi ta l  and O&M c o s t s  f a r  t h e  Fuel 

r e c y c l e  f a c i l i t i e s  must  be e s t i m a t e d  f o l l o w i n g  the p rocedures  g i v e n  

i n  S e c t i o n s  3 and 4 of t h i s  document. This i n c l u d e s ,  but is  no t  

l i m i t e d  t o ,  documenting t h e  d i r e c t  and i n d i r e c t  cos ts ,  the con- 

t i ngency  cost, cash f low,  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  i n  t h e  

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

The economic l i f e t i m e  of a co - loca ted ,  i n t e g r a l  fue l  recycle 

f a c i l i t y  s h a l l  n o t  be i n  t h e  excess of the  t i m e  necessa ry  t o  

s e r v i c e  a s p e c i f i c  power p l a n t  s i t e  over i t s  assumed economic 

l i f e .  (It is t o  be assumed t h a t  each power p l a n t  block has  a 

30 year  economic o p e r a t i n g  l i f e . )  

The cos ts  f o r  a b s o r b e r  and o t h e r  r e p l a c e a b l e  ref lector j ’shield 

e l emen t s  must be inc luded  i n  t h e  f u e l  cycle coa t  estimates. 

The c o s t  f o r  a n  e q u i l i b r i u m  c y c l e  f u e l ,  b l a n k e t ,  s h i e l d ,  and 

a b s o r b e r  assembly s h a l l  be r e p o r t e d  i n  $/assembly and $/kg HPI. The 

c o s t s  must be f u r t h e r  subd iv ided  i n t o  components r e l a t e d  Lo 

f a c i l i t y  c a p i t a l  a m o r t i z a t i o n ,  f u e l  f a c i l i t y  O&W c o s t s ,  hardware 

c o s t s ,  and f r e s h  heavy metal ( a s  a p p l i c a b l e ) .  

It s h a l l  be assumed t h a t  s p e n t  f u e l  l e a v i n g  t h e  r e a c t o r  has  no 

econon ic  v a l u e  i n  t h a t  s ta te .  Only a f t e r  r e p r o c e s s i n g  w i l l  the 

v a l u e  of u s a b l e  materials, i n c l u d i n g  any excess f i s s i l e  material 

be  recognized.  The c o s t  t o  a power p l a n t  f o r  r ecyc led  f i s s i l e  

material shou ld  be an ave rage  c o s t  based on the  c o s t  to  r e p r o c e s s  

( i n c l u d i n g  r e l a t e d  f a c i l i t y  c a p i t a l  a m o r t i z a t i o n )  and the t o t a l  

f i s s i l e  o u t p u t  of t h e  f u e l  c y c l e  ,.acili.ty. 

Spent f u e l  removed d u r i n g  the f i n a l  p l a n t  r e f u e l i n g 5  ( f u e l  which 

will not be r e c y c l e d  i n t o  t h a t  p a r t i c u l a r  power p l a n t )  w i l l  have no 

economic v a l u e  t o  t h e  c u r r e n t  power p l a n t .  C o s t s / b e n e f i t s  of i t s  

use  i n  subsequent  power p l a n t s  w i l l  be recognized by those  subse- 

quent  p l a n t s .  

No investment  t a x  c r e d i t s  may be taken. 
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9 .  The  COS^ o f  e.2c-h ba t ch  of f u e l  will be c a p i t a l i z e d  and d c p r e c i a t e d  

by e i t h e r  a 200% d e c l i n i n g  balance method over f i v e  y e a r s  us ing  the 

IRS half-year convent ion i n  t h e  f i r s t  year o r  a utki ts-sf-product ion 

(pnergy pro T a t i o n )  b a s i s .  

10. The combined f e d c r x b  and s t a t e  t a x  rat(' t o  be essurwd is  3 6 . 6 4 % .  

'The Eollowa'r;: u r i i t  c o s t s  should be assumed i n  d e w l o p i n g  f u e l  c y c l c  

c o s t s  : 

1. Uranium o m  p r i c e  :'n 1987 is  $?7 ,00 / lb  (1987 d o l l a r s )  w i th  real 

e s c a l a t i o n  of 2,OX/year. 

2. Uraniua convcLsion pr ice  i n  1987 is  $8.20/kg KJ (1389 d o l l a r s )  with 

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

3 .  Fnrichmecr p r i c e  i n  1987 i s  $llO/kg SWU (1987 d o l l a r s )  w i - t h  e:il de- 

e s c a l a t i o n  Q€ 1.5%/year t o  2005 and no real  e s c a l a t i o n  thereaf te r .  
/ 

4 .  F u e l  f a b r i c a t i o n  p r i ce  f o r  ex tended  burnup EWK f u e l  i n  1987 i s  

$ ? 4 5 / k g  M11 (1983 d o l l a r s ?  wi th  e s c a l a t i o n  equal t o  i n f l a t i o n  ( i m e a y  

no real  e s c a l a t i o n )  e 

5. IJ.?c,te d i s p o s a l  f e e  is  l mill/kWdh (198/ d o l l a r s )  w P t h  no r e a l  escala- 

t i o n .  

6. E s c a l a t i o n  will be z t  t h e  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  cycle  

componcnts (ieee, no r e a l  e s c a l a t i o n ) .  

A d d i t i o n a l  or r e v i s e d  cos t  assumptions m y  be provided by DOE. 

c a p i i d l  c o s t  and a m o r t i z a t i o n  assuwgtions f o r  a l l  f u e l  c y c l e  

f a c i  l i t i e a  (e .g .  r e p r o c e ~ ~ i n ~ / r e c y c l e  f a c j  l i t i e s )  s h 2 l l  be f u l l y  doe- 

UKk@IItt2d. 

A s  each batch of f u e l  is cap i t a l i zcv l  f o r  t a x  purposes ,  the f u e l  

c y c l e  a n a l y s i s  imst be performcd i n  nominal r a t h e r  than c o n s t a n t  d o l l a r  

t e r m  eo p r o p e r l y  re f lec t  Lax 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 i s  f o r  t h e  power p l a n t  should be present  --worthed t o  the year indi- 

cated i n  S e c 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  p r e s e n t  wor th  OP t he  f u e l  c o s t s  i s  provided i n  

Scct. 3 o f  tire NECDB.l A co~upu te r  code s~rch as REFCB-83 may be used t o  

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

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

CRF x PWFC 
LCFC = 

t i  - t l  ’ 
E x c  1/(1 + d )  

i 

whe I: e 

LCFC = l e v e l i z e d  f u e l  c o s 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 = c a p i t a l  recovery f a c t o r  f o r  30 yea r s  a t  t h e  real  c o s t  of 

money, 

d = real c o s t  of money, 

ti = coamerc ia l  o p e r a t i o n  d a t e  f o r  b lock  i. 

4.5 Decommissioning 

The c o s t  f o r  p l a n t  decommissioning shou ld  b e  e s t i m a t e d  and i n c l u d e d  

i n  t h e  busbar  cos t .  I n  t h e  absence  of a s p e c i f i c  decommissioning es t i -  

mate, a d e f a u l t  cost  t h a t  is  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  v a l u e  is $143 m i l l i o n  (1987 d o l l a r s )  f o r  an  1100- 

M W ( e )  u n i t .  Th i s  v a l u e  shou ld  be l l n e a r l y  s c a l e d  [ i . e . ,  $130.00/kW(e)] 

f o r  b locks  ( u n i t s )  of o t h e r  sizes. 

It should  be assumed t h a t  an  e x t e r n a l  s i n k i n g  fund  of t a x - f r e e  

s t a t e  bonds y i e l d i n g  6.5Xlyear nominal ly  w i l l  be e s t a b l i s h e d  ove r  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  accumula te  t h e  funds  necessa ry  f o r  deconr  

miss ioning .  The p r e s e n t  worth of t h i s  decommissioning fund can be  

c a l c u l a t e d  u s i n g  t h e  e q  r e s s i o n  

‘i - t l  
DC x SFF(6.5,30) xc1 / (1  + d )  

0 I 
I 

PWDC = Y 

( 1  + d ) 3 0  X SFF(X,30) 
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where 

N43C = present. worth o f  t u t a l .  d e c o d s a i o n i n g  cos ts ;  

DCo = decornmlssloning cos t  i n  r e f e r e n c e  y s a r ' s  dollars f o r  one 

block; 

SFF(r,t) = s i n k i n g  fund f a c t o r  a t  r a t e  r f o r  t years, t h a t  i s ,  

r / [ ( l  -4- rIt  - 11; 

d = real  c o s t  of money; 

X = t a x a d j u s t e d  nominal cos t  of money; 

ti = commrcial  ope ra t ton  d a t e  f o r  block 1. 

FollowFng the  t r e ~ s t m e n t  used for O&M and friel  c o s t s p  t h e  cons t an t  

d o l l a r  l e v e l f z e d  cost  of decornmLss1snin.g can be e x p r e s s e d  as 

where 

LCDC = i evea izea  a e c o d s s i o n i n g  Cos t ,  

PWDC = p r e s e n t  worth sf t o t a l  decommissioning c o s t s ,  

E = annua l  energy genera t ion  for s i n g l e  b lock ,  

CW -= c a p i t a l  r ecove ry  factor f o r  30 years  a t  the r e d  c o s t  of 

money, 

d = rea l  cos t  of money, 

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

An example of this calculation is  g iven  i n  Sect. 5. 

4 , 6  T o t a l  Busbas Cost 

The Ievelized total busbas cos t  is simply the sum of t h e  l e v e l i z e d  

cos ts  f o r  c a p i t a l ,  O&M, f u e l  and decommissioning as determined p r e -  

v i o u s l y *  Examples of t h e  development of total h i s h a r  c o s t s  f o x  a l t e rma-  

trive p l a n t s  are provided i n  the next chapter. 
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T h i s  c h a p t e r  p rov ides  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  con- 

f i g u r a t i o n s  and an e x p l a n a t i o n  of the method used t o  estimalte their  

busbar  c o s t s .  The a l 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  p rov ide  r ep re -  

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  ( P W )  p l a n t s  of 

v a r i o u s  s i z e s  s t a r t i n g  commercial o p e r a t i o n  i n  the  y e a r  2000. 

Coal-fired Nuclear 

400-$lW(e) s i n g l e  u n i t  800-FIW(e) PWR 
60Q-HW(e) s i n g l e  u n i t  1200-Mh7(e) pwfi 
800-MW(e) s i n g l e  u n i t  
$OQ-MW(e)  two u n i t  
120O-MW(e) two u n i t  

The f o l l o w i n g  g e n e r a l  assumptions app ly  t o  t h e  development of t h e  

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 t h e  a l t e r n a t i v e  power p l a n t s :  

1. The l e v e l i z e d  busba r  cost  w i l l  be expres sed  i n  c o n s t a n t  1987 

d o l l a r s  

2. The c a p a c i t y  f a c t o r  €or 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  Life of each u n i t  is assumed to  be 38 y e a r s  f o r  c o s t -  

e s t i m a t i n g  purposes.  

4 ,  The present-worth d i s c o u n t  rate is 9.57%/year (nominal)  and 4.36%/ 

y e a r  ( r e a l ) ,  The g e n e r a l  i n f l a t i o n  rate is S%/year.  

5.1 Capitt i1 Cost 

Because m u l t i - u n i t  p l a n t s  are be ing  c o n s i d e r e d ,  n i n e  c a p i t a l  c o s t  

estimates are needed f o r  t h e  seven a l t e r n a t i v e  power p l a n t s  l i s t e d  pre- 

v i o u s l y *  The t o t a l  c a p i t a l  cost estimates are g iven  i n  Table  5.1 and 

w e r e  c a l c u l a t e d  us ing  the CONCEPT code and cost  d a t a  developed i n  t h e  

DOE EEDB Program.3$4 The procedure u s i n g  the d a t a  i n  Table  5.1 t o  

produce a c o s t  estimate f o r  an a l t e r n a t i v e  i s  d i s c u s s e d  i n  Sec t .  5.6, 

The assumed c o n s t r u c t i o n  pe r iod  f x  the c o a l  and n u c l e a 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 cornrnercial o p e r a t i o n  d a t e  is the y e a r  

2000 f o r  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  is assumed t o  fo l low t3e f i r s t  by 1 year .  
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Tab le  5.1. AI - t e rna t ive  power p l a n t  c a p i t a l  c o s t  d a t a  

P l a n t  t y p e  
T o t a l  c a p t e a l  c o s t  

( m i l l i o n s  1987.S) 

400-MW(e) single- inni t  coal. 
4OO-MW(e) f i r s t  of t w o  u n i t s  c o a l  
400-f4W(e) second o f  t w o  u n i t s  c o a l  
600-MW(c) s i n g l e - u n i t  coal 
600-MW(e) f i r s t  of two u n i t s  coa l  
600-EilJ(e) second of two u n i t s  c o a l  
800-MW(e) s i n g l c - u n i t  coal 
800+1W(e) PWR 
1200-MW(e) PWR 

7 90 
793 
602 
987 
991 
752 

1160 
202 1 
2 4 7 1  

The c o a l - 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  Limescone scrub- 

ber s .  The PWR p l a n t s  conform t o  1986 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  

u se  n a t u r a l  d r a f t  w e t  c o o l i n g  towers.  

The PWK cos ts  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 o n l y  similar t o  t h e  b e s t  cost  expe r i ence  for  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  v a l u e s  

o f  t y p i c a l  f u t u r e  p l a n t s  under an improved managerial  and r e g u l a t o r y  

c l ima te .  To a l l o w  f o r  comparisons t o  t h e  i n d u s t r y ' s  current median 

e x p e r i e n c e ,  t h e  cap i ta l  c o s t s  by two-digit EEDK account  f o r  a 1200-MW(e) 

median e x p e r i e n c e  and b e s t  e x p e r i e n c e  PWK are provided i n  Table  5.2. 

5.2 O&M C ~ s t  

Seven O&M c o s t  estimates 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 a n 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  using  t h e  OMCOST codeS and are given i n  Table 5.3. The 

procedure u s i n g  t h e  d a t a  i n  T a b l e  5 . 3  t o  produce a G O S ~  estimate f o r  a n  

a l t e r n a t i v e  p l a n t  is  d i s c u s s e d  i n  Sec t .  5.5. 
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T a b l e  5.2. PWR c a p i t a l  c o s t  estimates ( m i l l i o n s  1987$) 

EEDB 
Account 

No. 

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

Med ian  Best 
e x p e r i e n c e  e x p e r i e n c e  

20 Land and  l a n d  r i g h t s  
21  S t r u c t u r e s  a n d  i m p r o v e m e n t s  
22 R e a c t o r  p l a n t  e q u i p m e n t  
2 3  T u r b i n e  p l a n t  e q u i p m e n t  
24 Electr ic  p l a n t  e q u i p m e n t  
25  M i  s ce 1 l a n e o u s  p 1 a n t  e q  u ipzne n t  
26 Main c o n d i t i o n i n g  h e a t  re ject  s y s t e m  

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

91 C o n s t r u c t i o n  sex-vi  ces 
92  
9 3  
94 Owner 's  c o s t 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  
FI e l d  o f f i c e  e n g i n e e r i n g  a n d  s e r v i  ce 

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

BASE CONSTRUCTION COST 
- [$/kw(e>l 

CONTINGENCY" 

TOTAL OVERNIGHT COST 
- [S/kW(e>l  

ESCALATION 

INTEREST DURING  CONSTRUCTION^ 
TOTAL CAPITAL COST 

- [ $ / k W ( e > l  

5 
3 5 3  
404 
2 8 6  
132 

7 7  
6 1  

1318 

3 2 2  
484 
451 
256 

1512 

2830 
2358 

5 5 3  

3383 
2819 

0 

1302 

4 6 8 5  
3904 

111 

5 
229 
324 
2 36  
88 
50 
5 2  

984 

1 7 6  
21 1 
1 1 4  
147 

648  

1632 
1360 

3 19 

195 1 
1626 

0 

5 2 8  

2471 
2059 

_I 

" N u 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% 

bBased o n  8 - y e a r  c o n s t r u c t i o n  cirne f o r  m e d i a n  case a n d  6 - y e a r  

Accoun t  22, 50% Accoun t  24 ,  50% Accwnts  92-94, 

c o n s t r u c t i o n  time € 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 O&M c o s t  
( m i l l i o n s  1987$)  

400-MW(e) s i n g l e - u n i t  c o a l  24.0 
600-MW(e) s i n g l e - u n i t  c o a l  26.3 

8 0 0 w ( e )  t w o - u n i t  c o a l  36.3 
1200+W(e) t w o - u n i t  coal 40.8 
800-MW(e) PWR 72.2 

800+4W(e) s i n g l e - u n i t  ccal  28.5 

1200-MW(e) PWR 78.7 



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 (1987 do l -  

l a r s )  i n  1957. The real e s c a l a t i o n  of coal is assumed t o  h e  l.O%/year. 

Fo r  t h e  PWM cases, an extended burn-up f u e l  (54,000 megawatt-days pe r  

m e t r i c  t on )  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. 

Tab le  5.4 .  F u e l  c y c l e  u n i t  c o s t  p a r a m e t e r s  

Fue 1 
Real e s c a l a t i o n  r a t e  

1987 Price (%/yea r )  
..-.-_ 

Uratlim o r e ,  S/Xb 2 3  2.0 
Convcrsion, $/kg U 8 0 

F a h r i c a t i o n ,  $/kg K1\1 245  0 
Waste d i s p o s a l ,  rnills/kWdh 1 0 

Enrichment,  $/kg SbKJ 110 .---I. 5 t o  2005, 0 
t h e r e a f t e r  

5 - 4  -I.̂ I. Decornntissioning 

The c a s t  of decommissioning an 1100--MW(~,) PFIK p l a n t  is e s t i m a t e d  t o  

be $143 m i l l i o n  i n  1987 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  wirh s i z e  and escalate a t  the r a t e  of i n f l a t i o n .  A 

s i n k i n g  fund s i m i l a r  t o  t h a t  d e s c r i b e d  i n  Sect .  4.5 w i l l  be used t o  

accumulate  the  necessa ry  funds du r ing  t h e  o p e r a t i o n  of t h e  p l a n t .  An 

example of tiiis method i s  g iven  i n  S e c t .  5.6.3. 

5.5 T o t a l  R i i s b a r  Cost  

The c a p i t a l ,  O&M, f u e l ,  and any decommissioning costs  make up the  

t o t a h  busba r  c o s t .  Each component as well as t h e  t o t a l  busbar  c o s t  

i t s e l f  can be expressed as a c o n s t a n t  d o l l a r  l e v e l i z e d  u n i t  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 obt:ained by d i v i d i n g  t h e  

p r e s e n t  worth of t he  p a r t i c u l a r  c o s t  streatn 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  the r e a l  c o s t  of money. The t o t a l  bus- 
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b a r  c o s t  is then  t h e  sum of t h e  leveLized  c o s t s  fo r  a l l  t h e  couponents.  

A summary ot' t h e s e  l e v e l i z e d  c o s t s  for t h e  a l t e r n a t i v e  p l a n t  conf igu ra -  

t i o n s  is g iven  i n  T a b l e  5.5. 

Tab le  5.5. A l t e r n a t i v e  power p l a n t  c o s t  e s t i m a t e  summary 

^_II -I_ 

Leve l i zed  c o s t  
(1987 Imills/kWh) 

-I_- 

P l a n t  

400-MW(e) s i n g l e - u n i t  c o a l  
600-MM(e) s i n g l e - u n i t  c o a l  
80041W(e) s i n g l e - u n i t  c o a l  
800-ElW(e) two-unit  c o a l  
1200+iW(e) two-unit  c o a l  
800+IW(e) FVR 
1200tIW(e) E'WR 

C a p i t a l  O&M 

31.6 
26.3 
23.2 
28 .0 
23. 3 
39.8 
32.5 

9.8 
7.1 
5.8 
7.5 
5.6 

14.7 
10.7 

F u e l  Decommissioning T o t a l  

21.9 63.3 
21.7 55.1 
21.5 50.5 
22.0 57.5 
21.8 so. 7 
6.7 0 , 6  61.8 
6.7 0.6 50.5 

- 

5.6 Example C a l c u l a t  i o n s  

To f u r t h e r  unders tand  how t h e  k v e l i z e d  c o s t s  are o b t a i n e d ,  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  pcocedlire is provided below f o r  three oE 

t h e  ConEigurat ions.  The remaining c o n f i g u r a t i o n s  are determined i n  an 

similar manner. 

5.6.1 Cost c a l c u l a t i o n  f o r  a 400-MIJ(e) c o a l  p l a n t  

Th i s  s e c t i o n  w i l l  d i s c u s s  the  c x d 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  c o s t  f o r  a s i n g l e - u n i t  400-MW(e) c o a l - f i r e d  p l a n t  s t a r t i n g  

commercial o p e r a t i o n  i n  t h e  yea r  2000,t 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  

f o r  each c o s t  component w i l l  be detlerrnined and then  sunmed t o  o b t a i n  t h e  

t o t a l  bushar  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 .  As given  i n  Sect .  4.2 ,  t h e  l e v e l i z e d  

c a p i t a l  c o s t  f o r  a s i n g l e - u n i t  p l a n t  is  found by m u l t i p l y i n g  t h e  t o t a l  

c a p l t a l  c o s t  by t h e  f i x e d  charge  r a t e  and d i v i d i n g  by trhe annual  energy 

g e n e r a t i o n .  The t o t a l  c a p i t a l  cost. f o r  t h i s  p l a n t  is shown i n  T a b l e  5.1 

t o  be $790 m i l l i o n  (1987 d o l l a r s ) .  The cons t an t  d o l l a r  f i x e d  charge  

rate t o  be used fo r  t h e  coal 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  is 

0.0981. This f i x e d  charge  r a t e  is determined using t h e  methodology 
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p r e s e n t e d  i n  t h e  NECDB.l 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  a t  70% c a p a c i t y  f a c t o r .  For  t h e  400-bfM(e) p l a n t ,  t h i s  co r re -  

sponds t o  g e n e r a t i o n  of 2,454 m i l l i o n  PfMh/year, Using these v a l u e s ,  t h e  

c o n s t a n t  d o l l a r  l c v e l i z e d  c a p i t a l  c o s t  i s  $31.60/14Wh, which i s  equiva- 

l e n t  t o  31.6 m i l l s l k v h .  

5.6.1.2 O&M c o s t .  As s t a t e d  i n  Sec t ,  4 * 3 ,  the  l c v c l i z e d  06M c o s t  

f o r  a s i n g l e - u n i t  plant- i n  t h i s  s t u d y  is  t h e  annual  O&M cast  d i v i d e d  by 

the  annual  energy g e n e r a t i o n .  Using rhe annual  O&M c o s t  g iven  i n  T a b l e  

5.3 ($24.0 m i l l i 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  

Mwln) ,  the l c v c l i z e d  QbM cost is c a l c u l a t e d  to  be 9,8 mills/kWh. 

- 

5.6.1.3 F u e l  c o s t .  ‘l’he b a s i c  procedure f o r  o b t a j  ning t h e  

l e v e l i z c d  f u e l  c o s t  is d e s c r i b e d  i n  Sect .  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  coa 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 he  p r e s 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  i n  the reference y e a r ,  

e 7- real  e s c a l a t i o n  rate f o r  f u e l ,  

L -I: t i u e  betwccn commercial o p e r a t i o n  and r e f e r e n c e  date. ,  

CRF(Z,30) = c a p i t a l  recovery f a c t o r  a t  rate Z f o r  30 y e a r s ,  

Z = combined e s c a l a t i o n / d i s c o u n t  ra te  d e f i n e d  as 

(1  3 d ) / ( l  + e) - 1, where d is t h e  real d i s c o u n t  rate.  

Using a coal p r i c e  of .$1.75/MBtc~ (1987 d o l l a r s ) ,  a p l a n t  ’neat r a t e  

of 9684 Btu/kWh, and annual  g e n e r a t i o n  of 2.454 m i l l i o n  MSdh, an annual. 

FC of $41.59 m i l l i o n  (1987 d o l l a r s )  i n  t h e  r e f e r e n c e  year  is  ob ta ined .  

The t i m e  between the  coumercial  o p e r a t i o n  d a t e  and the  r e f e r e n c e  d a t e  i s  

2000 -- 1987 or 13 yea r s ,  The combLned esca‘latlun/discout~.It  ra te  Z i s  

1.0435/1.01 - 1 o r  3.32%. S u b s t i t u t i n g  va lues  i n t o  the p rev ious  equa- 

t i o n  y i e l d s  

41.59 x I O 6  x 1.1381. PWF@ = ---....- ._.I- 
0.0532 9 
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o r  

PWFC = $ 8 9 0  x lo6 ( 1 9 8 7  d o l l a r s )  . 
Using t h e  e q u a t i o n  i n  S e c t .  4.4 and a c a p i t a l  r ecove ry  f a c t o r  ( C R F )  

of 0.0604,  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  b u s b a r  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 o r  

63.3 mil l s /kWh as shown i n  T a b l e  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  

T h i s  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  c o s t  f o r  a two-un i t  800+Pd(e) c o a l  p l a n t .  The commercial  

o p e r a t i o n  d a t e s  f o r  t h e  two u n i t s  a re  2 0 0 0  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  l e v e l i z e d  c a p i t a l  c o s t  

S u b s t i t u t i n g  c a p i t a l  c o s t s  f rom i s  g i v e n  i n  e q u a t i o n  form i n  S e c t .  4.2. 

Table 5.1, 

LCC = 

t h e  e q u a t i o n  becomes 

o r  

LCC = 28.0 mills/kWh . 
5.6.2.2 O&M c o s t .  I n  t h i s  case, two d i f f e r e n t  a n n u a l  O&M c o s t s  

are r e q u i r e d  from T a b l e  5.3 t o  r e f l e c t  t h e  number of u n i t s  o p e r a t i n g  a t  

t h e  p l a n t  s i t e  through t i m e .  For  y e a r s  1 and 31, t h e  a n n u a l  O&M c o s t  i s  

$24.0 m i l l i o n ,  w h i l e  € o r  a l l  o t h e r  y e a r s  i n  between,  t h e  a n n u a l  c o s t  i s  

$36.3  m i l l i o n .  Fol lowing  t h e  e q u a t i o n  g i v e n  i n  Sect. 4.3,  t h e  p r e s e n t  

worth of t h e  O&M c o s t s  (PWOM) i s  c a l c u l a t e d  as $596.1 m i l l i o n  ( 1 9 8 7  d o l -  

l a r s ) .  Using t h e  l e v e l i z e d  c o s t  equaz ion  a l s o  g i v e n  i n  S e c t .  4.3 and a n  

annua l  u n i t  ene rgy  g e n e r a t i o n  of 2.454 m i l l i o n  M W h ,  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  O&M c o s t  i s  7.5 mills/kWh. 
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5.6.2.3 Fuel  c o s t .  For  a mul t i -un i t  c o a l  p l a n t  Chiat has rea l  f u e l  

c o s t  e s c a l a t i o n ,  the equa t ion  given i n  Sect .  5.6.1.3 has to be expanded 

t o  r e f l e c t  t h e  d i f f e r e n t  commerci.al operati .on 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 

whe re 

PWFG = present  worth of f u e l  c o s t ,  

FC = a n n u a l  f u e l  cost  i n  t h e  r e f e r e n c e  y e a r  f o r  one un i t  

(block) 7 

e = seal e s c a l a t i o n  rate f o r  f u e l ,  

L = tttne between first unLt commercial o p e r a t i o n  and 

r e f e r e n c e  d a t e  7 

CRF(Z,30) =1: c a p i t a l  recovery f a c t o r  a t  rare 7, for 30 y e a r s ,  

Z = combined c s c a l a t i o n / d i s c o u n t  rate d e f i n e d  G S  

( 1  4- 8) / (1  +- e )  - 1, where d Ls t h e  real  d i scoun t  ra te ,  

ti = r e l a t i v e  t i m e  from the coma~erci2l  o p e r a t i o n  of t h e  

f i r s t  u n i t ,  

C = sumniatiorn over 211 u n i t s  i n c l u d i n g  rhe ~ i r s l r  u n i t .  
i 

Using t h e  same cos t  d a t a  as Sect .  5.6.1.3, t h e  p r e s e n t  worth of the 

f u e l  c o s t  I s  $1.75 x lo9 (1987 d o l l a r s ) .  IJsing t h i s  value and an annua l  

per  u n i t  energy generation of 2,4544 m i l l i o n  MWh, t h e  levelized f u e l  

c o s t  as determined hy the e q u a t i o n  i n  Sect .  4.4 is  

-- 22.0 mills/k!dh . 0.0604 x 1.75 x l o9  

2.4544 x l o 6  x [ 1  f (1.0436)-'1] 
II 

5.6.2.4 Busbar c o s t .  T h e  l r v e l i z e d  busbar  c o s t  is  the sum af t h e  

l e v e l i z e d  component c a s t s .  'ln t h i s  c a s e ,  t h e  sum of t h e  t h r e e  cast com- 

ponents  is 57.5 d l l s / k H h  (1987 d o l l a r s ) .  

5.6.3 Cost c a l c u l a t i o n  f o r  a 800-tW(e) PWR p l a n t  

Large mornvlithic l i gh t -wa te r  reactor power p l a n t s  can also  be con- 

s i d e r e d  as alteraative energy R I I U ~ C ~ S .  Discussed i n  t h i s  section are  
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t h e  c o s t  c a l c u l a t i o n s  € o r  a 800-MIJ(e) PWR p l a n t  w i th  commercial opera-  

t i o n  i n  t h e  y e a r  2 

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  u s ing  

the e q u a t i o n  g i v e n  i n  Sec t .  4.2 € o r  si : igle-unit  p l a n t s ,  the f i x e d  cha rge  

rate, t o t a l  c a p i t a l  c o s t ,  and annual  ene rgy  g e n e r a t i o n  must be known. 

For PWK p l a n t s  i n  t h i s  s t u d y ,  t h e  f:lxed cha rge  ra te  is 0.0967. The 

t o t a l  c a p i t a l  c o s t  is g iven  in Table 5.1 as $2021 m i l l i o n  (1987 dol- 

l a r s ) ,  and the annual  energy g e n e r a t i o n  a t  70% c a p a c i t y  f a c t o r  is 4.909 

m i l l i o n  MWh, These v a l u e s  produce a cons tan t  d o l l a r  l e v e l i z e d  c o s t  of 

39.8 mills/kWh (1987 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  the l e v e l i z e d  O&M c o s t  

is t h e  annual  O&M c o s t  of $72.2 m i l l i o n  from Table  5.3 d i v i d e d  by t h e  

annua l  energy g e n e r a t i o n  or  14,7 mills/kWh, 

5.6.3.3 F u e l  cycle c o s t .  The l e v e l l z e d  f u e l  c y c l e  c o s t  f o r  t h e  

FWR p l a n t  is d e s c r i b e d  by t h e  e q u a t i o n  i n  Sec t ,  4.4. Using t h e  f u e l  

c y c l e  u n i t  c o s t  pa rame te r s  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  cos 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 $545 m i l l i o n  

(1987 d o l l a r s ) .  A s  shown i n  Sec t .  . 4 . 4 ,  d i v i d i n g  t h i s  amount by t h e  

annua l  energy geiieratiois and m u l t i p l y i n g  by t h e  CBF f o r  30 y e a r s  

produces a l e v e i i z e d  f u e l  c y c l e  c o s t  of 6 . 7  mills/kWh. 

5.6.3,4 Decommissioning c o s t ,  The decommissioning c o s t  is assumed 

eo scale l i n e a r l y  w i t h  s i z e  from t h e  r e f e r e n c e  p o i n t  of $143 m i l l i o n  for 

a n  1100-WCe) p l a n t .  The assumed c o s t  is 143/1100 x 800 o r  $104 mil l . ion 

(1987 d o l l a r s ) .  

Using the e q u a t i o n s  g iven  i n  Sec t .  4.5 and a n  assumed decommission- 

i n g  c o s t  of $104 m i l l i o n  i n  1987 d o l l a r s  w i t h  no real e s c a l a t i o n ,  t h e  

p r e s e n t  worth of t h e  decommissioning c o s t  can be w r i t t e n  as 

104 x lo6 x 0,0116 
3.5925 x 0.0066 ' PWDC = 

o r  

PWDC = $50.9 m i l l i o n  (1987 d o l l a r s ) .  
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Dividing t h i s  amount by the annual  energy generation and the CRF 

for 30 years produces a levelized decommissioning cast of 

0.63 mills/kWh. 

5.6.3.5 Busbar  c o s t .  The l e v e l i z e d  husba r  c o s t  is the sum of t he  

levelized comporient costs. In this case, the sum of the four cost  com- 

ponents is 61.8 rnills/kWh (1987 dol la rs ) .  

I-- 
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Appendix A 

EEDB CODE OF ACCOUNTS FOR LIQUID-METAL REACTOR ( M R )  CONCEPT 





T a b l e  A.1. LMR 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  w i thou t  c o n t i n g e n c y )  - 

L e a d  (FOAK) P l a n t  
R e p l i c a  P l a n t  
NOAK P l a n t  

Account 
No * Account d e s c r i p t i o n  

20 LAND & LAND RIGHTS 
21 STRUCTURES ti IMPROVEMENTS 
22 REACTOR PLANT EQUIPMENT 
2 3  TURBINE PLANT EQUIPMENT 
24 ELECTRIC PLANT EQUIPMENT 
2 3  MISCELLANEOUS PLANT K(IUIPMENT 
26 M A I N  COND. HEAT REJECT. SYSTEM 

TOTAL DIRECT COSTS 

91 
92 
93 
94 
95 

CONSTRUCTION SERVICES 
AE HOME OFFICE ENGR. & SERVICE 
FIELD OFFICE SUPV. & SERVICE 
OWNERS ' EXPENSES 
IPM HOME OFFICE ENGR. 6 SERVICES 

TOTAL INDIRECT COSTS 

__ - - 

F a c t o r y  S i t e  labor  S i t e  S i t e  
e q u i p m e n t  h o u r s  l a b o r  mater ia l  T o t a l  $ 

TOTAL COST 



6
0

 



T a b l e  A.1. L,MR p l a n t  c o s t  estimate by EEDB c a s t  accoun t  
( thousands of Jan.  198-dol lars  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  Site l a b o r  S i t e  S i t e  
No * Ac count  de s c r i p  t i on equipment h o u r s  l a b o r  material T o t a l  $ 

22oA 
220B 
2 2 1  
222 
223  
224 
225 
226 
227  
228 
2 2  

~~ - ~- 

NUCLEAR STEAM SUPPLY (NSSS) 
NSSS OPTIONS 
REACTOR EQUIPMENT 
M A I N  HEAT TRANSPORT SYSTEM 
SAFEGUARDS SYSTEM 
RAJMA4STE PROCESSING 
FUEL HANDLING 
OTHER REACTOR PLANT EQUIPMENT 
RX LNSTkUMENTAYlON & CUNTKOL 
REACTOR PLANT MISC. ITEMS 
REACTOR PLANT EQUIPMENT 

231 TURBINE GENERATOR 
233 CONDENSING SYSTEMS 
2 3 4  FEED HEATING SYSTEM 
2 3 5  OTHER TURBINE PLANT EQUIP. 
2 3 6  INSTRUMENTATION & CONTROL 
2 37 TURBINE PLANT MISC. ITEMS 
2 3  TURBINE PLANT EQUIPMENT 
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Tab le  A.1,  LMR p l a n t  c o s t  estimate by EEDB c o s t  accoun t  
( thousands of Jan. 1 9 8 - d o l l a r s  w i thou t  con t ingency)  

Account 
No i) Ac count  de s c r i p  t i o n  

911 
912 
9 13 
914 
91 

92 1 
922 
923 
9 2  

931 
9 32 
933 
9 34 
93 

941 
94 2 
9 4 3  
94 4 
945 
946 
94 

TEMPORARY CONSTRUCTION FAC. 
CONSTRUCTION TOOLS & EQUIP. 
PAYROLL INSURANCE & TAXES 
PERMITS, I N S . ,  & LOCAL TAXES 
CONSTRUCTION SERVICES 

ENGR. & HOME OFFICE EXPENSES 
ENGR. HOME OFFICE QA 
ENGR, HOME OFFICE CONSTRCTN. MGMT. 
ENGR. b HOME OFFICE SERVICES 

F I E L D  OFFICE EXPENSES 
F I E L D  J O B  SUPERVISION 
FIELD QA/QC 
PLANT STARTUP & TEST 
F I E L D  OFFICE ti SERVICES 

MGMT., ENGR., & QA 
TAXES &- INSURANCE 
SPARE PARTS 
TRAINING 
G&A 
CAPITAL EQUIPMENT 
OWNERS’ COSTS 

Fac to ry  S i t e  l a b o r  S i t e  S i t e  
l a b o r  material T o t a l  $ equipment hours  



cn
 

M
 z w
 

m
 



Table  A.1. 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  w i t h o u t  cont ingency)  

A c c o u n t  Factory S i t e  l abor  S i t e  S i t e  
No. Ac c ou n t d e  s c r i p t i o n  e q u i p m e  n t hours  l a b o r  material Total $ 

2 1  
21 1 
2 1 1 . 1  
211 .4  
211 .7  

2 1 2  
212 .1  
2 12 .2  

2 13  
2 1 3 . 1  
213 .2  

2 1 4  
2 1 4 . 1  
214 ,2  

215 
215. I 
2 1 5 . 2  

~~ ~ 

STRUCTURES 6 IMPROVEMENTS 
YARDWORK 
GENERAL YARDWORK 
RAILROADS 
STRUCTURAL ASSOC. YARLWORK 
2 1 1  YARDWORK 

REACTOR MODULE STRUCTURE 
BUILDING STRUCTURE 
BUILDING SERVICES 
21 2 RF,ACT(?I! MQDULE STRUCTLr?.E 

TURBINE GENERATOR BUILDING 
BUILDING STRUCTURE 
BUILDING SERVICES 
213 TURBINE GENERATOR BLDG. 

SECURITY BUILDING AND GATEHOUSE 
BUILDING STRUCTURE 
B U I L D I N G  SERVICES 
2 1 4  SECURITY BUILDING AND GATEHOUSE 

REACTOR SERVICE BUILDING 
BUILDING STRUCTURE 
BUILDING SERVICES 



66 



Table A.1. TAR p l a n t  c o s t  estimate by EEDB c o s t  accoun t  
( thousands  of Jan. 198 - d o l l a r s  w i thou t  con t ingency)  

Account Fac to ry  S i t e  l a b o r  S i t e  S i t e  
NO Ac c ou n t  d e  s c r i p t ion  e q u i pme n t h o u r s  l a b o r  material T o t a l  $ 

218H 
218H.1 
218H.2 

2 18N 

2 18N. 1 
218N.2 

218R 

218R.  1 
218R.2 

218s 
215s.1 
2183.2 

218Y 
2 18Y. 1 

NONESSENTIAL SWGR BUILDING 
BUILDING STRUCTURE 
BUILDING SERVICES 
2 1 8 H  NONESSENTIAL SWGR BUILDING 

PLANT WAREHOUSE AND 
MAINTENANCE SHOP 

SHOP STRUCTURE 
SHOP SERVICES 
218N PLT,  WAREHOUSE & MAINT. SHOP 

NON-IE D/G AND AUXILIARY 
BO I L E R  BUILDING 

BUILDING STRUCTURE 
BU ILDING SERVICES 
2 1 8 R  NON-IE D / G  AND AUX. BOIL. BLDG. 

WASTE WATER TREATMENT BLDG. 
EU ILDING STRUCTURE 
BUILDING SERVICES 
2 185 WASTE WATER TREATMENT BLDG. 

REACTOR MODULE SERVICE ROADWAY 
BUILDING STRUCTURE 
2 18Y REACTOR MODULE SERVICE ROAllFJAY 
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T a b l e  A . 1 .  I$IR planh: c o s t  estimate by EEDB c o s t  accoun t  
( thousands of Jan.  198 I d o l l a r s  w i t h o u t  con t ingency)  

Account 
No * Ac count  d e  s c r i p t i on 

~~~~ ~~~~~ 

2 2  
220A 
220A.1 
22OA. 2 
220A.21 
220A,211  
2 20A. 2 1 2 
220A. 21 3 

2 20A. 2 2 
2 2 0 8 . 2 2 1  
2 2 OA .2 2 2 
2 2 OA .2 23 

220A.23  
220A. 2 3  1 

220A.25 

REACTOR PLANT EQUIBiENT 
XSSS 
QUOTED NSSS PRICE 
DISTRIBUTED NSSS COST 
REACTOR EQUIPMENT 
REACTOR VESSELS 
REACTOR VESSEL INTERNAL S 
CO::TRBL “no2 SYSTCMS 

HEAT TRANSPORT SYSTEM 
PRIMARY HEAT TRANSPORT SYSTEM 
INTERM. HEAT TRANSPORT SYSTEM 
STEAM GENERATOR SYSTEM 

SAFEGUARDS SYSTEMS 
BACKUP HEAT REMOVAL SYSTEMS 

FUEL HANDLING & STORAGE 

Fac to ry  S i t e  l abo r  Site Sit e 
l a b o r  material  Total $ eq u i pme n t  h o u r s  
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T a b l e  A.1. WR p l a n t  c o s t  e s t i m a t e  by EEDB c o s t  accoun t  
( thousands of Jan.  1 9 8  - 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 
No. Ac count  d e  s c r i p t i o n  

223.18 
223 19 

2 2 4  
224.1 
224.2 
224.3 

2 2 5  
225.1 
225.2 
225.3 
225.4 

2 2 6  
226.1 
226.2 
224.3 
226.7 
226.8 
226.9 

INSTRUMENTATION h CONTROL 
FOUNDATIONS 

2 2 3  SAFEGUARDS SYS . 
RAWASTE PROCESSING 
LIQUID WASTE PROCESSING 
GAS DISTRIBUTION & PROCESS SYSTEM 
SOLID WASTE SYSTEM 
224 RADWASTE PROCESSING 
FUEL HANDLING 
FUEL HANDLING MECHANISMS 
FUEL HANDLING EQUIPMENT 
INSPECTION EQUIPMENT 
CORE COMPONENT STORAGE 
225  FUEL HANDLING 

OTHER REACTOR PLANT EQUIPMENT 
INERT GAS SYSTEM 
SPECIAL HEATING SYSTEMS 
LM REC. STORAGE d PROC. SYSTEM 
AUXILIARY COOLING SYSTEM 
MAINTENANCE EQUIPMENT 
SAMPLING EQUIPMENT 
2 2 6  OTHER REACTOR PLANT EQUIPMENT 

F a c t o r y  S i t e  l a b o r  Site S i t e  
e q u i pme n t hour s  l a b o r  m a t e r i a l  T o t a l  $ 

u 
w 



T a b l e  A . l .  TAR p l a n t  c o s t  estimate by EEDB c o s t  accoun t  
( thousands  of Jan .  196 - d o l l a r s  w i t h o u t  con t ingency)  

Ac s o  uat F a c t o r y  S i t e  l a b o r  S i r e  Site 
" No. A2 c ac, r:t d e 5 c r rip t f OE b y -  :.ii?me a: ZOUT'S l a b o r  nlater ia l  i o i 3 1  $ 

2 2 7  RX INSTXJPIi3NTATION 6 GQNTROL 
2 2 7 . 1  BENCHBOARD, PANELS h RACRS, ETC. 
2 2 7 . 2  PROCESS COWUTERS 
2 2 7 . 3  MOXITORING SYSTEMS 
2 2 7 . 4  PLANT CONTROL & PROTSCTIOR SYSTEM 

2 2 7  RX INSTR. & CONTROL 

2 2 8  REACTOR ?LAKT NISCELLANEOUS ITEMS 
2 2 8 . 1  FIELD PAINTING 

2 2 8 . 2  QUALIFICATION OF WELDERS 
228 .3  STANDARD NSSS VALVE PhClUGE 
2 2 8 . 4  REACTOR PLANT IXSLJLKlI2K 

228 REACTOR BLANT MIX. ITEMS 

2 2  REACTOR PLANT EQUIPMENT 



. 

T a b l e  A . l .  LMR p l a n t  c o s t  estimate b y  EEDB c o s t  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  without  cont ingency)  

A c c o u n t  
No. Ac e ount  d e  s c r i p t  i o n  

F a c t o r y  S i t e  l a b o r  S i t e  S i t e  
l a b o r  material  T o t a l  $ e q u i p m e n t  hours  

~ ~ ~ _ ~ _ ~  ~~~~ 

2 3  TURBINE PLANT EQUIPMENT 
2 3 1  TURBINE GENERATOR 
2 3 1 . 1  TURBINE GENERATOR & ACCESSORY 
2 3 1 . 2  FOUNDATIONS 
2 3 1 . 4  LUBRICATING O I L  SYSTEM 
2 3 1 . 5  GAS SYSTEMS 
2 3 1 . 6  MSTR. SEPRTR./REHTR. DRAIN SYSTEM 

2 3 1  TURBINE GENERATOR 

2 3 3  CONDENSING SYSTEMS 
2 3 3 . 1  CONDENSER EQUIPMENT 
233.12 HEAT TRANSFER EQUIPMENT 

2 3 3  e 2 CONDENSATE SYSTEM 
2 3 3 . 2 1  ROTATING EQUIPMENT 
2 3 3 . 2 3  TANKS & PRESSURE VESSELS 
2 3 3 . 2 5  P I P I N G  
2 3 3 . 2 6  VALVES 
2 3 3 . 2 7  P I P I N G  - MISCELLANEOUS ITEM§ 
2 3 3 . 2 8  INSTRUMENTATION & CONTROL 
2 3 3 . 2 9  FOUNDATIONS 
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T a b l e  A . 1 .  LMR p l a n t  c o s t  estimate by EEDB c o s t  a c c o u n t  
( thousands of J an .  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 
No. Account d e s c r i p t i o n  

235 
235.1 
235.2 
235.3 
235.4 
235,5 
235.6 

236 
236.1 
236.2 
236.3 

237 
237.1 
237.2 
237,3 

OTHER TURBINE PLANT EQUIPMENT 
MAIN VAPOR P I P I N G  SYSTEM 
TURBINE AUXILIARIES 
TB CLOSED COOLING WATEK SYSTEM 
DEMIN. WATER MAKEUP SYSTEM 
CHEMICAL TREATMENT SYSTEM 
NEUTRALIZATION SYSTEM 
235 OTHER TURBINE PLANT EQUIP. 

TNSTWJMENTATI'ON & CONTROL 
PROCESS INSTR. & CONTROL EQUIPMENT 
PROCESS COMPUTER 
TURBINE PLANT INSTR, & CDKTROL TUBING 
2 36 INSTRUMENTATION & CONTROL 

TURBINE PLANT MISCELLANEOUS ITEMS 
F I E L D  PAINTING 
QUALIFICATION OF WELDERS 
TURBINE PLANT I N S U M T I O N  
237 TURBINE PLANT MISC, ITEMS 

~ ~ ~~~~~~~~~~~~ ~~~~~ 

Factory S i t e  l abo r  S i t e  S i t e  
rq uipme n t  h o u r s  l a b o r  material T o t a l  $ 

23 TURBINE PLANT EQUIPMENT 
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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 d l a r s  w i t h o u t  C Q n t h g e n C y )  

Account Factory S i t e  labor S i t e  S i t e  
No e Ac c ou n t  d e  s e sip t. i o n  e q u i pme n t hours l a b o r  material  T o t a l  S 

245 ELECT. STRUCTURE & WIRING CONTAINERS 
245.1 UNDERGROUND DUCT RUNS 
245.2 CABLE TRAYS 
245.3 CONDUITS 

245  ELECT. STRUCT, ti WIRING 

246 POWER & CONTROL WIRING 
246.1 GENERATOR CIRCUITS WIRING 
2hh t 3. STATION SERVICE POGJFR WIRING 
246.3 CONTROL CABLE 
246.4 INSTRUMENT WIRE 
246.5 CBNTAI WENT PENETRATIONS 

246 POWER ti CONTROL WIRING 

2 4  ELECTRICAL POWER EQUIPMENT 



T a b l e  A . 1 .  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 contingency) - 

A c c o u n t  Fac to ry  Site l abo r  Site Site 
No. Accoune: description e quipme n t  h o u r s  labor material T o t a l  $ 

25 
25 1 
251.1 

252 
252.1 
252.2 
252.21 
252.22 
252.23 
252.24 

252.3 
252.4 
252.5 

253 
253.1 
253.2 

~ ~ ~~ ~- 

MISCELLANEOUS PLANT EQWIPMENT 
TRANSPORTATION ti LIFT EQUIPMENT 
CRANES & HOISTS 
251 TUNSPORTATIOR 6: L I F T  

A E X ,  WATER, & STEA1"1 S E W .  SYSTEK 
A I R  SYSTEMS 
WATER SYSTEMS 
PLANT SERVICE WATER SYSTEM 
N O W  F I R E  PROTECTION SYSTEM 
PROCESS CHILLED WATER SYSTEM 
POTABLE WATER SYSTEM 

AUXILIARY STEAM SYSTEM 
PLANT FUEL O I L  SYSTEM 
SODIUM FIRE PROTECTION SYSTEM 
252 A I R ,  WATER, d S T E M  SERV. SYS. 

COMMTNICATIONS EQUIPMENT 
LOCAL COMMUNICATIONS SYSTEMS 
SIGNAL SYSTEMS 
253 COMMUNICATIONS EQUIPMENT 



T a b l e  A . l .  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  w i t h o u t  cont ingency)  

A c c o u n t  
No. Ac count d e s c r i p t i o n  

2 5 4  
254.1 
254.2 
254 3 
254.4 
254.5 
254.6 
254.7 

255 

26 
261 
261.1 
261.2 
261.3 
261.4 

FURNISHING & FIXTURES 
SAFETY EQUIPMENT 
CHEMICAL LAB & INSTR. SHOP 
OFFICE EQUIPMENT & FURNISHINGS 
CHANGE ROOM EQUIPMENT 
ENVIRONMENTAL MONITORING EQUIPMENT 
DINING F A C I L I T I E S  
MAINTENANCE SHOP EQUIPMENT 
254  FURNISHINGS & FIXTURES 

WASTEWATER TREATMENT SYSTEM 

2 5 MISCELLANEOUS PLANT EQUIPMENT 

MAIN COND. HEAT REJECTION SYSTEM 
STRUCTURES 
MAKEUP WATER & DISCH. STR. 
CIRC,  WATER PUMP HOUSE 
MAKEXJP WATER PRETREATMENT BUILDING 
COOLING TOWER SWITCHGEAR BUILDING 
261  STRUCTURES 

Fac tory  S i t e  l a b o r  Site S i t e  
e q u i p m e n t  hours  labor material  T o t a l  $ 
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1 

T a b l e  A . I .  LMR p l a n t  c o s t  estimate by EEDB c o s t  accoun t  
( thousands of Jan, 1 9 8  - d o l l a r s  w i t h o u t  con t ingency)  

Account 
No. Ascuunt d e s c r i p t i o n  

9 2  
92 1 
9 22 
9 2 3  

9 3  
9 3 1  
932 
9 3 3  
534 

9 4  
9 4 1  
9 4 2  
9 4 3  
9 4 4  
9 4 5  
9 4 6  

95  
9 5 1  
9 5 2  

ENGR. & HOME O F F I C E  S E R V I C E S  
HOME O F F I C E  EXPENSES 
HOME O F F I C E  QA 
HOME O F F I C E  CONSTRCTN. MGMT. 
9 2  ENGR. & HOME O F F I C E  SERVICES 

F I E L D  O F F I C E  & S E R V I C E S  
F I E L D  O F F I C E  EXPENSES 
F I E L D  J O B  S U P E R V I S I O N  
F I E L D  O F F I C E  QA/QC 
FLAW STAitT'LI'P 6 TESTING 
9 3  FLD. S U P E R V I S I O N  & FLD. O F F I C E  SERV. 

OWNERS' C O S T S  
MANAGEMENT, ENGINEERING,  d QA 
TAXES AND INSURANCE 
SPARE PARTS 
T R A I N I N G  
G&A 
C A P I T A L  EQUIPMEET 
94 OWNERS' COSTS 

RM HOMX O F F I C E  ENGINEERING d 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 
95 RM HOME O F F I C E  ENGINEERING & S E R V I C E  

Fac to ry  S i t e  l abo r  Site Site 
equipment h o u r s  l a b u r  material T o t a l  $ 
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A p p e n d i x  B 

EEDB CODE OF ACCOUNTS FOR HIGH-TEMPERATURE 
GAS-COOLED REACTOR (HTGR) CONCEPT 

. .  
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Tab le  B.l. HTGR p l a n t  c o s t  e s t i m a t e  by EEDB c o s t  accoun t  
( thousands of Jan. 198 - d o l l a r s  w i thou t  contingency) 

Account Fac to ry  S i t e  l abo r  S i t e  S i t e  
No. Ac count d e  s c r i p t i o n  eq uipme n t hours  l a b o r  m a t e r i a l  T o t a l  $ 

~ ~~~~ 

2 2 1  REACTOR SYSTEMS 
222 VESSEL SYSTEM 
2 2 3  HEAT TRANSPORT SYSTEM 
2 2 4  REACTOR CAVITY COOLING SYSTEM 
2 2 5  SHUTDOWN COOLING SYSTEM 
2 2 6  FUEL HANDLING, STORAGE & SHIPPING 

227 REACTOR SERVICE SYSTEMS 
228 PLANT CONTROL, DATA AND INSTRUMENTATION 

2 29 REACTOR PLANT MISCELLANEOUS ITEMS 
22 REACTOR PLANT EQUIPMENT 

SYSTEMS 

SYSTEM 

23 1 TURBINE GENERATOR 
233 CONDENSING SYSTEM 
2 3 4  FEECGJATER SYSTEM 
235 OTHER TURBINE PLANT EQUIP. 
2 3 6  INSTRUMENTATION & CONTROL 
237 TURBINE PLANT MISC. ITEMS 
23 TURBINE PLANT EQUIPMENT 



90 



T a b l e  B.1 .  HTGR p l a n t  c o s t  es t imate  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  c o n t i n g e n c y )  

Ac c oun t 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. Ac c o u n t  d e s  c r i p  t i o n  e q u i pme n t h o u r s  l a b o r  material  T o t a l  $ 

911 TEMPORARY CONSTRUCTION FAC. 
9 1 2  CONSTRUCTION TOOL§ & EQUIP. 
913 PAYROLL INSURANCE & TAXES 
914 PERMITS, INS, ,  & LOCAL TAXES 
9 1  CONSTRUCTION SERVICES 

9 2  1 ENGR. & HOME OFFICE EXPENSE§ 
922  ENGR. HOME OFFICE QA 
9 2 3  ENGR, HOME OFFICE CONSTRCTN. MGMT. 
9 2  ENGR. & HOME OFFICE SERVICES 

93 I FIELD OFFICE EXPENSES 
932 FIELD J O B  SUPERVISION 
933 FIELD QAfQC 
9 3 4  PLANT STARTUP 6 TEST 
93 FIELD OFFICE & SERVICE§ 

9 4 1  MGMT., ENGR., & QA 
9 4  2 TAXES & INSURANCE 
9 4 3  SPARE PARTS 
9 4 4  TRAINING 
945 G&A 
9 4 6  CAPITAL EQUIPMENT 
9 4  OWNERS' COSTS 



26
 



93 

Appendix C 

L I S T I N G  OF SAMPLE LEA[) PLANT FOAK TASKS 
( A p p l i c a b l e  t o  t o t a l  FOAK p l a n t )  

6.1 E ng J. ne e r i n g  and Ma nag e men t 

e Prepare 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 ( l a y o u t s ,  d e s i g n ,  

manufac tu r 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).  

6 Prepa re  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 ng  inanua Is I 

8 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 .  

e Prepa re  t es 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 t u r n o v e r  p l ans  and procedures .  

e Conduct a n a l y s e s  (stress, t h e r m a l ,  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 i s ,  and s a f e t y ) .  

0 Conduct d e s i g n  review meetings.  

8 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  

tes ts  and a n a l y s e s .  

e Develop computer programs. 

8 Prepa re  vendor b i d  packages,  i n c l u d i n g  p r e p a r a t i o n  of RPPs, b i d  

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  . 
0 Prepa re  p l a n t  c o n s t r u c t i o n  model. 

d Obtain des ign  cert i E i c a t i o n l l i c e n s e .  

C .2  Equipment Nanufac tu re r  

0 Develop t o o l € 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- 

n e n t s  * 

e F a b r i c a t e  or purchase spec ia l  compsnent s h i p p i n g  f i x t u r e s  and condi- 

t i o n i n g  equipment. 

b Conduct component developnent  tests. 

0 FabrLcate  s p e c i a l  t es t  f i x t u r e s .  

e Purchase o r  f a b r i c a t e  special  test equipment. 

e F a b r i c a t e  o r  purchase any s p e c i a l  component /mater ia l  hand l 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 -- 

@ Prepare construction planni-ng documentation. 

Fabricate any special forms or scaffolding requi ted  f o r  construction 

of the first .  p l a n t .  

8 Fabricate or purchase any special component and /a r  inaterial. hand1 i ng  

or t r a n s p o r t a t i o n  e q u i p m e n t  used on the f i r s t  construction s i t e .  
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REPLICA AND MOAK PLANT ENGTNE,EKlNG AND MANAGEMENT TASKS 
( A p p l i c a b l e  t o  to t a l .  r e ? l i c a  and NQAK plant: 1 

BR 

4 

8 

8 

P r e p a r e  s i t e - r e l a t e d  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  arid drawings ( l a y -  

ou ts  s d e s i g n  manufacgur ing  in:, t a l l a t i o n  s 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 retab nons i t e  drawings (des ign  manufac tu r 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 ,  arid manuals t o  show a p p l i c a b i l i t y  t o  the c u r r e n t  plant.. 

Update and ma in ta in  t e c h n i c a l  work packages I 

Provide suppor t  a t  verndos. ' s  p l a n t  t o  w i t n e s s  f a c t o r y  accep tance  tes t -  

ing * 

Suppor t  the c o n s t r u c t o r  durLng p l a n t  c o n s t r u c t  i on  and accep tance  

t e s t i n g ,  

P rov ide  s u p p o r t  t o  t h e  Materials Review i3osrd (MRM) 

Provide s u p p o r t  as specif ical .  Ly reqtrresLed t o  PSAK and FSAR ( incl-uding 

eoiesgenssy r e s p o n s e )  t o  show t h a t  the p l a n t  is  i d e n t i c a l  i-s design.  

Suppor t  vendor b i d  e v a l u a t i o n s  sild negot i at i ons  as r eques t ed  by Pro- 

curement * 

Support t he  C o n s t r u c t o r  i n  t h e  resoliithoa QE any f i e l d  problems. 

Prepare s i t e - s p e c i f i c  l i cens ing  documents such as EK and SAK, 

R e p e a t  plant planning 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  

assurance procuremcnc and i r i d r i s t r i a l  and p u b l i c  re la t ior is  a c t i v i -  

ries. 

Provide e n g i n e e r i n g  necessa ry  to e x c a v a t e  and l a y  ou t  t h e  sit.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  exczvat ion  drawings;  dewa te r ing  calcu-  

l a t i o n s  and a n a l y s e s ;  and d e s i g n  a i d  l ayou t  sf access roads, park ing  

Bots, I l t i l i t . i e s ,  e tc .  

Prcrv%de p r o j e c t  managr:ment a s s o c i a t e d  with the above t a s k s .  
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Appendix E 

EEDB PROGRAM DESCRIPTION OF A STANDARD HYPOTH$TICAL 
MIDDLETQWN SITE FOR NUCLEAR POWB PLANTS 

E . l  Gen.era1 

T h i s  s i t e  d e s c r i p t i o n  p r o v i d e s  t h e  s i t e  and env i ronmen ta l  d a t a ,  

d e r i v e d  from t h e  Guide f o r  E C Q W ~ G  EvaZuation of NucZear Reactor Plant 

&signs, modi f i ed  t o  r e f l e c t  c u r r e n t  n u c l e a r  power p l a n t  s i t i n g  

r equ i r emen t s .  These d a t a  form t h e  s i t e r e l a t e d  b a s e s  of t h e  c r i t e r i a  

u sed  t o  d e v e l o p  t h e  c o n c e p t u a l  d e s i g n s  of t h e  n u c l e a r  power p l a n t  t ech -  

n i c a l  d a t a  models € 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 a c c i d e n t a l  r e l e a s e  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 

g a s e s  t o  t h e  environment .  The s i t e  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  n o r t h e a s t e r n  Uni ted  S t a t e s .  

E.2 Topography and Genera l  S i t e  C h a r a c t e r i s t i c s  

The s i t e  i s  l o c a t e d  on  t h e  east  bank of t h e  Nor th  R i v e r  a t  a d i s -  

t a n c e  of 25 miles s o u t h  of Middletown, t h e  n e a r e s t  l a r g e  c i t y .  The 

Nor th  R i v e r  flows f rom n o r t h  t o  s o u t h  and  i s  -0.5 m i l e  (2600 f t )  wide 

a d j a c e n t  t o  t h e  p l a n t  s i te,  A f l o o d  p l a i n  e x t e n d s  from b o t h  r i v e r  hanks 

a n  ave rage  d i s t a n c e  of 0.5 m i l e ,  end;ng w i t h  h i l l t o p s  g e n e r a l l y  150 t o  

250 f t  above t h e  r i v e r  l e v e l .  Beyond t h i s  area, t h e  topography i s  

g e n t l y  r o l l i n g ,  w i t h  no major  c r i t j  cal  t o p o g r a p h i c a l  f e a t u r e s .  The 

p l a n t  s i t e  i t s e l f  e x t e n d s  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 i v e r  l e v e l .  The containment b u i l d i n g ,  o t h e r  Se i smic  Category 1 

s t r u c t u r e s ,  p r imary  non-Seismic Category I s t r u c t u r e s ,  and t h e  s w i t c h -  

y a r d  a re  l o c a t e d  on  l e v e l  ground a t  a v  e l e v a t i o n  of 18 f t  above t h e  mean 

r i v e r  l e v e l .  According t o  U.S. Army Corps of Enginee r s '  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  i s  10 f t  above t t e  100-year  maximum r i v e r  l e v e l .  

* 
Developed by Uni ted  E n g i n e e r s  & C o n s t r u c t o r s ,  I n c . ,  f o r  t h e  U.S .  

DOE EEDB Program. 
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To op t imize  l a n d  area requireaents  f o r  the  nuc lear  power plant: 

s i t e ,  m a x i m m  use of t i a t . ,  river l o c a t i o n  i s  employed. 'The containment  

s t r u c t u r e  i s  ? o c a t e i  -400 E t  T r o m  the e a s t  bank O E  the r i v e r .  " f i e  s i t e  

land  area i s  taken as -500 acresc 

E . 3  S i t e  -4ccess 

Highway access i s  p rov ided  ' l o  the  h y p o t h e t i c a l  s i t e  by 5 rntlees of 

secondary road  conoectIng t o  a s t a t e  highway; c h i s  road i s  i n  good con- 

d i t i o n  and  needs no a d d i t i o n a l  iiuprovements. Railroad access i s  pro- 

vided by cornstrt.actir,g a s p u r  Khat i n t e r s c c t s  the R&M Railroad. TPle 

l e n g t h  of t h e  r e q u i r e d  s p u r  f r o m  t h e  maii: l i n e  t o  t h e  p l ank  s i t e  I s  

assumed tr, be 5 dies. Ihe North River  i s  n a v i g a b l e  th roughou t  t h e  year 

w i t h  a 41)-ft-wide by 12-ft-deep channc1, The distance Ertrm t h e  shorc- 

l i n c  t o  t h e  cen te r  of t h c  s k i p  channe l  i s  2000 ft. A l l  p lan t  shipments 

are  assumed t o  be made o v e r l a n d  e x c e p t  t h a r  heavy eqazdpment ( such  as  the 

reactor vessel  and t h e  genera tor  s t a t o r )  may bc t i a n s p o r t e d  by barge .  

The M i d d l e t o m  MriiiicipaE Airpor t  i s  l o c a t e d  3 miles v e s t  of the S t a t e  

highway, 15 miles sou th  of Middletown, and 10 miles n s r i h  of t h e  s i t e .  

The hypatheClca1 s i t e  i s  iiear a large c i t y  (Middletown) o f  250,000 

Vartant lon i n  popu- popi.alation but  i n  an  aiea of lsv p o p u l a t i o n  d e n s i t y .  

l a t i o n  w i t h  d i s t a n c e  f r o a  t h e  s i t e  boundary i s  

Mi 1, e s 

0.5 
1 .o 
2.0 
5.0 

10.0 
20.0 
30.0 

Cumulative 
popula t  i on 

0 
310 

1,370 
5,020 

28,603 
133,000 

1,010,000 

Ttiere are  f ivc indimstr ia l  manufac tur ing  p l a n t s  within 15 miles o E  

t h e  h y p o t h e t i c a l  s i t e .  Four  a r e  small p l a n t s ,  employing (100 p e o p l n  
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... 

. -  

each, The f i f t h ,  nea r  t h e  a i r p o r t ,  employs 2500 people .  C l o s e l y  popu- 

l a t e d  areas a r e  found on ly  i n  t h e  c e n t a r s  of t h e  small  towns so t h a t  t h e  

l o c a l  l and  area used € o r  housing i s  small. The remaining l a n d ,  i n c l u d -  

i n g  that: 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  c rop  l a n d ,  

e x c e p t  f 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 

t h e  same s i d e  of t h e  r i v e r .  

C o m u n i c a t i o n  l i n e s  are f u r n i s h e d  t o  t h e  p r o j e c t  boundaries  a t  no 

c o s t .  

Power and water f o r  c o n s t r u c t i o n  a c t l v i t i e s  are a v a i l a b l e  at t h e  

southwest  c o r n e r  of t h e  s i t e  boundary. 

Two independent  o f f - s i t e  power sources (one a t  500 kV o r  230 kV f o r  

t h e  g e n e r a t o r  connec t ion  and one at: 230 kV or  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 a n s f o r m e r  connec t ion )  are a v a i l a b l e  a t  t h e  switchyard.  

E.6 Meteorology and Cli.matology 

E. S .  1 Ambient t empera tu res  

The w i n t e r s  i n  t h e  Middletown area are moderately c o l d ,  w i t h  aver-  

age t empera tu res  i n  t h e  low 30s (OF). The summers are f a f r l y  humid w i t h  

ave rage  temperatures i n  t h e  l o w  70s ( O F )  and with h i g h  t e m p e r a t u r e s  

a v e r a g i n g  -82°F. The h i s t o r i c  maximum w e t  b u l b  and d ry  bulb tetnpera- 

t u r e s  are 78 and 99OF,  r e s p e c t i v e l y .  

The year-round t empera tu re  d u r a t i o n  d a t a  f o r  t h e  d ry  bulb and coin-  

c i d e n t  w e t  bu lb  t empera tu res  are provided i n  Fig.  E . l  and Tab le  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 ,  

l o c a t e d  10 miles n o r t h  of t h e  s i t e  011 a l o w  p l a t e a u  j u s t  east of The 

North R i v e r ,  surEace winds are predominant ly  s o u t h w e s t e r l y  a t  4 t o  10 
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CUMULATIVE DURATION (h X lo3)  

Fig. E. 1. Temperature d u r a t i o n  cu rves  f o r  Middletown, U.S,A.  

kno t s  d u r i n g  t h e  warm months o f  the y e a r  and w e s t e r l y  a t  6 t o  13 knots 

d u r i n g  the  e001 months. 

There a r e  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 s p e e d  o r  d i r e c t i o n .  

Observat ions of wind velocities as a f m 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 t h e  p r e v a i l -  

i n g  wind d i r e c t i o n  from s o u t h w e s t e r l y  and westerly near t h e  s u r f a c e  t o  

westerly and n o r t h w e s t e r l y  a l o f t ,  

I n  a d d i t i o n  t o  t h e  above, studies of t h e  area i n d i c a t e  that t h e r e  

i s  a s i g n i f i c a n t  channe l ing  of t h e  winds below the s u r r o u n d i n g  h i l l s  

i n t o  t h e  north-south or i en ta tkon  of the North River-.  Jk is  estimated 

that winds within t h e  r l v e r  v a l l e y  blow approx ima te ly  p a r a l l e l  t o  t h e  

v a l l e y  orientation >SO% of t h e  time, 

E.6.3 Atmosyheric d i f f u s i o n  p r o p e r t i e s  
__I- -- - _II 

During t h e  warm months of t h e  y e a r ,  a c c o r d i n g  c u  an  a n a l y s i s  of 

Weather Bureau r e c o r d s ,  t h e  atmospherlc c o n d i t i o n s  n e a r  t h e  s u r f a c e  are 
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T a b l e  E . l .  Annual t e m p e r a t u r e  d u r a t i o n  
d a t a  Eor Middletown, U.S.A.  

Mean c o i n c i d e n t  
w e t  b u l b  

temp e r a t u r e  

Cumulative Dry bulb  
dura  t i o n  t empe rat u r  e 

( O F )  
( h / y r )  (OF) 

, .  

( 1  99 7 8  
10 94 7 6  
7 5  8 9  7 4  

2 2 s  8 5  6 9  
400 8 2  67  

I 

7 8 8  7 9  6 4  
1 ,353  7 4  6 1  
2 ,086  69 5 9  
2 ,800  6 4  56 
3 ,535  59 53  

4 , 2 2 8  5 4  
4 ,872  49 
5 ,598  44  
6 ,409  39 
7 , 2 1 4  3 4  

7 ,786  
8 ,167  
8 ,421  
8 , 5 8 1  
8 ,686  

29 
24 
19 
14 
9 

4 8  
4 3  
39  
35  
30 

26 
2 1  
15 
11 
6 

8 , 7 3 3  4 1 
8 ,749  -1 -3 
8 , 7 5 6  -6 -8 
8 759  -1  1 -1 3 
8 , 7 6 0  -1 6 -1 9 

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  a re  -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 ,  10 mph d u r l 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 .  

Dur ing  t h e  coo l  months of t h e  yea r ,  a tmosphe r i c  c o n d i t i o n s  a r e  15% 

u n s t a b l e ,  50% n e u t r a l ,  and 35% stable. 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 t t i o n s .  
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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 h a s  been r e c o r d e d  

a t  tlhe s i te .  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 t o r m s ,  a l l  of  

r b e m  i n  t h e  f i n a l  d i s s i p a t i o n  stages,  have p a s s e d  w i t h i n  50 m i l e s  of t h e  

site.  Some heavy p r e c i p i t a t i o n  and winds >4Q mph were r e c o r d e d ,  hu t  no 

s i g n i f i c a n t  darrrage o t h e r  Lhan t o  c r o p s  r e s u l t e d .  

The area n e a r  t h e  site e x p e r i e n c e s  a n  average of 3 5  thunde r s to rms  a 

y e a r ,  w i t h  maximum frequency i n  e a r l y  smmer. High winds near 60 mph, 

heavy precipitation, and h a i l  a re  r eco rded  abou t  once e v e r y  4 y e a r s .  

The 10-year, 24-41 r a l n f a l l  f o r  t h e  s i t e  i s  d e f i n e d  a s  4 . 9  in .  

I n  40 years of record  keep ing ,  t h e r e  have been 20 t o r n a d o e s  

r e p o r t e d  w i t h i n  50 mi les  of t h e  s i t e .  % i s  moder,ntel.y h i g h  f r equency  of 

t o r n a d o  a c t i v i t y  i n d i c a t e s  a need t o  d e s i g n  Se i smic  CategQrY I s t r u c -  

tures a t  the s i t e  for t h e  p o s s i b i l i t y  of a n  o n - s i t e  t o rnado .  bfaxirnum 

L O r A a d O  f r equency  occurs  d u r i n g  t h e  months rJf May and June. 

During t h e  p a s t  40 years ,  t h e r e  have been t e n  s torm i n  which 

f r e e z i n g  r a i n  h a s  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 to rms  have occur red  i n  early December. 

E.6.5 P o t e n t i a l  ncci.dent release meteorol.om 

use the I a t e s t  ~ u e l e a r  Kegxilatory Commission (NRC)  r e q u i r e m e n t s 2  

The N o r t h  R ive r  p r o v i d e s  an  a d e q u a t e  source  of raw makeup water  for  

t h e  s t a t i o n .  The average maximum t empera tu re  i s  75'F, and t h e  average 

m i n i m m  i s  39°F. The mean a n n u a l  t e m p e r a t u r e  i s  57'P. 

U.S. Ar9ny Carps of Eng inee r s '  s t u d i e s  i n d i c a t e  t h a t  t h e  100-year 

mximim f l o o d  l e v e l  rose t o  8 f t  above r:he mean r i v e r  t r v e l .  Ncar t h e  

s i t e  there  are no dams t h a t  could f a i l  and c a u s e  t h e  r i v e r  t u  r i se  above 

the  8 - f t  l e v e l .  
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