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NONFUEL OPERATION AND MAINTENANCE COSTS M)R LARGE 
STEAM-ELECI'RIC POWER PLANTS - 1982 

. 

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

Revised gu ide l ines  f o r  1982 a r e  presented f o r  es t imat ing  
annual nonfuel ope ra t ion  and maintenance c o s t s  f o r  l a rge  steam- 
e l  e c t r i c power p l  an t  s , spe c i  f i c a l  l y  1 i gh t-wa t e  r-r eac t o r  p l an t  s 
and coa l - f i red  p l a n t s .  Previous gu ide l ines  were publ ished i n  
January 1979 i n  ORNL/TM-6467, A fiocedure for ,Es t imat ing  NonfueZ 
Operation and Maintenance Costs f o r  Large S team-nectr ic  Power 
Ptants .  Estimates  f o r  coa l - f i red  p l a n t s  include the opt ion  of 
scrubbing f o r  flue-gas desu l fu r i za t ion .  A computer program, 
OMCOST, t h a t  covers  a l l  p l an t  op t ions  i s  a l s o  revised.  

Kevwords: ope ra t ion  and maintenance cos t s ,  power p l a n t  
economics, economic eva lua t ions ,  LWR, coal  p l a n t s ,  steam- 
e l e c t r i c  p l a n t s ,  f l u e  gas desu l fu r i za t ion .  

1. INTRODUCTION 

This  r e p o r t  d e l i n e a t e s  a procedure f o r  es t imat ing  annual nonfuel op- 
e r a t i o n  and maintenance (06M) c o s t s  f o r  l a r g e  s team-e lec t r ic  power p l an t s .  
Since 1978, when the  previous cost-est imat ing procedure was developed 
and r epor t ed  i n  ORNL/TM-6467 (Ref. 11, a number of developments have af-  
f ec t ed  p a r t s  of the  procedure s i g n i f i c a n t l y .  The e x i s t i n g  l a r g e  genera- 
t i o n  sources  f o r  new baseload s team-e lec t r ic  power p l a n t s  a r e  the  l i g h t -  
water r e a c t o r  (LWR) p l a n t s  and t h e  coa l - f i red  p l a n t s .  The LWR p l a n t s  
incorpora te  the  concepts  of both the  boiling-water r e a c t o r  (BWR) and t h e  
pressurized-water r e a c t o r  (PWR). The LWRs a r e  t r e a t e d  i n  the  800- t o  
1200-MW(e) c l a s s  and i n  arrangements of one t o  fou r  u n i t s  per  p l a n t  s i t e ;  
coal  p l a n t s  a r e  s i m i l a r l y  t r e a t e d  i n  u n i t  s i z e s  of 400 t o  800 MW(e). 
S i g n i f i c a n t  cos t  developments i n  LWR p l a n t s  have increased  the  c o s t s  of 
ope ra t ing  the  p l a n t ,  managing phys ica l  s e c u r i t y ,  and conforming wi th  
s t a t e  and f e d e r a l  r egu la t ions .  I n  add i t ion ,  p l a n t  ope ra to r s  have concen- 
t r a t e d  t h e i r  e f f o r t s  on maintaining h igh  p l a n t  output .  The r e s u l t  i s  
t h a t  t he  use of labor  and m a t e r i a l s  has increased  a t  r a t e s  i n  excess  of 
t h e  i n f l a t i o n  r a t e .  

Tables  1.1 and 1.2 show comparisons of the  1982 cost-est imat ing 
gu ide l ines  developed i n  t h i s  study wi th  the  1978 cost-est imat ing guide- 
l i n e s  deve1ope.d i n  a previous study. Both s e t s  of c o s t s  a r e  presented  i n  
1982 d o l l a r s  t o  f a c i l i t a t e  t he  comparisons. Nuclear p l a n t  0 & M  cos t  e s t i -  
mates have more than  doubled p r i n c i p a l l y  because of increases  i n  o n s i t e  
s t a f f i n g  requirements ,  o f f s i t e  support  s e rv i ces ,  insurance c o s t s ,  and 
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Table 1.1. Comparison of 1982 and 1978 annual 
O&M cost-est imat ing gu ide l ines  f o r  a 

1 x 1150-MW(e) PWR p l a n t  a t  
65% capac i ty  f a c t o r  

( m i l l i o n s  of 1982 d o l l a r s )  

~ ~-~ 

1978a 1982 

Onsi te  s t a f f  6.6 14.8 

Ma i n t  enance mat e r i a1 s 2.3 4.3 

Suppl i e s  and expenses 6.0 5.5 
Regul a t o r y  fees ,  inspec t  ions,  0.1 0.5 

O f f s i t e  support  s e r v i c e s  0 3.7 

Insurance 0.4 6 .O 

8.6 Adminis t ra t ive and general  

Tota l  17.6 43.4 

- -- 

and reviews 

- 2.2 - 

ORNL/TM-6467 (Ref. 1) e s c a l a t e d  t o  1982 a 
dol  1 a r  s . 

Table 1.2.  Comparison of 1982 and 1978 annual 
O&M cost-est imat ing gu ide l ines  f o r  a 
2 x 575-MW(e) coa l - f i r ed  p l a n t  a t  

65% capac i ty  f a c t o r  

( m i l l i o n s  of 1982 d o l l a r s )  

1978a 1982 ---------- 
Onsi te  s t a f f  _ t  9.9 9.5 

Maintenance m a t e r i a l s  4.2 4 .O 

Suppl i e s  and expenses ,16.7 13 .5 
Regul a to ry  fees ,  inspec t  ions,  0 0 

and reviews 

O f f s i t e  support  s e rv i ces  0 1.1 

Insurance 0 0.2 

8.4 - 1.7 - Adminis t ra t ive  and genera l  

To ta l  32 .5 36.7 
_I__I --_I_ 

ORNLJTM-6467 (Ref. 1) e s c a l a t e d  t o  1982 a 

dol  1 a r s .  

. 

i 
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admin i s t r a t ive  and general  expenses. The -10% increase  f o r  coal  p l a n t s  
i s  due t o  the  inc rease  i n  admin i s t r a t ive  and general  expenses p a r t i a l l y  
o f f s e t  by decreases  i n  o n s i t e  s t a f f i n g  requirements and supp l i e s  and ex- 
penses r e l a t e d  t o  flue-gas d e s u l f u r i z a t i o n  systems. Insurance c o s t s  and 
o t h e r  admin i s t r a t ive  and general  expenses, which a r e  included here ,  a r e  
not  t r a d i t i o n a l l y  included i n  0 & M  expenses r epor t ed  by e l e c t r i c  u t i l i t i e s  
t o  the  f e d e r a l  government. Insurance c o s t s  inc lude  premiums f o r  property- 
damage insurance,  nuc lea r  l i a l5 i l  i t y  insurance,  and replacement power in- 
surance.  Other admin i s t r a t ive  and general  expenses a r e  u t i l i t y  company 
overhead c o s t s  t h a t  a r e  not  chargeable  t o  t h e  d i r e c t  O&M c o s t  accounts.  
They include an  a l l o c a t i o n  f o r  compensation f o r  execut ives  and r e l a t e d  
expenses, l e g a l  expenses, c e r t a i n  r egu la to ry  expenses, and ou t s ide  
se rv ices ,  

func t ions  t h a t  r ep resen t  h i s t o r i c a l  experience p lus  new f a c t o r s  a r i s i n g  
from regula tory ,  opera t ing ,  and economic cons idera t ions .  There i s  neces- 
s a r i l y  a good dea l  of sub jec t ive  judgment i n  a l l o c a t i n g  c o s t s  t o  the  va r i -  
ous expense accounts because a l l  f a c t o r s  a f f e c t i n g  performance and O&M 
c o s t s  a r e  not r e a d i l y  q u a n t i f i e d  o r  segregated.  Fac to r s  considered i n  
formulat ing gu ide l ines  were p l an t  design,  t r a i n i n g ,  organiza t ion ,  person- 
ne l  motivat ion,  outage planning, regula tory  requirements,  load, hours of 
s e rv i ce ,  and number of outages and s ta r t -ups .  

OMCOST computer program t h a t  i s  designed t o  a s s i s t  i n  examining average 
t r ends  in cos t s ,  determining s e n s i t i v i t y  t o  t echn ica l  and economic fac-  
t o r s ,  and providing c o s t  p ro j ec t ions .  These procedures a r e  not  subs t i -  
t u t e s  f o r  d e t a i l e d  ana lyses  of s p e c i f i c  power p l an t  p r o j e c t s  bu t  do per- 
m i t  r ap id  eva lua t ions  using va r ious  s e t s  of economic and t echn ica l  ground 
r u l e s .  The computer program is w r i t t e n  i n  FORTRAN N f o r  the IBM s e r i e s  
of d i g i t a l  computers and r e q u i r e s  about 52 K by tes  of core. Execution 
time f o r  20 cases  i s  about 1 s on t he  IBM 3330. The program can be ob- 
t a ined  from the  Nat ional  Energy Software Center,  Argonne Nat ional  Labora- 
to ry ,  9700 South Cass Avenue, Argonne, IL 60439. 

The cost-est imat ing procedure involves  the  a p p l i c a t i o n  of empir ical  

I 

The procedures f o r  determining O&M c o s t s  a r e  incorporated i n  the  

. 
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2. FACrORS AND TRENDS AFFECTING ObM COSTS 

2.1 General Fac to r s  

Many f a c t o r s  and t r ends  a f f e c t i n g  annual c o s t s  a r e  common t o  a l l  
p l a n t  concepts,  whereas o t h e r s  a r e  re la te 'd  t o  the  f u e l  and t o  the  p l a n t  
s i t e .  I n  r ecen t  y e a r s  p o l i t i c a l ,  regula tory ,  t echn ica l ,  and s o c i a l  in- 
f luences ,  along wi th  changing phi losophies  of management and opera t ions ,  
have had s t rong  inf luence .  These a r e  not  adequately r e f l e c t e d  i n  the  
h i s t o r i c a l  da ta  now a v a i l a b l e  pub l i c ly .  Therefore ,  da t a  from pub l i c  
records  a r e  not  always app l i cab le  u n t i l  ad jus t ed  f o r  recent  e f f e c t s  i n '  
those a reas  t h a t  a r e  changing. Although gross  d o l l a r s  expended f o r  
o v e r a l l  ope ra t ions  may be ava i l ab le ,  segrega t ion  of these  d o l l a r s  i n t o  
the  major cos t  c a t e g o r i e s  of labor ,  ma te r i a l s ,  o r  systems e i t h e r  i s  not  
s u f f i c i e n t l y  d e t a i l e d  t o  i d e n t i f y  expendi tures  o r  i s  considered company 
c o n f i d e n t i a l  and not  ava i l ab le .  Because t h i s  breakdown f o r  making projec-  
t i o n s  was lacking ,  a method was developed t o  e s t ima te  the  revenue re- 
quirements, according t o  major c o s t  accounts,  f o r  s eve ra l  arrangements of 
p l an t s ,  two major near-term f u e l s ,  and a range of capac i ty  f a c t o r s ;  The 
e s t ima tes  der ived  by t h i s  method a r e  gene ra l ly  based on i npu t s  of labor ,  
ma te r i a l s ,  and supp l i e s  and on r e l a t i o n s h i p s  judged appropr ia te .  

2.1.1 P l a n t  s i z e  and number of u n i t s  

I n  p r a c t i c e ,  s e l e c t i n g  u n i t  s i z e ,  f u e l ,  and number of units i s  com- 
plex.  This  dec i s ion  i s  e s p e c i a l l y  d i f f i c u l t  i n  t he  p re sen t  economic con- 
d i t i o n s .  Three important components considered i n  t h e  eva lua t ion  of bus- 
b a r  energy c o s t s  a r e  the  f i x e d  charges on t he  p l a n t  c a p i t a l  investment, 
ObM expense, and f u e l  expense. H i s t o r i c a l l y ,  ObM c o s t s  a r e  the  l e a s t .  
This component has  become more important because of recent  opera t ing  re- 
quirements and now compares wi th  the  f u e l  cos t  f o r  some o lde r  opera t ing  
nuc lea r  p l an t s .  This  i s  not  t r u e  f o r  coa l  p l a n t s  s ince  f u e l  c o s t s  a r e  
very  high. 

a r e  400 t o  800 MW(e). 
u n i t s  of d i f f e r e n t  s i z e s  - f o r  example, t h r e e  800-MW(e) coa l  u n i t s  might 
be compared wi th  two 1200-MW(e) nuc lear  u n i t s  o r  two 600-MW(e) o r  t h ree  
400-MW(e) coa l  u n i t s  w i th  one 1200-DiW(e) nuc lea r  un i t .  

New nuclear  u n i t s  a r e  predominantly 1200 MW(e), whereas coa l  u n i t s  
Thus the  eva lua t ion  of new p l a n t s  may involve 

2.1.2 R e t r o f i t t i n g  

Examples of ou ts tanding  r e t r o f i t t i n g  requirements f o r  nuc lear  p l a n t s  
inc lude  r e a c t o r  s a f e t y  systems, r ad ioac t ive  waste systems, and h e a t  r e j  ec- 
t i o n  systems inc luding  c o n t r o l s  and ins t rumenta t ion .  Also, a f t e r  c o m e t  
c i a 1  ope ra t ion  begins ,  the  cool ing  systems, gas c leaning  systems, and 
waste management systems of coa l  p l a n t s  may undergo major des ign  modifica- 
t i o n s  t o  incorpora te  improved ope ra t ion  economics o r  meet new regu la to ry  
requirements.  Expenses f o r  these  a l t e r a t i o n s  a r e  p r imar i ly  of a c a p i t a l  

Y 

. 
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investment cos t  na ture ;  a l though i n  p r a c t i c e  f o r  small p r o j e c t s ,  the  
charges  may appear t o t a l l y  o r  i n  p a r t  i n  t he  annual ObM cos t .  In  t h i s  
r epor t ,  such c o s t s  a r e  assumed t o  be major changes and c a p i t a l i z e d .  

2.1.3 Unit  outages 

Nuclear p l a n t s  a r e  sub jec t  t o  planned shutdowns f o r  rou t ine  re fue l -  
ing and requi red  in spec t ion  procedures;  t hese  shutdowns permit some p l a n t  
maintenance t h a t  may not be s i m i l a r l y  afforded t o  fos s i l - fue l ed  p l a n t s .  
In f a c t ,  coal  p l an t  maintenance may be reduced t o  meet system load. On 
t h e  o the r  hand, nuc lear  p l a n t s  a r e  a l s o  sub jec t  t o  mandatory inspec t ion  
outages a s  a r e s u l t  of condi t ions  found i n  s i m i l a r  r e a c t o r s  a t  o ther  

I p l a n t s .  Some shutdowns a r e  o f t e n  b r i e f  ( 3  t o  6 d ) ,  bu t ,  by t h e i r  f r e -  
quency, add up t o  unexpected maintenance expenses a s  wel l  a s  replacement 
power c o s t s  u sua l ly  of a higher  magnitude. 

Estimated p l a n t  a v a i l a b i l i t y  f a c t o r s  f o r  d i f f e r e n t  types of outages 
a r e  given i n  Table 2.1. A few u t i l i t i e s  had much b e t t e r  performance con- 
s i s t e n t l y ,  whereas o t h e r s  and the  indus t ry  average were lower. In t h e  
near term, average performance f o r  the indus t ry  w i l l  be a f f e c t e d  by the  
ope ra t ion  of new systems - a f a c t o r  t h a t  does not  tend t o  improve ava i l -  
a b i l i t y .  Since 1978, nuclear  u n i t s  have been sub jec t  t o  increased out- 
ages f o r  s a f e t y  o r  c o r r e c t i v e  a c t i o n  needs. The impact on average annual 
a v a i l a b i l i t y  i s  not c l e a r l y  def ined  a t  t h i s  time, although an allowance 
i s  given i n  Table 2.1. 

Table 2.1. Estimated a v a i l a b i l i t y  of 1200-MW(e) LWR u n i t s  
and 800-MW(e) coal  u n i t s  i n  t h e  United S t a t e s  

Estimated outage da ta  
[weeks per  y e a r  (percentage r a t e ) ]  Av a i 1 ab i 1 it y 

Force da Scheduled Unscheduled 

P lan t  type (percentage r a t e )  

Coal 6 (11.5) 6 (11.5) 1 (1.9) 75 
Coal wi th  FGD 7 (13.5) 6 (11.5) 3 (5.8) 69 
LWR 6 (11.5) 8 (15) 4 (7.7) 66 

a Equivalent forced  outage da ta  a r e  not  considered. 

2.1.4 P lan t  p r o t e c t i o n  

Because of pub l i c  s a f e t y  cons idera t ions ,  p l a n t  p r o t e c t i o n  f o r  nu- 
c l e a r  power p l a n t s  has  become a regula ted  a c t i v i t y .  Personnel s a f e t y  
o n s i t e  and proper ty  p r o t e c t i o n  a r e  the p r i n c i p a l  concerns f o r  coa l  p l a n t s  
and a l s o  apply t o  nuc lear  p l an t s .  Assurance of a r e l i a b l e  power supply 
i s  important f o r  both cases .  
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2.1.4.1 Plan t  Dhysical Drotect ion.  Operators  of nuc lea r  p l a n t s  
a r e  r equ i r ed  t o  prepare  and implement s e c u r i t y  p lans  o r  procedures t h a t  
meet the  approval of t he  Nuclear Regulatory Commission (NRC). Current ly ,  
s e c u r i t y  a t  coa l  p l a n t s  i s  minimal, and some p l a n t s  have no formal se- 
c u r i t y  s t a f f .  However, cons ider ing  the  many occurrences of damage t o  
both publ ic  and p r i v a t e  proper ty ,  t h i s  expense f o r  p l a n t  s e c u r i t y  i s  in- 
cluded f o r  a l l  coa l  p l an t s .  Personnel s t a f f i n g  f o r  nuc lear  p l a n t s  as- 
sumed f o r  t h i s  r e p o r t  meets t he  cu r ren t  resource guard requirement of 
10 CFR P a r t  73.55 and NRC’s  Physical  Upgrade Rule.a For c o s t  assessment 
purposes, s e c u r i t y  personnel a r e  o u t l i n e d  i n  Table 2.2. The da ta  f o r  
s p e c i f i c  p l a n t s  w i l l  vary from the  va lues  shown. Since 1978, s e c u r i t y  
personnel  have increased,  and the  s k i l l  requirements a r e  g r e a t e r .  Per- 
sonnel s e l e c t i o n  and t r a i n i n g  have a l s o  been upgraded. Contract  s e r v i c e  
i s  used by many u t i l i t i e s  and t h e r e f o r e  may not  be included i n  s t a f f  num- 
bers .  Because of t he  s e c u r i t y  na tu re  of t h i s  work, t he  number of person- 
ne l  i s  not  repor ted  o r  i s  c o n f i d e n t i a l .  Tes t ing  and maintenance of in- 
t r u s i o n  alarms, emergency alarms, access  con t ro l  equipment, communication 
equipment, phys ica l  b a r r i e r s ,  and o the r  s ecu r i ty - r e l a t ed  devices  add a n  
important amount of work t o  the  annual maintenance cos ts .  P l an t  mainte- 
nance outages a l s o  increase  s e c u r i t y  requirements.  

Table 2.2. Physical  s e c u r i t y  force  f o r  
nuc lear  and coal  p l a n t s  

-~ 

Number Of Captains  Lieu tenants  O f f i c e r s  Clerks  To ta l  p l a n t  u n i t s  

N a,b u c l e a r  

1-4 1 7 84 3 94 

- Coal 

1-4 1 6 7 

‘Staffing f o r  nuc lear  p l a n t s  i s  f o r  cos t  assessment only; 
t he  a c t u a l  arrangement w i l l  probably d i f f e r  f o r  each p l a n t  t o  
meet t he  requirements  of 10  CFR P a r t  73.55 and NRC’s Phys ica l  
Upgrade Rule. 

bExtended p l a n t  outages r e q u i r e  a d d i t i o n a l  forces .  

2.1.4.2 P l a n t  f i r e  Drotect ion.  The purpose of f i r e  p r o t e c t i o n  
systems f o r  nuc lear  power p l a n t s  is t ~ o f o l d . ~  The f i r s t  i s  t o  main ta in  
t h e  a b i l i t y  t o  perform e s s e n t i a l  s a f e t y  func t ions  t o  l i m i t  r a d i o a c t i v e  
r e l e a s e  t o  t h e  environment t o  acceptab le  l e v e l s  i n  the  event  of a f i r e .  
The second r e l a t e s  t o  insurance a s p e c t s  t o  p r o t e c t  t he  i n t e r e s t s  of 
u t i l i t y  company s tockholders .  

, 

. 
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Since the  Browns Fer ry  f i r e  i n  1975, a concern and l a c k  of phenomeno- 
l o g i c a l  understanding about f i r e s  has r e s u l t e d  i n  what has been c a l l e d  a 
"defense-in-depth"5 r egu la to ry  po l i cy  f o r  power p l a n t  f i r e  p ro tec t ion .  
In October 1980, t he  NRC f i r e  p r o t e c t i o n  r u l e  was passed. The r u l e  af-  
f e c t s  a l l  p l a n t s  l i c e n s e d  before  1980 and r e q u i r e s  r e t r o f i t t i n g  systems 
and equipment t o  a s su re  t h a t  f i r e  would not  des t roy  redundant s a f e t y  sys- 
tems. Another r u l e 6  being considered f o r  1983 promulgation would a f f e c t  
p l a n t s  wi th  post-1980 opera t ing  l i c e n s e s .  These p o l i c i e s  r e q u i r e  the  use 
of numerous measures t o  prevent  and con t ro l  f i r e s ,  including requirements  
f o r  f i r e  re ta rdancy ,  automatic de t ec t ion ,  f i r e  b a r r i e r s ,  automatic sup- 
press ion ,  and f i r e  br igades.  The impact on p l a n t  O&M a c t i v i t i e s  i s  not  
we l l  def ined  because of i n t e r p r e t a t i o n s  and s p e c i f i c  p l a n t  conf igu ra t ion  
needs. Except f o r  c e r t a i n  t e s t i n g  and maintenance of hardware, the  per- 
sonnel involved a r e  p r i n c i p a l l y  supervisory o r  technica l .  

2.1.5 Buildings and grounds 

Housekeeping and grounds upkeep involves  a number of people,  espe- 
c i a l l y  f o r  nuc lear  p l an t s .  This  po r t ion  of the  o n s i t e  s t a f f  is  not  con- 
s i s t e n t  among p l a n t s  because of work r u l e s  and ope ra t ion  philosophy. 
While coal  p l a n t  requirements  a r e  op t iona l ,  nuc lear  p l a n t s  a r e  under 
s t rong  p res su re  t o  main ta in  t h i s  work, which i s  c l o s e l y  supervised. This  
cleanup i s  p r i n c i p a l l y  r e l a t e d  t o  outage per iods.  Although a e s t h e t i c s  
and p r ide  i n  ope ra t ion  a r e  the more obvious r e s u l t s ,  nuc lear  p l a n t s  bene- 
f i t  i n  p a r t i c u l a r  due t o  inherent  problems r e l a t e d  t o  r ad ioac t ive  con- 
tamipat ion con t ro l .  Personnel f o r  these func t ions  a r e  c l a s s i f i e d  under 
admin i s t r a t ive  func t ions  i n  t h i s  r epor t .  

2.1.6 Tra in ing  and l i c e n s i n g  

Assuring pub l i c  s a f e t y ,  inc luding  o n s i t e  personnel,  and the  produc- 
t i o n  of e f f i c i e n t ,  r e l i a b l e  e l e c t r i c i t y  supply have brought on-going 
t r a i n i n g  and r o u t i n e  t e s t i n g  of personnel t c i  a high l e v e l  of importance. 
I n i t i a l  s t a f f  t r a i n i n g  t h a t  i s  conducted over a per iod  of months t o  y e a r s  
i s  incorpora ted  i n  the  p l a n t  construction-phase cos t s .  A l l  subsequent 
expenses during commercial ope ra t ion  a r e  charged t o  the  d i r e c t  O&M ac- 
count s. 

8-h s h i f t s  per  day. %pica l ly ,  a p l a n t  has about f.ive such teams allow- 
ing t h e  equiva len t  of two teams t o  be a v a i l a b l e  t o  cover maintenance out- 
ages,  s ickness ,  vaca t ions ,  o the r  miscel laneous personnel absences,  and 
t r a i n i n g .  Usually,  t he  s h i f t s  r o t a t e  8 h every week through a complete 
r o t a t i o n  of s h i f t s  every 4 weeks. Unlike nuc lear  p l a n t s ,  coal  p l a n t s  a r e  
not  subjec t  t o  f e d e r a l  regula tory  opera tor  l i cens ing .  Due t o  inc reas ing  
cos t  of coal  and replacement energy s ince  1978, the  p r i n c i p a l  changes 
have been t o  ensure  an ope ra to r ' s  complete f a m i l i a r i t y  with the  s p e c i f i c  
p l a n t  being operated.  U t i l i t i e s  have always acknowledged the  need f o r  
e f f e c t i v e  t r a i n i n g  f o r  personnel s a f e t y  and e f f i c i e n c y  of operat ion.  Now 
more e f f o r t s  a r e  needed because of the  in t roduc t ion  of more soph i s t i ca t ed  
c o n t r o l s  and a n a l y t i c a l  ins t rumenta t ion  and the  requirements f o r  more 

2.1.6.1 Coal p l an t s .  Coal p l a n t  opera tor  teams work one of t h r e e  



8 

r igo rous  ope ra t ing  condi t ions. '  Thus, t he  requirement f o r  h ighly  s k i l l e d  
and t r a i n e d  personnel has become very important.  Unlike the  experience 
of nuc lear  p l a n t s ,  ope ra to r s  i n  f o s s i l  p l a n t s  a r e  more l i k e l y  t o  be ex- 
posed t o  v i o l e n t  i n j u r y  and must be t r a i n e d  t o  cope wi th  and t o  minimize 
t h i s  personal  i n j u r y  a s  we l l  a s  l o s s  of p l a n t  opera t ion .  ' h o  r e c e n t  
events  i l l u s t r a t e  t h i s  l i t t l e  pub l i c i zed  f a c t  of coa l  p l a n t  l i f e .  On 
Sunday, August 7 ,  1977, a t  -6:30 AM, the  12-in. main steam l i n e  a t  t he  
Williamsburg S t a t i o n  Unit  5 of the  Pennsylvania E l e c t r i c  Company rup- 
tu red ,  k i l l i n g  s i x  men.8 These were p l a n t  personnel engaged i n  perform- 
ing a rou t ine  maintenance ope ra t ion  of t u rb ine  water  washing t o  c l e a n  
blading. The second event9 occurred a t  t he  Commonwealth Edison p l a n t  a t  
Pekin, I l l i n o i s .  A t  4:lO AM on October 14 ,  1980, a spontaneous explos ion  
i n  t h e  coal  breaker  room r e s u l t e d  i n  i n j u r y  t h a t  r equ i r ed  h o s p i t a l  c a r e  
f o r  7 of the  p l a n t ' s  15-person work force .  The same event  happening on 
t h e  day s h i f t  would have exposed many more people t o  in jury .  

2.1.6.2 Nuclear p l a n t s .  Nuclear p l a n t s  a r e  r egu la t ed  both i n  re- 
gard t o  key personnel and scope of s t a f f .  Since May 1979, i ndus t ry  
s tandards  have been subjec t  t o  t echn ica l  and even emotional analysis .10 
In 1978, t he  NRC i n i t i a t e d  overhaul and upgrading of t he  e n t i r e  opera tor  
t r a i n i n g  system. The impact on o n s i t e  s t a f f  has not  been s i g n i f i c a n t  i n  
adding l a r g e  numbers of s h i f t  ope ra to r s  but  has been more s i g n i f i c a n t  i n  
requirements  f o r  t echn ica l  support  and t r a i n i n g .  Many more t echn ica l  
people both o n s i t e  and o f f s i t e  a r e  involved i n  design and procedural  ac- 
t i v i t i e s  than  were prev ious ly  involved. A s  w i t h  coal  p l a n t s ,  opera tor  
teams work s i m i l a r  s h i f t  r o t a t i o n ,  but  key personnel  a r e  l i m i t e d  i n  dura- 
t i o n  of s h i f t  work. More work s h i f t s  o r  teams ( s i x  o r  more) a r e  provided 
t o  perform re1  i e f  , t r a i n i n g ,  and opera tor  func t ions .  Considering e i g h t  
people per  s h i f t  a t  an average cos t  of $40,000 per  y e a r  inc luding  f r i n g e s ,  
the  annual expense i s  $320,000 per  s h i f t .  The 3-year preopera t ion  on 
s i t e  i s  a l s o  a n  added cos t  t o  cons t ruc t ion  f o r  new p l a n t s .  

l a t o r  f a c i l i t i e s  f o r  personnel t r a i n i n g ,  now a l l  nuc lear  p l a n t s  a r e  under 
o b l i g a t i o n  t o  provide t h i s  f e a t u r e  along wi th  updated t r a i n i n g  provi- 
s ions.  The design and use of these t r a i n i n g  devices  a r e  under cons tan t  
review and a n a l y s i s  a t  t h i s  time. A s tudy i ssued  i n  January 1981 (Ref. 
12)  concludes t h a t  the  use of s imula tors  i n  t h e  nuc lear  i ndus t ry  has 
grown without  the  b e n e f i t  of e i t h e r  a sys temat ic  methodology o r  a compre- 
hensive r egu la to ry  s t r u c t u r e ;  a s  a r e s u l t ,  s imulator  requirements  and 
t r a i n i n g  programs a r e  s p e c i f i e d  l a r g e l y  by subj e c t i v e  judgment of t he  
t r a i n i n g  s t a f f ,  u t i l i t y  management, and poss ib ly  the  s imulator  vendor. 
The e f f e c t  t h a t  s t anda rd iza t ion  of t r a i n i n g  programs w i l l  have on annual 
c o s t s  i s  probably small  compared w i t h  the  c a p i t a l  investment c o s t s  f o r  
t r a i n i n g  f a c i l i t i e s .  

ing e f f o r t s  a l s o  involve a l l  o ther  work func t ions  inc luding  s e c u r i t y ,  
maintenance, records,  and p a r t i c i p a t i o n  i n  pub l i c  and p l a n t  emergency 
func ti  ons. 

While i n  1977 only  a s e l e c t  group of u t i l i t i e s l l  had in-house simu- 

As  wel l  a s  t echn ica l  and ope ra t iona l  upgrades, t r a i n i n g  and r e t r a i n -  

. 

. 
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2.1.7 Spare p a r t s  and consumables 

Requirements f o r  spare  p a r t s  i n  nuc lear  p l a n t s  a r e  sub jec t  t o  many 
f a c t o r s ,  which not  only a f f e c t  the  cos t  of i tems bu t  a l s o  the  number of 
p a r t s  required.  Storage,  handling, q u a l i t y ,  and maintenance require-  
ments and procedures add an important impact on c o s t s  compared wi th  coa l  
p l an t s .  Both p l an t  type inven to r i e s  a r e  sub jec t  t o  long o r  unce r t a in  
l e a d  t imes due t o  lengthy d e l i v e r y  schedules.  Many items can be f i e l d -  
r epa i r ed  on coal  p l a n t s  t h a t  cannot be f i e ld - r epa i r ed  on nuclear  p l a n t s  
because of the r e luc t ance  of maintenance se rv ice  companies t o  b i d  on work 
q u a l i f i e d  by nuc lear  s tandards.  Thus, new p a r t s  a r e  usua l ly  required.  
Such i tems may come from the  exchange of p a r t s  between u t i l i t y  companies 
o r  from s i m i l a r  equipment awai t ing i n s t a l l a t i o n  a t  another  p l a n t  under 
cons t r u c  t ion. 

p l an t  type except i n  quan t i ty  f o r  some items. Cost i nc reases  f o r  consum- 
ab le s  have approximately followed i n f l a t i o n  r a t e s .  

Since 1978, consumables have not  been s t rongly  a f f e c t e d  f o r  e i t h e r  

2.1.8 Environmental cons ide ra t ions  

Compliance wi th  developing and r ev i sed  gu ide l ines  from the  var ious  
f e d e r a l  regula tory  agencies  i s  considered f o r  major cos t  ca t egor i e s  i n  the  
s e c t i o n s  dea l ing  wi th  c o n t r o l l i n g  s o l i d ,  gas, and l i q u i d  wastes.  These 
s e r v i c e s  may r equ i r e  c o n t r a c t  and consul t ing  groups. The changes a f f ec t -  
ing ope ra t ing  c o s t s  have been l i m i t e d  t o  s p e c i f i c  ope ra t ion  processes  and 
p r a c t i c e s  i d e n t i f i e d  i n  Sect.  2.1 .ll a s  "by-products management." 

a r i e s  e i t h e r  a s  an  a i rborne  substance or  a s  overland movement may inf lu-  
ence opera t ing  c o s t s  by reducing power l e v e l s  and by r equ i r ing  new o n s i t e  
processes  . 

Federal  requirements regarding m a t e r i a l s  movement ac ross  s t a t e  bound- 

2.1.9 Personnel 

Fr inge c o s t s  f o r  personnel a r e  cont inuing t o  have a sfrong impact 
on t h e  annual average cos t  of employees i n  both  nuc lear  and coa l  p l an t s .  
While t o t a l  p l an t  employees per megawatt a r e  about the  same f o r  coal  
p l a n t s  a s  i n  1978, the  number has almost doubled f o r  nuc lear  p l an t s .  
Problems w i t h  s t a f f i n g  cont inue t o  abound because of the shortage of 
q u a l i f i e d  l abor  supply,  turnover,  overtime and s h i f t  work, p l an t  s i t e  
l oca t ion ,  and proximity t o  educa t iona l  i n s t i t u t i o n s .  

2.1.10 OSHA r e g u l a t i o n s  

The r e g u l a t i o n s  s e t  f o r t h  by the  Occupational Safety and Heal th  
Adminis t ra t ion (OSHA) a r e  p r imar i ly  d i r e c t e d  toward personnel s a f e t y  a s  
r e l a t e d  t o  normal opera t ions .  These r u l e s  apply equal ly  t o  coal  and 
nuc lear  p l an t s .  A s  i n  1978, it  i s  expected t h a t  such measures w i l l  
increase  wi th  time and wi th  changes i n  the  p o l i t i c a l  system. 
OSHA r u l e s  f o r  cancer-causing substances a r e  an example of poss ib l e  cos t  

Pending 



10 

impact on annual ope ra t ing  cos t s .  I n  t h i s  study, the  e f f e c t  of OSHA 
r u l e s  has  not  been shown sepa ra t e ly .  OSHA requirements  do not neces- 
s a r i l y  c r e a t e  ope ra t iona l  p e n a l t i e s .  I n i t i a l l y ,  implementation of OSHA 
requirements  was probably considered penal iz ing;  however, some innovat ive 
developments may have improved job  performance along w i t h  worker s a fe ty .  

2.1.11 By-vroducts management 

I t  I n  1977, Congress passed a law t o  manage hazardous wastes." This  
term is s t i l l  undefined, and t h e  scope has no t  been f u l l y  determined. 
There a r e  r egu la to ry  requirements regard ing  both nuc lear  m a t e r i a l s  and 
chemicals,  which apply t o  unavoidable by-products of power p l a n t  opera- 
t i ons .  The ques t ions  on u l t ima te  d i sposa l  s t i l l  e x i s t .  

products ,  which include flue-gas d e s u l f u r i z a t i o n ,  f l yash ,  and r e l a t e d  ma- 
t e r i a l s .  For nuc lear  p l a n t s ,  t he  f u e l  by-products managed a r e  low-level 
r ad ioac t ive  l i q u i d s ,  s o l i d s ,  and gases. High l e v e l  wastes  ( H L W )  a r e  
a s soc ia t ed  wi th  of f s i t e  spent-fuel management.14 Low l e v e l  wastes  (LLW) 
a r e  t r e a t e d  a s  dry and wet wastes.  The dry m a t e r i a l s  gene ra l ly  con ta in  
t r a s h  comprised of i tems such a s  paper,  rags ,  p l a s t i c s ,  rubber,  wood, 
g l a s s ,  and me ta l s  t h a t  can be c l a s s i f i e d  a s  combustible o r  noncombustible 
and compactible or  noncompactible. Most of t he  wet wastes  a r e  der ived  
from cleanup of aqueous processes  p r i o r  t o  r ecyc le  or  discharge t o  t h e  
environment. The volume of LLW i s  r e l a t e d  t o  r e f u e l i n g  and maintenance 
a c t i v i t i e s  o r  t o  r egene ra t ion  of ion  exchange r e s i n s .  In  genera l ,  PWRs 
genera te  l e s s  LLW (volume/MWh ou tpu t )  than  BWRs.15,16 Since 1978, han- 
d l i n g  c o s t s  have been impacted by waste d i sposa l  laws enacted by some 
s t a t e s .  These laws r e q u i r e  permi ts  t o  show evidence of l i a b i l i t y  insur- 
ance s p e c i f i e d  by the  s t a t e  and t o  hold  t h e  s t a t e  harmless wi th  respec t  
t o  " rad io logica l  i n j u r y  o r  damage" during t r a n s p o r t a t i o n  of waste i n t o  o r  
w i th in  the  s t a t e . l '  

There have been s i x  commercial LLW r e p o s i t o r i e s  i n  the  United S t a t e s ,  
but  only t h r e e  remain i n  ope ra t ion  w i t h  use very r e s t r i c t e d .  P r o j e c t i o n s  
by the  U.S. Department of Energy (DOE) of commercial LLW volumes r e q u i r i n g  
d i sposa l  through the  y e a r  2000 show t h a t  a d d i t i o n a l  d i sposa l  capac i ty  w i l l  
be needed. Within 10 years ,  the  d i sposa l  of low-level commercial wastes  
may r e q u i r e  f i v e  t o  seven r eg iona l  s i t e s ,  inc luding  t h e  t h r e e  c u r r e n t l y  i n  
opera t ion .  1 6  

I n  t h i s  r e p o r t ,  the  cos t  impacts a r e  es t imated  f o r  coa l  p l a n t  by- 

2.1.12 Federa l  and s t a t e  emergency overa t inn  requirements 

Following the  Three Mile I s l and  No. 2 (TMI-2) acc ident  in1979, fed- 
e r a l ,  s t a t e ,  and l o c a l  a u t h o r i t i e s  have i n s t i t u t e d  emergency procedures 
f o r  responding t o  major r a d i o l o g i c a l  events  a t  every nuc lear  power p l an t .  
Each p l a n t  must have p lans  f o r  o n s i t e  and o f f s i t e  (out t o  50 miles)  ap- 
p l i c a t i o n .  Ce r t a in  exe rc i se s  a r e  r equ i r ed  yea r ly ,  and the  t o t a l  proce- 
dure has  t o  be performed every 10 years .  One such demonstrat ion e s t i -  
mated t o  cos t  about $2 m i l l i o n  (Ref. 181, performed on J u l y  29, 1981, a t  
the  Zion Nuclear Power P lan t  of Commonwealth Edison Company, was an e n o r  
mous and complex exerc ise .  Some 2000 t o  3000 p r i n c i p a l  p l aye r s  i n  14 
c i t i e s ,  2 count ies ,  2 s t a t e s ,  2 s t a t e  c a p i t a l s ,  and t h e  NRC's  emergency 

. 

. 
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cen te r  i n  Bethesda, Maryland, were involved i n  t h i s  p a r t i a l  demonstration 
of the  emergency procedures.  A t  p resent ,  t he re  a r e  about fou r  such exer- 
c i s e s  per  month. This  number w i l l  more than double when present  p l a n t s  
being b u i l t  a r e  commi~s ioned .~9  Emergency procedure exe rc i se s  have been 
dec lared  by NRC t o  be p r o t e c t i v e  measures t o  b o l s t e r  the p r o t e c t i o n  pro- 
vided by s i t i n g  and engineer ing design fea tures .20  

2.2 P lan t  Fea tu res  and P r a c t i c e s  ' 

Each p l a n t  type has  unique requirements t h a t  con t ro l  the nonfuel 0 & M  
expense t o  varying degrees.  OdM a r e  l i k e l y  t o  be complicated by des igns  
incorporated i n  the  e a r l y  1970s. Optimizing the  l i m i t a t i o n s  of machin- 
ery,  people, and s u p p l i e r s  of equipment and m a t e r i a l s  r ep resen t s  an  or- 
gan iza t iona l  chal lenge without  p a r a l l e l . l l  Outages involve a need t o  
c o r r e l a t e  u n i t  commitment, o ther  power product ion systems, and f u e l  man- 
agement. Regulatory requirements,  inspec t ions ,  procedures,  records,  and 
approvals  r e q u i r e  c lose  cooperat ion among seve ra l  groups. 

t i v i t y  s ince  outage scheduling covers  a yea r  o r  more. Outages a r e  usu- 
a l l y  severa l  weeks i n  durat ion.  Choosing a schedule t o  minimize annual 
product ion c o s t s  involves  complex s imula t ions  and many approximations. 
Minimizing outage du ra t ion  f o r  coa l  p l a n t s  w i t h i n  "reasonable v a r i a t i o n s "  
may not have s i g n i f i c a n t  e f f e c t  on product ion cos ts .a1  Outage i n t e r v a l s  
must have f l e x i b i l i t y  t o  maximize average weighted a v a i l a b i l i t y .  Each 
p l an t  type has unique c h a r a c t e r i s t i c s  of loading,  capac i ty ,  fue l ,  and 
design. 

v a r i e s  even w i t h i n  a u t i l i t y .  While t h i s  p r a c t i c e  may appear a r b i t r a r y ,  
t he re  a r e  severa l  c o n t r o l l i n g  f a c t o r s  bes ides  philosophy: (1) l abor  prac- 
t i c e s ,  (2 )  a v a i l a b l e  replacement power, ( 3 )  s i z e  of f i x e d  l abor  fo rces ,  
and (4 )  o the r  personnel ava i l ab le .  P r a c t i c e s  a r e  now moving toward more 

Maintenance schedul ing f o r  opera t ions  purposes i s  a fu l l - t ime ac- 

The approach t h a t  an ind iv idua l  p l an t  takes  t o  conduct maintenance 

s tandard" maintenance wi th  the t rend  i n  s tandard  p l a n t  designs.  11 

2.2.1 BWR p l a n t s  

The d i r e c t  steam cyc le  i s  the  d i s t ingu i sh ing  f e a t u r e  of the BWR 
p lan t  design. In t he  BWR, steam i s  produced i n  the  r e a c t o r  ves se l ,  then 
routed d i r e c t l y  t o  the  turb ine ,  condensed, and r e tu rned  t o  the  r e a c t o r  
vesse l .  In t h e  process ,  the  need f o r  major components l i k e  a p r e s s u r i z e r  
and mul t ip l e  steam genera tors  i s  el iminated.  Maintenance h i s t o r i e s  have 
marked steam genera tors  i n  PWR p l a n t s  a s  s i g n i f i c a n t  c o n t r i b u t o r s  t o  l o s s  
of a v a i l a b i l i t y .  On t h e  o the r  hand, c e r t a i n  components such a s  conden- 
s a t e  deminera l izers  and o t h e r  s e rv i ce  systems i n  the  BWR p l a n t s  a r e  off-  
s e t t i n g .  Current product design and se rv ice  programs have a s s i s t e d  li- 
censees  t o  reduce r e f u e l i n g  and maintenance outages and minimize forced  
outages.  From 1975-1978, t he  NRC Gray Book showed a favorable  t rend  f o r  
BWR units i n  a v a i l a b i l i t y  and capac i ty  f a c t o r s  reaching 79 and 67%, re- 
spec t ive ly .  In 1979 and subsequently,  performance has been l e s s  favor- 
able .  The vendor o f f e r s  maintenance t r a i n i n g ,  engineer ing and t e s t  fa- 
c i l i t i e s ,  and o the r  s e r v i c e s  f o r  achievement of performance. 

e 



12 

H i s t o r i c a l l y ,  BWR p l a n t s  have shipped l a r g e r  amounts of r a d i o a c t i v e  
was tes  than  have PWR p lan t s .  With cu r ren t  l i m i t a t i o n s  on LLW r e p o s i t o -  
r i e s ,  va r ious  processes  and procedures  have g r e a t l y  reduced these  ship- 
ments f o r  both BWR and PWR p lan t s .  Therefore ,  it i s  expected t h a t  i n  t h e  
f u t u r e  such wide d i f f e rence .  w i l l  r e f l e c t  management techniques r a t h e r  
than  p l a n t  type. 

2.2.2 PWR v l a n t s  

As wi th  the  BWR p l a n t s ,  the  design of FVR p l a n t s  f o r  s a fe ,  r e l i a b l e ,  
and e f f i c i e n t  ope ra t ion  involves  a f u l l  knowledge and understanding of 
the  a c t i v i t i e s  t h a t  must be c a r r i e d  out t o  opera te  and main ta in  the  
p l an t .  The b i g  d i f f e r e n c e  from coal  p l a n t s  i s  t h a t  personnel access  t o  
components i s  complicated by personnel exposure t o  r a d i a t i o n ,  hea t ,  and 
i n e r t  gases,  and by exac t ing  procedures.  Because t h e r e  a r e  t h r e e  major 
vendors f o r  PWR p l a n t  r e a c t o r  systems, the  v a r i e t y  of poss ib l e  mainte- 
nance jobs  i s  g r e a t e r ,  and propr ie ta ry- informat ion  problems probably 
a r i s e  more f r equen t ly .  This  may appear a t  t he  p l a n t  l e v e l  a s  w e l l  a s  a t  
r egu la to ry  proceedings.  Current ly ,  owners' groups have been asked t o  
cons ider  modi f ica t ions  t o  e l imina te  o r  m i t i g a t e  the  e f f e c t s  of "severe 
overcool ing t r a n s i e n t s .  I' The r e p o r t s  must include schedules  f o r  remedial  
a c t i o n  and ana lyses  t o  support  continued opera t ion .a2  This  impact has  
not  been est imated.  

2.2.3 Coal v l a n t s  

The c r i t e r i a  f o r  the  design of coal  p l a n t s  a r e  many and va r i ed .  
Unit  s i z e  and coa l  c h a r a c t e r i s t i c s  a r e ,  however, the  most s i g n i f i c a n t  
f a c t o r s  in f luenc ing  t h e  design and power production. The a v a i l a b l e  
sources  of coal  wi th  the  a s soc ia t ed  f e d e r a l  emission r e g u l a t i o n s  on sul- 
f u r  oxides ,  n i t r o g e n  oxides ,  and p a r t i c u l a t e  ma t t e r  fo rce  the  use of a 
v a r i e t y  of c o a l s  and con t ro l  systems comparable t o  chemical indus t ry  
p r a c t i c e s .  The inf luence  t h a t  these  f a c t o r s  have on p l a n t  design and 
ope ra t ion  may be s i g n i f i c a n t  and i s  not  e a s i l y  determined u n t i l  p l a n t  
opera t ion .  For example, the ope ra t ion  of nonregenerat ive flue-gas de- 
s u l f u r i z a t i o n  equipment i s  expected t o  reduce the gross  output  of a high- 
s u l f u r  coal  p l a n t  by -5%. However, the  f u r t h e r  e f f e c t s  of coal  var i -  
a b i l i t y  may be even g rea t e r .  Without proper eva lua t ion ,  burning t h e  
lowest-cost coa l  may be more c o s t l y  i n  the  long run than burning more 
expensive higher-grade coa l . a3  

The same human f a c t o r s  apply t o  coa l  p l a n t s  a s  t o  nuc lear  
In t he  pas t ,  p l a n t  f a c i l i t i e s  were designed f o r  work f o r c e s  of a few 
hundred people. Now these  p l a n t s  a r e  confronted wi th  managing f o r c e s  of 
s eve ra l  hundred during outages.  Equipment access  i s  a l s o  a chronic  prob- 
lem o r i g i n a t i n g  i n  des igns  of the  e a r l y  1970s. 

Special  r e p a i r  procedures such a s  flame spraying and new sur fac ing  
a l l o y s  a r e  a v a i l a b l e  t o  coal  p l a n t s  and may con t r ibu te  t o  expedi t ing  re- 
p a i r s .  Vendors a r e  r e l u c t a n t  o r  w i l l  not  quote on s i m i l a r  a p p l i c a t i o n s  
f o r  r e p a i r  of nuc lear  p l a n t  equipment due t o  the  more s t r i n g e n t  spec i f ica-  
t i o n  requirements i n v 0 l v e d . ~ 5  Other r e p a i r  procedures  a r e  a v a i l a b l e  t o  
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coal  p l a n t s  and reduce the need t o  shut  down a t  inopportune t imes without  
s a c r i f i c i n g  personnel  or equipment s a fe ty .  

2.3 TMI-2 Accident 

2.3.1 Overview 

On March 28, 1979, Unit  2 of the  TMI Nuclear S t a t i o n  a t  Middletown 
(near  Harr isburg)  , Pennsylvania, began experiencing severe  opera t ing  d i f -  
f i c u l t i e s  r e s u l t i n g  i n  shutdown. Low-level r a d i a t i o n  was r e l eased  t o  the  
environment but  was not  s i g n i f i c a n t  t o  pub l i c  h e a l t h  or  s a fe ty .  The re- 
a c t o r  core was damaged s u b s t a n t i a l l y .  Extensive acc ident  reviews were 
conducted by o f f i c i a l  commissions, regula tory  bodies ,  and seve ra l  o the r  
groups. The NRC has  approved r e p o r t s  t h a t  conso l ida t e  c o r r e c t i v e  a c t i o n s  
der ived  from i t s  own and o the r  s t u d i e s  of the  accident .  Ce r t a in  require-  
ments under these  reviews remain t o  be def ined  e i t h e r  by a d d i t i o n a l  study 
o r  by NRC rulemaking. 

Other a c t i v i t i e s  by s t a t e  and f e d e r a l  agencies  i n  reviews r e l a t e d  t o  
nuc lear  power p l a n t s  a r e  i n  progress  o r  expected. In testimony be fo re  the  
House Subcommittee on Energy Research and Product ion on May 22, 1979, 
Milton Levenson s t a t e d :  

A s i g n i f i c a n t  number of the  lessons ,  perhaps the  ma jo r i ty  of 
lessons ,  w i l l  have nothing t o  do wi th  the acc ident ,  bu t  w i l l  be 
learned  because the system i s  being subjec ted  t o  a s c r u t i n y  
considerably more in t ense  than has  been the  case i n  the  pas t .  

One such cons ide ra t ion  by a s t a t e  i s  a nonresident  inspec tor  t o  monitor 
both the  u t i l i t y  opera t ions  and the  NRC r e s i d e n t  Another 
cons ide ra t ion  under review involves  NRC in spec t ion  f ees ,  which have not 
been updated s ince  1977. The a c t u a l  "custom" review of a r e a c t o r  u n i t  
exceeded by a f a c t o r  of 3 the present  f e e  The impact of 
"MI-2 on t h i s  case i s  not  i nd ica t ed  by NRC. Technical s p e c i f i c a t i o n  
reviews, which include TMI-2 ac t ions ,  i n spec t ions  f o r  s a f e t y  and safe- 
guards, and o the r  r e l a t e d  expenses (excluding f i n e s )  a r e  es t imated t o  
amount t o  about $400,000 annual ly  (1981 d o l l a r s ) . a a  Expenses can be ex- 
pected t o  inc rease  even without  a f e e  schedule r e v i s i o n  a s  more t echn ica l  
s p e c i f i c a t i o n s  a r e  f i l e d  t o  meet reviews and regula t ions .  

cont inue i n  the  fo re seeab le  f u t u r e ,  i n  d i r e c t  impacts on nuclear  p l a n t  
opera t ions  f o r  e x i s t i n g  and new opera t ing  l i c e n s e s .  The emphasis w i l l  
be on s t r i v i n g  f o r  the  cont inuing goal of "improved ~ a f e t y . " ~ g  
out  t h i s  goal  c o n s i s t s  of implementing mandates i n  NUREG-0737 (Ref. 30) 
and o the r  r egu la to ry  instruments ,  not  a l l  of which a r e  TMI-2 r e l a t ed .  
The nuc lear  power indus t ry  ( u t i l i t i e s ,  manufacturers,  and a r c h i t e c t -  
engineers )  i s  a l s o  i n s t i t u t i n g  many measures t o  minimize f u t u r e  abnormal 
occurrences of the  importance of the  TMI-2 shutdown. 

The af te rmath  of "MI-2 shutdown has  r e s u l t e d ,  and i s  expected t o  

Carrying 
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2.3.2 Ef fec t  on O W  c o s t s  

The annual opera t ing  c o s t s  i n  1982 d o l l a r s  f o r  implementing TBII-2 
c o r r e c t i v e  a c t i o n s  a t  a re ference  p l an t  a r e  es t imated  by cons ider ing  t h e  
p r i n c i p a l  e f f e c t s  i n  the  a rea  of opera t ions ,  t r a i n i n g ,  p ro fes s iona l  and 
t echn ica l  personnel ,  maintenance, and r e l a t e d  s u p p l i e s  and expenses. The 
f u l l  impact of TMI-2 changes cannot be completely ind ica t ed  because some 
a r e a s  a r e  s t i l l  i n  the  process  of study, i n t e r p r e t a t i o n ,  and implementa- 
t i on .  Except i n  t h i s  s ec t ion ,  the  annual c o s t s  of "MI-2 c o r r e c t i v e  ac- 
t i o n s  w i l l  not appear a s  a separa te  d i v i s i o n  of annual ObM cos t s .  The 
a c t i o n s  now apparent s ince  1979 a r e  

1. a l a r g e  inc rease  i n  commitment of resources  t o  on-going t r a i n i n g  in- 

2.  t a s k  a n a l y s i s  and human f a c t o r s  engineer ing e f f o r t s  f o r  a more ana- 

3.  S h i f t  Technical Advisor t r a i n i n g  programs and degree requirements f o r  

4 .  the  establ ishment  of gu ide l ines  and c r i t e r i a  f o r  ope ra t ions  a n a l y s i s  

volving s imula tors ,  i n s t r u c t o r s ,  and a d d i t i o n a l  s t a f f ;  

l y t i c a l  approach t o  opera t ions ;  

c e r t a i n  opera tors ;  and 

by u t i l i t i e s  through the I n s t i t u t e  of Nuclear Power Operat ions 
( I N P O I .  

An eva lua t ion  of the  TMI-2 c o r r e c t i v e  a c t i o n s  sugges ts  t h a t  ObM ex- 
penses f o r  a s ing le-uni t  nuc lear  p l a n t  a r e  increased  4 t o  8 m i l l i o n  dol- 
l a r s  per  year  (Table  2.3).  A review of NUREG0737* and indus t ry  a c t i o n s  
shows the  fol lowing i tems app l i cab le  t o  p l a n t  opera t ions :  

1. 
2 .  
3 .  
4 .  
5 .  

6 .  
7. 
8.  
9. 
10. 
11. 

S h i f t  Technical Advisors (STA) o r  equiva len t  i n  o the r  opera tors ,  
emergency a s s i s t a n c e  and communications con tac t s ,  
upgraded t r a i n i n g  f o r  l i c e n s e d  and unl icensed  personnel ,  
s h i f t  manning and overtime l i m i t a t i o n s ,  
opera t ing  procedure overhaul and updating, 
design and t echn ica l  reviews, 
responses  t o  NRC concerns, 
emergency prepar  edne s s , 
equipment t e s t i n g  and ope ra t ions  r e p o r t s ,  
opera t ions  support  and t echn ica l  da t a  cen te r s ,  and 
extended r a d i a t i o n  monitoring and gas sampling. 

The l i c e n s e e ' s  a d d i t i o n a l  personnel  chargeable  t o  TMI-2 a c t i o n s  a r e  dis-  
played i n  Table 2.3. Estimated c o s t s  have been presented  f o r  a s ingle-  

- 
NUREG-0737 , CZarif i c a t i o n  of TM Action Plan Requirements , was pub- 

l i s h e d  i n  November 1980. The document inc ludes  a t a b u l a r  form wi th  tech- 
n i c a l  c l a r i f i c a t i o n  of a l l  the post-TMI-2 approved requirements bu t  does 
not  c o n s t i t u t e  the  t o t a l  of the  TMI-2 Action Plan. Subsequently,  NRC de- 
termined t h a t  new requirements should be c o d i f i e d  i n t o  r egu la t ions .  In  
August 1981, NRC commissioners voted a g a i n s t  making NUREG0737 Action 
Plan i tems a rule . ' l  

* 
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. Table 2.3. Evaluation of annual costs for a 
single-unit nuclear plant to implement 

TMI-2 corrective actions 

Plant departments 
Number of 
per s o m e  1 
additions 

Site operations . 1-12 

Site training 6-12 
Professionallteohnical 

Onsi te 12-24 
Offsite 12-24 

Maintenance 6-12 

Personnel totals 37-84 

For estimating purposes 40-80 

- 

costs 

Total annual personnel cost, $1000 3000-6000 

Related supplies and expenses, $1000 1000-2000 

Total annual cost, $1000 4000-8000 . - 

unit plant. For a 2-, 3-, and 4-unit plant at the same site, the multi- 
plying factors to adjust costs are -1.5, 1.9, and 2.3, respectively. It 
is generally expected that more efficient utilization of technical, pro- 
fessional, and maintenance personnel results at multiple-unit plants. 
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3. O&M EXPENSE ACCOUNTS 

Appendix A con ta ins  exce rp t s  from the  Code of Federal  Regula t ions  
governing t h e  Federal  Energy Regulatory Commission (FERC), 18 CFR 101, 
def in ing  OdM expense accounts.  This s tudy i s  concerned only  wi th  the  
nonfuel accounts and t h e  share  of admin i s t r a t ive  and general  expenses 
a l l o c a t e d  t o  the  power p l an t .  

I n t e r n a l  ope ra t ing  r eco rds  of u t i l i t y  companies may c o n s i s t  of hun- 
dreds  of e n t r i e s .  From these e n t r i e s ,  which a r e  unique t o  each u t i l i t y ' s  
account ing needs, an annual summary is  prepared f o r  the  annual r e p o r t  t o  
be submitted t o  FERC on Form 1. The d e t a i l e d  da t a  used t o  prepare  these  
annual summaries a r e  not  a v a i l a b l e  f o r  pub l i c  inspec t ion ;  however, the  
da t a  submitted on Form 1 by a given u t i l i t y  company a r e  a v a i l a b l e  f o r  
pub l i c  i n spec t ion  a t  t he  pub l i c  document room of FERC i n  Washington, D.C. 
The da ta  f o r  a l l  r e p o r t i n g  u t i l i t i e s  a r e  assembled by the  Energy Informa- 
t i o n  Adminis t ra t ion  (EIA) and publ ished annually.31 Table 3.1 d i s p l a y s  
t h e  r epor t ed  nonfuel O&M expenses f o r  a two-unit nuc lear  p l a n t  over a 
per iod  of s eve ra l  years .  Although ind iv idua l  p l a n t  accounts  vary consid- 
e rab ly ,  the  t o t a l  d i r e c t  c o s t  per  kilowatt-hour a t  t he  busbar f o r  t h i s  
p l a n t  i s  almost l e v e l  from 1974-1978. Beginning i n  1979, t he  t rend  r i s e s  
sharply.  

An example of a u t i l i t y  company summary breakdown of nonfuel O&M ex- 
penses i s  given i n  Table 3.2. This  da t a  and the  breakdown i n  Table 3.1 
i l l u s t r a t e  some of the  d i f f e r e n c e s  i n  r epor t ing ,  such a s  combined l abor  
and m a t e r i a l  c o s t s ,  t o t a l  genera t ion  system compared w i t h  b e s t  u n i t ,  and 
annual and monthly r epor t ing ,  t h a t  makes eva lua t ion  of i nd iv idua l  cos t  
accounts  d i f f i c u l t .  - 

For t h i s  r e p o r t ,  an account ing breakdown has been devised t h a t  in- 
c ludes  t h e  major c o s t  a r e a s  but does not  de f ine  expenses f o r  i nd iv idua l  
accounts i n  t h e  r e a c t o r  or  b o i l e r  p l a n t  and i n  t h e  tu rb ine  p l an t .  The 
breakdown (Table 3.3) i s  designed t o  f a c i l i t a t e  t he  d e r i v a t i o n  of c e r t a i n  

' c o s t s  r e l a t e d  t o  expendi tures  f o r  personnel ,  consumables, and i n d i r e c t  
expense. The d i r e c t  accounts  encompass those nonfuel expenses def ined i n  
Steam Power Generat ion accounts 500-514 and Nuclear Power Generat ion ac- 
counts  517-532; t h e  i n d i r e c t  account encompasses Adminis t ra t ive  and Gen- 
e r a l  Expenses accounts  920-932 a s  a l l o c a t e d  t o  the  power p l an t .  Variable  
c o s t s  a r e  accounted f o r  i n  two subaccounts - v a r i a b l e  maintenance mate- 
r i a l s  and v a r i a b l e  supp l i e s  and expenses. A l l  o the r  accounts  a r e  f i x e d  
expenses, t h a t  i s ,  cons tan t  or  nea r ly  so wi th  p l an t  output .  Sec t ion  4 
g ives  guides  and bases  f o r  es t imat ing  c o s t s  f o r  each of t he  nonfuel OdM 
expense accounts  i n  Table 3.3. 
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Table 3.1. Actual nonfuel 06M expenses f o r  a two-unit nuclear  p lan t  1500 W ( e )  each] 

-- 
Year 

---l-l_-_ll-m_-------l_I-----y--y-------- y-y----__-_--- Account 
1974 1975 1916 1977 197 8 1979 1980 1981 

~ ~ I y I I ~ - - - - ~ - - - - - - - - - - - y Y - - - - - ~ ~ ~ - - ~ ~ - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

b e r a t i o g  

Supervis ion and engineer ing 517 $ 465.170 $ 116.901 $ 417.602 $ 445.620 $ 498.000 $ 561.965 $ 764.461 
Coolants and water  519 166,946 396.65a 27 5,376 219,288 351.000 284.060 413,232 
Steam expenses 520 997,533 1,230,266 1,s 82,3 30 2,2 11,s 12  1,702,000 2,2 15,3 51 3,037,226 
E l e c t r i c  expense s 523 99,462 101.441 110,388 13 0.354 123.000 165,930 167,051 
M i  s ce 1 1 ane ous e xpe use s 524 986.253 1,726,230 1,609,282 1,697,330 1,813,000 2,821,114 3.723.a44 

Maintenance 
Supervis ion and engineer ing 538 67,394 73.493 71,160 142,320 13 0,000 89,616 85,474 
S t r u c t u r e s  529 161,296 199,743 85.344 126,086 235.000 203,397 814,103 
Reactor p l a n t  equipment 53 0 966.232 1,429,738 1,280,780 1,277,302 1,498,000 4.535.031 6.816.906 
E l e c t r i c  p l a n t  53 1 1,243,081 722,661 1,054,088 1,600,910 858,000 1,283,414 1,710,183 
M i  s c e l  laneous 532 63.426 118,366 100.566 201,132 189,000 301,138 373.399 

Tota l  n o n f w l  06M $5.217.393 $6.175.497 $6.586.916 $6.312.528 $1.395.000 $12,461,616 $17,905,878 
-- -- -_I I-- --A --I I--- 

M i  11 s/kWh 0.8 0.9 0.9 1.1 1.0 1.8 3.0 3.ga 
_ I ~ _ Y ~ u ~ ~ y _ _ _ _ y y y ~ Y - - - _ y - I - I y I - - - - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

a Personal  communication (prel iminary est imate)  t o  M. L. Myers, February 1, 1982. 
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Tab le  3.2. D i r e c t  u n i t  power c o s t s  f o r  
i n t e r n a l  r e p o r t i n g  of n o n f u e l  06M 

expenses  f o r  c o a l  p l a n t s  
(month ly  r e p o r t )  1981 

- - - ~  i- - 
c o s t  

(mi l l s /kWh)  --- 
System B e s t  u n i t  

__ ---- - 
O p e r a t i n g  s u p e r v i s i o n  and 

O p e r a t i n g  l a b o r  
O p e r a t i n g  o t h e r  expenses  
Main tenance  s u p e r v i s i o n  , 

and e n g i n e e r i n g  
Main tenance  l a b o r  
Maintenance o t h e r  expense 
T r a i n i n g  
Othe r  p r o d u c t i o n  expense  

e n g i n e e r i n g  

T o t a l  c o s t  

0.085 ' 

0.666 
0.260 
0.091 

1 .'175 
0.942 
0.061 
0.175 

3.455 
- 

0.062 

0.362 ' 

0.057 
0.147 

0.371, 
-0.239 
0.023 . 
0 .OS8  

0.871 
-- 

. 
T a b l e  3.3. Nonfuel 06M expense  a c c o u n t s  

used i n  t h i s  r e p o r t  

_14-~-- I_c---__-_____ 

S t a f f  

D i r e c t  

Ma i n  t ena nc e mat e r i a 1  s 

F i x e d  
V a r i a b l e  . ,  

S u p p l i e s  and expenses  

F ixed  
V a r i a b l e  

a R e g u l a t o r y  f e e s ,  i n s p e c t i o n s ,  and r ev iews  

O f f s i t e  s e r v i c e s  a 

b 
. I n d i r e c t  

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

I n s u r a n c e  

a Expenses t h a t  can  be cha rged  
d i r e c t l y  t o  t h e  power p l a n t .  

bExpenses a l l o c a t e d  t o  t h e  power 
p l a n t .  
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4 .  COST-ESTIMATING GUIDELINES 

4 . 1  Personnel  

4.1.1 S t a f f  reauirements  

Evaluat ing personnel  needs i s  an  important f i r s t  s t e p  i n  es t imat ing  
t o t a l  annual O&M cos t s .  H i s t o r i c a l l y ,  a f u n c t i o n  of investment has  been 
usefu l  and i s  s t i l l  u se fu l  i n  c e r t a i n  cases  f o r  many maintenance appl ica-  
t i o n s  but  i s  not  a s  va luab le  t o  a s s e s s  t o t a l  0 & M  c o s t s  undera present  con- 
d i t i o n s  of high c a p i t a l  investment cos ts .  

f u n c t i o n s  and t a s k s  have been s tudied.  
f o r  nuc lear  and coa l  p l a n t s ,  r e spec t ive ly ,  i n  Tables  4 . 1  and 4.2, have 
been compared w i t h  information rece ived  from pub l i c  and p r i v a t e  u t i l i t y  
sources.  The da ta  do not r ep resen t  a survey composite but  an  a n a l y s i s  
judged t o  be appropr i a t e  f o r  the r e p r e s e n t a t i v e  p l a n t  fol lowing mandatory 
job  p o s i t i o n s  (nuc lear  cases)  and performance c o n s i s t e n t  w i t h  s t a f f  and 
equipment gene ra l ly  expected today. This  s t a f f i n g  has  been developed 
p r imar i ly  f o r  e s t ima t ing  O&M c o s t s  and i s  not  intended t o  be a recommen- 
d a t i o n  f o r  s tandard ized  s t a f f i n g .  

presented  because o rgan iza t ions  vary  i n  p o s i t i o n  r e s p o n s i b i l i t y .  The 
t a sks  displayed i n  Tables  4.1-4.4 a r e  s u f f i c i e n t  t o  develop seve ra l  por- 
t i o n s  of the  O&M cos t s .  Table 4.5 shows t h e  p o s i t i o n s  i n  LWR p l a n t s  re- 
qu i r ing  NRC opera tor  l i censes .  Licensed j o b  p o s i t i o n s  a r e  not r equ i r ed  
i n  coa l  p l a n t s  by r egu la to ry  agencies .  

n i f i c a n t l y  i n  most a r eas ,  f o r  both o n s i t e  and o f f s i t e  a c t i v i t i e s .  The 
d i s t i n c t i o n  between o n s i t e  and o f f s i t e  s t a f f  i s  t h e i r  phys ica l  l oca t ion .  
In  both cases ,  expenses a r e  charged t o  a d i r e c t  p l a n t  account and should 
not  be i d e n t i f i e d  wi th  admin i s t r a t ive  and general  (A&G) expenses, which 
a r e  d i s t r i b u t e d  system wide. O f f s i t e  personnel charged t o  d i r e c t  operat-  
ing accounts  do not appear i n  Tables  4.1-4.4, but a r e  ind ica t ed  a s  an  ex- 
pense termed "Offs i te  Support Services .  I' 

General ly ,  these  inc reases  occur because of increased  phys ica l  p l a n t  
s e c u r i t y  requirements,  e x t r a  s h i f t s  f o r  t r a i n i n g  and opera t ing  p o s i t i o n s ,  
increased e f f o r t s  t o  improve performance and main ta in  equipment, and in- 
c reased  t echn ica l  and engineer ing  requirements  f o r  r e p o r t s ,  t echn ica l  per- 
formance eva lua t ion ,  te,st ing,  and pub l i c  s a fe ty .  

f u r i z a t i o n  (FGD) scrubbers  and f l y  ash c o l l e c t i o n  equipment (above 99% 
e f f i c i e n c y )  r e g a r d l e s s  of coal  qua l i t y .  Revised Prevent ion  of S i g n i f i c a n t  
D e t e r i o r a t i o n  of A i r  Q u a l i t y  (PSD) r e g u l a t i o n s  mandate, i n  e f f e c t ,  the  ap- 

To quan t i fy  p l a n t  s t a f f  f o r  both coa l  and nuc lear  p l a n t s ,  the  v a r i o u s  
The r e s u l t s ,  which a r e  d isp layed  

The func t iona l  o rgan iza t iona l  c h a r t  f o r  each p l a n t  type has not  been 

Since 1979, t he  personnel needs f o r  nuc lear  p l a n t s  have expanded s i g -  

New coal  p l a n t s  a r e  considered t o  be equipped wi th  flue-gas desul- 

p l i c a t i o n  of t he  b e s t  av 'a i lable  con t ro l  technology. 
con t ro l  equipment f o r  n i t rogen  oxides ,  heavy me t a l  s , 
has not  been included. Labor and m a t e r i a l s  expended 
d i sposa l  a c t i v i t i e s  ou t s ide  the  immediate p l a n t  a r e a  
u n i t  c o s t s  f o r  ash and sludge handling because these 
and a l s o  may be con t r ac t ed  a c t i v i t i e s .  

P o t e n t i a l l y  str ingekt  
and t r a c e  elements 
i n  waste handling and 
a r e  included i n  t h e  
a r e  v a r i a b l e  c o s t s  
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Table 4.1. Onsite staff requirement for LWR power plants 

P 

[800-1200 MW(e) unit size] 

Func ti on 
Units per site 

1 2 3 4 

Plant manager's office 

Manager 
Ass i s tant 
Quality assurance 
Environmental control 
Public relations - 
Training 
Safety and fire protection 
Administrative services 
Health services 
Securi ty 

Subtotal 

Operations 

Supervision (excluding shift) 
Shifts 

Sub t o t a 1 

Maintenance 

1 1 1 1 
1 2 3 4 
6 6 7 8 
1 1 1 1 
1 1 1 1 
12 12 12 12 
1 2 3 4 
49 55 65 78 
2 2 2 2 
94 ' 94 94 94 

168 176 189 205 
- - - - 

Supervision 
Crafts 
Peak maintenance annualized 

9 9 18 18 
52 104 156 208 - - - - 

Sub t ota 1 

Technical and engineering 

Reactor 
Radiochemical 
Engineer i ng 
Performance, reports, and technicians 

I 

61 113 174 226 

12 14 26 28 
55 71 87 103 
55 110 165 220 

122 195 278 351 
- - - - 

5 5 7 7 
8 8 12 12 
16 16 16 16 
21 30 39 48 - - - - 

Sub to ta 1 50 59 74 83 

Total 401 543 715 865 

Less securi ty 307 449 621 771 

Less securi ty and peak maintenance 252 339 456 , 551 

- - - - 

---- 
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Table 4.2. Onsite  s t a f f  requirement f o r  coa l - f i red  
power p l a n t s  without FGD systems 

[400-800 MW(e) u n i t  s i ze1  

Units  per  s i t e  

1 2 3 4 
Function 

P l a n t  manager's o f f i c e  

Manager 
A s s  i s t a n t  
Env i r o m  en t a 1 c ont  r ol 
Publ ic  r e l a t i o n s  
Training 
Safety 
Adminis t ra t ive s e r v i c e s  
Heal th  s e r v i c e s  
Secar i  t y  

Sub t o t a  1 

Ope r a t i on s 

Supervis ion (excluding s h i f t )  
S h i f t s  
Fuel hand1 ing 

Sub t o t a 1 

Ma i n t  enance 

Superv i s i  on 
C r a f t s  
Peak maintenance annualized 

Subto ta l  ' 

Technical and engineer ing 

Chemical 
Instrumentat ion and c o n t r o l s  
Performance, r epor t s ,  and technic ians  

Sub t o t a 1 

Total  

1 
1 
1 
1 
1 
1 
12 
1 
7 

26 
- 

2 
45 
12 

59 
- 

6 
75 
15. - 
96 

2 
2 
12 - 
16 

197 
- 

1 
2 
1 
1 
1 
1 
13 
1 
7 

28 
- 

2 
50 
12 

64 
- 

6 
90 
30 

126 
- 

2 
2 
15 

19 

23 7 

- 
- 

1 
3 
1 
1 
1 
1 
14 
1 
7 

30 
- 

4 
60 
12 

76 
- 

8 
105 
45 

158 
- 

3 
- 3  
18 

24 

288 

- 
- 

1 
4 
1 
1 
1 
1 
15 
2 
7 

33 
- 

4 
I 65 
18 

87 
- 

10 
120 
60 

190 
- 

4 
4 

, 21 

29 

339 

- 
- 
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Table 4.3. Onsi t e  s t a f f  requirement f o r  coal-f i r e d  power 
p l a n t s  wi th  wet FGD systems 

[400-800 MW(e) u n i t  s i ze1  

Uni t s  per  s i t e  

1 2 3 4 
Func t i on 

. . . . .  

Plan t  manager's o f f i c e  

Manager 
A s  s i  s t a n t  
Env i r onm en t a 1 con t r o 1 
Publ ic  r e l a t i o n s  
Training 
Safe ty  
Adminis t ra t ive s e r v i c e s  
Hea l th  s e r v i c e s  
Securi  t y  

Sub t o t a  1 

1 
1 
1 
1 
1 
1 
13 
1 
7 

27 
- 

Operat ions 

Supervis ion (excluding s h i f t )  3 
S h i f t s  45 
Fuel and l imestone handling 12 

z Waste systems 10 - 
Sub t o t a  1 70 

Ma i n t  e n a m e  

Supervis ion , 8 
C r a f t s  90 
Peak maintenance annual ized 20 

Subto ta l  118 
- 

Technical and engineer ing 

Waste 1 
Chemical - 2  
Ins t rumenta t ion  and c o n t r o l s  2 
Performance, r epor t s ,  and t echn ic i ans  14 

Sub t o  t a  1 19 

Tota l  23 4 

- 
- 

. .  . 

1 
2 
1 
1 
1 
1 
14 
1 
7 

29 
- 

3 
50 
12 
20 

85 
- 

8 
110 
40 ' - 
158 

2 
2 
2 
17 

23 

2 95 

- 
- 

i 
3 
1 
1 
1 
1 
15 
1 
7 

31 
- 

5 
60 
12 
30 

107 
- 

10 
13 0 
60 

200 
- 

3 
3 
3 
21 

30 

368 

- 
- 

1 
4 
1 
1 
1 
1 
16 
2 
7 

34 
- 

5 
65 
18 
40 

128 
- 

12 
150 
80 

2 42 
- 

4 
4 
4 
24 

36 

440 

- 
- 
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Table 4.4. Onsite  s t a f f  requirement f o r  coa l - f i red  power 
p l a n t s  wi th  dry FGD systems 

[400-800 W ( e )  u n i t  s i ze1  

. Function 
Units  per  s i t e  

P lan t  manager's o f f i c e  

Manager 
As s i s t a  n t  
Env i r om en t a 1 con t r o 1 
Publ ic  r e l a t i o n s  
Training 
Safe ty  
Adminis t ra t ive s e r v i c e s  
Heal th  s e r v i c e s  
Securi  t y  . 

Sub t o t a  1 

Opera t i ons 

Supervis ion (excluding s h i f t )  
S h i f t s  
Fuel and 1 ime s t one hand1 ing 
Waste systems 

Sub t o  t a  1 

Ma i n t  e nanc e 

Superv i s  i on 
C r a f t s  
Peak maintenance annualized 

Sub t o t  a 1 

Technical and engineer ing 

Waste 
Chemical 
Ins t rumenta t ion  and c o n t r o l s  
Performance, r epor t s ,  and t echn ic i ans  14 

Sub t o  t a  1 19 

Tota l  216 

- 
- 

1 
1 
1 
1 
1 
1 
13 
1 
7 

27 

3 .  - 

3 
45 
12 
5 

65 
- 

8 
77 
20 

105 
- 

1 
2 
2 

1 1 
2 3 
1 1 
1 1 
1 1 
1 1 
14 15 
1 1 
7 7 

29 31 
- - 

3 5 
50 60 
12 12 
10 15 

75 92 
- - 

8 10 
94 111 
40 60 

142 181 
- - 

2 3 
2 3 
2 3 
17 21 

23 30 

269 . 334 

IC - 
- - 

1 
4 
1 
1 
1 
1 
16 
'2 
7 

34 
- 

5 
65 
18 
20 

108 
- 

12 
128 
80 

220 
- 

4 
4 
4 
24 

36 

398 

- 
- 



Table 4.5. LWR p l a n t  posi , t ions r e q u i r i n g  NRC 
r e a c t o r  opera tor  l i c e n s e s a  

Senior Reactor P o s i t i o n s  r e a c  t o r  opera tor  ' opera tor  

P l a n t  manager 1 
A s s i s t a n t  p l a n t  manager 1 
Train ing  manager 1 
S h i f t  superv isor  6 
Control opera t ions  superv isor  6 
Nuclear c o n t r o l  o p e r a t o r s  18 

Single-uni t  p l a n t  and s i x - s h i f t  s t a f f i n g .  a 

In t h e  long. term,  the  labor  requirement f o r  scheduled outages f o r  
maintenance w i l l  vary from year  t o  year .  To compensate f o r  t h i s  e f f e c t ,  
a four-year cycle  of peak f o r c e s  was developed and i s  presented i n  Table 
4.6.' This l a b o r  has  been included, on an annual ized b a s i s ,  i n  t h e  p l a n t  
maintenance t o t a l s  of Tables  4.1-4.4. 
l abor  r o u t i n e l y  charged t o  d i r e c t  p l a n t  accounts  expended beyond t h e  nor- 

The cycle  inc ludes  a l l  types  of 

mal o n s i t e  and o f f s i t e  
and c o n t r a c t  s e r v i c e  S. 

Tab1 e 

s t a f f s ,  including s e c y i t y ,  t echnica l ,  engineer ing,  

4.6.  Extra  ( o r  peak) personnel  
f o r  scheduled overhaula  

Extra  personnel loutage weeks 

LWR Coal wi th  FGD 
Year of 

time cyc le  
- 

1 2001 6 145 16 
2 2001 6 145 16 
3 20016 14516 
4 8001 8 14518 

46 weeks of work equals  one person. a 

4.1.2 Salarv  exDense 

Average annual s a l a r y  expense f o r  power p l a n t  personnel has been de- 
veloped a s  shown i n  Table 4.7. Although l i c e n s e d  r e a c t o r  o p e r a t o r s  may 
r e c e i v e  higher  b a s i c  hourly r a t e s ,  both nuc lear  and c o a l - f i r e d ' p l a n t  per- 
sonnel have been assigned t h e  same b a s i c  r a t e  here; t h e  d i f f e r e n c e s  have 
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Table 4.7. Development of average annual s a l a r y  
expense f o r  power p l an t  personnel 

Coal-fired LWR plant 
p l an t  

~~ ~ ~~~ ~ 

Basic  hour ly  rate , '  $ /h  10.45 10.45 

Mu1 t i p l  i e r  s 
Supervisory and t echn ica l  support  1.10 1.20 
Fringe benef i t sb  1.35 1.35 
Premiums and p e n a l t i e s C  1 .oo 1.05 

Tota l  m u l t i p l i e r  1.49 1.70 

Average hourly r a t e ,  $ / h  15.50 17.80 

- - 

' Average annual s a l a r y  expense, $ 32,000 37,000 

%ased on $9.65/h f o r  the average hourly earnings of 
nonsupervisory workers i n  the  e l e c t r i c ,  gas, and s a n i t a r y  
s e r v i c e s a l  i n  March 1981 and increased  by 8.2%. 

leave.  

p roduc t iv i ty  . 

bInsurance,  s o c i a l  s ecu r i ty ,  s i c k  leave ,  and personal  

C Licensing,  t r a i n i n g ,  overtime, s a fe ty ,  r ad ia t ion ,  and 

been accounted f o r  by ass igning  h igher  m u l t i p l i e r s  f o r  f r i n g e  b e n e f i t s ,  
premiums, and pena l t i e s .  Licensed LWR opera to r s  make up only about 5% of 
the  o n s i t e  s t a f f  f o r  nuc lear  p l an t s .  Nonlicensed p o s i t i o n s  i n  f o s s i l  and 
nuc lear  p l a n t s  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  i n  func t ion .  However, con- 
s ide rab ly  more p repa ra t ion  and t r a i n i n g  may be requi red  t o  l e a r n  nuc lear  
p l a n t  procedures f o r  r e p a i r s  and in spec t ions  and f o r  con t ro l  of personnel 
exposure t o  r a d i o a c t i v i t y .  

-$32,00O/year f o r  coa l - f i red  p l a n t s  and $37,00O/year f o r  nuc lear  p l an t s .  
This compares w i t h  e s t ima tes  of $22,00O/year and $23,00O/year, respec- 
t i v e l y  i n  1978, corresponding t o  average annual increases  of l0.7%/year 
f o r  coa l - f i red  p l a n t s  and 12.6WIyear f o r  nuc lear  p l an t s .  

Because nuc lear  p l a n t s  r e q u i r e  t o t a l  o n s i t e  s t a f f i n g  approximately 
double t h a t  of comparable coa l - f i red  p l a n t s ,  the  t o t a l  annual pay ro l l  
expense i s  s i g n i f i c a n t l y  higher  f o r  nuc lear  p l an t s .  

The es t imated  average annual s a l a r y  expense i n  1982 (Table 4.7) i s  

4.1.3 O f f s i t e  support  s e r v i c e s  

Engineering, research ,  and development expenses incur red  o f f s i t e  by 
company personnel ,  consu l t an t s ,  and o t h e r s  a r e  charged t o  d i r e c t  p l an t  
accounts.  These charges c o n s t i t u t e  an important amount f o r  nuc lear  p l a n t s  
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and l e s s  so f o r  coa l  p l a n t s .  The t o t a l  number cannot be i d e n t i f i e d  i n  a 
c o n s i s t e n t  manner using publ ished da ta .  
t i o n  r e l a t e d  t o  o n s i t e  personnel can be used f o r  cost-est imat ing purposes. 
Both nuc lear  p l a n t s  and coa l  p l a n t s  a r e  es t imated  t o  r e q u i r e  o f f s i t e  s t a f f  
equal  t o  t h e  o n s i t e  t echn ica l  and engineer ing  s t a f f .  Successive units a t  
t he  same s i t e  a r e  es t imated  t o  fol low o n s i t e  p l a n t  s t a f f i n g  t r ends .  For 
t h i s  study, t he  average annual s a l a r y  expense f o r  o f f s i t e  personnel is  
es t imated  t o  be approximately double the  o n s i t e  s t a f f  s a l a r y  expense f o r  
nuc lear  p l a n t s  and one and one-half t imes f o r  coa l  p l an t s .  

However, it appears  t h a t  a func- 

4.2 Maintenance Mate r i a l s  

The amount of t he  va r ious  major replacement i tems, expendable mate- 
r i a l s ,  and r e l a t e d  i tems used t o  main ta in  t h e  power p l a n t  i s  v a r i a b l e  
throughout t he  p l a n t  l i f e .  H i s t o r i c a l  experience on o l d e r  p l a n t  des igns  
i s  p u b l i c l y  a v a i l a b l e  i n  some t echn ica l  r epor t s . s a ,  3 4  However, t he  common 
method of r e p o r t i n g  l abor  and m a t e r i a l  combined h inde r s  t h e  use of such 
da ta .  Also, u t i l i t i e s  do not  r e p o r t  these expenses e x p l i c i t l y  so t h a t  
c o s t s  can r e a d i l y  be d is t inguished .  For t h i s  study, t he  r e l a t i o n s h i p  of 
m a t e r i a l s  t o  maintenance l abor  was es t imated  by major t a s k s  and consol i -  
da ted  f o r  80% p l a n t  capac i ty  f a c t o r  a s  shown i n  Table 4.8. 

Table 4.8. Maintenance m a t e r i a l s  cos t  
f a c t o r s  a s  a percentage of 

maintenance l a b o r  cos t  

- 
Percent  a g e 

Fixed Variable' To ta l  
-- Plan t  type 

--_I_- 

LWR 75 25 100 

Coal 50 17 67 

Coal wi th  wet FGD 62 20 82 

Coal wi th  dry FGD 55 . 18 73 

%ased on 80% p l a n t  capac i ty  f a c t o r ;  
v a r i e s  i n  propor t ion  t o  s p e c i f i e d  capac i ty  
f ac to r .  

4.2.1 LWR ~1 a n t s  

Major r e t r o f i t t i n g  of p l a n t  systems o r  modi f ica t ions  involv ing  capi- 
t a l  investment a r e  not  considered i n  these  cos t  procedures.  Such c o s t s  
may appear t o  some e x t e n t  i n  t h e  ObM expenses r epor t ed  annual ly  on Form 1 
t o  FERC and need t o  be considered when examining r epor t ed  data .  Examples 



27 

. 

of major r e t r o f i t t i n g  work a r e  radioactive-waste-system a l t e r a t i o n s ,  
s a f e  ty-sy s t  em a d d i t i o n s  , cool ing-wa’ter- sy s t  em modif ica  t ions  , and emergency 
o n s i t e  and o f f s i t e  a c t i v i t i e s .  Spec i f i c  p l a n t s  w i l l  r e p o r t  c o s t s  t h a t  may 
vary widely from yea r  t o  y e a r  f o r  ind iv idua l  expense accounts  because of 
d e f e r r a l  of major work o r  because of unan t i c ipa t ed  problems. The var i -  
ab le ,  or  energy-related,  component f o r  nuc lear  p l a n t s  i s  extremely d i f f i -  
c u l t  t o  def ine  and may even be inve r se ly  r e l a t e d  t o  energy genera t ion  be- 
cause of the  economic incen t ive  t o  keep nuc lear  p l a n t s  ope ra t ing  a t  the  
h ighes t  poss ib l e  l e v e l .  For t h i s  study, 25% of the  t o t a l  of maintenance 
m a t e r i a l s  a t  809b capac i ty  f a c t o r  has been a l l o c a t e d  t o  the  v a r i a b l e  com- 
ponent. 

4.2.2 Coal Dlants  

Day-to-day maintenance of coa l - f i red  p l a n t s  r e q u i r e s  about the  same 
o n s i t e  l abor  a s  t h a t  of LWR p lan t s ;  however, when spec ia l  and scheduled 
work i s  considered, coal-f i r e d  p l a n t  requirements  a r e  considerably l e s s .  
Q u a l i t y  assurance documentation and r e l a t e d  admin i s t r a t ive  c o n t r o l s  a r e  
not  r equ i r ed  f o r  r egu la to ry  purposes a s  i n  nuc lear  p l an t s .  Less e f f o r t  i s  
necessary f o r  e s t a b l i s h i n g  r e 1  i a b l e  performance of a coal  p l a n t  because 
pub l i c  s a f e t y  cons ide ra t ions  a r e  l imi ted .  

near  1009b c a p a b i l i t y ,  The number of s t a r t s  and s tops ,  f o r  whatever rea- 
son, has an important e f f e c t  on equipment l i f e  and maintenance. For coal- 
f i r e d  p l a n t s ,  loading e f f e c t s  may appear a s  tube e ros ion ,  s lagging,  over- 
heated tubes,  furnace overloading by s l a g  andsash ,  and acce le ra t ed  wear of 
fue l -  and air-handl ing components. A t  low loading,  poss ib l e  e f f e c t s  a r e  
increased  co r ros ion  a t  the  a i r  p rehea ter ,  t u rb ine  blade e ros ion ,  condenser 
tube waste,  and va lve  d e t e r i o r a t i o n .  Both fos s i l - fue l ed  and nuc lear  p l a n t  
t u rb ines  may experience acce le ra t ed  e r o s i o n  and overheat ing a t  low load- 
ing. 

Typical hot  and co ld  s t a r t s  f o r  baseload u n i t s  w i l l  average between 
1 and 2 per  week over the  u n i t  l i f e . 1 5  Comparison wi th  s p e c i f i c  f i e l d  
d a t a  may show a wide d i f f e rence  because u n i t s  may opera te  a s  e i t h e r  base- 
load o r  cyc l i c .  

Variable  maintenance c o s t s  a r e  not r epor t ed  sepa ra t e ly  on FERC Form 1 
and a r e  d i f f i c u l t  t o  e s t a b l i s h .  For t h i s  study, 25% of the t o t a l  of main- 
tenance ma te r i a l  a t  80% capac i ty  f a c t o r  has been a l l o c a t e d  t o  the  v a r i a b l e  
component. This  judgment i s  based on f a c t o r s  t h a t  in f luence  incremental  
c o s t s  f o r  coal  pu lve r i ze r s ,  fue l  handling, hea t  t r a n s f e r  sur faces ,  and 
o t h e r  maintenance supp l i e s  s e n s i t i v e  t o  load. An a l t e r n a t i v e  approach, 
which can be used only i f  adequate opera t ing  da ta  a r e  ava i l ab le ,  is t o  
p l o t  annual maintenance c o s t s  a s  a func t ion  of annual generat ion.  I f  a 
l i n e a r  r e l a t i o n s h i p  i s  assumed, t h i s  procedure w i l l  e s t a b l i s h  the  f i x e d  
c o s t  l e v e l  a t  t he  zero-load in t e rcep t .  

To mainta in  performance, scrubbing and sludge-handling systems re- 
qu i r e  c a r e f u l  a t t e n t i o n  t o  0 & M .  Although modular components may be ser- 
viced during reduced steam generator  loads,  major system maintenance w i l l  
r equ i r e  b o i l e r  outages.  The cos t  of m a t e r i a l s  f o r  t h i s  work i s  judged t o  
be about twice t h a t  of the  a s soc ia t ed  labor .  This  r e l a t i o n s h i p  i s  in- 
cluded i n  Table 4.8 as p a r t  of the  t o t a l  p l an t  maintenance. 

Maintenance c o s t s  a r e  es t imated f o r  ope ra t ion  a t  baseload cond i t ions  
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4.3 S u m l i e s  and Expenses 

Suppl ies  and expenses inc lude  c e r t a i n  consumable m a t e r i a l s  and i tems 
t h a t  a r e  unrecoverable  a f t e r  use i n  O&M a c t i v i t i e s .  These inc lude  makeup 
f l u i d s ,  chemicals, gases ,  l u b r i c a n t s ,  o f f i c e  and personnel  suppl ies ,  moni- 
t o r i n g  and record supp l i e s ,  and waste management. Costs of lime, lime- 
s tone,  ash handl ing,  and sludge d i sposa l  a s soc ia t ed  wi th  the  dry and wet 
scrubbing process  f o r  FGD a r e  a l s o  included but  t r e a t e d  a s  a s epa ra t e  
category.  Although consumption of water ,  such a s  t h a t  l o s t  by evaporat ion 
from condenser cool ing  water  systems, i s  s i g n i f i c a n t  [about 15,000,000 gpd 
f o r  a lOOO-MW(e) u n i t ] ,  no cos t  allowance i s  included f o r  water  not  re- 
turned t o  t h e  r i v e r  system o r  the  a q u i f e r  from which i t  was withdrawn. 
Water r i g h t s  i n  some p a r t s  of the  United S t a t e s ,  however, a r e  h ighly  ap- 
p ropr i a t ed ,  and s i t i n g  of power p l a n t s  i n  these  a reas  may r equ i r e  the  
purchase of e x i s t i n g  water  r i g h t s .  The a c t u a l  form and amount of such 
payments, which may be made annual ly ,  a r e  not p a r t  of these  procedures.  

Fuel o i l  f o r  standby and emergency diesel-engine gene ra to r s  and f o r  
a u x i l i a r y  steam f o r  bu i ld ing  hea t ing  i s  not  a nonfuel O&M expense bu t  i s  
def ined  by the  FERC a s  belonging i n  t h e  f u e l  expense account f o r  both nu- 
c l e a r  and fos s i l - fue l ed  p l a n t s  ( see  Appendix A ) .  I n  most eva lua t ions ,  
however, t h i s  expense ( inc lud ing  handl ing)  i s  overlooked i n  t h e  f u e l  1 

charges.  An es t imated  allowance f o r  a 1200-MW(e) LWR u n i t ,  which i s  not  
included here ,  i s  $1 m i l l i o d y e a r  (1 x l o 6  ga l  of No. 2 f u e l  o i l  a t  about 
$l.OO/gal). The major po r t ion  of f u e l  o i l  requirements i s  f o r  use i n  
a u x i l i a r y  steam b o i l e r s  t h a t  a r e  opera ted  during s t a r t -up  and shutdown 
periods.  Standby diesel-engine gene ra to r s  normally use l i t t l e  f u e l  be- 
cause they opera te  only a few hours each month. 

Guidel ines  f o r  es t imat ing  c o s t s  of supp l i e s  and expenses a r e  summa- 
r i z e d  i n  Table 4.9. The v a r i a t i o n  wi th  p l a n t  load  i s  small over the  range 
of ope ra t ion  covered i n  t h i s  r e p o r t  and i s  d i f f i c u l t  t o  e s t ima te  because 
the  f i x e d  and v a r i a b l e  components a r e  not i d e n t i f i e d  i n  publ ished da ta .  

The expense a s soc ia t ed  w i t h  the  handling of r ad ioac t ive  wastes  re- 
qu i r ing  long-term s to rage  inc ludes  r e s i n s ,  f i l t e r s  and f i l t e r  agents ,  mate- 
r i a l s  f o r  processing evaporator  concent ra tes ,  and d i sposa l ,  which depends 
on t he  c o s t s  of sh i e lded  con ta ine r s ,  t r a n s p o r t a t i o n ,  and b u r i a l .  Sec t ion  
1 I . D  of Appendix I t o  10  CFR P a r t  50 r equ i r e s  t h a t  r a d i o a c t i v e  waste sys- 
tems be designed t o  e f f e c t  reduct ions  i n  dose t o  the  popula t ion  w i t h i n  80 
km (50 mi l e s )  of t he  r e a c t o r  t o  meet t he  as-low-as-reasonably-achievable 
(ALARA) c r i t e r i o n .  Therefore,  s i g n i f i c a n t  v a r i a t i o n s  can be expected be- 
cause of d i f f e r e n c e s  i n  des igns  f o r  s i t e  l oca t ion ,  fue l  performance, and 
opera t ing  procedures.  

The expenses f o r  nonradioac t ive  wastes  a r e  p r i n c i p a l l y  those r e l a t e d  
t o  t reatment  of var ious  wastewater streams. ‘Qpical  l i q u i d  waste f lows 
f o r  a coa l - f i red  p l a n t  a r e  given i n  Table 4.10. The h igher  cool ing  tower 
blowdown f o r  nuc lea r  p l a n t s  tends t o  balance waste s t reams from a i r  pollu- 
t i o n  con t ro l  systems and ash ponds f o r  coa l - f i red  p l an t s .  Both LWR and 
coa l - f i r ed  p l a n t s  r e q u i r e  the  t reatment  of an es t imated  1500 gpd/MW(e) of 
i n s t a l l e d  capac i ty .  New p lan t  des igns  provide f o r  the ex tens ive  reuse of 
water. I f  the  Resource Conservation and Recovery Act (RCRA) passed i n  
1976, which s e t s  up a cradle-to-the-grave approach f o r  handling. hazardous 

- . .  
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T a b l e  4.9. Allowances f o r  e s t i m a t i n g  t h e  c o s t  
of s u p p l i e s  and expenses  

Coal 
Cat e gory LWR Coal w i t h  

FGD 

Fixed  c o s t s ,  $lOOO/unit-year 
r 

Pot  a b l  e w a t e r  , 1 ub r i can t  s , communi ca t i on, 900 600 600 
s e c u r i t y ,  t r a n s p o r t a t i o n ,  l a b o r a t o r y  
chemica ls ,  c l o t h i n g ,  lamping, gases ,  and 

i s  c e l l  ane ous 

Makeup w a t e r  and chemica ls  800 600 600 

T r a i n i n g  s i m u l a t o r  and d a t a - p r o c e s s i n g  s e r v i c e s  1600 500 500 

R a d i o a c t i v e  was te  management 

N o n r a d i o a c t i v e  was te  management 
a 

Tota l  f i x e d  c o s t s  

1200 

200 300 500 

4800 2000 2200 
- - -  

V a r i a b l e  c o s t s ,  mills/kWh 0.10 0.08 0.12 - 
a 

wastes .  
May i n c r e a s e  pending d e t e r m i n a t i o n s  by EPA r e g a r d i n g  hazardous 

. 

Table  4.10. Typ ica l  l i q u i d  w a s t e  f lows  f o r  a coal p l a n t  

Waste 

A i r  p o l l u t i o n  c o n t r o l  was te  

Ion exchange r e g e n e r a n t  was te  

M i  s c e l  l aneous  1 ow-volume was te  

Area r u n o f f  ( ave rage  10-year maximum r a i n f a l l )  

Ash pond d i s c h a r g e  

Boi 1 e r  blow down 

Cooling tower blowdown 

a 
a 

b 

T o t a l  

80 

240 

80 

50 

40 

Reused 

1000 

1490 
- 

-~ 
a These f lows  inc lude  m i s c e l l a n e o u s  low-volume was te  and 

a r e a  r u n o f f  and a r e  not  s e n s i t i v e  t o  e l e c t r i c a l  gene ra t ion .  

gpd/MW(e) f o r  gene ra l  guide.  Th i s  f low i s  nor g e n e r a l l y  
moni t o r  e d. 

t e c t i o n  Agency, Supplement f o r  f ie treatment  t o  the Deve lop  
ment Docwnent for  the Steam Elec t r i c  Power Generating Point 
Somce Category, EPA 44011-77/084, p. 138  ( A p r i l  1977) .  

bCont ro l  by b o i l e r  w a t e r  a n a l y s i s  - probably  about  5 5  

Source:  Adapted from d a t a  i n  U.S. Environmental  Pro- 
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wastes,  should be app l i ed  t o  power p l an t  e f f l u e n t s ,  then waste management 
c o s t s  may increase  d r  a s t i c a l l  y . 
posal  c o s t s  f o r  FGD systems i s  shown i n  Table 4.11. The p r i n c i p a l  supply 
i s  l imestone o r  l ime f o r  wet and dry FGD systems, r e spec t ive ly ,  which 
v a r i e s  d i r e c t l y  wi th  the  s u l f u r  conten t  of t he  f u e l  and wi th  the  r a t i o  of 
reagent  t o  s u l f u r  r equ i r ed  i n  t h e  scrubbing opera t ion .  The es t imated  u n i t  
cos t  of ash and sludge d i sposa l ,  SSIdry ton, i s  based on o n s i t e  d i sposa l  
using p l a n t  s t a f f  and equipment. The u n i t  cos t  f o r  o f f s i t e  d i sposa l  using 
c o n t r a c t  s e r v i c e s  i s  es t imated  t o  be $lO/dry ton  f o r  a 10-mile haul  dis-  
tance.  

An example f o r  reagent  ( l imestone o r  l ime)  and ash and s ludge dis-  

Table 4.11. Example of FGD reagent and ash 
and sludge disposal  cos ts  . 

Wet FGD D r y  FGD 

Fuel , tonslyear 3,000,000 4,000,000 
Ash i n  fue l ,  w t  'k 11.6 7.3 
Ash i n  fue l ,  tonslyear 348,000 292,000 
Sulfur i n  fue l ,  at %J 3 .s 0 .5 
Sulfur removed, w t  %J 90 70 
Sulfur removed, tonslyear 94 :SO0 14,000 
Tons of reagent required per ton of 4 1 

Reagent, tonslyear  378,O0Ob 1 4  ,OOOc 
D r y  sludge, tonslyear  378,000 28,000 
Dry ash and sludge, tonslyear 726,000 320,O0Oe 
Cost of reagent, $/year 4,725,000 980,000 
Cost of ash and sludge disposal ,  3,630,000 1,600,000 

a sul  f or  removed 

$1 year 

a 

bChemical react ion y i e lds  about 4 tons of dry sludge 

Chemical react ion y i e lds  about 2 tons of dry sludge 

Approximation f o r  cost  estimating. 

f o r  1 ton of su l fu r  and 4 tons of limestone. 

f o r  1 ton of su l fu r  and 1 ton of lime. 

C 

dLimestone a t  $12 .SO/ ton. 
e 

f A t  $5lton, dry basis .  

Lime a t  $70lton. 

4.4 Regulatory Fees , InsRect ions , and Review Expenses 

Safe ty ,  environmental ,  and h e a l t h  phys ics  in spec t ions  f o r  nuc lear  
p l a n t s  a r e  r o u t i n e l y  performed a t  s p e c i f i e d  f requencies  t o  a s s u r e  the  NRC 
t h a t  t he  au thor ized  a c t i v i t i e s  a r e  being conducted i n  accordance wi th  the  
Atomic Energy Act of 1954 a s  amended, NRC r egu la t ions ,  and t h e  terms and 
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condi t ions  of t he  l i cense .  These in spec t ions  involve (1) d i r e c t  observa- 
t i o n s  of opera t ions ,  ( 2 )  personnel interviews,  ( 3 )  independent measure- 
ments and eva lua t ions ,  and ( 4 )  s e l e c t i v e  record  and procedure examina- 
t i ons .  They do not  inc lude  safeguard in spec t ions  of s p e c i a l  nuc lear  ma- 
t e r i a l .  The frequency of inspec t ions  depends on t h e  type of l i censed  
a c t i v i t i e s  and f a c i l i t i e s ,  the  q u a n t i t i e s  of ma te r i a l  used o r  processed, 
and t h e  inherent  p o t e n t i a l  s a f e t y  hazards.  Problems experienced by the  
p l a n t  o r  previous in spec t ion  f ind ings  may a l t e r  the  frequency. Est imates  
of c o s t s  a s soc ia t ed  wi th  f e e s  and f a c i l i t y  i n spec t ions  a r e  summarized i n  
Table 4 . 1 2 .  The r e s i d e n t  NRC inspec tor  expense involves  providing o f f i c e  
space and r e l a t e d  f a c i l i t i e s ,  which a r e  not  i temized sepa ra t e ly .  In ad- 
d i t i o n ,  a t  l e a s t  one s t a t e  i s  consider ing a nonresident  inspec tor  t o  re- 
view procedures and records,  and seve ra l  s t a t e s  a r e  consider ing l e g i s l a -  
t i o n  r equ i r ing  c o s t  support  from u t i l i t i e s  f o r  implementation of emergency 
preparedness plans.  F a c i l i t y  inspec t ion  and review fees  genera l ly  a r e  not 
requi red  f o r  coa l - f i r ed  p l an t s .  

Table 4 . 1 2 .  Estimated annual c o s t s  
f o r  nuc lear  f a c i l i t y  i n spec t ions  

Each 
a d d i t i o n a l  

uni  ta 

F i r s t  
u n i t  

$ 76,000 $ 60,000 b NRC f e e  

NRC reviews' 300,000 200 # 000 

Tota l  $3 76 , 000 $260 , 000 

A t  same time and s i t e  a s  f i r s t  a 

bFederat Register 42 ( 8 4 )  , 28163 

Allowance f o r  NRC cos t s ;  NRC 

un i t .  

(May 2 ,  1 9 7 7 ) .  

pro fes s iona l  manpower i s  about $40/h 
(1977) ;  r e v i s i o n  i s  expected i n  1982.  

c 

4.5 O f f s i t e  S u .  4tt Ser v i c e s  , 

Costs  f o r  a number of a c t i v i t i e s  by personnel not  ass igned  f u l l  time 
t o  t h e  p l a n t  s i t e  a r e  a l s o  c o l l e c t e d  i n  power p l a n t  d i r e c t  expense ac- 
counts.  Although the  scope of t h i s  work i s  g r e a t e r  f o r  nuc lear  p l a n t s ,  
coa l - f i red  p l a n t s  have s imi l a r  charges. These expenses a r e  not  a p a r t  of 
overhead cos t s ,  which a r e  descr ibed i n  Sect.  4 . 6 .  After  the  1979 accident  
a t  TMI-2, nuclear  p l a n t  o f f s i t e  support  increased  a s  d id  o n s i t e  support .  
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While each u t i l i t y  o rgan iza t ion  v a r i e s  widely i n  p r a c t i c e ,  an e s t ima te  of 
t h i s  scope has  been made based on t h e  number of o n s i t e  personnel i n  t h e  
t echn ica l  and engineer ing  category. The average annual s a l a r y  expense of 
personnel  i n  t h i s  group i s  expected t o  be approximately double t h a t  of t he  
o n s i t e  average a s  determined i n  Sect .  4.1.2 or  -$74,00O/year f o r  a nuc lear  
p l a n t  and $64,00O/year f o r  a coa l - f i red  p l a n t .  The t o t a l  annual c o s t  of 
o f f s i t e  support  i s  es t imated  t o  be -$4,000,000 f o r  a s ing le-uni t  nuc lear  
p l a n t  and $1,300,000 f o r  a s ing le-uni t  coa l - f i red  p l a n t .  
these  d i r e c t  o f f s i t e  func t ions  a r e :  

Examples of 

1. 

4 * ~  

2. 
3. 

5 .  
6. 
7. 
8.  
9. 

10. 
11. 

resea rch  and development on s p e c i f i c  p l a n t  a p p l i c a t i o n s ,  
s a f e t y  reviews, 
o f f s i t e  t r a i n i n g  cen te r ,  
environmental r a d i a t i o n  monitoring, 
meteorological  surveys,  
engineered s a f e t y  design, 
power planning, 
env ironment a1 s t u d i e s ,  
computer a c t i v i t i e s ,  
purchasing p l a n t  i tems, and 
f u e l  s tud ie s .  

I) 

4.6 A&G .Exaenses 

AdG expenses a r e  overhead c o s t s  t h a t  a r e  included i n  8 CFR 01 under 
expense accounts  920-935 ( s e e  Appendix A ) .  In general ,  t h i s  expense cate- 
gory inc ludes  AM; s a l a r i e s  and r e l a t e d  expenses, l e g a l  and c e r t a i n  regula-  
t o ry  expenses, payment f o r  ou t s ide  s e r v i c e s  not  app l i cab le  t o  d i r e c t  ac- 
counts ,  wel fa re ,  pensions,  and insurance ( inc lud ing  nuc lea r  l i a b i l i t y ) .  A 
value of 30% of the  d i r e c t  OdM expenses has been es t imated  f o r  o the r  AdG 
expenses, no t  inc luding  insurance.  3 6  Insurance expenses have been e s t i -  
mated s e p a r a t e l y  i n  t h e  fol lowing s e c t i o n s  of t h i s  r e p o r t .  

4.6.1 Nual e a r  1 iab  il i t v  insurana e 

From the  time nuclear  f u e l  i s  de l ive red  t o  a nuc lear  p r o j e c t  s i t e ,  
t he  l i c e n s e e  i s  r equ i r ed  t o  p r o t e c t  i t s e l f  from pub l i c  l i a b i l i t y  c la ims 
a r i s i n g  from a nuc lear  incident . '  This  p r o t e c t i o n  i s  provided through a 
three- layer  combination of commercial insurance , se l f - insurance  , and 
government indemnity a s  summarized wi th  es t imated  annual premiums i n  Table 
4.13. 

r e n t  maximum amount a v a i l a b l e  being $160 mi l l i on .  The es t imated  premiums 
a r e  t y p i c a l  f o r  commercial insurance.  S p e c i f i c  s i t e s  must be s p e c i f i e d  
before  f i rm r a t e s  can be quoted. 

The second l a y e r  i s  a mandatory industry-wide program of se l f - insur -  
ance, under which nuc lear  p l a n t  l i c e n s e e s  can be assessed  f o r  each opera- 
t i o n a l  r e a c t o r  owned, an amount not  t o  exceed $5 m i l l i o n  f o r  each nuc lea r  
i nc iden t  and not  t o  exceed $10 m i l l i o d y e a r  i n  the  event of more-than one 
inc ident .  With the  74 r e a c t o r s  l i c e n s e d  f o r  commercial ope ra t i , oq t ip  

The f i r s t  l a y e r  i s  commercial nuc lear  l i a b i l i t y  insurance,  the  cur- 
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Table 4.13. Estimated annual premiums f o r  
nuc lear  1 i a b i l i t y  insurance 

Premium cos t  f o r  number of u n i t s  

1 2 3 4 
m p e  of insurance 

a Commercial ($160 m i l l i o n )  $400,000 $562,000 $723,000 $885,000 

10 , 000 20 8 000 30,000 40 , 000 Se l f  ($370 n j l l i o n )  

Government ($30 m i l l  ion)  18 , 000 36,000 54,000 72,000 

Tota l  ($560 m i l l i o n )  $428,000 $618,000 $807,000 $997,000 

b 

. 

a 

bEstimated allowance; s ee  t e x t .  

Typical premiums f o r  commercial insurance; s p e c i f i c  s i t e s  must 
be s p e c i f i e d  before  f i rm r a t e s  can be quoted. 

$6/MW(t) f o r  a maximum of 3000 M W ( t )  f o r  each r eac to r .  C 

January 1982, t h i s  self- insurance produces $370 m i l l i o n  i n  coverage. 
There a r e  no requirements  f o r  annual payments o r  premiums t o  e s t a b l i s h  a 
fund t o  cover t h i s  p o t e n t i a l  l i a b i l i t y .  However, the  annual f i n a n c i a l  
r i s k  pe r  r e a c t o r  f o r  t h i s  self- insurance can be est imated from the  prob- 
a b i l i t y  d i s t r i b u t i o n  of o f f s i t e  m i t i g a t i o n  measures' cos t  r e s u l t i n g  from 
severe r a d i o a c t i v i t y  r e l e a s e s ,  which have been presented  i n  r ecen t  envi- 
ronmental impact j *  For both PWRs and BWRs, the  p r o b a b i l i t y  
per  r e a c t o r  per  yea r  of the t o t a l  cos t  of o f f s i t e  m i t i g a t i o n  measures ex- 
ceeding $160 m i l l i o n  i s  es t imated  t o  be on t he  order  of 1 0 - 5 .  Thus, the  
es t imated  f i n a n c i a l  r i s k ,  assuming 100 ope ra t ing  r e a c t o r s D  i s  $lODOOO/year 
[ ( lO-s / reac tor  y e a r )  x (100 r e a c t o r  y e a r s )  x (2  inc iden t s /yea r )  x ($5 x 
106 / inc iden t )  = $10,00O/yearl. There i s  obviously a g r e a t  dea l  of uncer- 
t a i n t y  i n  t h i s  es t imated  value.  It could e a s i l y  vary higher  or  lower. 

The t h i r d  l a y e r  i s  a f e d e r a l  government indemnity t h a t  makes up the  
d i f f e rence  between the  t o t a l  of the  commercially a v a i l a b l e  l i a b i l i t y  in- 
surance and the  self- insurance and $560 mil l ion ,  which i s  c u r r e n t l y  t h e  
maximum l i a b i l i t y  per  occurrence under the  Price-Anderson Act. 3 9  Cur- 
r e n t l y ,  t he  premium is $6/MW(t) f o r  a maximum of 3000 MW(t)/reactor. A s  
t he  number of r e a c t o r s  increases ,  the government indemnity w i l l  g radual ly  
be phased out.  However, i n  t he  Price-Anderson Act, Congress expressed t h e  
i n t e n t  t h a t  t he  $560 m i l l i o n  l i m i t a t i o n  w i l l  be r a i s e d  i f  ava i l ab le  as- 
sessments exceed t h a t  l i m i t .  

p o r t i o n  of the  premium i s  refunded. The refund program opera tes  by plac- 
ing 70% of each y e a r ' s  premium i n  a r e se rve  fund used only  t o  pay claims 
and r e l a t e d  expenses. Af te r  t e n  years ,  the  unused p o r t i o n  of the r e se rve  
i s  refunded. From 1971 t o  1980, which included t h e  1979 acc ident  a t  TMI-2 
(Ref. 401, refunds t o t a l i n g  $1.7 m i l l i o n  were issued.  

For commercial coverage, experience has shown t h a t  a f t e r  t e n  years ,  a 
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4.6.2 Propertv-damane insurance 

The NRC i s sued  a new r u l e  i n  March 1982 t h a t  r e q u i r e s  e l e c t r i c  u t i l -  
i t y  l icensee 's  " to  o b t a i n  o n s i t e  property-damage insurance a v a i l a b l e  a t  
reasonable  c o s t s  and on reasonable  terms."4l This  r u l e  r e q u i r e s ,  a s  a 
minimum, primary nuc lear  proper ty  insurance t h a t  i s  o f f e r e d  by Nuclear 
Mutual Limited (NML) o r  American Nuclear I n s u r e r s  (ANI)  and Mutual Atomic 
Energy Reinsurance Pool (MAERP), p l u s  excess  proper ty  insurance o f f e red  by 
e i t h e r  Nuclear E l e c t r i c  Insurance Limited (NEIL) o r  ANI/MAERP.4a Primary 
nuc lear  property-damage insurance i n  t h e  amount of ~ $ 4 5 0  m i l l i o n  i s  now 
a v a i l a b l e ,  and t h i s  i s  expected t o  inc rease  t o  $500 m i l l i o n  by the  end of 
1982. The nuclear  insurance pools  and the  Edison E l e c t r i c  I n s t i t u t e  (EEI) 
have announced p l a n s  t o  develop a d d i t i o n a l  nuc lea r  property-damage insur- 
ance i n  the  amount of $500 mil l ion ,  which w i l l  even tua l ly  provide a t o t a l  
of $1 b i l l i o n  i n  coverage. A t  p resent ,  about $300 m i l l i o n  of the  excess  
property-damage insurance i s  a v a i l a b l e .  References 41-46 provide a more 
complete d i s c u s s i o n  of nuc lear  property-damage insurance a v a i l a b i l i t y  and 
es t imated  cos t s .  

o v e r a l l  po l i cy  t h a t  i nc ludes  a l l  f o s s i l  p l a n t s  owned by the  u t i l i t y  and 
t h a t  may include o the r  u t i l i t y  p l a n t  proper ty  such a s  t ransmiss ion ,  dis-  
t r i b u t i o n ,  and general  p l a n t .  The est imated premium t o  be a l l o c a t e d  t o  
a l a r g e  coa l - f i red  p l a n t  i s  -$100,00O/year. 

Recommended cost-est imat ing gu ide l ines  f o r  proper ty  insurance pre- 
m i u m s  a r e  summarized i n  Table 4.14. 

Property-damage insurance f o r  coa l - f i red  p l a n t s  i s  usua l ly  p a r t  of an 

Table 4.14. Estimated annual premiums for commercial 
property-damage insurance 

Premium cost for number of units 

1 2 3 4 
Type of insurance 

Nuclear plants 

Primary ($500 million) $2,000,000 $3,600,000 $5,300,000 $7,000,000 
Secondary ($500 million) 1,600,000 1,800,000 2,000,000 2,200,000 

Total ($1000 million) $3,600,000 $5,400.000 $7,300,000 $9,200,000 

Coal-f ired plants 

C o m e r  c i a1 $ 100,000 $ 200,000 $ 300,000 $ 400,000 

4.6.3 Replacement power insurance 

NEIL p r e s e n t l y  cove r s . t he  cos t  of buying replacement power f o r  dam- 
aged nuc lea r  p l an t s .  The premium f o r  a s i n g l e  u n i t  f o r  maximum coverage 
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of $156 m i l l i o n  i s  i n  t h e  range of $1.5 t o  $2 m i l l i o n  a year." 
mu l t ip l e  u n i t s  a t  a s i n g l e  s i t e  a r e  determined by the  ex ten t  t o  which 
u n i t s  a r e  interdependent .  The p lan t  opera tor  can a l s o  be assessed  up t o  
f i v e  t imes the  annual premium t o  cover e a r l y  c la ims i f  necessary.  A 6- 
month deduc t ib l e  per iod  precedes the  f i r s t  pay out ($2 million/week f o r  
52  weeks, then  $1 m i l l i o d w e e k  f o r  52 weeks). A t  p resent ,  replacement 
power insurance i s  not  genera l ly  be l ieved  t o  be requi red  f o r  coa l - f i red  
p l an t s .  

Rates  f o r  

. 
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5 .  TIIE OMCOST COMPUTER PROGRAM 

5 . 1  General Descr iDtion 

The OMCOST computer program o f f e r s  four  b a s i c  ObM cost-est imat ing 
models f o r  s team-electr ic  power p l a n t s ,  one coa l - f i red  w i t h  wet l imestone 
FGD system, one coa l - f i red  wi th  dry FGD system, one coa l - f i red  without  FGD 
system, and the  f o u r t h  an LWR. 

included f o r  wages, ma te r i a l s ,  suppl ies ,  government and commercial l i a b i l -  
i t y  insurance,  i n spec t ion  f ees ,  ash d i sposa l ,  sludge d i sposa l ,  lime and 
l imestone c o s t s ,  p roper ty  insurance,  and replacement power insurance.  

Var i ab le s  a r e  ass igned d e f a u l t  va lues  w i t h i n  the  program t o  permit 
t he  c a l c u l a t i o n  of an example LWR case.  This  a f f o r d s  the  new use r  an  op- 
por tun i ty  t o  run  t h e  program wi th  an incomplete s e t  of input da ta .  A coal- 
f i r e d  case can be run  wi th  no more input  than  p l an t  type and n e t  e l e c t r i -  
c a l  output .  The user  may e l e c t  t o  change any of the d e f a u l t  cond i t ions  
a s  d e t a i l e d  i n  Sect .  5 . 5 .  The op t ions  a v a i l a b l e  include the  fol lowing:  
(1) a general  e s c a l a t i o n  r a t e  t o  r ep lace  the sepa ra t e  e s c a l a t i o n  r a t e s ,  
(2 )  t h e  number of u n i t s  per p l a n t  (up t o  f o u r ) ,  ( 3 )  wage r a t e s ,  ( 4 )  opera- 
t o r  f r i n g e  b e n e f i t s ,  ( 5 )  p l a n t  supe rv i s ion  expenses, (6) hea t ing  va lue  of 
coa l ,  ( 7 )  s u l f u r  conten t ,  (8 )  t o n s  of lime or  l imestone per  t on  of s u l f u r ,  
and (9) u n i t  c o s t s  of purchased l ime o r  l imestone and ash  and sludge dis-  
posal .  

O&M c o s t s  f o r  a l l  u n i t s  e sca l a t ed  t o  a s i n g l e  s p e c i f i e d  year .  It i s  not  
poss ib l e  t o  produce incremental  O&M cos t  e s t ima tes  f o r  i nd iv idua l  u n i t s  i n  
mul t ip le -uni t  p l a n t s  e i t h e r  i n  constant-year d o l l a r s  o r  i n  current-year  
d o l l a r s  except  by mul t ip l e  computer runs  and hand-calculated d i f f e r e n c e s  
and e s c a l a t i o n s .  This  produces incremental  O&M cos t  e s t i m a t e s  f o r  each 
add i t iona l  u n i t  but  does not  accu ra t e ly  r ep resen t  t he  average cos t  per  
u n i t ,  which is b e t t e r  approximated by d iv id ing  t o t a l  annual 06M c o s t s  f o r  
the  mul t ip le -uni t  p l a n t  by the  number of u n i t s .  Tota l  O&M cos t  e s t ima tes ,  
a s  u n i t s  a r e  added t o  mul t ip le -uni t  p l an t s ,  can be produced by spec i fy ing ,  
f o r  example, a s ing le-uni t  p l a n t  i n  the  i n i t i a l  yea r  of ope ra t ion  of the  
f i r s t  u n i t  o r  a two-unit p l a n t  i n  the  i n i t i a l  yea r  of ope ra t ion  of the  
second u n i t .  The OlriCOST computer program c o n s i s t s  of a main program and 
nine subrout ines  w r i t t e n  i n  IBM FORTRAN IV. The program i s  run  l o c a l l y  on 
t he  IBM 3033 d i g i t a l  computer. Execution time f o r  20 cases  i s  -1 s. 

The cos t  models a r e  based on e a r l y  1982 cos t s .  Esca la t ion  r a t e s  a r e  

The user  may spec i fy  one, two, t h ree ,  o r  four  u n i t s  per  p l a n t  w i t h  

5.2 MAIN Program 

Figure  5 . 1  shows t h e  general  flow of c a l c u l a t i o n s  i n  t h e  OMCOST MAIN 
Program. The computer code fo l lows  t h i s  procedure c lose ly ;  however, the 
i l l u s t r a t i o n  i s  not  a d e t a i l e d  computer program flow cha r t .  Appendix B 
con ta ins  a d e t a i l e d  FORTRAN l i s t i n g  of the  OMCOST code. A v a r i a b l e  dic-  
t i ona ry  f o r  MAIN and a l l  subrout ines  i s  included i n  t h e  FORTRAN l i s t i n g  
of MAIN. 
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ORNL-DWG 82-6208 ETD (PART AI 
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F i g .  5 . 1 .  OMCOST MAIN program. 
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ORNL-DWG 82-6208 ETD (PART C) 
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Fig. 5.1 (continued) 
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ORNL-DWG 82-6208 ETD (PART D) 
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Fig. 5.1 (cont inned) 
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A s e r i e s  of v a r i a b l e s  i s  i n i t i a l i z e d  through DATA statements .  A l l  
v a r i a b l e s  contained i n  NAMELIST NAMEl t h a t  have not been i n i t i a l i z e d  
through DATA s ta tements  a r e  i n i t i a l i z e d  w i t h  ARITHMETIC statements .  Be- 
cause a l l  NAMEl v a r i a b l e s  have been i n i t i a l i z e d ,  a d e f a u l t  case may be run  
wi th  no input  da t a  o t h e r  than  a card  conta in ing  t h e  words &NAME1 and &END. 
The d e f a u l t  va lues  of NAMELIST NAMEl v a r i a b l e s  a r e  p r i n t e d  out  be fo re  any 
o the r  output ,  even i f  t he  user  f a i l s  t o  inc lude  any da ta  input  cards .  

NAMEl i s  included i n  Sect .  5 . 5 .  The p l a n t  type,  TYPE, i s  compared w i t h  a 
l i s t  of v a l i d  types,  and an  in t ege r ,  ITYPE, i s  r e tu rned  a s  1 f o r  nuc lear  
o r  2 f o r  coal-f i red.  Nonvalid types  produce an e r r o r  message, and t h e  
code r eads  new input da ta .  This  i s  done by subrout ine TYPER. 

There a r e  numerous v a r i a b l e s  t h a t  r e q u i r e  two d e f a u l t  va lues ,  
e i t h e r  one va lue  f o r  nuc lear  p l a n t s  and one va lue  f o r  coa l - f i red  p l a n t s ,  
o r  one va lue  f o r  wet l imestone FGD systems and another  va lue  f o r  dry FGD 
systems. A s h o r t  subrout ine  CHKDEF checks t h e  value of a v a r i a b l e  f o r  a 
p a r t i c u l a r  run t o  determine whether i t  has ,been newly input o r  whether i t  
matches one of the  d e f a u l t  values .  I f  it has been newly input ,  i t  w i l l  
not  match e i t h e r  d e f a u l t  value,  and t h e - d e f a u l t  va lue  w i l l  then  be r e s e t  
t o  t h e  input  va lue  and w i l l  remain t h e  d e f a u l t  va lue  f o r  the  remainder of 
t he  run. As  an example, t h e r e  a r e  two va lues  of opera tor  f r i n g e  b e n e f i t  
a s  a percentage of wage r a t e  s to red  i n  MAIN. One va lue  i s  used f o r  LWR 
cases  and another  va lue  f o r  coa l - f i red  cases .  These va lues  a r e  s to red  i n  
a n  a r r a y  FRING. I f  t he  appropr ia te  d e f a u l t  va lue  i s  t o  be overr idden f o r  
any case,  an input  v a r i a b l e  FRINGE w i l l  be s e t  i n  NAMELIST NAMEl and w i l l  
not  match e i t h e r  F R I N G ( 1 )  o r  FRING(2). The new value of FRINGE w i l l  be 
s to red  a s  F R I N G ( 1 )  o r  FRING(2) f o r  a d d i t i o n a l  ca ses  a s  appropr ia te .  

mine whether a va lue  f o r  the  general  e s c a l a t i o n  r a t e  has  been input .  
Eleven ind iv idua l  e s c a l a t i o n  r a t e s  ( l i s t e d  i n  Sect .  5 . 5 )  a r e  s e t  equal  t o  
the  general  e s c a l a t i o n  r a t e  i f  a va lue  o t h e r  than  -99.0 i s  input .  

A t e s t  i s  made t o  ensure t h a t  the number of u n i t s  per  p l a n t ,  UNITS, 
i s  i n  t h e  range of 1-4. I f  it i s  out  of range, a message i s  p r i n t e d  and 
the  next s e t  of d a t a  ca rds  i s  read. 

cu la t ed  us ing  a b a s i c  hour ly  r a t e  w i t h  adjustments  f o r  f r i n g e  b e n e f i t s ,  
p l a n t  superv is ion  and engineer ing,  and a p e n a l t i e s  f a c t o r  f o r  nuc lear  on- 
s i t e  labor .  S t a f f  c o s t s  a r e  e sca l a t ed  from a base year ,  BASEYR, t o  the  
y e a r  of opera t ion ,  YEAR, using e s c a l a t i o n  r a t e  ESWAGE. 

and, i f  coa l - f i red ,  t he  type of FGD system. I f  the  h e a t  r a t e  has been 
input ,  t he  new hea t  r a t e  becomes d e f a u l t  f o r  remaining cases  f o r  t h a t  
p l a n t  type. P l an t  n e t  e f f i c i e n c y ,  thermal input  per  u n i t ,  and annual n e t  
e l e c t r i c a l  gene ra t ion  a r e  then  ca l cu la t ed .  The appropr i a t e  cost-model 
subrout ine  i s  then  ca l l ed .  

s t a f f ,  COSTAF, i s  c a l c u l a t e d  us ing  t h e  average annual c o s t  of a p l a n t  
s t a f f  member, MANCOS, and the  t o t a l  number on t he  p l an t  s t a f f ,  STAFF, 
which was r e tu rned  from the  cost-model subrout ine.  

c l u s i v e  of lime or  l imestone and sludge d i sposa l  and a sh  d i s p o s a l *  cos ts .  
For coa l - f i red  p l a n t s ,  t he  NAMELIST input  da t a  a r e  compared w i t h  d e f a u l t  

The complete l i s t  of v a r i a b l e s  t h a t  may be input through NAMELIST 

The general  e s c a l a t i o n  r a t e ,  ESCGEN, i s  compared w i t h  -99.0 t o  deter-  

The average annual cos t  of a p l a n t  s t a f f  member, RIANCOS, is  then  cal-  

Subroutine HEATRT s e l e c t s  a hea t  r a t e  appropr i a t e  f o r  the  p l a n t  type,  

Af t e r  r e t u r n  from the  cost-model subrout ine ,  the  annual cos t  of p l a n t  

Next, the code c a l c u l a t e s  v a r i a b l e  cos t  of supp l i e s  and expenses ex- 
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values  t o  determine i f  input va lues  o r  d e f a u l t  va lues  should be used. I f  
new va lues  have been input ,  these a r e  s to red  f o r  add i t iona l  cases  i n  the  
run. These checks a r e  made f o r  hea t ing  va lue  of coa l ,  ash conten t ,  s u l f u r  
conten t ,  and percentage of s u l f u r  t o  be removed by the  FGD system. For 
coa l - f i r ed  p l a n t s ,  coal  consumption, TONCOL, i s  ca l cu la t ed  using p l a n t  
annual n e t  e l e c t r i c a l  generat ion,  p l a n t  n e t  h e a t  r a t e ,  and the  hea t ing  
va lue  of coal .  

s tone and of sludge d i sposa l  a r e  included i n  v a r i a b l e  supp l i e s  and ex- 
penses. The tons  of o r i g i n a l  s u l f u r  i n  the  coal ,  TONSUL, a r e  ca l cu la t ed  
us ing  t h e  coal  consumption and the  s u l f u r  content  of the  coa l ,  PCTSUL. 
The s u l f u r  t o  be removed i s  ca l cu la t ed  a s  t he  tons  of o r i g i n a l  s u l f u r  
t imes t h e  f r a c t i o n  of s u l f u r  t o  be removed, PCTSRM/lOO. 

Annual cos t  of sludge d i sposa l  i s  the  product of t he  s u l f u r  t o  be 
removed, SULREM, the  dry sludge t o  s u l f u r  r a t i o ,  SLUSUL, and the  e sca l a t ed  
u n i t  cos t  of sludge d i sposa l ,  SLURRY, p l u s  an ash d i sposa l  cos t  term. Ash 
d i sposa l  cos t  i s  the  product of coal  consumption, f r a c t i o n  of ash, and t h e  
e s c a l a t e d  cos t  of ash d i sposa l ,  $$ASH. 

The c a l c u l a t i o n  of l imestone requirements  f o r  wet l imestone FGD and 
lime requirements f o r  dry FGD a r e  exac t ly  analogous except f o r  v a r i a b l e  
names. Limestone requirements ,  TONLMS, a r e  ca l cu la t ed  us ing  t h e  tons  of 
s u l f u r  t o  be removed, SULREM, and the  l imestone t o  s u l f u r  r a t i o ,  XLIIIISS. 
Annual l imestone cos t  i s  t h e  l imestone requirement m u l t i p l i e d  by the  esca- 
l a t e d  cos t  per  t o n  of l imestone, COLIMS. Tota l  va r i ab le  cos t  of supp l i e s  
and expenses i s  determined by adding t h e  b a s i c  v a r i a b l e  cos t  of supp l i e s  
and expenses t o  sludge d i sposa l ,  ash d i sposa l ,  and lime or  l imestone 
cos t s ,  a s  appl icable .  

app ropr i a t e  cost-model subrout ine a s  SUPEXF. Cost per  u n i t  i s  mul t ip l i ed  
by the  number of u n i t s  per  p l an t ,  e sca l a t ed  a t  the  supp l i e s  e s c a l a t i o n  
r a t e ,  ESCSUP, and added t o  the  v a r i a b l e  supp l i e s  and expenses, VARSE, t o  
o b t a i n  t o t a l  annual cos t  of supp l i e s  and expenses, SUPEXP. 

The cos t  of f ees ,  inspec t ions ,  and reviews f o r  nuc lear  p l a n t s  a r e  
ca l cu la t ed  a s  a s t r a i g h t - l i n e  func t ion  of t he  number of u n i t s ,  and t h e  
e s c a l a t i o n  r a t e  i s  s p e c i f i e d  by the  parameter ESFEES. 

O f f s i t e  support  s e r v i c e s  a r e  ca l cu la t ed  a s  a mul t ip l e  of technica l  
and engineer ing  s t a f f  c o s t s  f o r  both LWR and coa l - f i red  p l a n t s .  

Cost of commercial and government nuc lear  l i a b i l i t y  insurance,  r e t ro -  
spec t ive  premium f o r  self- insurance,  and replacement power insurance a r e  
c a l c u l a t e d  f o r  nuc lear  p l a n t s  only. Commercial l i a b i l i t y  insurance,  s e l f -  
insurance,  and replacement power insurance a r e  s t r a i g h t - l i n e  func t ions  of 
t he  number of u n i t s .  Government l i a b i l i t y  insurance i s  d i r e c t l y  propor- 
t i o n a l  t o  t h e  number of u n i t s  and the  thermal r a t i n g  of each u n i t  up t o  a 
maximum of 3000 MW(t). The r a t e s  used t o  e s c a l a t e  t o  t h e  spec i f i ed  yea r  
of ope ra t ion  a r e  ESCINS f o r  commercial l i a b i l i t y  insurance and self- insur-  
ance, ESGINS f o r  government l i a b i l i t y  insurance,  and ESCPOW f o r  replace- 
ment power insurance.  

The cos t  of property-damage insurance i s  ca l cu la t ed  a s  a d i r e c t  func- 
t i o n  of t he  number u n i t s  i n  the  p l an t .  The c o s t s  of primary and secondary 
property-damage insurance f o r  nuc lear  p l a n t s  a r e  each ca l cu la t ed  a s  a 
product of t he  coverage, an insurance premium r a t e ,  and a s t r a i g h t - l i n e  
f u n c t i o n  of the  number of u n i t s  i n  t h e  p l an t .  The e s c a l a t i o n  r a t e  i s  
s p e c i f i e d  by ESCPIN f o r  both coal  and nuc lea r  p l a n t s .  

For coa l - f i red  p l a n t s  wi th  FGD, t he  c o s t s  of purchased l ime o r  lime- 

The f i x e d  pe r  u n i t  cos t  of supp l i e s  and expenses i s  re turned  from the  



42 

In  a d d i t i o n  t o  t h e  insurance premium expenses d iscussed  i n  t h e  p r e  
ceding paragraphs,  a category c a l l e d  "other"  admin i s t r a t ive  and general  
c o s t s  i s  c a l c u l a t e d  a s  a percentage of t o t a l  d i r e c t  c o s t s  ( o n s i t e  s t a f f ,  
maintenance m a t e r i a l s ,  supp l i e s  and expenses, of f s i t e  support  s e rv i ces ,  
and f e e s ,  i n spec t ions ,  and rev iews) .  

cos t s ,  and t o t a l  annual c o s t s  a r e  d iv ided  by t h e  annual n e t  e l e c t r i c a l  
gene ra t ion  t o  determine u n i t  ObM c o s t s  i n  mills/kWh. 

t o  see i f  more cases  a r e  t o  be run. OMCOST w i l l  cont inue t o  run  cases  and 
p r i n t  out ObM c o s t  summaries u n t i l  t h e r e  a r e  no f u r t h e r  NAMELIST NAME1 
da ta  cards.  A t  the  end of the  da t a  s e t ,  t r a n s f e r  i s  made t o  a s e r i e s  of 
WRITE s ta tements  t h a t  p r i n t  out e s c a l a t i o n  r a t e s ,  annual average s a l a r y  
components, FGD c o s t  components, and ash d i sposa l  cos t  components a s  they 
were l e f t  a f t e r  the  l a s t  case. 

Annual f i x e d  and v a r i a b l e  c o s t s  a r e  summed t o  determine t o t a l  annual 

F i n a l l y ,  a summary of WM c o s t s  i s  p r i n t e d  out ,  and a check i s  made 

5.3 ObM Cost-Model Subrout ines  

A flow c h a r t  t y p i c a l  of a l l  O b M  cost-model subrout ines  i s  shown i n  
Fig. 5.2. The cost-model subrout ines  f o r  LWR p l a n t s  ( sub rou t ine  LWR), 

ORNL-DWC 78 10376 
/ . ( ENTER O&M COST MODEL , ,  

SUBROUTINE 

1 
INITIALIZE VARIABLES 

YES 

PRINT STAFFING TABLE 

I 

i CALCULATE PLANT STAFF 

CALCULATE ANNUAL COST OF 1 MAINTENANCE MATERIALS e RETURN 

. .  Fig. 5.2.  Subrout ines  LWR, COAL, COAWLS, and COALDS. 
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\ coal - f i red  p l a n t s  without  FGD (subrout ine  COAL), coal - f i red  p l a n t s  w i th  
wet lime'stone FGD ( subrout ine  COALWS), and coa l - f i red  p l a n t s  w i th  dry FGD 
(subrout ine  CoALDS) d i f f e r  only i n  da t a  va lues  and a r r a y  s i zes .  The l o g i c  
f o r  a l l  subrout ines  i s  i d e n t i c a l .  

through two COMMON s ta tements ,  one f o r  i n t e g e r  v a r i a b l e s  and one f o r  r e a l  
v a r i a b l e s .  DATA i n i t i a l i z a t i o n  s ta tements  con ta in  information on s t a f f  
complement i n  accordance wi th  Tables  4.1-4.4, and f a c t o r s  def in ing  mainte- 
nance m a t e r i a l s  c o s t s  i n  accordance wi th  Table 4.8. ARITEMETIC s ta tements  
def ine  supp l i e s  and expenses c o s t s  i n  accordance wi th  Tables  4.9 and 4.11. 

requirements f o r  1-4 u n i t s  per  p l a n t  i s  p r i n t e d  out .  Fixed c o s t s  of sup- 
p l i e s  and expenses f o r  a s i n g l e  u n i t  a r e  s e t  through an ARITHMETIC s t a t e -  
ment. S imi la r ly ,  v a r i a b l e  supp l i e s  and expenses a r e  s e t .  The appropr ia te  
s t a f f  t o t a l  i s  s e l e c t e d  from the tab le .  Annual c o s t s  of maintenance ma- 
t e r i a l s  a t  a re ference  capac i ty  f a c t o r  a r e  determined a s  a func t ion  of 
maintenance s t a f f  cos t s .  Maintenance m a t e r i a l s  c o s t s  a r e  broken i n t o  
f i x e d  and v a r i a b l e  components, and t h e  v a r i a b l e  component i s  ad jus t ed  f o r  
capac i ty  f a c t o r .  Technical  and engineer ing  s t a f f  s u b t o t a l  i s  r e tu rned  
t o  the  MAIN program f o r  use i n  c a l c u l a t i n g  c o s t  of o f f s i t e  support  ser- 
v ices .  

Each cost-model subrout ine  passes  i t s  a rguments ' to  and from MAIN 

The f i r s t  time a cost-model subrout ine  i s  ca l l ed ,  a t a b l e  of s t a f f  

. I  

5 .4 Other Subrout ines  

There a r e  f i v e  s h o r t  subrout ines ,  which a r e  included p r imar i ly  t o  re- 
duce the  l eng th  of the  MAIN program. Subroutine TYPE3 examines the  p l a n t  
type,  TYPE, and r e t u r n s  an  i n t e g e r  va lue  of 0, 1, or  2. I f  p l a n t  type i s  
input  a s  PWR, LWR, or  BWR with  or  without  a t r a i l i n g  blank, ITYPE i s  s e t  
equal  t o  1. I f  TYPE i s  input  a s  COAL, ITYPE i s  s e t  equal  t o  2. Any o the r  
input  r e s u l t s  i n  ITYPE of 0 .  

on t h e  va lues  of ITYPE, ISOX, and WETDRY. SJ3LECT con ta ins  mul t ip l e  
RETURNS, one of which d i r e c t s  the  program t o  read a new da ta  card s ince  
the  s p e c i f i e d  p l a n t  type could no t  be found. 

and t h e  absence or  presence and type of FGD system f o r  coa l - f i red  p l a n t s .  
A h e a t  r a t e  i s  simply s e l e c t e d  r a t h e r  than ca l cu la t ed .  

Subroutine CEKDEF compares an , input  v a r i a b l e  wi th  two d e f a u l t  va lues .  
If a new value has  been input ,  i t  w i l l  be saved a s  a f u t u r e  d e f a u l t  value.  
I f  no new value has  been input , ,  one of the  e x i s t i n g  d e f a u l t  va lues  w i l l  be 
s e l e c t e d  a s  appropr ia te .  

Subroutine UNITCK checks the  s p e c i f i e d  number of u n i t s  per  p l an t ,  
UNITS, t o  be su re  t h a t  t he  va lue  i s  no t  g r e a t e r  than fou r  o r  l e s s  than 
one. I f  the  number of u n i t s  i s  out of range, a new NAMELIST NAME1 d a t a  
card  w i l l  be read,  and the  da t a  f o r  the  previous case w i l l  be discarded.  
The user  i s  informed of the  a c t i o n  by a s u i t a b l e  d i agnos t i c  message. 

Subroutine SELECT c a l l s  t he  appropr i a t e  p l a n t  type subrout ine based 

Subroutine HEATRT i s  used t o  s e l e c t  a h e a t  r a t e  based on p l a n t  type 
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5.5 Data InDut Descr iDtion 

A l l  input  d a t a  a r e  read  through a NAMELIST.statement, NAMEl, which 
A da ta  v a r i a b l e  changed through -a NAMELIST must be read  f o r  each case.  

read w i l l  r e t a i n  i t s  new value f o r  a l l  t he  fol lowing cases  i n  a given run,  
un le s s  i t  i s  changed aga in  by another  NAMELIST read. 

The makeup of d a t a  cards  f o r  ba tch  ope ra t ion  i s  a s  fol lows:  

COlOmns De S C r  i D t  ion  

2-7 &NAME1 i d e n t i f i e s  t h e  fol lowing a s  a NAMELIST 
c a l l e d  NAME1 t h a t  con ta ins  op t iona l  da ta .  

The remainder of the  card s t a r t i n g  i n  column 9 is  
used t o  e n t e r  da t a  i tems separa ted  by commas. 
The end of the  da t a  s e t  i s  s igna led  by CWD. The 
form of the da t a  i s  v a r i a b l e  name = cons tan t  o r  
v a r i a b l e  name = ' a l phabe t i c  cha rac t e r s . '  

9-80 

If required,  columns 2-80 of add i t iona l  ca rds  can be used. I n  t h i s  
case,  da t a  i tems a r e  separa ted  by commas, and t h e  t o t a l  da t a  s e t s  a r e  f o l -  
lowed by 6WD. A l i s t  and a d e s c r i p t i o n  of the  v a r i a b l e s  and t h e  d e f a u l t  
va lues  f o r  NAMEl a r e  g iven  i n  Table 5.1. Examples of t he  use of the  NAME- 
LIST f e a t u r e  a r e  i l l u s t r a t e d  i n  Sect .  5.6, along wi th  an  example of in te r -  
a c t i v e  input .  

5.6 Sample Problems 

To i l l u s t r a t e  the  use of OMOOST, t h r e e  sample problems w i t h  computer 
output  l i s t i n g s  a r e  included i n  t h i s  sec t ion .  The p repa ra t ion  of input  
da t a  f o r  the  ba tch  mode i s  i l l u s t r a t e d  i n  Fig.  5.3 and f o r  the  i n t e r a c t i v e  
mode i n  Fig. 5.4; t h e  output l i s t i n g s  follow. A l l  problems use the  de- 
f a u l t  input  da t a  de f ined  i n  Table 5.1, except where new d a t a  a r e  read  i n  
v i a  the  NAMELIST NAME1. 
consecut ively,  input  da t a  f o r  each problem ca r ry  over t o  succeeding prob- 
lems, un le s s  changed i n  a succeeding NAMELIST. 

two 575-MW(e) coa l - f i r ed  u n i t s  w i th  wet l imestone FGD, Problem 3 c a l l s  
f o r  a r e run  of problem 2 with dry FGD. Note t h a t  t he  number of u n i t s  and 
r a t i n g  s p e c i f i e d  i n  example problem 2 were c a r r i e d  over t o  problem 3. 

Because these  t h r e e  example problems were run  

I n  problem 1, an 1150-MW(e) PWR was spec i f i ed .  Problem 2 c a l l s  f o r  

. 
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Table 5.1. NAME1 input da t a  v a r i a b l e s  and d e f a u l t  va lues  

Variable  
name D e f i n i t i o n  Default  

va lue  

YEAR 

TYPE 

PLTFAC 

MWN 

HlRATE 

ISOX 

WETDRY 

UNITS 

WAGERT 

FRINGE 

SUPER 

BTUCOL 

XLIMSS 

XLIMS 

SASH 

ASHPCr 

PCrSRM 

PCrSUL 

SLURY 

COSLMS 

COSLM 

ESWAGE 

ESSLUR 

-ESLIMS 

ESLIM 

ESCINS 

ESGINS 

ESFEES 

ESMAII, 

ESCSUP 

ESCPIN 

ESCPOW 

ESCGEN 

Year of ope ra t ion  

P lan t  type (LWR, COAL, COALWS, COLDS) 

Baseload p l a n t  capac i ty  f a c t o r  

Net p l a n t  e l e c t r i c a l  output ( s i n g l e  u n i t ) ,  blw 

Plan t  ne t  hea t  r a t e ,  Btu/kWh(e) 

= 0 (FGD not s p e c i f i e d )  = 1 (FGD s p e c i f i e d )  

= 1 (wet l imestone FGD s p e c i f i e d )  = 2 (dry  FGD 

Number of u n i t s  per s t a t i o n  

Wage r a t e  before  adders (base y e a r ) ,  $/year 

Operator f r i n g e  b e n e f i t s  a s  percentage of wage 

Plan t  supe rv i s ion  a s  percentage of wages p lus  

Heating va lue  of coa l ,  B tu / lb  

Tons of l imestone per ton  of s u l f u r  

Tons of l ime per t on  of s u l f u r  

Ash handl ing cos t  (base y e a r ) ,  $/ton 

Ash i n  coa l ,  % 

Sul fu r  removed, % 

Sulfur  i n  coa l ,  % 

Cost of sludge d i sposa l  (base y e a r ) ,  $ / ton  

Cost of l imestone (base y e a r ) ,  $ / ton  

spe c i f i e  d ) 

r a t e  

f r inge  b e n e f i t s  

Cost of lime (base 

Esca la t ion  r a t e  of 

Esca la t ion  r a t e  of 

Esca la t ion  r a t e  of 

Esca la t ion  r a t e  of 

Esca la t ion  r a t e  of 
insurance,  %/year  

Esca la t ion  r a t e  of 
insurance,  %/year  

Esca la t ion  r a t e  of 
reviews, %/yea r  

Esca la t ion  r a t e  of 

E s c a l a t i o n  r a t e  of 
%/year  

%/year  

Esca la t ion  r a t e  of 
surance,  %/year  

Esca la t ion  r a t e  of 

Gener a1 e s ca l  a t  i on 

y e a r ) .  $ / ton  

wages, %/year  

cos t  of 

cos t  of 

cos t  of 

cos t  of 

cos t  of 

cos t  of 

cos t  of 

cos t  of 

cos t  of 

cos t  of 

r a t e  

sludge d i sposa l ,  %/year 

1 ime s tone ,  % I  year  

lime, %/year  

commercial l i a b i l i t y  

government l i a b i l i t y  

f ees ,  i n spec t ions ,  

ma te r i a l s ,  %/year 

supp l i e s  and expenses, 

p roper ty  insurance,  

replacement power in- 

1982.0 

PWR 

. 0.65 
1,150 

10,700 

0 

1 

1 

10.45 

35 

20 

11,026 

4 .OO 

1 .oo 
6 .OO 

11.60 

90 .OO 
3.50 ' 

5 .oo 
12.50 

70 .OO 
8 .o 
10.0 
10.0 

10.0 

6 .O 

0 .o 

8 .O 

10.0 

10.0 

6 .O 

9 .O 

-99 .O 
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' ORNL-DWG 82-6210ETD 
- .  

ItEADY 

EL L I OHAR.I( O d l N  1 

< ' f h S I O N  1 - I F 8 2  

OfiCOSl INPUT D A l A  VREPARAIION R O U l I N E  

I N P U T  PLANT TYPE: P U I ,  BUR. LUR, Oh COAL 
I'UR 
I r fPUl  NET PLANT ELECTRICAL OUTPUI. MU 
I F  0 IS INPUT,  D E f A U L l  VALUE IS USED 
0 

Y 
DO mu UANT T O  SKIP T O  NAMELIS! INruT? IY OR N )  

I N I U I  NAMELIST CARDS (SPACE IO COL. 2 )  
I l P E  "END" I O  I E R H I N A I E  NAMELIST INPUT 
END 
AKE I H E K E  A D D I T I O N A L  CASES' (Y OR N )  
Y 
DO YOU U A N I  IO S K I P  10 N A M E L I S I  INPUT? ( I  OH N )  
N 
INPUT P L A N l  TYPE: PUR, BUR. LUR, OR COAL 
COAL 
DO I O U  UANT SCHUDBERS? ( I  OR N )  
Y 
U E I  Oh DRY' 
UE I 
I N F U I  NET PLANT E L E C l h I C A L  OUIPUI,  I(U 
If 0 IS INPUT.  UALUE IS NOT CHANGED FROf! FRE'JIOUS RUN 
575 
DO IOU U A N I  TO SKIr IO WAMELISI  I N t U I ?  ( I  OR N) 
11 

I N F U I  YEAR O f  OFEhATlON 
0 

0 
I N F U I  NUMBER OF U N I T S  F E K  SlllION 
7 

UO IOU UANI IO S K I P  IO NAMELIST I W F U I ?  I I  OR N )  
I 
I N P U T  NAMELIST CAhDS ISPACE IO COL. 2 )  
I Y P E  "END" 10 I E K M I N A I E  NAMELIST I N P U l  
END 
A F C  IHERE A D U l T I O N A L  CASES? ( I  OW N )  
I 
I O  I O U  U A N l  TO SKIP IO NAMELIST I N P U T ?  ( 1  OR N )  
N 
I N P U T  PLANT I I F E :  PUK. BUR, LUR. OR COAL 
LOAL 
DO IOU UANT SCKUBBERS' ( I  OR N )  
I 
U E I  Oh I lk77 

DRY 
I N P U T  NE1 P L A N l  ELECTRICAL OUTPUI,  MU 
I F  0 IS INPUT,  VALUE IS NOT CHANGED FROM PREVIOUS RUN 
U 
00 YOU Y A M 1  TU ShIY TO d A I E L I S 1  I N F U l T  I Y  Oh N I  
Y 
I N U I  NAMELIST CAKDS (SPACE IO COL. 2 )  
I'IPE END" I O  I E R H I N A I E  NAMELIST INPUT 
LND 
AKE lHEHE A D I l l T l O N A L  CASES? ( I  OR N )  
N 
OMCOST I N F U I  F I L E  APPEARS AS FOLLOUS: 
l N A H E I  
TYPE= PUR , 
l E N D  
I N A N E  1 
I V E =  COAL , 
UElDRY:I, 
I U N =  5?5 . ,  
UNI IS=?, 
SEND 
INAME I 

i t i ru i  BASE LOAD c w A c i i i  f A c m  (DCCIHALI 

1sox=t, 

r w E = ' c o A L  , 
IS0X=It 
UETDHY=Z, 
SEND 
RCALIY 

F i g .  5 .4 .  Interactive-mode input data for sample problems. 
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DEFAULT VALUES OF NAHELIST N A M E 1  VAHIABLES 

YEAR 
TYPE 
PLTFAC 
HWN 
HTRATE 
I sox 
WE TUHY 
U N I T S  
WAGfiHT 
FRINGE 
SUPER 
BlUCOL 
XL INS3 
X L  I M S  
$ASH 
ASHPCT 
PCTSHM 
PC 1 SUL 
SLUHY 
CUSLMS 
COSLH 
ESWAGE 
ESSLUR 
€ S L I M S  
€ S L I M  
E S C I N S  
E b G I N S  
E S F E E S  
ESMATL 
ESCSUP 
E S C P l N  
kSCP0W 
ESCGEN 

1982.0 
Y WH 
0.65 
1150. 
10700. 
1 
1 
1 

10 .45  
35. 
20. 
11000. 
4.00  
1.00 
5.00 

11.60 
90.00 
3 050 
5.00 

12.50 
70000 

8 .0  
10.0 
10.0 
10.0 

6.0 
0.0 
8.0 
10.0 
10.0 
6.0 
9.0 

-99.0 
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SITE STAFF REQUIREMENT FOR LWR POWER PLANTS 

YO,  UNITS PER S I T E  
1 2 3 4 

PLANT BANAGER’S OFFICE 

MANAGER 
A S S 1  STANT 
QUAL I CY ASSURANCE 
ENVIRONMENTAL CONTROL 
PUdL I C  &ELATIONS 
TRAINING 
SAFETY E F I R E  

HtALTH SEl iVICES 
SECUHIT Y 

ADMIk. C SERVICES 

1 1 1 1 
1 2 3 4 
6 6 7 8 
1 1 1 1 
1 1 1 1 

A2 12 12 12  
1 2 3 4 

49 55 6 5  7 &  
2 2 2 2 
94 94 94 94 

SUBTOTAL 168 1 7 6  1 8 9  205 

OPERATICNb 

SUPERVISION (EXC. S H I F T )  9 9 18 18 
SHIFTS 52 104 156 208  

SUbTOlAL 6 1  113 174  2 2 6  

HA1 NTEhANCE 

SUPERVISION 1 2 ’  14 26  2 8  
CRAFTS S T  7 1  8 7  LO3 
PEAK MAINT. ANNUALIZED 55 110 165 220 

SUBrUrAL 1 2 2  195 278 351 

TECHNICAL AND €NGiNEERING 

REACTOR 
HAD1 C - C H E M I C A L  
ENGIhEEHING 
PEHFCHH., H E P U R T S t  TECH. 

SUSTOTAL 

1CTAL 

L E S S  SECURITY 

LESS S S C o t  PEAK MAINT 

5 5 7 7 
8 8 12 12 

16 16 16 16 
2 1  30 3 9  40 

50 59 74 83 

307  449 62L 1 7 1  
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NAMELIST FOR FOLLOWING C A S E  

YEAR 
f Y  Pk 
P L T F A C  
MWN 
HTRATk 
I sox 
WE TURY 
U N I T S  
WAGERT 
FRINGE 
SUPER 
BTULOL 
XLIMSS 
XL IMS 
$ASH 
ASHDCT 
PC TSRM 
P C T S U L  
SLURY 
COSLMS 
COSLM 
ESWAGE 
ESSLUR 
E S C X M S  
k S L  IM 
E S C I N S  
E S G I N S  
ESFffS 
ESMATL 
E S C S U P  
t S C P I N  
ESGPOW 
ESCGEN 

1982-C 
P WR 
0.65 
1150. 
10700. 
1 
1 
1 

10 -45 
35 . 
20- 
11000. 
4.00 
1.00 
5.00  

11-60 
y0.00 

3.50 
5-00 

12 050  
70.00 
8.0 

10.0 
10.0 
1000 
6.0 
000 
8 .0  
1000 
10.0 

6.0 
9.0 

-99.0 
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SUMMARY OF ANNUAL NONFUEL O P E R A T I O N  AND M A I k T E N A N C E  COSTS 
FOR BASE-LOAD S T E A M - E L E C T R I C  POWER P L A N T S  I N  1982.0 

U S I N G  OMCOST V E R S I C N  6-4-82 

P L A N T  T Y P E  IS PWR 
NUMBER OF U N I T S  PER P L A N T  A 
THEHMAL I N P U T  PER U N I T  IS 3606. HUT 
P L A N T  NET HEAT HATE 10700e 
P L A N T  NET E F F I C I E N C Y ,  PERCENT 3 1 - 6 9  
E A C H  U N I T  IS 1150- Mkk NET H A T I N G  
ANNUAL NET GENERATIUN,  M I L L I O N  KWH 6553-  
W I T H  BASE L O A D  C A P A C I T Y  FACTOR i3F Om65 

D I R E C T  COSTS $ 1 0 0 0 / Y E A R  
L T A F F  ONSITE 14026- 

( 4 0 1  PERSCNS A T  S 36973 .1  

M A I N T E N A N C E  MA TER I A L  4299- 
F I X E L ;  33b 3. 
V A R I A B L E  926. 

S U P P L I E S  AND f X P f N S t S  
F I  X E O  
V A R I A b L E  

545s 
48000 

6 5 5 -  

FEES,  I N S P E C T I C N S ,  K E V I E k S  4880 

O F F S I T E  SUPPORT S t R V I C E S  3697 .  

I N O I R E C T  COSTS 
A U M I N I  S T R A T I  V f  AND GENERAL 1 4 6 S 9 .  

COMMiiRC I A L  L I A B I L I  TY I N S -  401- 
R E T R O S P t C T I V E  P R k H I U M  10- 
GOVERNMENT L I A B I L I T Y  I N S .  L8. 
PHOPtHTY INS- ( P H I M A H Y )  20i)o. 
PROPERTY INS 4 E K G E S S )  1600- 
R E P L A C E M E N 1  POWER IKS. 2000- 
OTHER AEG 8630- 

COSTS BLOOO/YEAH 
TOTAL F I X E D  DIRECTS AN0 I N D I R E C l 3  
TOTAL V A R I A B L E  D I H E C T S  ANC I N D I A k C T S  
TOTAL ANNUAL NGNFUEL OtW 

4 1 8 5 3 ,  
1 5 7 1  

4342s-  

U N I T  COSTS H I L L S / K W H ( t )  
F I X E 0  D I R E C T S  AND I N D I R E C T S  6 e39 
V A R I A B L E  D I R E C T S  AND I N D I R E C T S  0 - 2 4  
T O T A L  h O N F U t L  O&M 4-63 

T O T A L  NONFUEL OCM L E S S  'CTHER ACG' 
T O T A L  NONFUEL OCM L E S S  AEG 

5 031 
4.39 



52 

S I T E  STAFF HEQUIREHENT FOR COAL-FIRED POWER PLANTS 
k I T H  WkT LIMESTONE FGD SYSTEMS _--------------_-------------- 

NO. UNITS PER S I T E  
1 2 3. 4 

PLANT MANAGER' S OFF ICE 
I 

MANAGER - 1  1 1 1 
ASSISTANT ' 1  2 3 4 
ENVIRONMENTAL CONTROL 1 1 1 1 
PUBLIC RELArIONS . 1 1 1 1 

1 1 1 1 
1 1 1 I 

TRAIhING 
SAFETY 
AOMIN. & SERVICES 1 3  14 1 5  16 
HEALTH S E R V I C E S  1 1 1 2 
SECURITY 7 7 7 7 

SUBTOTAL 27 29 3 1  34 

OPERATIGNS 

S U P E R V I S I O N  ( E X C .  S H I F T )  3 3 5 5 
S H l F T S  45 50 6 0  65 
FUEL AND LlHESTONE RECo 12 12 12  18  
kASTf SYSTEMS , 10 20 30 40 

SUBTOTAL 70 85 107 128 

MAINTEhANCE . 

SUPERVISION a 8 10 12 
CRAFTS Y O  110 130 150  
P€AK VAINTO ANNUALIZED 20 40 60 80  

SU BT OT A L 118 158 200 242 

TECHNICAL AND ENGINEERING 

k A S l E  1 2 3 4 
CHEMICAL 2 2 3 4 
I C C  2 2 3 4 
PERFCRM., REPORTS, TECH. 14 17 2 1  24 

SUBTOTAL 19 23 3 0  36 

2 3 4  295 360 440 TGTAL --- --- --- --- --- --- --- --- 
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’ N A M E L I S T  FOR F O L L O W I N G  CASE 
I .  

YEAR 
TYPE 
PLTFAC 
MLJN 
H T R A T f  
I sox 
WE TDHY 
U N I T S  
WAGER1 
F R I N G E  
SUPER 
BTUCOL 
XLAMSS 
X L I M S  
SASH 
ASHPCT 
PC TSRM 
P C T S U L  
SLUKY 
C G  SLMS 
COSLM 
ESWAGE 
ESSLUH 
ESLIMS 
k S L  I M  
€SC iNS 
€ S G I N S  
E S F E E S  
E S M A T L  
ESCSUY 
ESCPIN 
ESCPOW 
ESCGEN 

1982.C 
COAL 
0 065 

575. 
9980. 

1 
1 

, 2  
10.45 

35 . 
10. 
11000. 
4.00 
1.00 
5 .00  

11.60 
90.00 
3.50 
5.00 

12.50 
7 0 o O O  

8.0 
L O O 0  
10.0 
10.0 
6.0 
0.0 
8.0 

10.0 
10.0 

6.0 
9.0 

-99.0 
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SUMMARY OF ANNUAL NONFUEL O P E R A T I O N  AND M A I N T E N A N C E  COST5 
FOR b A S E - L O A D  S T E A M - E L E C T R I C  POWEK P L A N T S  I N  1982.0 

U S 1  N t i  OMCOST V E R S I O N  6-4-82 

P L A N T  T Y P E  IS COAL 
NUMbER OF U N I T S  P t R  P L A N T  2 
WITH WET L I M E S T O N E  f-GO S Y S l E H S  
T h E K M A L  I N P U T  P t R  U N I T  IS 1662. MWT 
P L A N T  NET H E A T  R A T E  9980. 
P L A N T  N E 1  E F F I C I E N C Y ,  PERCENT 34.1Y 
E A C H  U k I T  IS 575. MWE N E T  H A T I Y G  
ANNUAL NET G E N t K A T l O N ,  H I L L L U N  KWH 6553.  
W I T H  B A S E  LOAD C A P A C I T Y  FACTOR clk 0.65 

D I R t C T  C O S l S  J 1 0 0 0 / Y E A R  
S T A F F  C N S I T t  Y 5 2 2  

( 2 9 5  PERSCNS A i  % 32278.1 

M A I N T E N A N C E  M A T E R I A L  
F I X E D  
VAK I A B L E  

3 9 9  1 
31620 

829 

S U P P L I E S  AND t X P E N S t S  13465, 
F I X € U  4 4 0 0 .  
VAR. - P L A N T  706.  - L 1 H k : S T O N t  66820 - A b H  G FGO SLUUGE 3597. 

O F F S I T E  SUPPOKT S t R V I C E S  1 1 1 4 .  
. I  

I N O I R E C T  COSTS 
A O H I N I S T R A T I V E  AND GENERAL b 6 2 7 .  

PROP€RTY INSURAFtCE 200. 
OTHER A L G  8 4 2 7 .  

COSTS % 1 0 0 0 / Y k A R  
T O T A L  F I X E D  D I R E C T S  AND I N O I H t C I S  
T O T A L  V A R I A B L E  D I R E C T S  ANC I N D I H k C T S  
T O T A L  ANNUAL NONFUEL OCH 

U N I T  COSTS H I L L S / K W H ( E )  
k I X E D  D I R E C T S  AND I N D I R E C T S  
V A R I A B L E  D I R E C T S  AND I N D I R E C T S  
T O T A L  N O N f U t L  OLM 

r O T A L  NONFUEL GCH L E S S  ' C T H E H  A L t i '  
T O l A L  NONFUEL OGM L t S S  AGG 

H E A T I N G  V A L U E  OF COAL,  B T U / L B  11000. 
C O A L  dURNED, T U N S / Y E A R  2 972462 
P E R C € N T  A S H  11.60 
C O S T  OF ASH D I S P O S A L v  J/TCN 5.00 
PERCENT S U L F U R  5 - 5 0  
SL'LFUR (100 P C T . ) r  TONS/YA 104036.  
PERCENT SULFUR REMOVED 90.00 
SULFUR REMOVED, TONS/YEAK 9 3 6 3 3 0  
TONS L I M E S T O N E  PER TON S U L F U R  4.00  
TUNS/YEAK L I M E S T O N E  374532.  
COST OF L I H E S T C N E ,  % / T O N  12.50 
COST UF SLUDGE U I S P U S A L ,  $ / D R Y  TUN 5.00 

261125. 
9 t l Y J .  

36718. 

4 009 
1 - 5 1  
S o 6 0  

4.32 
4 . 2 9  
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S I T E  STAFF REQUIREMENT FOR COAL-FIRED POWER PLANTS 
WITH DRY FGD SYSTEHS -------------------- 

PLANT MANAGER'S OFFICE 

FANAGER 
ASS1 S T A N T  
E N V I R O N M E N T A L  CONTROL 
PUBLIC R E L A T I O N S  
THAIhINCI , 

SAFETY 

H E A L T H  S E R V I C k S  
SECURITY 

ADMINo C SERVICES 

SUt3TOTAL. 

OPERATIONS 

SUPERVISION ( € X C o  S H I k T )  

FUEL AND LIMESTONE R E G O  
SHIFTS 

kAST€ SYSTkMS 

SUB1 OTAL 

MAINTENANCE 

SUPERVISION 
CHAF r s 
PEAK MAINT.  ANNUALIZE0 

SUBTOTAL 

TECHNICAL AND ENGINEERING 

WASTE 
CH€Y ICAL 
I C ( ;  
PERFCHMo p REPORTS, TECH. 

SUB1 07AL 

TOTAL 

1 1 
1 2 
1 1 
1 1 
1 1 
1 1 

13 . 14 

7 .  7 

27 2 9  

1 \  1 

3 3 
4s so 
12 12 
5 10 

6 5  75 

8 ,  8 
77  94 
20 40 

105 1 4 2  

1 2 
2 2 
2 2 
14 17 

19 23 

216 269 

L 1 
3 4 
1 1 
1 1 
1 A 
1 1 

15 16 
1 2 
7 7 

3 1  34 

5 5 
60 65 
12 18 
15 20 

92  108 

10 12 
111 128 
60 80 

181 220 

3 4 
3 4 
3 4 

2 1  24 

30  36 

3 3 4  398 
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NAMELIST FOR FOLLOWING CASE 

YEAH 
TYPE 
P L T F A C  
MhN 
HTRATE 
I sox 
WE TORY 
UNITS 
WAGER1 
F R  IWGE 
SUPkW 
BTUCOL 
XLIMSS 
XL IMS 
SASH 
ASHYCT 
PCTSRM 
YCTSUL 

COSLMS 

ESkAGE 
ESSLUR 
E SL I H S  
E S L I M  
ESCINS 
E S G I N S  
ESF f t S  
ESMATL 
E SCSUP 
E S C P I N  
ESCPOW 
E S C G E N  

s w n y  

* I  CO SLM 

1982.C 
COAL 
0.65 

575. 
9780.  

1 
2 
2 

10.45 
35 .  
10 . 
4.00 
1.00 
5.00 
7.30 

10m00 
0m50 
5.00 

1 2 - 5 0  
70.00 

8.0 
10.0 
10.0 
10.0 

6.0 
0 . 0  
8 . 0  

10.0 
10.0 
6.0 
9.0 

-99.0 

8200. 
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I .  

b U M H A H Y  l l F  A N N U A L  ' N O N F U E L  O P E R A T  I O N  A N D  ;I1AI N T E N A Y C E  6 0 S T b  
FOR B A b E - L O A D  S T E A M - E L E C T R I C  PGWEK P L A N T S  I N  1982.0 

U S 1  NG OMCObT V E R S I O N  6-4-8L 

P L A N T  T Y P t  IS C O A L  
N U M e E R  OF U N I T S  P t R  P L A N T  2 
k I T H  WET L I M E S T O N E  f-GU S Y S T E M S  % I  

T h E g M A L  I N P U T  P t R  U N I T  I S  16tr2. H U T  
, <  P L A N T  N E T  H E A T  H A T E  9980. 

P L A N r  N E T  E F F I C I f N C Y s  P t R C t N T  3 4 . l Y  
E A C H  U F t I T  I S  575. MWE N E T  K A T I I C  
AFlfVUAL N E T  G E N t K A T I b k ,  M I L L I U i V  'hWH 6553. - ' I  

h I T H  8 A S E  L O A D  C A P A C I T Y  F A C T O R  ut-0.65 

. I  

, .  

D I R t C T  C O S T S  J 1 3 0 0 / Y E A R  
S T A F F  C N S I T t  Y522.  

( 2 9 5  P E R S C N S  A 1  S 3 2 2 7 8 .  I 

M A I N T E N A N C E  M A T k R I A L  3991 .  
F I X E U  1 3 1 6 2 .  
V A K  I A B L  t * 829. 

b U P P L I E S  A N D  t X P E N S t S  A 3 4 6 5 .  
F I X € U  ' 4 4 0 0 .  
VAR. - P L A N T  786.  - L I M t S T O F t t  4 6 6 2 .  - A b H  & F G U  S L U U L E  3 5 9 7 .  

O F F S I  T E  SUPPOKT S ~ R V I  C E S  1 1 1 4 0 .  

I N U  I R E G  T L O S T 3  
A O H l N I S T R A T I V E  A N D  G E N E R A L  Lt627. 

P R O P k R T Y  1 t V S U R A h C t  200. 
OTHEH A L G  8 4 2 7 .  

C O S T S  S 1 0 0 0 / v k A K  
T O T A L  F I X t D  D I R E C T S  AND I F t U I H t C l S  
T O T A L  V A R I A B L E  D I R E C T S  ANC I N D I d E - C T S  ' 
T O T A L  A h N U A L  N U N F U E L  U&H 

U N I T  C O S T S  M I L L S / K W t i ( E )  
F I X E D  DIRtCTS AND I N D I R € C l S  
V A H I A B L E  O I K E C T S  A N D  INDIRECTS 
T O T A L  N O N F U t L  U C M  

r O T A L  K O N F U E L  CGH L k S S  ' C T H E H  A b G '  
I O T A L  N O N F U t L  L;&M L t S S  A&(; 

H E A T I N G  V A L U E  GF G O A L ,  B T l r / L a  11000. 
C C A L  d U R N E D ,  T U N S / Y E A R  2 9 7 2 4 6 2 .  
P E R G € N T  A S H  11.60 
C O S T  O F  A S H  D I S P O S A L ,  S / T C N  5 .OO 
P E A C € N T  S U L F U R  3-50 
S L ' L F U R  (100 PCT.1 ,  T O N S / Y A  1 0 4 0 3 6 .  
P E R C E N T  S U L E U R  R E M O V t O  90.00 
S I I L P U R  REMOVfiO, T O N S / Y t A K  ' 33633.  
T O N S  L I M E S T O N E  PER T U N  S U L F U K  4 . 0 0  
T U N S / Y  t AK L I M E S T O N E  3 7 4 5 3 2 .  

12-50 C G S T  OF L I M E S T C N E ,  $ / T O N  
C O L T  UF S L U D G E  L J I S P U S A L p  $ / D R Y  T U N  5.00 

261325. 
'3693 . 

3 6 7 1 8 .  

4 .UY 
1 - 5 1  
5 - 6 0  

4 . 5 2  
4 .2Y 
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E S C A L A T I O N  R A T E S *  PERCENT/YEAR I 

WAGES 
SLUDGE D I S P O S A L  COST 
L I H E S T O N E  COST 
LIMk COST 
COML. L I A B .  INS. COST 
GOVTo L I A B o  I N S .  COST 
I N S P E C T I O N  FEES & EXPO 
M A T E R 1  AC 
S U P P L I E S  AND EXPENSES 
PROPERTY I N S U R A N C E  

GENERAL E S C A L A T I O N  
REPLACEMENT POWER I N S .  

8.0 
10.0 
10 00 
10.0 

6 .O 
0 00 
8.0 

10.0 
10.0 
6 .O 
9.0 

-99.0 

ANNUAL AVERAGE SALARY COMPONENTS 

WAGE R A T E  6€fORE ADVERS ( B A S E  Y k A R ) ,  S/HR 10.45 
OPERATOR F R I N G E  BENEFITSt P C T o  3s. 
P L A N T  S U P E R V I S I O N  E T E C H N I C A L t  P C T o  10. 
S P E C I A L  NUCLEAR PENALTY,  P E R C E N l  5 0  

FGU C O S T  COPPONENTS A T  B A S E  YEAR 1’36200 

COST OF L I M E S T O N E ,  $ /TON 12.50 
COST OF L I H E t  $/TON 70o00 
C O S T  OF SLUDGE D I S P O S A L v  $ / D R Y  TON 5 000 

ASH D I S P O S A L  COST COMPONtNTS AT b A S E  YEAR 

COST OF ASH D I S P O S A L t  % / T C N  5.00 
P C T o  ASH IN COAL - kET LINESTONE FGD 11.60 
PCTo A S H  IN COAL - DRY FGC 7 -  30 
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6. COMPARISON WITE BEPORTED ObM COSTS 

Cost e s t ima tes  produced by the  OMCOST code using t h e  procedures de- 
veloped i n  t h i s  r e p o r t  a t  60% capac i ty  f a c t o r  a r e  compared w i t h  O W  c o s t s  
f o r  1980 a s  r epor t ed  by u t i l i t i e s  on FERC Form 1. Figures  6.1 and 6.2 
show these  comparisons f o r  nuc lear  and coal-f i r e d  p l a n t s ,  r e spec t ive ly .  
The s c a t t e r  p l o t s  show the  repor ted  da ta ,  which a r e  t abu la t ed  i n  Tables  
6.1 and 6.2; t he  numbers on t he  p l o t s  i n d i c a t e  the number of u n i t s  i n  each 
p l an t .  Because the cost-est imat ing procedures  developed f o r  the OMCOST 
code a r e  f o r  baseload p l a n t s  ope ra t ing  a t  capac i ty  f a c t o r s  of 40-80%, four  
of t he  s ing le-uni t  p l a n t s  i n  Table 6.1, Beaver Valley 1, Davis-Besse 1, 
Oyster Creek, and San Onofre 1 (which operated a t  very low capac i ty  fac- 
t o r s  i n  19801, a r e  not  included i n  Fig. 6.1. There i s  a wide range of 
repor ted  0 & M  c o s t s  f o r  any s p e c i f i c  yea r  because of v a r i a t i o n s  i n  annual 
major maintenance requirements,  u t i l i t y  p r a c t i c e s ,  capac i ty  f a c t o r s ,  ' p l a n t  
s i z e s  and number of u n i t s ,  and r eg iona l  cos ts .  The continuous curves pro- 
duced by the  OMCOST computer code do not  include AM; expenses, inc luding  
insurance premiums, because these expenses a r e  not a l l o c a t e d  t o  the  06M 
expense accounts i n  18 CFR 101 and on FERC Form 1. The a d d i t i o n  of AM; 

12 ; 
ORNL-DWG 82-6211 ETD 

1 

2 

2 

2 

OMCOST (2 units) 
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Table 6.1. Nuclear power p l a n t  O6M c o s t s  r epor t ed  on FERC Form 1 f o r  1980 

Plan t  name 
Capacity 06Y c o s t  Number Net 

u n i t s  [MW(e)l (k) 

a 
(mills/kWh) Region of c a p a b i l i t y  f a c t o r  

Arkansas Nuclear One 1 
Arnold 
Beaver Val ley lb 
Connecticut Yankee 
Cooper 
Crys t a l  River 3 
Davis-Besse 1 
Far l ey  1 
F o r t  Calhoun 
G i nna 
Ind ian  Point  2 
Keraunee 
Maine Yankee 
Mil ls tone 1 
Mil l s tone  2 
Mont i c e l l o  
Nine Mile Point  1 
North Anna 1 
Oyster Creek 
Pal isade s 
Pi lg r im 1 
Rancho Seco 
Robinson 2 
Salem 1 
San Onofre 1 
St .  Lucie 1 
Tro jan  
Vermont Yankee 

b 

b 

b 

Brunswick 1 6 2 
Calve r t  C l i f f s . 1  6 2 
Cook 1 6 2 
Dresden 2 6 3 
Batch 1 6 2 
Peach Bottom 2 6 3 
Point  Beach 1 6 2 
P r a i r i e  I s l a n d  1 6 2 
Quad C i t i e s  1 6 2 
Surry 1 6 2 
Turkey Point  3 6 4 
Zion 1 6 2 

3 
5 
2 
1 
5 
3 
4 
3 
5 
1 
1 
4 
1 
1 
1 
5 
1 
3 
2 
4 
1 
6 
3 
2 
6 
3 
6 
1 

1 
1 

. 1  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

3 
2 
4 .  
4 
3 
2 
4 
5 
4 .  
3 
3 
4 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Browns Ferry 1, 2, 6 3 I 3 3 
Oconee 1, 2, 6 3 3 3 

83 6 
515 
81 0 
555 
764 
7 82 
890 
804 
4 90 
47 0 
86 4 
51 8 
81 0 
654 
86 4 
53 6 
610 
850 
620 
635 
670 
87 3 
665 
1079 
43 6 
777 
1080 
504 

1580 
1635 
2126 
1545 
1576 
2086 
990 
1003 
1538 
1550 
1292 
2080 

3195 
25 80 

51.6 
61.7 
4.0 
73.3 
56.6 
49.0 
26.8 
65.4 
46.5 
74.7 
56.1 
.80.0 
'61.9 
59.4 
64.8 
73.4 
84.7 
75.4 
35.8 
41.9 
51.9 
57.5 
54.6 
59.9 
21.8 
76.4 
64.0 
67.5 

41.6 
76.4 
70.6 
65.6 
62.8 
63.1 
69.9 
74.6 
52.2 
34.7 
72.8 
64.7 

66.3 
62.9 

4.07 
6.61 

128.50 
9.87 
5.02 
11.88 
20.07 
5.59 
7.19 
6.14 
7.76 
4.09 
3.19 
8.13 
5.83 
6.20 
2.07 
3.76 
19.32 
8.25 
9.13 
6.44 
6.92 
11 .I4 
39.00 
3.15 
4.31 
7.58 

9.98 
*8.60 
2.46 
4.28 
4.56 
5.74 
2.95 
3.52 
5.49 
6.25 
3.74 
3.19 

3.60 
3.66 

a 

bNot included i n  Fig.  6.1. 

Regions a r e  de f ined  i n  Table 6.4. 
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Table 6.2. Large baseload coal-f ired power plant OLM c o s t s  
reported on FERC Form 1 for  1980 

06M cost  
( m i l  1 s/kWh) 

Number Net Capacity 

u n i t s  IMW(e)l , (%I 
Plant name Region of capabil i ty  factor a 

Bull Run 
Cheswick 
Conesville 4 
Council B l u f f s  3 
Gentleman 1 
King 
Mil ler  1 
Neal 3 
Neal 4 
Nebraska City 1 
Newton 1 

Belews Creek 1 6 2 
Big Brown 1 6 2 
Cayuga 1 6 2 
Centralia 1 & 2 
Coffeen 1 6 2 
Colmbia 1 6 2 
Cmaberland 1 6 2 
Fort Martin 1 6 2 
Folv Corners 4 6 5 
Gavin 1 6 2 
Ghent 1 6 2 
Keystone 1 6 2 
M i a m i  Fort 1 6 2 
Mitchell  1 6 2 
Montour 1 6 2 
Mount Storm 1 6 2 
Rush Island 1 6 2 
Schahfer 1 & 2 
Sherbourne County 1 
Sioux 
Welsh 1 6 2 

3 1 
2 1 
4 1 
5 1 
5 1 
5 1 
3 1 
5 1 
5 1 
5 1 
4 1 

3 2 
3 2 
4 2 
6 2 
4 2 
4 2 
3 2 
4 2 
6 2 
4 2 
4 2 
2 2 
4 2 
4 2 
2 2 
4 2 
5 2 
4 2 

6 2  5 2 
5 .  2 
3 2 

Baldwin 1. 2, 6 3 4 
Carding1 1 ,  2. 6 3 4 
Harrison 1. 2 ,  6 3 4 
Hats f i e ld  Ferry 1, 2, 6 3 2 
Homer City 1, 2, 6 3 2 
Martin Lake 1. 2, 6 3 3 
Monticello 1, 2, & 3 3 
Paradise 1 ,  2. 6 3 3 

Bridger 1, 2, 3, 6 4 6 4 
Gibson 1, 2, 3. 6 4 4 '  4 
Labadie 1, 2. 3, 6 4 5 4 
Monroe 1. 2, 3 ,  6 4 4 4 
Stuart I ,  2, 3, 6 4 4 4 

Regions are defined i n  Tabie 6.4. a 

943 
547 
80 8 
650 
600 
560 
660 
525 
576 
575 
577 

2240 
1150 
1036 
1300 
740 
1054 
2543 
1104 
1034 
2600 
1050 
1640 
1000 
1460 
1495 
1574 
1150 
903 
1402 
904 
1056 

1800 
,1800 
1922 
1500 
1886 
2250 
1900 
2348' 

84.3 
67.8 
24.9 
57.2 
43.9 
48.7 
33 .o 
71.5 
64.8 
39.0 
59.8 

66.7 
72.4 
61.4 
62.5 
54.7 
62.4 
50 .O 
65.9 
66.1 
64.2 
54.6 
73.8 
59.5 

. 65.8 
77 .O 
40.9 
61.6 
41.8 
67.7 
50 .o 
63.2 .. , 

64.6 
55.3 ' 

65.0 
62.8 
62.5 
67.6 
66.2 
51.4 

1.03 
2.78 
8.21 
2.97 
3.41 
1.85 
3.12 
1.15 
1.35 
3.42 
4.06 

1.07 
2.37 
1.42 
3.09 
5.83 
1.62 
3 .7.7 
1.49 
3.18 
1 .05 
1.13 
2.25 
1.98 
1.46 
1.52 
4.62 
1.55 
5.20 
2.38 
3.88 
2.53 

1.52 
2.69 
1.43 
2.37 
2.70 
3.77. 
3.56 
3.65 

2000 53.3 4.93 
2600 54.3 1.76 
2220 62.6 2.24 
3 000 61.9 2.70 
2325 60.6 2.62 
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1 

expenses, inc luding  insurance premiums, w i l l  inorease es t imated  ObM c o s t s  
about 30% f o r  coa l - f i red  p l a n t s  and about 50% f o r  nuc lear  p l an t s .  Also, 
the  OMCOST curves  shown i n  Fig. 6.2 do not  inc lude  FGD systems, because 
only about lob of the  repor ted  coa l - f i red  u n i t s  i n  Table 6.2 include FGD 
systems. 

Table 6.3 shows a reg iona l  comparison of repor ted  ObM cos t  da t a  f o r  
1980. It i n d i c a t e s  t h a t  ObM c o s t s  a r e  h ighes t  f o r  nuc lear  p l a n t s  i n  t h e  
Northeast ,  the  Middle A t l a n t i c ,  and t h e  Far  West and h ighes t  f o r  coal- 
f i r e d  p l a n t s  i n  the  Far  West. The s t a t e s  i n  each of the  s i x  r eg ions  a r e  
def ined  i n  Table 6.4. 

It i s  d i f f i c u l t  t o  draw conclus ions  fro,m these comparisons because of 
the  l a r g e  s c a t t e r  i n  r epor t ed  cos t s .  Linear-regression a n a l y s i s  and nor- 
ma l i za t ion  of r epor t ed  c o s t s  t o  cons tan t  capac i ty  f a c t o r  showed no s t a t i s -  
t i c a l  s ign i f i cance .  A mul t ip le - regress ion  a n a l y s i s  of repor ted  06M c o s t s  
a s  a f u n c t i o n  of p l a n t  s i z e  and number of u n i t s ,  l oca t ion ,  f u e l  type and 
q u a l i t y ,  r e a c t o r  type,  capac i ty  f a c t o r ,  yea r  of opera t ion ,  age, and o t h e r  
parameters  might h e l p  t o  e x p l a i n  the  v a r i a b i l i t y .  The only conclus ion  
t h a t  can be made w i t h  confidence i s  t h a t  t he  procedures  developed i n  t h i s  
study provide reasonable  cos t  e s t ima tes  t h a t  f a l l  w i t h i n  the  range of re- 
po r t ed  c o s t s  f o r  1980. 
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Table 6.3. Reg-onal ObM c o s t s  f o r  1980Q 

Number Average Capacity 

units [MW(e)l (%I 
ObM c o s t s  

(mills/kWh) 
Fue 1 of u n i t  s i z e  f a c t o r  

b Region 

Northeast  

Middle A t l a n t i c  

South 

East  North 
Central  

We s t North 
Cent r a1 

Far  West 

United S t a t e s  

OMCQST~ 

Nuclear 
Coal 

Nuclear 
Coal 

Nuclear 
Coal 

Nuclear 
Coal 

Nuclear ' 

Coal 

Nuclear 
Coal 

Nuc 1 e a r 
Coal 

Nuclear 
Coal 

9 
0 

7 
11 

20 
16  

13 
48 

6 
15 

3 
8 

58 
98 

1 
1 

667 

890 
641 

82 3 
7 97 

794 
648 , 

637 
606 

7 97 
5 42 

771  
657 

80 0 
650 

64.8 

55.5 
68.8 

59.3 
62.1 

60.7 
56.6 

55.4 
59.2 

53.9 
59.1 

59.9 
59.5 

60 
60 

6.36 

8.12 
2.26 

4.82 
2.58 

4.39 
2.43 

5.18 
2.29 

7.70 
3.88 

5.35 
2.52 

6 .O 
3 .O 

'Source: 

bRegions a r e  def ined  i n  Table 6.4. 

UPDATE, Nuclear Power Program Information and Data, U.S. 
Department of Energy, May/June 1981. 

C From Figs.  6.1 and 6.2. 

Table 6.4. D e f i n i t i o n  of reg ions  

1. Northeast :  New England s t a t e s  and New York 

2. Middle A t l a n t i c :  Pennsylvania,  New Je r sey ,  Maryland, and Delaware 

3. South: V i rg in i a ,  North and South Carol ina,  Georgia, F lo r ida ,  Tennessee, 

4. East  North Cent ra l :  Ohio, Indiana,  Michigan, I l l i n o i s ,  Wisconsin, 
Kentucky, and West V i r g i n i a  

5. West North Cent ra l :  Minnesota, Iowa, Nebraska, Kansas, Missouri ,  and 
North and South Dakota 

6. Far  West: Mountain and P a c i f i c  s t a t e s  

Alabama, Miss i ss ippi ,  Texas, Louis iana,  Arkansas, and Oklahoma 

- 
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Operation and Maintenance Expense 
Accounts 

1. POWER PRODUCTION EXPENSES 

A. STEAM POWER GENERATION 

Operation 
500 Operation supervision and engineer- 

This account shall include the cost 
of labor and expe-wes incurred in the 
general supervision and direction of 
the operation of steam power generat- 
ing station. Direct supervision of spe- 
cific activities, such as fuel handling, 
boiler-room operations, generator op- 
erations, etc.. shall be charged to the 
appropriate account. (See operating 
expense instruction 1.) 

501 Fuel. 
A. This account shall include the 

cost of fuel used in the production of 
steam for the generation of electricity, 
including expenses in unloading fuel 
from the shipping media and handling 
thereof up to the point where the fuel 
enters the first boiler plant bunker, 
hopper, bucket, tank or holder of the 
boiler-house structure. Records shall 
be maintained to show the quantity, 
B.t.u. content and cost of each type of 
fuel used. 

B. The cost of fuel shall be charged 
initially to account 151, Fuel Stock, 
and cleared to this account on the 
basis of the fuel used. Fuel handling 
expenses may be charged to this ac- 

ing. 

count as incurred or charged initially 
to account 152, Fuel Stock Expenses 
Undistributed. In the latter event, 
they shall be cleared to this account 
on the basis of the fuel used. Respec- 
tive amounts of fuel stock and fuel 
stock expenses shall be readily avalla- 
ble. 

ITEMS 

Labor: 

fuel. 
1. Supervising purchasing and handling of 

2. All routine fuel analyses. 
3. Unloading from shipping facility and 

putting in storage. 
4. Moving of fuel in storage and transfer- 

ring fuel from one station to another. 
5. Handling from storage or shipping fa- 

cility to first bunker, hopper, bucket, tank 
or holder of boiler-house structure. 

6. Operation of mechanical equipment, 
such as locomotives, trucks, cars, boats. 
barges, cranes, etc. 
Materials and Expenses: 

7. Operating. maintenance and depreci- 
ation expenses and ad valorem taxes on util- 
ity-owned transportation equipment used to 
transport fuel from the point of acquisition 
to the unloading point. 

8. Lease or rental costs of transportation 
equipment used to transport fuel from the 
point of acquisition to the unloading point. 

9. Cost of fuel including freight, suitch- 
ing. demurrage and other transportation 
charges. 

10. Excise taxes, insurance, purchasing 
commissions and similar items. 

11. Stores expenses to extent applicable to 
fuel. 

12. Transportation and other expenses in 
moving fuel in storage. 
13. Tools, lubricants and other supplies. 
14. Operating supplies for mechanical 

equipment. 
15. Residual disposal expenses less any 

proceeds from sale of residuals. 
NOTE: Abnormal fuel handling expenses 

occasioned by emergency conditions shall be 
charged to expense as incurred. 

502 Steam expenses. 
This account shall include the cost 

of labor, materials used and expenses 
incurred in production of steam for 
electric generation. This includes all 
expenses of handling and preparing 
fuel beginning at  the point where the 
fuel enters the first boiler plant 
bunker, hopper, tank or holder of the 
boiler-house structure. 
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ITEMS 

Labor: 
1. Supenklng steam production. 
2. Operatlng fuel conveying. storage 

welghlng and processing equipment withln 
boiler plant. 

3. Operatlng boiler and boiler auxiliary 
equipment. 

4. Operating boller feed water purification 
and treatment equipment. 

5. Operating ash-collecting and disposal 
equipment located inside the plant. 

6. Operating boiler plant electrical equip- 
ment. 

7. Keeping boiler plant log and records 
and preparing reports on boiler plant opcr- 
ation. 

8. Testing boiler water. 
9. Testing. checking. and adjusting meters, 

gauges, and other instruments and equip- 
ment in boiler plant. 

10. Cleaning boiler plant equipmelit when 
not incidental to maintenance work. 

11. Repacking glands and replacing gauge 
glasses where the work involved is of a 
minor nature and is performed by regular 
operating crews. Where the work is of a 
malor character, such as that  performed on 
high-pressure boilers. the item should be 
considered as maintenance. 
Materials and Expenses: . 12. Chemicals and boiler inspection fees. 

13. Lubricants. 
14. Boiler feed water purchased and 

pumplng supplies. 

503 Steam from other sources. 
This account shall include the cost 

of steam purchased. or transferred 
from another department of the util- 
ity or from others under a joint facili- 
t y  operating arrangement, for use in 
prime movers devoted to the produc- 
tion of electricity. 
NOTE: The records shall be so kept as to  

show separately for each company from 
whlch steam is purchased. the point of de- 
Ilvery. the quantity, the price. and the total 
charge. When steam Is transferred from an- 
other department or from others under a 
Joint operating arrangement, the utility 
shall be prepared to show full details of the  
cost of producing such steam, the bash of 
the charge to electric generatlon and the 
extent and manner of use by each depart- 
ment or party involved. 

501 Steam transferred-Credit. 
A. This account shall include credits 

for expenses of producing steam which 
are charged to others or to other util- 
ity departments under a joint operat- 
ing arrangement. Include also credits 

for steam expenses chargeable to  
other electric accounts outside of the 
steam generation group. Full details of 
the basis of determination of the cost 
of steam transferred shall be main- 
tained. 

B. If the charges to others or to 
other departments of the utility in- 
clude an amount for depreciation, 
taxes and return on the joint steam 
facilities, such portion of the charge 
shall be credited, in the case of others, 
to account 454. Rent from Electric 
Property, and in the case of other de- 
partments of the utility, to account 
455, Interdepartmental Rents. 

505 Electric expenses. 
This account siiall include the cost 

of labor, materials used and expenses 
incurred in operating prime movers, 
generators, and their auxiliary appara- 
tus, switch gear and other electric 
equipment to the points where elec- 
tricity leaves for conversion for trans- 
mission or distribution. 

ITEMS 
Labor: 

1. Supervising electric production. 
2. Operating turbines, englnes. generators 

and exciters. 
3. Operating condensers, circulating water 

systems and other auxiliary apparatus. 
4. Operating generator cooling system. 
5. Operatlng lubrication and oil control 

system, including oil purification. 
6. Operating switchboards. switch gear 

and electric control and protective equip- 
ment. 

7. Keeping electric plant log and records 
and preparing reports on electric plant oper- 
atlons. 

8. Testing. checking and adjusting meters, 
gauges, and other instruments, relays. con- 
trols and other equipment in the electric 
plant. 

9. Cleaning electric plant equlpment when 
not incidental to maintenance work. 
10. Repacking glands and replaclng gauge 

glasses. 
Materials and Expenses: 

11. Lubricants and control system oils. 
12. Generator cooling gases. 
13. Circulating water piirlfication supplies. 
14. Coollng water purchased. 
15. Motor and generator brushes. 

606 Miscellaneous steam power expenses. 
This account shall include the cost 

of labor. materials used and expenses 
incurred which are not specifically . .  
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provided for or are not readily assign- 
able to other steam generation oper- 
ation expense accounts. 

Labor: 
ITEMS 

1. General clerical and stenographic work. 
2. Guarding and patrolling plant and yard. 
3. Building service. 
4. Care of grounds including snow remov- 

al, cutting grass, etc. 
5. Miscellaneous labor. 

Materials and Expenses: 
6. General operating supplies. such as 

tools, gaskets. packing waste, gauge glasses. 
hose, indicating lamps, record and report 
forms, etc. 

7. First-aid supplies and szfety equipment. 
8. Employees’ service facilities expenses. 
9. Building service supplies. 
10. Communication service. 
11. Miscellaneous office supplies and ex- 

penses, printing and stationery. 
12. Transportation expenses. 
13. Meals, traveling and incidental ex- 

14. Research, development, and demon- 
penses. 

stration expenses. 

507 Rents. 
This account shall include all rents 

of property of others used, occupied or 
operated in connection with steam 
power generation. (See operating ex- 
pense instruction 3.) 

Maintenance 

510 Maintenance supervision and engi- 

This account shall include the cost 
of labor and expenses incurred in the 
general supervision and direction of 
maintenance of steam generation facil- 
ities. Direct field supervision of specif- 
ic jobs shall be charged to the appro- 
priate maintenance account. (See op- 
erating expense instruction 1.) 

neering. 

penses incurred in the maintenance of 
steam plant, the book cost of which is 
includible in account 312, Boiler Plant 
Equipment. (See operating expense in- 
struction 2.) 

B. For the purpose of making 
charges hereto and to account 513, 
Maintenance of Electric Plant, the 
point a t  which steam plant is distin- 
guished from electric plant is defined 
as follows: 

1. Inlet flange of throttle valve on 
prime mover. 

2. Flange of all steam extraction 
lines on prime mover. 

3. Hotwell pump outlet on conden- 
sate lines. 

4. Inlet flange of all turbine-room 
auxiliaries. 

5. Connection to line side of motor 
starter for all boiler-plant equipment. 

513 Maintenance of electric plant. 
This account shall include the cost 

of labor, materials used and expenses 
incurred in the maintenance of. elec- 
tric plant, the book cost of which is in- 
cludible in account 313. Engines and 
Engine-Driven Generators, account 
314. Turbogenerator Units, and ac- 
count 315. Accessory Electric Equip- 
ment. (See operating expense instruc- 
tion 2 and paragraph B of account 
512.) 

514 Maintenance of miscellaneous steam 

This account shall include the cost 
of labor, materials used and expenses 
incurred in maintenance of miscella- 
neous steam generation plant. the 
book cost of which is includible in ac- 
count 316, Miscellaneous Power Plant 
Equipment. (See operating expense in- 
struction 2.) 

plant. 

B. NUCLEAR POWER GENERATION 
Operalion 

511 Maintenance of structures. 
This account shall include the cost 

of labor, materials used and expenses 
incurred in the maintenance of steam 
structures, the book cost of which is 
includible in account 31 1, Structures 
and Improvements. (See operating ex- 
pense instruction 2.) 

512 Maintenance of boiler plant. 
A. This account shall include the 

cost of labor, rnaterlals used and ex- 

517 Operation supervision and engineer- 

This account shall include the cost 
of labor and expenses incurred in the 
general supervision and direction of 
the operation of nuclear power gener- 
ating stations. Direct supervlsion of 
specific activities, such as fuel han- 
dling, reactor operations, generator 

ing. 
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operations, etc.. shall be charged to  
the appropriate account. (See operat- 
ing expense instruction 1.) 

518 Nuclear fuel expense. 
A. This account shall be debited and 

account 120.5. Accumulated Provision 
for Amortization of Nuclear Fuel As- 
semblies, credited for the amortization 
of tne net cost of nuclear fuel assem- 
blies used in the production of energy. 
The net cost of nuclear fuel assemblies 
subject to amortization shall be the 
cost of nuclear fuel assemblies plus or 
less the expected net salvage of urani- 
um, plutonium, and other byproducts 
and unburned fuel. The utility shall 
adopt the necessary procedures to  
assure that  charges to this account are 
distributed according to the thermal 
energy produced in such periods. 

B. This account shall also include 
the costs involved when fuel is leased. 

C. This account shall also include 
the cost of other fuels, used for ancil- 
lary steam facilities, including super- 
heat. 

D. This account shall be debited or 
credited as appropriate for significant 
changes in the amounts estimated as 
the  net salvage value of uranium, plu- 
tonium, and other byproducts con- 
tained in account 157. Nuclear Materi- 
als Held for Sale and the amount real- 
ized upon the final disposition of the 
materials. Significant declines in the  
estimated realizable value of items car- 
ried in account 157 may be recognized 
at the time of market price declines by 
charging this account and crediting ac- 
count 157. When the declining change 
occurs while the fuel is recorded in ac- 
count 120.3. Nuclear Fuel Assemblies 
in Reactor, the effect shall be amor- 
tized over the remaining life of the  
fuel. 

519 Coolants and water. 
This account shall include the  cost 

of labor, materials used and expenses 
Incurred for heat transfer materials 
and water used for steam and cooling 
purposes. 

ITEMS 
Labor: 

meterlals. 

1. Operatlon of water supply facllltles. 
2. Handllng of coolants and heat transfer 

Materlals and Expenses: 
3. Chemicals. 
4. Additions to or reflnlng of, flulds used 

in reactor systems. 
5. Lubrlcants. 
6. Pumplng supplles and expenses. 
7. Miscellaneous supplies and expenses. 
8. Purchased water. 
NOTE: Do not Include in tkis account water 

for general station use or the initial charge 
for coolants. heat transfer or modcrator 
fluids, chemlcals or other supplies capltal- 
ized. 

520 Steam expenses. 
This account shall include the  cost 

of labor, materii.ls used and expenses 
incurred in pIoduction of steam 
through nuclear processes. and similar 
expenses for operation of any auxil- 
iary superheat facilities. 

ITEMS 
Labor: 

1. Supervising steam production. 
2. Fuel handling including removal, Inser- 

tion. disassembly and preparatlon for cool- 
ing operations and shipment. 

3. Testing instruments and gauges. 
4. Health, safety, monitoring and decon- 

tamination activities. 
5. Waste dlsposal. 
6. Operating steam bollers and auxillary 

steam, superheat facilities. 
Materials and Expenses: 

7. Chemical supplies. 
8. Charts, logs. etc. 
9. Health, safety, monitoring and decon- 

tamination supplies. 
10. Boilcr inspection fees. 
11. Lubricants. 

521 Steam from other sources. 
This account shall include the  cost 

of steam purchased or transferred 
from another department of the util- 
i ty or from others under a joint facili- 
t y  operating arrangement for use in 
prime movers devoted to the  produc- 
tion of electricity. 
NOTE: The records shall be so kept as to  

show separately for eech company from 
whlch steam is purchnsod. the point of de- 
Ilvery. the quantity, the prlce. and the total 
charge. When steam Is transferred from an- 
other opcrating department, the utlllty 
shall be prepared to  show full detalls of the 
cost of producing such steam, the bask of 
the charges to elrctrlc generatlon. and the 
extent and manner of use by each depart- 
ment Involved. 
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522 Steam transferred-Credit. 
A. This account shall include credits 

for expenses of producing steam which 
are charged to others or to other utll- 
ity departments under a Joint operat- 
ing arrangement. Include also credits 
for steam expenses chargeable to 
other electric accounts outside of the 
steam generation group. Full details of 
the basis of determination of the cost 
of steam transferred shall be main- 
tained. 

B. If the charges to others or to 
other departments of the utility in- 
clude an amount for depreciation, 
taxes and return on the joint steam 
facilities, such portion of the charge 
shall be credited, in the case of others, 
to account 454, Rent from Electric 
Property, and in the case of other de- 
partments of the utility, to account 
455, Interdepartmental Rents. 

523 Electric expenses. 
This account shall include the cost 

of labor, materials used and expenses 
incurred in operating turbogenerators, 
steam turbines and their auxiliary ap- 
paratus, switch gear and other electric 
equipment to the points where elec- 
tricity leaves for conversion for trans- 
mission or distribution. 

ITEMS 
Labor: 

1. Supervising electric production. 
2. Operating turbines, engines, generators 

and exciters. 
3. Operating condensers, circulating water 

systems and other auxiliary apparatus. 
4. Operating generator cooling system. 
5. Operating lubrication and oil control 

system. including oil purification. 
6. Operating switchboards, switch gear 

and electric control and protective equip- 
ment. 

7. Keeping plant log and records and pre- 
paring reports on electric plant operations. 

8. Testing. checking and adjusting meters, 
gauges, and other instruments, relays, con- 
trols and other equipment in the electric 
plant. 

9. Cleaning electric plant equipment when 
not incidental to  mn!ntenance. 

10. Repacking glands and replacing gauge 
glasses. 
Materials and Expenses: 

11. Lubricants and control system oils. 
12. Generator cooling gases. , 
13. Log sheets and charts. 
14. Motor and generator brushes. 

524 Miscellaneous nuclear power ex- 

This account shall include the cost 
of labor, materials used and expenses 
incurred which are not specifically 
provided for or are not readily assign- 
able to other nuclear generation oper- 
ation accounts. 

ITEMS 
Labor: 

penses. 

1. General clerical and stenographic work. 
2. Plant security. 
3. Building service. 
4. Care of grounds, including snow remov- 

al, cutting grass. eLc. 
5. Miscellaneous labor. 

Materials and Expenses: 
6. General operating supplies. such as 

tools, gaskets. hose, indicating lamps, record 
and report forms, etc. 

7. First-aid supplies and safety equipment. 
8. Employees’ service facilities expenses. 
9. Building service supplies. 
10. Communication service. 
11. Miscellaneous office supplies and ex- 

penses. printing and stationery. 
12. Transportation expenses. 
13. Meals, traveling and incidental ex- 

penses. 
14. Research, development, and demon- 

stration expenses. 

525 Rents. 
This account shall include all rents 

of property of others used, occupied or 
operated in connection with nuclear 
generation. (See operating expense in- 
struction 3.) 

Maintenance 
528 Maintenance supervision and engi- 

This account shall include the cost 
of labor and expenses incurred in the 
general supervision and direction of 
maintenance of nuclear generation 
facilities. Direct field supervision of 
specific jobs shall be charged to the 
appropriate maintenance account. 
(See operating expense instruction 1.) 

529 Maintenance of structures. 
This account shall include the cost 

of labor, materials used and expenses 
incurred in the maintenance of struc- 
tures, the book cost of which is includ- 
ible in account 321. Structures and Im- 
arovements. (See operating expense 
Instruction 2.) 

neering. 

. 
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530 Maintenance of reactor plant equip- 

This account shall include the cost 
of labor, materials used and expenses 
incurred in the maintenance of reactor 
plant, the book cost of which Is includ- 
ible in account 322, Reactor Plant 
Equipment. (See operating expense in- 
struction 2.) 

531 Maintenance of electric plant. 
This account shall include the cost 

of labor, materials used and expenses 
incurred in the maintenance of elec- 
tric plant, the book cost of which is in- 
cludible in account 323, Turbogenera- 
tor Units. and account 324, Accessory 
Electric Equipment. (See operating ex- 
pense instruction 2.) 

532 Maintenance of miscellaneous nuclear 

This account shall include the cost 
of labor, materials used and expenses 
incurred in maintenance of miscella- 
neous nuclear generating plant, the 
book cost of which is includible in ac- 
count 325, Miscellaneous Power Plant 
Equipment. (See operating expense in- 
struction 2.) 

ment. 

plant. 

Part 101 
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. 

7. ADMINISTRATIVE AND GENERAL 
EXPENSES 
Operation 

920 Administrative and general salaries. 
A. This account shall include the 

compensation (salaries, bonuses, and 
other consideration for services, but 
not including directors' fees) of offi- 
cers, executives, and other employees 
of the utility properly chargeable to 
utility operations and not chargeable 
directly to a particular operating func- 
tion. 

B. This account may be subdivided 
in accordance with a classification ap- 
propriate to the departmental or other 
functional organization of the utility. 
921 Office supplies and expenses. 

A. This account shall include office 
supplies and expenses incurred in con- 
nection with the general adminlstra- 
tion of the utility's operations which 
are assignable to specific administra- 
tive or general departments and are 
not specifically provided for in other 
accounts. This includes the exgenses 
of the various administrative and gen- 
eral departments. the salaries and 
wages of which are includible in w- 
count 920. 

B. This account may be subdlvided 
in accordance with a classification ap- 
propriate to the departmental or other 
functional organization of the utility, 

NOTE.-offiCe expenses which are clearly 
appllcable to any group of operatlng ex- 
penses other than the administrative and 
general group shall bc included In the ap- 
proprlatc account in such group. Further, 
general expenses whlch apply to the utlllty 
BS a whole rather than to a partlcular ad- 
mlnistrative function shall be Included 111 

account 930.2. Mlscellaneous General Ex- 
penses. 

ITEMS 
1. Automobile service, Including charges 

through clearing account. 
2. Bank messenger and service charges. 
3. Books, periodicals. bulletins and sub- 

scrlptions to newspapers, newsletters. tax 
servlces. etc. 

4. Building service expenses for customer 
accounts, sales, and adminlstratlve and gen- 
eral purposes. 

5. Communication servlce expenses. 
6. Cost of individual items of office equlp- 

ment used by general departments which 
are of small value or short life. 

7. Membership fees and dues in trade, 
technical, and professional associRtions paid 
by a utility for employees. (Company mem- 
berships are includible in account 930.2.) 

8. Office supplies and expenses. 
9. Payment of court costs. witness fees and 

other expenses of legal department. 
10. Postage. printing and stationery. 
11. Meals, traveling and incidental ex- 

penses. 

922 Administrative expenses transferred- 

This account shall be credited with 
administrative expenses recorded in 
accounts 920 and 921 which are trans- 
ferred to construction costs or to non- 
utility accounts. (See electric plant in- 
struction 4.) 

923 Outside services employed. 
A. This account shall include the 

fees and expenses of professional con- 
sultants and others for general serv- 
ices which are not applicable to a par- 
ticular operating function or to other 
accounts. It shall include also the pay 
and expenses of persons engaged for a 
special or temporary administrathe or 
general purpose in circumstances 
where the person so engaged is not 
considered as an employee of the util- 
lty. 

B. This account shall be so main- 
tained as to permit ready summartza- 
tlon according to the nature of service 
and the person furnishing the same. 

Credit. 
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ITWS (1) Materlals and supplles and stores 
1. Fees. pay and expenses of accountants 

and auditcirs. actuaries, appraisers, attor- 
‘neys. engineering consultants. management 
consultants. negotiators. public relations 
counsel. tax consultants, etc. 

2. Supervision fees and expenses paid 
under contracts for general management 
services. 

NOTE: Do not include inspection and bro- 
kerage fees and commissions chargeable to 
other accounts or fees and expenses in con- 
nection with security issues which are in- 
cludible In the expenses of Issuing securi- 
ties. 

924 Property insurance. 
A. This account shall include the 

cost of insurance or reserve accruals to 
protect the utility against losses and 
damages to owned or leased property 
used in its utility operations. I t  shall 
include also the cost of labor and re- 
lated supplies and expenses incurred 
in property insurance activities. 

B. Recoveries from insurance compa- 
nies or others for property damages 
shall be credited to the account 
charged with the cost of the damage. 
If the damaged property has been re- 
tired, the credit shall be to the appro- 
priate account for accumulated provi- 
sion for depreciation. 

C. Records shall be kept so as to 
show the amount of coverage for each 
class of insurance carried, the proper- 
t y  covered, and the applicable premi- 
ums. Any dividends distributed by 
mutual insurance companies shall be 
credited to the accounts to which the 
insurance premiums were charged. 

ITEMS 
1. Premiums payable to insurance compa- 

nies for fire, storm, burglary, boiler explo- 
sion. hghtning. fidelity. riot. and similar in- 
surance. 

2. Amounts credited to account 261. Prop- 
t’rty Insurance Reserve, for similar protec- 
tion. 

3. Special costs incurred in procuring in- 
surance. 

4. Insurance inspection service 
5 .  Insurance counsel, brokerage fees, and 

~*xiienses. 
NoTE A: The cost of Insurance or reserve 

Rccrunls cnpllalizcd shall be charged to con- 
blrllclton cither directly or by trnnsfer to 
rollstrurtion work orders from this account. 

NOTE D: The cost of insiirnnce or reserve 
iwr imls  for the following classes of proper- 
t y  hhnll be charged as Indlcated. 

equipment, to account 163. Stores Expense 
Undistrlbuted. or appropriate materials ac- 
count. 

(2) Transportation and other general 
equipment to appropriate clearing accounts 
that  may be maintained. 

(3)  Electric plant leased to others, to ao- 
count 413. Expenses of Electric Plant 
Leased to Others. 

(4 )  Nonutility property, to  the appropriate 
nonutility income account. 

( 5 )  Merchandise and jobbing property, to 
Account 416. Costs and Expenses of Mer- 
chandislng. Jobbing and Contract Work. 

NOTE C: The cost of labor and related sup- 
plies and expenses of administrative and 
general employees *vho are only incidentally 
engaged in property insurance work may be 
included in account: 920 and 921. as appro- 
priate. 

925 Injuries and damages. 
A. This account shall include the 

cost of insurance or reserve accruals to 
protect the utility against injuries and 
damages claims of employees or 
others, losses of such character not 
covered by insurance, and expenses in- 
curred in settlement of injuries and 
damages claims. It shall also include 
the cost of labor and related supplies 
and expenses incurred in injuries and 
damages activities. 

B. Reimbursements from insuance 
companies or others for expenses 
charged hereto on account of injuries 
and damages and insurance dividends 
or refunds shall be credited to this ac- 
count. 

ITEMS 
1. Premiums payable to insurance compa- 

nies for protection against claims from inju- 
ries and damages by employees or others, 
such as public liability, property damages, 
casualty, employee llabllity. etc., and 
amounts credited to account 262, Injuries 
and Damages Reserve, for similar protec- 
tlon. 

2. Losses not covered by Insurance or re- 
serve accruals on account of Injurles or 
deaths to employees or others and damages 
to the property of others. 

3. Fees and expenses of clalm investlga- 
tors. 

4. Payment of awards to clnlrrants for 
court costs and attorneys’ services. 

5. Medical and hospltal servlce and ex- 
penses for employees as the  result of occu- 
pational Injuries. or resultlng from clalms of 
others. 

6. Compensation payments under work- 
men’s conipcnsation laws. 
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7. Compensation pald while Incapncltated 
as the  result of occupatlonnl Injurles. (See 
Note A.) 

8. Cost of safety, accldent preventlon and 
slmllar educatlonal actlvltles. 

NOTE A: Payrncnts to or In behnlf of em- 
ployees for accident or death bcneflts. hos- 
pltal expenses, mcdical supplies or for sala- 
ries whlle lncapacltatcd for servlce or on 
leave of nbscnce beyond perlods nornially 
allowed. when not the result of occupational 
Injuries. shall be charged to account 926. 
Employee Penslons and Benefits: (See also 
Note B of account 926.) 

NOTE B: The  cost of Injuries and damages 
or reserve accruals capltallzed shall be 
charged to construction directly or by  trans- 
fer to construction work orders from thls ae- 
count. 

NOTE C: Exclude herefrom the tlme and 
expenses of employees (except those en- 
gaged In injuries and damages activities) 
spent In attendance at safety and nccldent 
prevention educatlonal meetings. If occur- 
ring during the regular work period. 

NOTE D: The  cost of labor and related sup- 
plies and expenses of administratlve and 
general employees who are only incldentally 
engaged in injuries and damages activitles 
may be Included in accounts 920 and 921. as 
approprlate. 

926 Employee pensions and benefita. 
A. This account shall include pen- 

sions paid to or on behalf of retired 
employees, or accruals to provide for 
pensions, or payments for the pur- 
chase of annuities for this purpose, 
when the utility has definitely, by con- 
tract, committed itself to s pension 
plan under which the pension funds 
are irrevocably devoted to pension 
purposes, and payments for employee 
accident, sickness, hospital. and death 
benefits. or insurance therefor. In- 
clude, also, expenses incurred in medi- 
cal, educational or recreational activi- 
ties for the benefit of employees, and 
administrative expenses in connection 
with employee pensions and benefits. 

B. The utility shall maintain a com- 
plete record of accruals or payments 
for pensions and be prepared to fur- 
nish full information to the Commis- 
sion of the plan under which it has 
created or proposes to create a pension 
fund and 8 copy of the declaration of 
trust or resolution under which the 
pension plan is established. 

C. There shall be credited to this ac- 
couilt the portion of pensions and 
benefits expenses which is applicable 

to nonutility operations or which Is 
charged to construction unless such 
amounts are dlstributed directly to  the. 
accounts involved and nre not Included 
hercin in the first instance. 

D. Records in support of this ac- 
count shall be so kept that the totnl 
pensions expense, the total benefits 
expense, the administrative expenses 
included herein, and the amounts of 
pensions and benefits expenses trans- 
ferred to construction or other ac- 
counts will be readily available. 

ITEMS 
1. Payment of pensions under a nonac- 

crual or nonfunded basis. 
2. Accruals for c r  payments to penslon 

funds or to insurance companies for pension 
purposes. 

3. Group and llfe insurance premlums 
(credit dividends received). 

4. Payments for medical and hospltal serv- 
ices and expenses of employees when not 
the result of occupational injuries. 
5. Payments for accident. sickness, hospl- 

tal, and death benefits or insurance. 
6.  Payments to employees incapacltated 

for service or on leave of absence beyond pe- 
riods normally allowed, when not the result 
of occupational injuries, or in excess of stat- 
utory awards. 

7. Expenses In connectlon with,educatlon- 
a1 and recreational activities for the benefit 
of employees. 

NOTE A: The cost of labor and related s u p  
plies and expenses of adrninlstrative and 
general employees who are only lncidcntnlly 
engaged In employee pension and benefit ac- 
tlvities may be Included In accounts 920 and 
921, as appropriate. 

NOTE B: Salaries paid to employees during 
periods of nonoccupational slckness may be 
charged to the approprlate labor account 
rather than to employee benefits. 

927 Franchise requirements. 
A. This account shall include pay- 

ments to municipal or other govern- 
mental authorities. and the cost of 
materials, supplies and services fur- 
nished such authorities without reim- 
bursement in compliance with fran- 
chise, ordinance, or similar require- 
ments; provided, however, t3at  the 
utility may charge to thls account a t  
regular tariff rates, instead of cost, 
utility service furnished without 
charge under provisions of franchises. 

B. When no direct outlay is involved, 
concurrent credit for such charges 
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shrmfl %e made to account 929, Dupli- 
cate Chrges-Credit. 

C. The account shall be maintained 
so 88 to readily reflect the amounts of 
cash outlays, utility service supplied 
without charge, and other items fur- 
nished without charge. 

NOTE A: Franchlse taxes shall not be 
charged to  thls account but to account 
408.1, Taxes Other Than Income Taxes, 
Utility Operating Income. 

NOTE B: Any amount paid as Inltlal consld- 
eratlon for a franchise running for more 
than one year shall be charged to account 
302, Franchises and Consents. 

928 Regulatory commission expenses. 
A. This account shall include all ex- 

penses (except pay of regular employ- 
ees only incidentally engaged in such 
work) properly includible in utility OP- 
erating expenses, incurred by the util- 
i ty  in connection with formal cases 
before regulatory commissions, or 
other regulatory bodies, or cases in 
which such a body is a party. including 
payments made to t i  regulatory com- 
mission for fees assessed against the 
utility for pay and expenses of such 
commission, its officers, agents, and 
employees, and also including pay- 
ments made to the United States for 
the administration of the Federal 
Power Act. 

B. Amounts of regulatory commis- 
sion expenses which by approval or di- 
rection of the Commission are to be 
spread over future periods shall be 
charged to account 186, Miscellaneous 
Deferred Debits, and amortized by 
charges to this account. 
C. The utility shali be prepared to  

show the cost of each formal case. 
I m s  

1. Salarles. fees, retalners. and expenses of 
counsel. solicitors. attorneys, accountants. 
engineers. clerks. attendants. witnesses. and 
others engaged In the prosecutlon of, or de- 
fense against petitions or complaints pre- 
sented to regulatory bodles, or In the valua- 
tion of property owned or used by the util- 
ity In connectlon wl th  such cases. 

2. Offlce supplles Rnd expenses. payments 
to public servlcc or other regulatory com- 
n1lsskxis. stationery and prlntlng. travellng 
expenses. and other expenses Incurred dl- 
rrctlY In connectlon wlth formal cases 
bt.forr regulatory commlsslons. 

N(JTE A: Exclude from thls account and In- 
dlldr In other approprlate operatlng ex- 

pense accounts. expenses Incurred In thc Im- 
provement of servlce. addltional Inspectlon. 
or renderlng reports, which are made neces- 
sary by the rules and regulations, or orders, 
of regulatory bodies. 

NOTE B: Do not Include In thls account 
amounts includible In account 302. Ran-.  
chlses and Consents, account 181, Unamor- 
tized Debt Expense, or account 214. Capltal 

929 Duplicate charges-Credit. 
This account shall include concur- 

rent credits for charges which may be 
made to operating expenses or to 
other accounts for the use of utility 
service from its own supply. Include, 
also, offsetting credits for any other 
charges made tc operating expenses 
for which there is no direct money 
outlay. 
930.1 General advertising expenses. 

This account shall include the cost 
of labor, materials used, and expenses 
incurred in advertising and related ac- 
tivities, the cost of which by their con- 
tent and purpose are not provided for 
elsewhere. 

ITEMS 
Labor: 

1. Supervision. 
2. Preparing advertising materlsl for 

newspapers, perlodicals. billboards, ek.. and 
preparing or conductlng motlon plctures. 
radio and televlsion programs. 

3. Preparing booklets. bulletlns, etc.. used 
In direct mail advertlslng. 

4. Preparlng window and other dlspiays. 
5. Clerical and stenographic work. 
6. Investigatlng and employing advertlslng 

agencles. selecting media and conductlng ne- 
gotiations In connectlon with the  placement 
and subject mntter of advertising. 
Materlals and Expenses: 

blllboards. radlo. etc. 

letlns. booklets. and related Items. 

d e s  and commerctnl artlsts. 

tins. etc. 

vertlslng msterlals. 

Stock Expense. . .  

7. Advertislng in newspapers, perlodicals, 

8. Advertislng matter such as posters, bul- 

9. Fees and expenses of advertlslng agen- 

10. Postage and dlrect mall adverthlng. 
11. Prlntlng of booklets. dodgers, bulle- 

12. Supplies arid expenses In preparing ad- 

13. Offlce supplles and expenses. 
NOTE A,-Properly lncludlble In thls ac- 

count Is the cost of advertlslng actlvltles on 
a locRl or nntlonal bask of a good wlll or In- 
stltutlonal nature. whlch Is prlinarlly de- 
slaned to Improve the Image of the utlltty or 
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392 

the  industry, including ndvertisements 
which inform the public concerning mntters 
nffecting the company's operatioils. such hs, 
the  cost of providing service. the company's 
efforts to improve the  quality of service, the 
company's efforts to improve and protect 
the environment. etc. Entries relating to ad- 
vertising included in this account shall con- 
tain or refer to supporting documents which 
identify the specific advertising message. If 
references are uscd. copies of the advertis- 
ing message shall be readily nvailable. 

NOTE B.-Exclude from this account and 
include in account 426.4. Expenditures for 
Certain Civic, Political and Related Activi- 
ties. expenses for advcrtising activitics. 
which are designed to solicit public support 
or the support of public officials in matters 
of a political nature. 

930.2 Miscellnneous general expenses. 
This account shall include the cost 

of labor and expenses incurred in con- 
nection with the general management 
of the utility not provided for else- 
where. 

ITEMS 
Labor: 

vided for. 
1. Miscellaneous labor not elsewhere pro- 

Expenses: 
2. Industry association dues for company 

memberships. 
3. Contributions for conventions and 

meetings of the industry. 
4. R.esearch. development. and demonstra- 

tion expenses not charged to other oper- 
ation and maintenance expense accounts on 
a functional basis. 
5. Communication service not chargeable 

to other accounts. ' 

6. Trustee, registrar. and transfer agent 
fees and'expenses. 

7. Stockholders meeting expenses. 
8. Dividend and other financial notices. 
9. Printing and mailing dividend checks. 
10. Directors' fees and expenses. 
11. Publishing and distributing annual re- 

ports to stockholders. 
12. Public notices of financial. operating 

and other data'required by regulatory stat- 
utes, not including. however, notices re- 
quired in connection with security issues or 
acquisitions of property. 

931 Renb. 
This accotmt shall include rents 

properly includible in utility operating 
expenses for the property of others 
used, occupied, or operated in connec- 
tion w i t h  the customer accounts, cus- 
tomer service and informational. sales, 
and general and administrative func; 

tions of the utility. (See operating ex- 
pense instruction 3.) 

Maintenance 
932 Maintenance of general plnnt. 

A. This account shall include the 
cost assignable to customer accounts, 
sales and administrative and general 
functions of labor, materials used and 
expenses incurred in the maintenance 
of property, the book cost of which 1s 
includible in account 390. Structures 
and Improvements, account 391, 
Office Furniture and Equipment, ac- 
count 397, Communication Equipment, 
and account 398 Miscellaneous Equip- 
ment. (See operating expense instruc- 
tion 2.) 

B. Maintenance expenses on office 
furniture and equipment used else- ' 
where than in general, commercial 
and sales offices shall be charged to 
the following accounts: 

Steam Power Generation, Account 511. 
Nuclear Power Generation, Account 532. 
Hydraulic Power Generation, Account 

Other Power Generation, Account 554. 
Transmission, Account 573. 
Distribution, Account 598. 
Merchandise and Jobbing. Account 416. 
Garages. Shops, etc.. Appropriate clearing 

545. 

account, if used. 
NOTE: Maintenance of plant included in 

other general equipment accounts shall be 
included herein unless charged to clearing 
accounts or to the particular functional 
maintenance expense account indicated by 
the use of the equipment. 
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C M A I N  
C ~ , ~ ~ ~ , ~ ~ , , , , , , , , ~ ~ ~ _ , ~ , ~ ~ ~ ~ ~ ~ ~ ~ , ~ , ~ ~ ~ ~ , ~ ~ ~ , , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  H A I N  10 
C l  I M A I N  20 
C l  O M C O S T  I M A I N  30 
C l  I M A I N  40 
C I  n. L. n Y E K s  -- P K U C t  OURE I M A I N  50 
C I  P H O N t :  ( 6 1 5 )  574-0332 ( C O M M E R C I A L )  I M A l N  60  
C l  624-0332 ( F T S )  ( M A I N  70 
C l  I M A I N  80  

C l  PHONE: ( 6 1 5 )  574-0333 ( C O M M E R C I A L )  I M A I N  LOO 
C l  624-0333 (F IS) I M A I N  110 
C I  I M A l N  120 
C l  E N G I N E E R I N G  TECHNOLOGY D I V I S I O N  I M A I N  L30 
C l  OAK R I D G E  N A T I O N A L  LABORATORY I M A I N  141) 
C l  B U I L U I N G  9104-1 ( M A I N  150 
C l  P. 0. 6OX Y i M A I N  160 
CI OAK KIDGE, TENNESSEE 37830 [ M A I N  170 
C l  I M A I N  180 
Cl-,,,,,,,,,--,,,,--,,_,,,,,,,,,,,,,,,-,,,---,,,,,,,,-lMA~N 1'40 
C M A I N  LOO 
C=====VARIABLE O I C T I O N A R Y  M A I N  210 

C I  L. C. F U L L E R  -- PKUGR AM IMAIN YO 

c 

. 

C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

n 

I n  
x 

AOH 
A S H  

B T U  

MWN 
MWT 
S U L  
L A S H  
BASM 

I sox 

S U P R  

T Y P E  
VERS 
Y t A R  
S L A S H  
C L  I M E  
C O L  IM 

COVER 
E S L  I M  
F I  I S E  
F R I N G  

I T Y P E  
NAME 1 
OFFON 

R E T R O  
S L U R Y  
S T A F F  
b U P E R  
T O N L H  
TOTAL 
U N I T S  
VARSE 
X L  IMS 
ADMGEN 
ACFAC T 

ANNGEN 

casLn 

D E F A U L T  V A L U E S  OF P L A N T  N E T  H t A T  K A T E  
A L T E R N A T E  FORMS F O R  P L A N T  T Y P E  
NUMBER OF W R I T E  U N I T  ( N O R M A L L Y  6 )  
ACG C O S T S  O l H E K  T H A N  C C M I N S *  GOVIP lSe  R E T R O *  P R O P I N *  RPOYER 
A S H  I N  COAL,  PERCENT;  A S H ( 1 ) F O H  P L A N T S  W I T H  WkT S C R U t M E R b '  
A S H ( 2 )  FOR P L A N T S  Y I T H  DRY S G R U B B t R S  
H E A T I N G  V A L U E  OF COAL,  B T U / L B  
t ) T U ( l )  F O R  P L A N T S  W I T H  WET L I M E S T O N E  FGU 
B T U ( 2 )  FOR P L A N T S  WITH DRY kG0 
N E T  P L A N T  E L E C T R I C A L  O b T P U T  ( S I N G L E  UNIT)  MW 
THERMAL I N P U T  TO P L A N T  ( S I N G L t  U N I T ) *  MW 
S U L F U R  I N  COAL,  P t R C E N T ;  S U L ( 1 )  FOR WET FGD, S U L ( 2 )  FOR URY 
$ / T O N  A S H  H A N D L I N G  C O S T ( B A S E  Y E A H I  
ANNUAL COST OF M A I N T E N A N C E  M A T E K I A L  AT K E F E R t N C E  C A P A L I T Y  
FACTOR,  STHOUSAND/Y  EAR 
=1 F L U E  G A S  D E S U L F U R I Z A T I O N  b P E C l F I E 0  
=O F L U E  G A S  D E S U L F U R I Z A T I O N  N O T  S P E C I F I E U  
P L A N T  SUPER.  & ENGRC. A S  PCT. OF W A G t S  E F R I N G E S  
S U P R ( 1 )  FOR LWH P L A N T S 9  S U Y R ( 2 )  FUR C O A L - F I R E D  P L A N T S  
P L A N T  T Y P E  (LWR OR C O A L )  
V E K S I O N  I D A T E )  OF OMCOST 
YEAR OF O P E R A T I O N  
$ / T O N  ASH H A N D L I N G  C O S T l Y E A R  OF O P E R A T I O N )  
S & E  ADDER FOR L I M t  COST, STHOUSAND/YEAK 
COST OF L I M E ,  ) /TON 
COST OF L I M E  I M A S f  Y E A R ) '  S / T O N  
PROPERTY I N S U R A N C t  COVEHAGk,  $THOUSAND 
E S C A L A T I O N  K A T E  O N  COST OF L I M t r  P E R C E N T / Y E A R  

OPERATOR F R I N G E  B E N E F I T S  A S  PERCENT OF WAGE R A T E '  P E R C E N T  
F K I N G ( 1 )  FOR LWR P L A N T S 9  F R I N G ( 2 )  F O K  C O A L - F I R E D  P L A N T S  
I N D E X  O F  P L A N T  T Y P t  = 1  Y Y R ,  bWR, LWR, =2 C O A L  

O F F S I T E / O N S I T E  AVE. E M P L C Y t E  C O S 1  R A T I G ,  O F F U N (  I C Y P E )  
U F F O N (  1) LWR'  D F F O N I 2 )  C O A L - F I R E D  
R E T R O S P E C T I V E  P R E M I U M  INSURANCE,  L T H O U S A V D / Y E A K  
B A S E  Y E A R  C G S T  OF SLUDGE D I S P U J A L I  S/ORY TON 
S T A F F  r O T A L  P E R S O N S  
P L A N T  SUPER. & EbJGRG. A S  PCT. OF W A G t S  & F R I N G E S  
LIHE, TONS/YEAR 
TOTAL A N N U A L  0 & M COSTS,  J T H O U S A N D / Y E A R  
NUMBER OF U N I T S  P E R  S T A T I O N  

F I X E D  A N N U A L  COST UF S U P P L I E L  & t X P E N S E S ,  L T H J U S A N D / Y E A R  

I N P U T  N A M E L I S T  NAME 

M A I N  2 2 0  
M A I N  230 
M A I N  240 
M A I N  250 
M A I N ,  260 
M A I N  ' 270 
M A I N  280 
M A I N  Z Y O  
M A I N  300 
M A I N  310 
M A I N  320  
M A I N  330 
M A I N  340 
M A I N  350 
M A I N  360 
M A I N  370 
M A I N  380 
M A I N  J Y 0  
M A I N  400 
M A I N  410 
M A I N  4 2 0  
M A I N  430 
M A I N  440 
M A I N  450  
M A I N  4 6 0  
M A I N  470 
M A I N  480 
M A I N  490  
M A I N  5 0 0  
M A I N  5.10 
M A I N  520 
M A I N  530 
M A I N  340  
M A I N  550  
M A I N  560 
M A I N  570 
M A I N  5 8 0  
M A I N  590 
M A I N  600 
M A I N  610 
M A I N  620 
M A I N  630 

V A R I A B L E  A N N U A L  COST OF S U P P L I E S  & EXPENSES,  STHOUSAND/YEAR M A I N  640 
TONS L I U E / T O N  S U L F U R  M A I N  650 
A D M I N I S T R A T I V E  AND GENERAL L T H O U S A N D / Y E I R  M A I N  660 
'OTHER'  A D M I N I S T R A T I V E  AND G k N E H A L  E X P E N S E S  A S  A PERCENTAGE M A I N  6 7 0  
OF T O T A L  D I R E C T  COST M A I N  680 
ANNUAL N E T  G E N E R A T I O N *  M I L L I O N  KWH M A I N  690 
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C A S H P C T  
C B A S E C F  
C B A S E Y R  
C B A S T A F  
c B T U C O L  
C C L I M E S  
C C U L I M S  
C C U M I N S  
C COSLMS 
C C O S T A F  
C D I R E C T  
c O I S P O S  
C ESCGEN 
C E S C I N S  
C E S C P I N  
c ESCPOW 
c E S C S U P  
C E S F E E S  
C E S G I N S  
C E S L I M S  
C E S M A T L  
C E S S L U R  
C ESWAGE 
C E T A N E T  
C E X C E S S  
C EXCMUL 
C F E E I N S  
C F I X F A C  
C F I X M I L  
C F I X M N T  
C F O R T Y R  
C F R I N G E  
C F U L L Y R  
C G O V I N S  
C H T R A T k  
C MANCOS 
C PCTSRM . 
c P C T S U L  
C P k N P C T  
C P L T F A C  
C P R I M A R  . 
C P R I M U L  
C P R O P I N  
C PROPRT 
C REMOVL 

C S L U R R Y  
c S L U S U L  
C S T A F F 4  
C S U L R E M  
C SUPAOZ 
c S U P E X F  
C 
C S U P E X P  
C S U P O R l  
C TONCOL 
C T O N L H S  
C TONSUL 
C 1 O T F I X  
C T O T M I L  
C T O T M L 2  
C T O T M L 3  
C TOTMNT 
C TOTVAR 
C VARFAC 
C V A R M I L  
C VARMNT 
C V S E B A S  

c R P o W E a  

L 

A S H  I N  C O A L *  P E R C E N T  M A I N  700 
R E F E R E N C E  C A P A C I T Y  F A C T O R  I N  GUST MOOELS F O R  V A R M N l  M A I N  7 1 0  
B A S E  Y E A H  FOR C O S T  MOOEL M A I N  7 2 0  
b T A F F  T O T A L I  PERSONS M A I N  I30  
H E A T I N G  V A L U E  O F  C O A L *  B T U / L B  M A I N  740 
SCE ADDER FOR L I M E S T O N E  C O S T S  $THUUSANO/YEAW M A I N  750 
COST O F  L I M E S T O N E *  $ / T O N  M A I N  760 
C O M M E R C I A L  L I A B I L I T Y  I N S U R A N L E I  STHOUSANO/YEAR M A I N  7 7 0  
COST OF L I M E S T O N t  ( B A S E  Y E A K )  9 $ / T O N  M A I N  I00 
ANNUAL COST OF S T A F F  I T U T A L I t  S T H U U S A N D / Y E A R  M A I N  790 
T O T A L  O I R E C T  C O S T *  $ T H C U S A N D / Y E A K  M A I N  800 

G E N E R A L  E S C A L A T I O N  K A T E *  P E R C t N T / Y E A K  M A I N  820 

E S C A L A T I O N  R A T E  O N  P R O P t R T Y  I N S U R A N C E  M A I N  840 
t S C A L A T I O N  R A T t  O N  COSl OF W t P L A C t M E N T  POWER I N S U R A N C E  M A I N  850 
E S C A L A T I O N  R A T t  LJN S U P P L I E S  AND EXPENSES,  P E H C E N l / Y E A K  M A I N  860 
E S C A L A T I O N  R A T E  O N  COST O F  I N S P E C T I C N  F E t S e  P E A C t N T / Y k A R  M A I N  870 
E S C A L A T I O N  R A T E  O N  C O S l  G f  GOVERNMENT L I A B I L I T Y  INS.,  P C T / Y R M A I N  8 0 0  
t S C A L A T  I O N  R A T E  UN COST l IF  L I M E S T O N E *  P t K C E N T / Y E A K  M A I N  890 
E S C A L A T I O N  R A T E  O h  M A T E R I A L *  P E R C E N T / Y E A q  M A I N  906 

E S C A L A T I O N  R A T t  O N  WAGES, P E H C E N T / Y E A R  M A I N  920 
P L A N T  N E T  E F F I C I € N C Y *  P t R C t N T  M A I N  Y 3 0  
P R O P E R T Y  I N S U R A N C E *  E X C E S S  A M O U N f r  STHOUSAND/YEAK M A I N  Y 4 0  
M U L T I P L I E R  FOR P K U P E R l Y  I N S U H A N C t r  t X C E S S  M A I N  950 
F E E S  s I N S P E C T  I O N S ,  R E V 1  EWS S l H U U 5 A N D / Y  E 4 R  M A I N  960 
F I X E D  P O R T I O N  O F  P L A N T  M A I N T t N A N C E  MATL.  C O S T S *  U € C I H A L  M A I N  910 
F I X E D  U N I T  C t H C O S T S *  M I L L S / K W H ( t )  M A I N  980 
ANNUAL COST F I X E D  M A I N T E N A N C t  MATL.  9 $ T H t J U S A N D / Y t A R  M A I N  9 Y O  
HOURS P E R  YEAR AT 40 HCURS PtH WEEK MA 1 N1000 

T O T A L  HOURS I N  A YEAK M A 1  N 1 0 2 0  
GOVERNMENT L I A B I L I T Y  I N S U R A N C E ,  S T H O U S A N O / Y t A R  MA IN1030 
P L A N T  N E T  H t A T  R A T E *  B T U / K k H ( t l  MA IN1040 
ANNUAL C O S T  OF S T A F F  MEMBEKs  S /MAN-YEAR M A I N 1 0 5 0  
PERCENT S U L F U R  REMOVED M A I N 1 0 6 0  
S U L F U R  I N  C O A L *  PERCENT MA I N 1 0 7 0  
S P E C I A L  P t N A L l I E S  PERCENT FOR O N S I T E  LABOR,  P E N P C T ( I f Y P E 1  M A I N 1 0 8 0  
B A S E  L O A D  C A P A C I T Y  F A C T O R  MA 1 N1090 
P R O P E R T Y  I N S U R A N C t r  P R I M A R Y  AMOUNT9 L T H O U S A N D / Y E A d  MA I N1100 
M U L T I P L I E R  FOR P P R O P E R T Y  I N S U R A N C E *  P R I M A R Y  M A I N 1 1 1 0  
P R O P E R T Y  I N S U R A N C E  , $ T H O U S A N U / Y E A K  MA I N 1  120 
P R O P E R T Y  I N S U R A N C E  R A T  E e C E N T S /  SHUNOREO M A 1  N L  130 
P E R C E N T  S U L F U R  REMOVED; R E M O V L I L )  F O R  YET f G D *  ( 2 )  DRY MA I N 1  140 
R E P L A C E M E N 1  POWER I N S U R A N C E ,  $ T H O U S A N O / Y t A W  M A I N 1 1 5 0  
COST UF S L U D G E  D I S P O S A L  ( Y E A K  O F  0 P E R A T I U N ) r  S/DKY TON MA IN1160 
DRY SLUOGE 10 S U L F U R  R A T I O  F O R  FLUE G A S  U E S U L F U R I Z A T I O N  MA IN1170 
T E C H N I C A L  AND E N G I N E E R I N G  S T A F F  S U B T O T A L  M A I N 1  100 
S U L F U R  R f M U V E O r  T O N S / Y t A R  MA I N 1 l Y O  
A S H  D I S P O S A L  C O S T *  J 1 0 0 0 / Y R  M A 1  N l Z O O  
C O S T  OF C H E M I C A L S *  G A S E S *  L U B R I C A N T S *  O F f  I C E *  S E L U R I I Y  MA IN1210  
AND P E R S O N N E L *  S U P P L I E S *  T R A I N I N b ,  LWR R4OWASTE MA I N1220 
S U P P L I E S  & E X P E N S E S  ( T C T A L  STHOUSAND/YEAR M A I N 1 2 3 0  
O F F S I T E  S U P P O R T  S E R V I C E S ,  $THOUSANO/YEAR M A I N 1 2 4 0  
C O A L  BURNED T O N S / Y E A R  MA IN1250 
L I M E S T O N E  T O N S / Y  E A R  MA 1 N1260 
S U L F U R  I N  C O A L  (100 PCT. )g  T O N S / Y E A R  M A I N 1 2 7 0  
T O T A L  F I X E D  COSTS, $ T H C U S A N O / Y E A R  M A I N 1 2 8 0  
T O T A L  U N I T  0 & M C O S T S *  M I L L S / K Y H ( E )  MA IN1290 
T O T A L  U N I T  OEM COST L E S S  'OTHER A t G ' r  M l L L S / K Y H ( t )  M A I N 1 3 0 0  
T O T A L  U N I T  O&M C O S T  L E S S  A t G t  M I L L S / K W H ( E )  M A I N 1 3 1 0  
ANNUAL COST O F  M A I N T E N A N C E  M A T E R I A L 9  $THOUSAND/YEAR MA IN1320 
T O T A L  V A R I A B L E  C O S T S *  STHOUSAND/YEAR MA I N 1330 
V A R I A B L E  P O R T I O N  OF P L A N 1  M A I N T E N A N C E  C O S T S 9  O E C I M A L  M A I N 1  340 
V A R I A B L E  U N I l  0 C M C O S T S ,  M I L L S / K W H ( E )  M A I N 1 3 5 0  
ANNUAL COST V A R I A B L L  M A I N T E N A N L E  C(A1L.r $ T H O U S A N D / Y E A R  M A 1  N1360 
V A R I A B L E  COST OF S U P P L I t S  AND E X P E N S E S  ( B E F O R E  S L U D G t  MA I N 1  3 IO 
D I S P O S A L *  F L Y A S H I  L I M E / L I M E S T O N E  COSTlr S T H O U S A N D / Y E A A  MA I N 1  380 

SCE ADDER FOR F I X A T I O N *  H A N D L I N G *  D I S P O S A L *  S l H O U S A N U / Y E A K  M A I N  810 

t S C A L A T I O N  R A T E  O N  COST O F  C U M H E R C I A L  L I 4 B I L I T Y  I N S . *  P C T / Y R M A I N  830 

E S C A L A T I O N  R A T t  ON COST C F  SLUOGE D I S P O S A L *  P E R C t N T / Y E A R  M A I N  Y 1 0  

OPERATOR F R I N G E  B E N E k I T S  A S  P E R C t N T  OF WAGE R A C E *  P E d C E N T  M A I N 1 0 1 0  
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VSEMIL BASE YEAR VARIABLE COST OF SUPPLIES AND tXPENSES(BEFORE 

WAGERT WAGE RATE (BEFORE ADDERS) S/HOUiI 
WTORV =l  YET SCRUBBERS SPECIFIEDr =2 DRY SCRUBBERS SPECIF IcO 

SLUDGE DISPOSAL, FLYASH)* MILLS/KUH(E)  

XLIMSS TONS LIMESTONE/TON SULFUR 
WEAL*8 VERS 
REAL*4 MUTI HUN* MANCOS 
INTEGER*+ STAFFS UNITS, WETDRY* STAFF4 
DIMENSION A S H ( 2 ) '  
DIMENSION BTU12I  
DIMENSION S U L ( 2 )  
DIMENSION SUPRI2)  
D IMENS ION F R I  NG ( 2 I 
DIMENSION OFFON( 2 )  
DIMENSION AGFACTI2) 
OlMENSlON PENPCT(2) 
DIMENSION REMOVLt 21 
COMMON / C O M l /  ISOX, STAFF, UNITS, STAFF4 
COMMON /COM2/ HWN, YEAH, BASECF, HASEYK, ESHATLr EShAGtr FIXMNTI 

* MANCOSV PLTFAC, SUPEXF, TOTPNTr VARMNlr VS tMIL  
NAMELIST /NAHEl /  HYNI SASH, I S O X *  T Y P t r  YEAR, COSLMr SLURYI * COSLMS, E S L I H r  ESLIHSs XLIHSS, ESCSUPI * SUPER* UNITS*  XLIMSV ASHPCTI BTUCOLI tSCGEN* ESCINS, ErSCPINp * ESCPOkr ESFEESI ESGINSI tSHATLs ESSLU*r tSWAGE* F R I N G t r  * HTRATEr PCTSRH* PCTSULI PLTFACI WAGkRTr YETDRY 
DATA I W 6 /  
DATA 
OATA BTU/ l1000~1~8200~01/ 
DATA S U L / 3 ~ 5 0 0 0 1 r ~ 5 0 0 0 0 1 /  
O A T A  SASH/5.O/ 
DATA S U P R / 2 0 ~ 0 0 0 1 r 1 0 ~ 0 0 0 1 ~  

ASH/ 11 6001 * 7.3001/ 

DATA TYPE/*PWR ' /  
DATA VERS/'6-4-82 * /  
DATA COSLM/70.0/ 
DATA COVER/500000./ 
DATA F R I N G / 3 5 . 0 0 0 1 r 3 5 . 0 0 0 1 ~  
DATA OFCON/2.0* 1.5/ 
DATA SLURY/!i.O/ 
D A T A 
DATA XLlHS/ l .O/  
DATA AGFACT/3O.r30./ 
DATA ASHPCT/ 11 .60O1/  
DATA BTUCOL/ 11000-1/ 
OATA COSLMS/ 12.5/ 
DATA FRINGE/35.0001/ 
DATA PCTSRM/90.0001/ 
0 A T  A PC TSUL / 3 50001 / 
DATA PENPCT/5 -0 t O * O /  
DATA PROPRT/.QO/ 
DATA REHOVL/90.0001* 70.0001/ 
OATA SLUSUL/4.0/ 
DATA WAGERT/ 1 0 , 4 5 /  
DATA XLIMSS/4-O/ 

SUP E R/ 2 0  00 0 1 / 

M A 1  N1390  
M A 1  N1400  
MAIN1410 
MA I N 1 4 2 0  
MAIN1430 
MAIN1440 
M A  I N  1450 
MAIN1460 
M A  I N 1 4 7 0  
MAIN1480 
MAIN1490 
HA 1 N1500 
MA I N 1  5 10 
MA I N1520 
MA I N153 0 
M A I N l  540 
MAIN1550 
MAIN1560 
MAIN1570 
MA I N 1 5 8 0  
MAIN1590 
MAIN1600 
MA I N 1 6 1 0  
MA I N1620 
MA I N1630 
HA I N  1 6 4 0  
MAIN1650 
HA I N l 6 6 0  
M A  I N 1 0 7 0  
MAIN1680 
MA I N16Y 0 
M A 1  N1700  
M A I N l  710 
MAIN1720 
MAIN1 l 3 0  
MAIN1  I40 
MAIN1  750 
MAIN1 160 
MA I N 1  770 
MAIN1780 
MA I N17YO 
MA I N l  800 
MAIN1810 
MA I N1820  
MA I N 1 830 
HA I N 1 8 4 0  
MAIN1850 
HA 1 N186 0 
MA I N 1 0 7 0  
MAIN1880 
MA 1 N1890  
MAIN1900 
MAIN1910 

C=====THIS SECTION FOR ALL PLANT 1YPES 
MYN=l150 
U N I T S = l  
YEAR = 1982.0 
BASEYR = 1982.0 . 
ESCG€N 5 -99. 
ESCSUP = 10.0 
ESWAGE 8.0 
ESSLUR = 10.0 
E S L I H  = 10.0 
ESLIMS = 10.0 
ESCINS = 6.0 
ESGINS = 0.0 
ESFEES = 8.0 
ESCPIN = 6.0 
ESCPOM = 9.0 
ESMATL = 10.0 

M A I N l Y 2 0  
MA I N 1930 
MA I N  1 9 4 0  
HA I N 1 9 5 0  
M A 1  N1960  
MA I N 1 9 7 0  
MAIN1980 
MA I N 1  Y 9 O  
MAIN2000  
HA I N 2 0  10 
MA I N2020 
HAIN2030  
MAIN2040 
MAIN2050 
MA I NZ060  
HA I N 2 0 7 0  
MAIN2080 
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MA I N20JO 
M A 1  N2 100 
MAIN2110 WE TORY -1 

FULLYR = 365.25 * 24. MA I N2 1 2 0  
FORTYR 52. * 40. MA I N2 130 
H TRATE=l0700o MA I N 2  140 
ISOX = 1 MAIN2150 

MA I NZ A60 
WRITE( IWI~ZL I  YEAR' TYPE' PLTFACt HUN' HTRATE, I S O X r  WtTDRYr UNITSMAIN2170 

821 FORHAT( ' l ' rT12r 'DEFAULT VALUES OF NAMELIST N A M t l  VARIAMLES'// MAIN2180 

BASECF = -80 
PLTFAC = -65 

c----- PRINT DEFAULT VALUES O F  NAMELIST NAMkl  VARIABLtS 

* ' ' ~ T ~ O I ' Y E A R  'rT401F6.1 / * ' ' rT20r 'TYPE ' r T 4 0 r A 4  / 
' ' e 1 2 0 9  'PLTFAC'rT401F4.2 / * ' 'eT20r'MYN ' rT40rF5 .0  / * ' ' ~ T Z O I ' H T R A T E ' ~ T ~ ~ ~ F B . O  / 

* ' ' r T 2 0 r ' W E T D R Y ' r T 4 0 r I l  / * ' ' rT2Os'UNITS 'rT40rI1 D 

858 FORMATI' ' ~ T 2 0 ~ ' W A G E R T ' r T 3 9 ~ F 5 . 2  / * ' ' ~ 1 2 0 1 '  FRINGE' e 1381 F5o 0 / * ' ' ~ T ~ O I ' S U P E R  ' rT38rF5 .0  / * ' ' r T 2 0 r  'BTUCUL'rT38rFB.O / * ' @ r T 2 0 r ' X L I M S S g r T 3 6 r F 8 . 2  / * ' ' , T ~ O S ' X L I H S  ' rT36rF8.2 ) 

* 8 r ~ 2 0 r 9 ~ ~ ~ ~  *,T~O,IA 

WRITE(LW~856)  HAGERTr FRINGEI SUPERI BTUCOLI XLIMSSI XLIMS 

W R I T E ( I W I ~ ~ ~ ~ S A S H I A S H P C T  
819 FORMAT( ' ' rT201' SASH' e T36rF8.2/ * ' ' ~ T Z O I ' A S H P C T ~ ~ T ~ ~ ~ F ~ . ~ )  

85'9 FORMAT( ' ' r T 2 O r  'PCTSRH' 9 1 3 6 ~  F8.2/ 
W R I T E ( I W I ~ ~ ~ ~ P C T S W M ~  PCTSUL, SLURYI COSLMSe COSLHr EhWAGE 

* ' 'rT20r 'PCTSUL'rT36rF8.2 / * ' 'rT20r 'SLURY 'rT361F8.2 / 
t ' ' 'T20r 'COSLMS'r l36rF8.2 / * ' 'sT~OI'COSLM ' rT36rF8 .2  / * ' ' r l 201 'ESWAGE'~T37rF6 .1  1 

* ESMATLI ESCSUP. ESCPIN, ESCPOWr ESCGEN 
8 7 0  FORMAT(' ' ~ T Z O I ' E S S L U R ' ~ T ~ ~ ~ F ~ . ~  / * ' '91201 'ESLIMS'r 1371F6. 1 / * ' ' rT2Or 'ESL lM ' rT37rF6 .1  / * ' ' ~ T ~ O I ' E S C I N S ' ~  137rF6.  1 / * ' ' r T 2 0 ~ ' E S G I N S ' ~ T 3 7 r F 6 . 1  / 

0 ' ' ~ T Z O I ' E S F E E S ' ~ T ~ ~ ~ F ~ . A  / * ' ' r T Z 0 1 ' E S M A l L ' r l 3 7 r F b . l  / * ' ' ~ 1 2 0 9  'ESCSUP' p T37rF6-  1 / * ' '9120s ' EbCPIN' '  137 '  F6.1 / 
* ' '.T20r' ESCPOW' r T37rF6.1 / 

' 'sT~OI'ESCGEN' rT37rF6.1 ) 

W R I T E ( I W ~ ~ ~ O ) E S S L U R I  ESLIMSI ESLIMI ESCINS' ESGINSI ESFEESr 

610 CONTINUE 
C=====THIS StCTION FOR ALL PLANT TYPES 
C=====NEW CASE 
c----- READ INPUT DATA 

C----- CHECK FOR NUMBER OF UNITS OUT OF RANGE 

C----- DETtRMINE INDEX ')TYPE' CORRESPONDING TO SELECTED PLANT TYPk 

READ(5 rNAMElrEND=708) 

CALL UNI TCK( U N I T S i t 6 1 0 )  

MA I N2 L Y O  
M A 1  N2L00 
MAIN22 10 
MA I N2220 
MAIN2230 
HA I N 2 2 4 0  
MAIN2250 
MAIN2260 
M A  I N 2 2 7 0  
M A  I N 2 2 8 0  
MA 1 N22 90 
MAIN2300 
MA I N2310 
MAIN2320 
MA I N2 330 
MAIN2340 
MA I N2 35 0 
MAIN2360 
MA I N2370 
M A 1  N2380 
MA I N2 3 Y O  
MA I N 2 4 0 0  
HA I N24 1 0 
MAIN2420 
MAIN2430 
MA I N2440 
MA I N 2 4 5 0  
MA I N 2 4 6 0  
MAIN2470 
MAIN2480 
MA I N2 4 9 0  
MAIN2500 
MA I N25 10 
MAIN2520 
MAIN2530 
MA I N254O 
MA I N2 550 
MA I N 2 5 6 0  
M A 1  NL570 
M A 1  N2580 
MAIN2590 
MAIN2600 
HA I NZL 10 
MAIN2620 
MAIN2630 
MA I N2640 

CALL TYPER(TYPEr1TYPE) 
c----- SELECT APPROPRIATE FACTORS FCR OPERATOR FRINGE BENEFITS AND PLANT 
C SUPERVISION AND ENGINEERING 

CALL CHKDEF(FRINGEIFRINGIITYPE) 
CALL C H K D E F ( S U P E R ~ S U P R I I T Y P E )  
IF(ESCGEN.EQ.-99.) GO TO 601 

C----- SET INDIVIDUAL ESCALATION RATES EPUAL TO GENER4L ESCALATION RATE 
C I F  GENERAL ESCALATION RATE WAS INPUT 

ESWAGE = ESCGEN 
ESSLUR = ESCGEN 
ESLIM = ESCGEN 
ESLIHS = ESCGEN 
ESCINS = ESCGEN 
ESGINS = ESCGEN 

MA IN2650  
M A  I N2660 
MA I N2670 
M A 1  N2680 
MA I N 2 6 9 0  
MA I Ni! 700 
MA I NZ 7 1 0  
MA 1 NZ 7 2 0  
MA I N 2 7 3 0  
MA I N2 740  
MAIN2750 
MAIN2 760 
MAIN2770 
MA I NZ 7 80 

. 
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ESFEES = ESCGEN 
ESCPIN = ESCGEN 
ESCPOW = ESCGEN 
ESMATL = ESCGEN 
ESCSUP = ESCGEN 

6 0 1  CONTINUE 
c----- CALCULATE ANNUAL COST OF A STAFF MtMBER 

MANCOS=FORTYR*WAGERT* I 1  .+FRINGE/lOU ) * I  A .+SUPEK/ 100. I * *ll.+PENPCT(ITYPE)/100o) * * I  1 .0+ESWAGE/ lOOo)* * lYEAR-MASEYR)  
C----- ASSIGN A HEAT RATE 

C----- CALCULATk PLANT NET EFFICIENCY 

c----- CALCULATE THERMAL INPUT PER UNIT 

c----- CALCULATE ANNUAL NET GtNERAT ION 

C----- SELECT APPROPRIATE C O S T  MODEL 

CALL H E A T R T I H T R A T E I I T Y P E I I S O X , ~ E T D K Y  I 

ETANET=3412.140 * 100. / HTRATE 

MWT 5 MWN 100. /ETANET 

ANNGEN = (MWN * FULLYR * PLTFAC / 1000.) * UNITS 

CALL S ~ L E C T I I T Y P E I I S U X ~ W E T D R Y ~ & ~ A O ~ & ~ ~ ~ ~  
600 CONTINU€ 

C----- CALCULATt TOTAL COST Ok PLANT bTAFk 
CCSTAF = STAFF MANCOS / 1000. 

C----- CALCULATE VARIABLE SEE BEFORE ASH, FGD SLUDGE DISPOSALt L I M t /  
C L IMt STONE 

VSEBAS = VSEMIL*ANNGEN * * I  L.O+ESCSUP/lOOo I **(YEAR-BASEYRJ 
SUPADZ=O.O 
0 ISPO s=0. 0 
1FIITYPE.EQ. 1 ) G O  TO 6 1 7  

C = = = = = T H I S  SECTION FOR COAL-FIRED PLANTS ONLY 
C----- SELECT APPROPRIATE DEFAULT CCAL DATA I F  DATA WERE NOT I N P U l  

C OITTO ASH I N  COAL 

C U ITTO SULFUR I N  C O A L  

C D I T T O  PERCENT SULFUR REMOVED 

c----- CALCULATE TONS OF COAL BURNEC PER YEAR 

C----- CALCULATE %/TON ASH HANDLING COST 

CALL CHKOEF (BTUCOL r8TU9 WETDRY J 

CALL C H K U E F ( A S H P C T ~ A S H I ~ E T D R Y I  

CALL CHKDEF(PCTSULtSULtW€TDRYJ 

CALL CHKDEF ( PCTSRH r REMOUL r WETURY J ' 

TONCOL = ANNGEN * HTRATE * l . E 6 / l B r U (  WETDRY) * 2000.) 

%$ASH=%ASH*(l.O +ESSLUH/lOO.I**IYEAH - trASEYH) 
IF(ISOX.EQ.0) GO TO 619 

C=====THIS SECTION FOR COAL-t-IRED PLANlS  WITH FGO 
c----- CALCULATE TONS OF SULFUR I N  COAL( 100 PERCENT) 

C----- CALCULATE SULFUR REMOVED I N  TONS PER YEAR 

C----- CALCULATE COST O F  SLUDGE OISPOSALt S/DKY TON 

TONSUL = TONCOL * PCTSUL/100. 

SULREM = TONSUL * P c r s K n  100. 

SLURRY = SLURY * 11.0 + E S S L U R / L O O ~ ~ * * l Y E A R ~ 8 A S E Y R ~  
C DISPOS-FGD SLUDGE DISPOSAL cos1 + ASH DISPOSAL COST -- FOR W E T  
C FOR DRY THE €XPRESSIONS ARE COMBINED 

D I  SPOS=SULREM*SLUSUL*SLURRY/ 1000. * +TONCOL*( ASH( W t  TORY J /  100. ) *$SASH/1000. 
IFIWETDRY .EQ.Z)GO TO 6 3 2  

C=====CDAL WITH WET LIMESTONE FGD CNLY 
c----- CALCULATk LIMESTONE e TONS/Y EAR . 

C----- CALCULATE COST OF LIMESTONEI $/TON t 

C----- CALCULATt S&E ADOER FOA LIWESTONE COST,  STHOUSAND/YEAR 

TDNLMS=SULREM*XL I M S S  

COLlMS=COSLMS*( l.O+ESLlMS/lOO. I **(YtAR-BASEYR I 

C L I ME S =T 0 N L MS *COL I M S / 10 0 0 
GO TO 6 1 7  

6 3 2  CONTINUE 
C=====COAL WITH DRY FGO ONLY 
c----- CALCULATE LIME, TCNS/YtAR 

c----- CALCULATE COST OF LIME, %/TON 
TDNLM =SULREM*XLI MS 

COLIM =COSLM *(L.O+ESLIM /lOO.I**(YEAK-BASEYK) 

MA I N2 7 9 0  
MAIN2000 
MA I NZ MlO 
M A 1  NZ 8 2 0  
MAIN2830 
MA I N2840 
MA I N2 8 5 0  
MAIN2860 
MAIN2870 
MA I NZ 8M0 
MA I N 2 8 9 0  
MAIN2900 
MA I NZ 910 
MAIN2920 
MAIN2930 
MA I N2940 
MA 1 N2 9 5 0  
MA I N 2 9 6 0  
MAIN2970 
MA I N 1 9 8 0  
M A  I N 1 9 9 0  
MA I N 3 0 0 0  
MA I N3010  
MA1 N3020 
MAIN3030 
MAIN3040 
M A 1  N3050  
MA I N3 060 
MA I N 3 0 7 0  
MA I N3 080 
MAIN3090 
MAIN3 100 
MA I N3 110 
MAIN3120  
MAIN3130 
MA I N3 140 
MA I N3 150 
MA I N 3 1 6 0  
MA I N 3  170 
MAINJlMO 
M A  I N 3 1 9 0  
MAIN3200 
MA I N32 LO 
MAIN3220 
MA I N 3 2 3 0  
M A 1  N3240 
MAIN3250  
MAIN3260 
MA I N 3 2 7 0  
M A 1  N3280  
MA I N 3 2 9 0  
M A  I N 3  3 0 0  
MA I N 3 3  10 
MAIN3320  
MAIN3330 
MA I N3340 
M A 1  N3350  
MAIN3360 
MA I N 3 3 7 0  
MA I N3 3 0 0  
MAIN3390 
MA I N 3 4 0 0  
MA I N J 4 1 0  
MAIN3420 
MAIN3430 
M A 1  N3440 
MA 1 N345 0 
MAIN3460 
MA IN31t70 
MAIN3480  
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C----- CALCULATE SCE ADDER FOR LIME COSTS STHOUSAND/YEAR MAIN3490  
CLIME =TONLH *COL I M / l O O O .  MAIN3500 
GO TO 6 1 7  MA I N35 10 

6 1 Y  CONTINUE HA1 N3520  
C=====THIS SECTION FOR COAL-FIRED PLANIS  WITHOUT FGD M A  I N 3 5 3 0  
C----- CALCULATE ASH DISPOSAL COST MA I N3540  

MAIN3550  
611 CONTINUE HA I N 3 5 6 0  

C=====THIS SECTION FOR ALL PLANT TYPES MA I N 3 5 7 0  
C----- CALCULATE VARIABLE SUPPLIES AND EXPENSES M A 1  N3580  

VARSE = VSEBAS + SUPADZ + D I SPOS M A  I N 3 5 9 0  
I F (  1SOX.EQ.OJGO TO 6 3 4  MAIN3600 
IFtWETDRY .EO. l)VARSE=VARSE+CLIMES MA I N3610  
lF(YETDRY.EQ.2JVARSE1VARSE+CLIME MA I N362 0 

6 3 4  CONTINUE MA I N 3 6 3 0  
C----- CALCULATE F I X E 0  S U P P L I t S  AND EXPENStS MA I N364O 

F IXSE = SUPEXF*UNlTS MA I N3650  
*I l.O+ESCSUP/lOO. J**(YEAR-BASEYRJ HA I N 3 6 6 0  

C----- CALCULATE TOTAL SUPPLIkS AND EXPENSES MA1 N3670 
SUPEXP = F I X S E  + VARSE MA I N3680  
CALCULATE OFFSITE SUPPORT SERVICES MA I N 3 6 9 0  c----- 
SUPDRT=STAFF4 * MANCOS * OFFCN(I1YPE) / 1000. MA I N 3 7 0 0  
IF( ITYPE.EQ. lJG0 TO 12 HA I N3 710 

Co====THIS SECTION FOR COAL-EIRE0 PLANTS ONLY M A  I N 3 7 2 0  
FEE INS=O 0 MA I N3 730 
COM INSxO - 0  MAIN3740  
GOV INS=O e 0  MA I N 3 7 5 0  
RET RO 10 0 MAIN3160  
RPDYER=O MAIN3770 

C----- CALCULATE PROPERTY INSURANCE MA l N 3 7 8 0  
PROPIN = UNITS * 100. MA I N 3  190 * * l l . O + E S C P I N / l O O o J * * ( Y E A R - B A S E Y W )  I MAIN3800  
GO TO 15 MAIN3810  

12 CONTINUE MAIN3820  
C=====THIS SECTION FOR LUR PLANTS ONLY MAIN3030 
c----- CALCULATE FEES* INSPECTIONS, RtVIEWSe STHOUSAND/YkAR MAIN3840  

FEEINS = (219. + 269. * UNITS)  MA I N3 8 5  0 * t 1.0 + ESFEES/100. )**(YEAR-BASEYRJ MAIN3860  
CALCULATE COMMERCIAL L I A B I L I T Y  INSURANCE, STHOUSAND/YEAR MA I N3870  C----- 

C----- CALCULATE GOVERNMENI L I A B I L I T Y  INSURANCE* STHOUSAND/YEAR MAIN3890  
GOVINS=(6o*AMINl(  M W T * 3 0 0 0 0  ) +UNI T S / 1 0 0 0 .  J MAIN3900  

MAIN3910  
C----- CALCULATE RETROSPECTIVt PREMIUM INSURANCE* SlHUUSAND/YtAR MA I N 3 9 2 0  

RETRO = 1 lo.* U N l T S ~ * ( l . O + E S C I N S / l O ~ ~ J * * ( Y E A R ~ B A S E Y R I  MAIN3930  
G----- CALCULATE REPLACEMENT POWER INSURANCE, STHOUSAHD/YEAR MA I N3940  

RPOWER=UNITS * 2000. * (l.O+ESCPOW/lOO. J**(YEAR-BASEYR J MA I N3950  
c----- CALCULATE PRIMARY AND EXCkSS PROPERTY INSURANCE MA1 N3960  

PRIHUL=.lB+.82*UNITS HA I N3970  
E XCHUL= 8 6 +  0 14 *U N I T S  MA I N3980  
PRIHAR=PRIMUL*PROPRT+COVER/ lOO~ MAIN3990  * * ( l .O+ESCPIN/ lOO. ) * * (YEAR-BASEYWJ HA I N 4 0 0 0  
EXCESS=EXCMJL * - 8  * PROPRT COVER/100= MA I N4 01 0 * *( l.O+ESCPI N/100.) ** (YEAR-BASEY R J MAIN4020  
PROPIN=PRIMAR+EXCESS MA I N 4 0 3 0  

15 CONTINUE MA I N404O 
C = = = = = T H I S  SECTION FOR ALL PLANT TYPES MAIN4050  
c----- CALCULATE TOTAL DIRECT COST MA I N4060  

DIRECT * COSTAF + TOTMNT + SUPEXP + F E € I N S  + SUPORT MAIN4070 
c----- CALCULATE 'OTHER' ADMINISTRATIVE AND GENERAL COSTS MAIN4080  

MA I N 4 0 9 0  
CALCULATE ADMINI STRATIVt  AND GENtRAL COSTS MA I N 4 1 0 0  c----- 
ADHGEN=ADW+COHINS+GOV INS+RETRO+PROP IN+RPOWER MA I N 4 l  LO 

Le---- SUM ANNUAL F I X E D  COSTS9 ANNUAL VARlABLE COSTS* TOTAL ANNUAL COSTS MAIN4120  
TOTFIX=COSTAF+FIXHNT+FEEINS+ADMGEN+FIXSE+SUPORT MA I N4 130 
TOTVAR = VARMNT + VARSE HA I N 4 1 4 0  
TOTAL = TOTVAR + TOTFIX MA I N4 15 0 

C----- CONVERT ANNUAL COSTS TO UNIT COSTS MAIN4 1 6 0  
F I X M I L  = TOTFIX / ANNGEN MAIN4170  

SUPAD2=TDNCOL*( ASH( WETDRY J /  100. J*SLASH/ 10000 

CaMINS 'i 1239.68+ 161.21* UNITS) *L l .O+ tSCINS/ l00 .  J**(YtAR-BASEYRJ MAIN3880  

*( 1 .O+ESGI NS/ 100.1 ** ( Y  EAR-BASEYR 1 

ADM * AGFACT(1TYPE) * DIRECT / 100. 

b 
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0 

.- 

V A R M I L  = T O T V A R  / ANNGEN 
T O T M I L  = T O T A L  / ANNGEN 

T O T M L 2 = ( T O T A L - A D M  ) / A N N G E N  

T O T M L 3 = (  TOTAL-ADMGEN)  /ANNGEN 

c----- C A L C U L A T E  T O T A L  UNIT OEM COST L E S S  'OTHER A t G ' r  M I L L S / K W H ( t )  

c----- C A L C U L A T E  T O T A L  U N I T  OLM COST L E S S  ACGr  M I L L S / K W H ( E I  

c----- P R I N T  N A M E L I S T  
WRI T E  ( I WI 804) YEAR .TYPE r P L T F  A C r  MWN 

* ' ' r T Z O r ' Y E A R  ' r T 4 0 r F 6 . 1  / 
* '  ' ' r T 2 0 r ' T Y P E  ' r T 4 0 r A 4  / * ' ' c T 2 0 r ' P L T F A C ' r T 4 0 r F 4 . 2  / 4 ,  * ' ' r T Z O r ' M W N  ' r T 4 O r F 5 . 0  / * ' ' r T Z O r ' H T R A T E ' r T 3 8 r F 8 . 0  / * ' ' r T 2 O r ' I S O X  ' r T 4 O r I 1  / * ' ' r T Z O i ' W E T D K Y ' ~ T 4 0 , I l  / * ' ' r T 2 0 r ' U N I l S  ' r T 4 0 r I 1  1 

H T R A T E  p 1 S O X r M  E T D R Y  r U N I T S  
804 FORMAT('l'rT2Or'NAMELIST FOR F O L L O W I N G  C A S E ' / /  

W R I T E ( I W r 8 5 8 )  WAGERTI F R I N G E ,  S U P E R -  8 T U C O L r  X L I M S S r  X L I M S  
Y R I  TE t IWr 819) SASH 'ASHPCT 
WRITE(  I W r 8 5 9 ) P C T S R M r  P C T S U L r  SLURY,  L O b L M S p  C O S L H r  €SWAGE 
W R I T E ( I W r 8 7 0 ) E S S L U R r  E S L l M S r  E S L I M r  k S C I N S r  E S t i l N S s  E S f E E S r  * E S M A T L r  E S C S U P r  E S C P I N r  ESCPOWr E S C G E N  

c----- P R I N T  O P E R A T I O N  A N D  M A I N T E N A N C t  COST SUMMARY 
WRITE(IYr802) YEAR. VEHS I 

802 f O R M A T l ' l ' r T 1 5 r  * 'SUMMARY OF A N N U A L  N O N F U E L  C P t R A T I O N  AND M A I N T E N A N C E  COSTS ' /  * T 1 8 r ' F O R  BASE-LOAD S T E A M - E L E C T R I C  Y O W t R  P L A N T S  I N  'rF6. I /  * T 2 9 r ' U S I N G  OMCOST V E R S I O N  ' r A 8 / )  
W R I T E  1 IWr808) T Y P E  

WRITE ( I W s 8 1 1 )  U N I T S  

I F (  ITYPE.NE.2 IGO TO 604 
IFIISOXoEQ.1 .AND. WETURY.EQ.1) W R I T E ( I W r 8 0 9 )  

808 F O R M A T I '  ' r T 2 0 r ' P L A N T  T Y P E  IS ' e A 4 )  

811 FORMAT ( '  ' r T 2 0 r ' N U H B E R  OF U N I T S  P E R  P L A N T  ' r l l )  

BOY F O R M A T I '  ' r T 2 0 r ' W I T H  'WET L I M E S T O N E  FGD h Y S T E M S '  ) 
I F (  ISOX.EQ.1 .AND. WETDRY.EQ.2) W M I T E ( I W r 8 0 1 )  

801 F O R M A T ( '  ' ~ T Z O S ' W I T H  DRY FGO S Y S T E M S ' )  
IF ( 1 s o x . E a . o )  WRITE ( 1 ~ ~ 8 1 0 )  

810 F O R M A T ( '  ' r T 2 0 r ' W I T H O U T  F G D  S Y S T t M S ' )  
604 C O N T I N U E  

W R I T E  ( IWr807) MWT 

W R I T E ( I Y r 8 2 7 )  H T R A T E  

WRI TE ( I W c  826) E T A N E  T 

W R I T E ( I W r 8 0 5 )  MWN 

W R I T E ( I W I B L ~ )  ANNGEN 

W R I T € ( 1 W r 8 0 6 )  P L T F A C  

807 F O R M A T ( '  ' r l 2 O ~ ' T H E R M A L  I N P U T  P E R  U N I T  IS 'rF5.01' MWT' )  

827 F O R M A T ( '  ' r T 2 0 r ' P L A N T  N E T  H E A T  R A T E  ' r F 7 . 0 1  

826 F O R M A T ( '  ' r T 2 0 r ' P L A N T  N E T  E F F I C I E N G Y r  P t R C E N T  'eF7.2) 

805 F O R M A T ( '  ' .TZO.'EACH U N I T  1s 'rF5.Dre MWE NET H A T I N G ' )  

816 F O R M A T ( '  ' e T 2 0 , ' A N N U A L  N E T  G E N E R A T I O N '  M I L L I O N  KWH'rF7.0) 

806 F O R M A T I '  ' . T Z O . ' W I T H  B A S E  L O A D  C A P A C I T Y  F A C T O R  O F  ' rF4.2/) 
IF(LPLTFAC.GT..BO).OR.IPLTFAC.LT..SOI) Y R I T E t I Y 1 8 6 2 )  

862 F O R M A T I '  ' r T 2 0 1 ' C A P A C I T Y  F A C T O R  OUT O F  RANGE ( - 5 0  TO . I O )  < < < < < ' / ) M A I N 4 7 1 0  
Y R I T E I I W r 8 1 2 )  MA IN4720 

812 F O R M A T ( '  ' 9 T 3 1 9 ' D I R E C T  C O S T S  S 1 0 0 0 / Y E A K ' )  MA IN4730 
W R I T E ( I W I B ~ ~ )  COSTAF,  S T A F F @  MANCOS MA I N4740 

814 F O R M A T ( '  ' r T Z O r ' S T A F f  O N S I T E '  r T  549 F7.0/ H A  IN4750 * T 2 5 r ' l ' r 1 3 r 9  PERSONS A T  S ' r f 7 e O r ' ) ' )  MA I N 4 7 6 0  
WRITE(IWr817) TOTMNT MA I N4 770 

817 F O R M A T ( ' O ' r T 2 0 r ' M A I N T E N A N C E  M A T E R I A L '  r T 5 5 r F 6 . 0 )  M A 1  N4780 
M R I T E l I W r 8 6 6 1  F I X M N T  M A I N 4 7 9 0  

866 FORMAT t ' ' r T  30. ' F I X E O  ' 9 T 6 D  , F 6.0 ) MA I N4800 
W R I T E  ( lWr854)  VARMNT H A  I N4 810 
W R I T E  I I W r  822 I S U P E X P  M A I N 4 8 2 0  

822 FOHMATt'O'rT20r'SUPPLItS AND E X P E N S t S '  r T 5 5 r F 6 . 0 )  MA I N 4 8 3 0  
W R I T E ( I Y r 8 5 3 1  F I X S E  MA 1 N4840 

853 F O R M A T ( '  ' r T 3 0 r ' F I X E D  ' 9 T 6 G  9 F 6  a 0  I M A I N 4 8 5 0  
I F ( I T Y P t . E Q .  1 ) G O  TO 603 MA I N4 860 
W R I T E  IWr  815.) V S E B A S  M A I N 4 8 7 0  

MA I N4 180 
MA I N 4 1 9 0  
M A I N 4 2 0 0  
MA 1 N42 10 
W A I N 4 2 2 0  
MA I N42 30 
MA 1 N424 0 
M A I N 4 2 5 0  
H A  IN4260 
M A I N 4 2 7 0  
M A I N 4 2 8 0  
MA I N42 90 
MA I N4300 
MA 1 N43 10 
M A I N 4 3 2 0  
M A I N 4 3 3 0  
M A 1  N4340 
M A I N 4 3 5 0  
H A  IN4360 
MA I N43 70  
M A I N 4 3 8 0  
M A I N 4 3 Y O  
MA I N4400 
MA I N44 LO 
MA IN4420 
H A  1 N4 4 3 0 
MA I N4440 
M A I N 4 4 5 0  
MA IN4460 
MA I N44 7 0 
H A  1 N4480 
MA IN4490 
M A I N 4 5 0 0  
MA I N45 10 
M A I N 4 5 2 0  
MA IN4530 
M A I N 4 5 4 0  ' 

MA IN4550 
M A I N 4 5 6 0  
MA 1 N45 7 0 
M A I N 4 5 8 0  
M A I N 4 5 9 0  
MA I N4600 
MA I N 4 6 1 O  
M A I N 4 6 2 0  
MA I N46 30 
M A I N 4 6 4 0  
M A I N 4 6 5 0  
M A I N 4 6 6 0  
MA I N4670 
M A I N 4 6 8 0  
MA IN4690 
MA I N4 100 
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815 F O R M A T ( '  ' r T 3 0 r ' V A R .  P L A N T  * r T 6 b r F 6 . 0 )  
GO T O  6 0 Y  

603 C O N T I N U E  
W R I T E I I W g 8 5 4 )  V S E B A S  

854 F O R M A T ( '  ' r T 3 0 r ' V A R I A B L E  ' ' T 6 U r F  6-01 
609 C O N T I N U E  

IF(ISOX.EO.0 .OR. I T Y P E m t Q o  1)GO TO 608 
I F (  UETDRY.EP. 1) W R I T E  t IW1855 ) C L I M E S  

855 F O R M A T ( '  ' ~ 1 3 0 s '  - L I M E S T O N E  ' r T 6 0 r F 6 . 0 )  
I F I  WETDRY .EO. 2)  W R I  T t  ( 1 W e  872 I C L  I M E  

872 F O R M A T ( '  ' r T 3 0 r '  - L I M E  ' r T 6 0 r F 6 . 0 )  
I F (  D I SPOS-NE 0 . 0 )  WR I 1E: ( I Y e  838)  DI S P O S  

838  F O R M A T I '  ' r T 3 0 r '  - A S H  & FGU b L U D G E  ' e T 6 0 e F 6 . 0 )  
6 C 8  C O N T I N U E  

I F (  S U P A D 2  .NE 0.01 Y R I  TE ( 1 W 9  865 I S U P A D 2  
865 F O R M A T ( '  ' s T 3 6 9 ' -  A S H  D I S P O S A L ' r T 6 U r k 6 . 0 )  

I F ( I T Y P E . E Q . 2 ) G O  T O  702 
W R I T k L I M r 8 3 3 )  F E E I N S  

833 F O R M A T ( ' O ' r T 2 0 , ' F E t S ,  I N S P E C l I O N S r  R t V I E W S  ' 9 T 5 5 e k 6 o O )  
702 C O N T I N U t  

W R I T E  ( 1 W s  850) SUPORT 

W R I T E  t I W ,  836)  

# R I T E ( I W r 8 2 5 )  ADMGEN 

850 F O R M A T (  ' O ' r T 2 0 r ' O F F S I T t  SUPPGRT S E H V I C E S '  I I 55 9 I-6 0 

836 F O R M A T ( ' O ' r T 3 l r ' I N D I R E L T  C O S T S ' )  

825 F O R M A T ( '  ' r T 2 0 1 ' A D M I N I S T R A T I V E  A N D  G E N t K A L  ' , T 5 5 r F 6 . 0 1  
I F ( C O M 1 N S  .NE.O.) W R I T E  I 1 Y t  820 I C O M I N b  

820 FORMA T (  ' ' 9 T 3 0 9  ' C C M M t  RC I A L  L I  A B I L  I TY I N S  ' r T 6 0 1 F 6 . 0  ) 
I F ~ R E T H O . N E ~ O . ~ W R I T E ~ I Y ~ 8 3 5 ~ R E l ~ O  

835 FORMAT I ' '9130, ' R E T R O S P E C T 1  V E  P R E M I U M ' ,  T60rF 6.0 1 

824 F O R M A T ( '  ' s T 3 0 r ' G O V E R N M E N T  L I A B I L I l Y  I N S .  ' r T 6 0 r F 6 . O )  
I F ~ G O V I N S.NE~O.~WWllE~lWr824~GOVINS 

I F I I T Y P E . E Q . 2 ) G O  TO 615 
W R I  T E  ( 1  W1803 1 P R I M A R  

W R I T E ( I W t 8 6 9 ) E X C E S S  
803 F O R M A T ( '  ' r T 3 0 r ' P R O P E R T Y  I N S .  ( P R I M A R Y )  ' '169 rF6.0) 

869 F O R M A T ( '  ' w T 3 0 r ' P R O P t R T Y  I N S .  ( E X C t S S )  ' e 160 r F  6.0 ) 
GO 10 616 

615 C O N T I N U E  
W R I T t  I W e  842 1 PROP I N  

842 F O R M A T ( '  ' r T 3 0 r ' P R U P E R T Y  I N S U R A N C E  ' 9 1601 F 6.0 ) 
616 C O N l I N U E  

IF(RPOWER.NE. O . O ) Y R I T t l I W ~ 8 4 5 ) R P O Y t R  

Y R I T E l I W r 8 3 7 1 A D M  

Y R I  TE ( 1  WI 851 1 

W R I T E ( I Y e 8 3 0 )  T O T F I X  

W R I T E ( I W v 8 3 1 )  T O T V A R  

W R I T E (  IW1832) T O T A L  

W R I T E  ( I W ,  852) 

WR I TE ( I W e 828 ) 

WRI TE t I W r  829)  

W R I T  f ( I W e 834 1 

W R I T E ( I W r 8 5 6 1 T O T M L 2  

W R I T E ( I W I ~ ~ ~ ) T O T M L ~  

I F (  ( T Y P E  .Ea. 1)GO TO 602 

845 F O R M A T ( '  ' r T 3 O v ' R t P L A C E M E N T  POWER I N S .  ' T 6 0  F6.0 

837 F O R M A T (  ' ' r T 3 0 p  ' O T H E R  A t G ' r T 6 0 r F 6 . 0 )  

851  F O R M A T ( ' O ' ~ T ~ L I ' C C S T S  S 1 0 0 0 / Y E A R '  

830 F O R M A T ( '  ' r T 2 0 e ' T U T A L  F I X E D  C I R E C T ~  AND I N D I R E ,  T S ' r T 6 4 r F I . O )  

831 F O R M A T ( '  ' r T 2 0 r ' T O T A L  V A R I A B L E  D I R E C T S  AND I N U I R I i C l S ' r r 6 4 ~ f 7 . ~ )  

832 F O R M A T ( '  ' r T 2 0 w ' T O T A L  A N N U A L  N O N F U E L  O L M ' r T 6 4 s t 7 . 0 )  

852 F O R M A T ( ' O ' , T 3 l r ' U N I T  C O S T S  W I L L S / K W H ( E ) ' )  

828 F O R M A T ( '  ' r T 2 0 , ' F I X E O  D I R E C T S  A N D  I N D I R t C T S ' r T 6 5 r F 6 . 2 I  
F I  XM I L  

V A R M I  L 

T O T M  I L  
829 F O R M A T (  ' ' r T 2 0 r ' V A R I A B L E  D I R E C T S  A N 0  I N U I R E C T S '  r T 6 5 r k 6 . 2 )  

834 F O R M A T ( '  ' ~ T ~ O I ' T O T A L  N O N F U E L  O t M ' r T 6 5 r F 6 - 2 )  

856 F O W M A T ( ' O ' e T 2 0 r ' T O T A L  N O N F U E L  G t M  L E S S  "OTHER A & G " ' r T 6 5 , k 6 . 2 )  

857 F O R M A T ( '  ' r T 2 0 r ' T O T A L  N O N F U E L  O&M L E S S  A E G ' r T 6 5 r F b . Z )  * 

H R I T E  ( I W ,  848)  B T U  I WETDRY)  
848 F O R M A T ( / /  T 2 0 r ' H E A T I N G  V A L U t  O F  COAL '  B l U / L B ' r T 5 5 r F U . O )  

W R I  TE ( I W v  849) TONCOL 

MA I N 4 M 8 0  
M A I N4 8 90 
MA I N 4 Y O O  
M A I N 4 9 1 0  
MA I N 4 Y 2 O  
MA I N4930 
MA I N4940 
MA IN4950 
MA I N 4 9 6 0  
MA I N 4 Y  70 
MA IN4980 
MA IN4990 
M A I N 5 0 0 0  
MA 1 N50 10 
M A I N 5 0 2 0  
MA I N5030 
M A I N 5 0 4 0  
M A I N 5 U 5 0  
MA I N 5 0 6 0  
M A 1  N5070 
M A I N 5 U 8 0  
M A I N 5 0 9 0  
MA I N5 100 
M A I N 5 1 1 0  
M A I N 5 1 2 0  
MA I N3 1 30 
M A I N 5 1 4 0  
M A I N 5 1 5 0  
MA I N 5  160 
M A 1  N5 170 
M A I N 5 1 8 0  
MA I N 5 1 9 0  
MA I N52 00 
M A I N 5 2  10 
M A I N 5 2 2 0  
MA I N5230 
MA I N5240 
MA IN5250 
M A I N 5 2 6 0  
M A I N 5 2 7 0  
M A I N 5 2 8 0  
MA I N5 290 
M A I N 5 3 0 0  
MA I N53 10 
M A I N 5 3 2 0  
MA I N53 30 
H A  I N5340 
MA IN5350 
M A I N 5 3 6 0  
MA I N 5 j  70 
M A I N 5 3 8 0  
M A I N 5 3 9 0  
M A 1  N5400 
M A I N 5 4 1 0  
MA 1 N 5 4 L O  
MA INb430 
MA IN5440 
MA I N5450 
M A I N 3 4 6 0  
M A I N 3 4 7 0  
MA I N 5 4 8 0  
M A 1  N5490 
M A I N S 5 0 0  
M A I N S 5 1 0  
M A I N 5 5 2 0  
M A I N 5 5 3 0  
MA I N5 540 
M A I N 5 5 5 0  
MA IN5560 
M A I N 3 3 7 0  

. 
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849 F O R M A T ( '  ' r T 2 0 , ' C O A L  BURNEO, T O N S / Y k A R  ' ,154rk9.0) 

8 7 1  F O R M A T I '  ' ~ 1 2 0 ~ ' P f R C E N T  A S H ' r T 5 5 , F B . 2 )  
W R I T E ( I W , 8 7 1 1  A S H ( W E T D R Y )  

W R I  T t  ( I W ,  864 1 S S A S h  

I F l I S O X . N E o 1 ) G O  T O  602 
W R I C E ( I W r 8 3 9 )  P C T S U L  

864 FORMATI' ' , T ~ O , * C U S T  OF ASH CISPOSAL, WTON * , r s s , ~ a . 2 1  

839 F O R M A T (  ' '9120, ' P E R C E N T  S U L F U R '  r T 5 5 r F 8 . L )  

823 F O R M A T (  ' ' e  '>>>>>>>>>> NOTE:' rT201 
IF (WETDRY.EQ.2  .AND. P C T S U L o G T .  1 . 5 ) Y R I T E ( I W * 8 2 3 )  

+ 'DRY FGD S Y S T E M  W I T H  > 1.5 PCT.  SULFUR,  NOT V A L I D  A S S U M P T I U N ' )  
W R I T E ( I W r 8 4 O )  TONSUL 

W R I T ~ ~ I W I ~ ~ O ) P C T S R M  

W R I T E ( I W I ~ ~ B ) S U L R E M  

IF(WETDRY.EQ.  2 ) G O  TO 620 
WRI TE 1 W v  841 ) X L I M S S  

W A I T E ( I W s 8 4 4 )  T O N L M S  

WR I TE ( I WI 847 ) C O L  I M S  

840 F O R M A T ( '  ' r T 2 0 , ' S U L F U R  I100 PCT.),  T O N S / Y R ' s r b 5 , F 8 . 0 )  

860 F O R M A T ( '  ' r T 2 0 r ' P E R C E N T  S U L F U R  K t M L I V t D ' r l 5 5 r F B .  2 )  

868 FORMA 1 ( ' ' , T 2 0 1 '  S U L F U R  Rk MOVED 9 TONS/ Y t AW ' , 155 9 F8 0 I 

841 F O R M A T I '  ' r T 2 0 r ' T C N S  L l M t S T O N E  P E R  TON S U L F U R ' r T 5 5 r k 8 - 2 )  

844 F O R M A T ( '  ' 9  T 2 0 r ' T O N S / Y E A R  L I M t S T O N k ' r T 5 5 r F 8 . 0 )  

847 F O R M A T I '  ' r T 2 0 , ' C O S T  OF L I M E S T C N E ,  b / T O N ' r T 5 5 , k 8 . 2 )  
GO TO 621 

620 C O N T I N U E  
W R I T E  ( I k r  873 1 XL I M  S 

W R I T E I I W I ~ ~ ~ ) T O N L M  

W R I T E  ( IW, 875 I C O L  IM 

873 F O R M A T ( '  ' ,TZO, 'TONS L I M E  PER T U N  S U L F U R  's T 5 5 r F 8 . 2 )  

874 F O R M A T (  * ' ~ T ~ O I ' T O N S / Y E A R  L I M E  ' r T 5 b , r F 8 . 0  1 

875 F O R M A T ( '  ' r T 2 0 9 ' C O S T  OF L I M E ,  $/TON ' , T 5 5 r F 8 . L )  
621 C O N T I N U E  

W W I T t I I W p 8 4 3 )  S L U R R Y  
843 F O R M A T ( '  ' , T 2 0 r ' C O S T  OF S L U D G E  D I S P O S A L ,  $ /DRY T O N ' r T 5 5 r F 8 . 2 )  
602 C O N T I N U E  

708 C O N T I N U E  
GO TO 610 

C=====NO MORE C A S E S  TO RUN 
C----- P R I N r  E S C A L A T I O N  RATES,  ANNUAL AVERAGE S A L A R Y  COMPONENIS ,  F G D  C O S T M A I N 5 Y 7 0  
C COMPONENTS, A S H  D I S P O S A L  COST COMPONENTS MA I N 5 9 8 O  

W R I T E ~ I W I ~ ~ ~ ~ E S W A G E I E S ~ L U R I E S L ~ M S ~ ~ S ~ I M ~ E S C I N S ~ E S G I N S ~ E S F E ~ S ~  M A I N 5 9 9 0  * ESMATL,  ESCSUP,  E S C P I N t  ESCPOW, ESCGEN MA I N b O O O  
861  FORMAT t '  1 ' 8 T 1 5 ,  ' E S C A L A T I O N  R A T t S ,  P E R C E N T / Y E A H '  / /  M A 1  N6010 * ' ' r T 2 0 , ' W A G E S  ' 9 T 62 9 F6.1/ M A I N 6 0 2 0  * ' ' r T 2 0 , ' S L U D G E  D I S P O S A L  COST ' r T 6 2 e k 6 . 1 /  MA IN6030 * 9 ' , TZO, 'L IMESTONE C O S T  ' , T 6 2 r k 6 . 1 /  MA I N6040 

* ' ' ~ T Z O I ' L I M E  COST ' .T62s f i 6 .1 /  MA I N605 0 
4 ' ' r T 2 0 , ' C O M L o  L I A B .  I N S .  CCST 'r162rF6.1/ MA IN6060 * ' ' r T 2 0 r ' G O V T .  L I A B .  I N S .  CGSl ' r r62rF6.1 /  M A I N 6 0 7 0  * ' ' , T Z O , ' I N S P E C T I O N  F E E S  & EXP. ' ,TbZ*F6 .1 /  M A I N 6 0 8 0  * ' ' ,TZO, 'MATERIAL  ' T 6 2 p F 6 .  I/ MA IN6090 * ' ' , 1 2 0 r ' S U P P L I E S  AND E X P E N S E S  * r162nF6.1/ MA I N 6  LOO 

' ' ( T 2 0 r  ' P R O P E R T Y  I N S U R A N C E  ' r T 6 2 s k 6 . 1 /  MA I N6110 
* ' ' 9 T 2 0 , ' R E P L A C E M E N T  POWER I N S . ' t l 6 2 ~ F b o l /  MA I N6 I20 
4 ' ' 9 1 2 0 , ' G E N E R A L  E S C A L A T I O N  ' r C 6 2 r F 6 . 1 )  MA I N 6  130 
W R  I T E  ( IUS 846 1 WAGER1 p F R I N G E  9 SUPER,  P k N P C T  ( 11 MA I N6 140 

846 F O R M A T l ' O ' r T 1 5 , ' A N N U A L  AVERAGE S A L A R Y  COMPONENTS ' / /TZOI  MA I N6 150 
4 'WAGE R A T E  B E F O R E  ADDERS ( B A S t  Y E A R ) ,  S / H R ' , T ~ ~ ~ F ~ . L / T Z O I  M A I N 6 1 6 0  * 'OPERATOR F R I N G E  B E N E F I T S ,  PCT. ' r I 6 2 1 F S . O / 1 2 O 1  MA I N 6  170 * ' P L A N T  S U P E R V I S I O N  & T E C H N I C A L ,  PCT. ' ,T62,F5.O/T20, M A I N 6 1 8 0  * ' S P E C I A L  N U C L E A R  P E N A L T Y ,  P E R C E N T ' r T 6 2 r F 5 . 0 1  MA I N 6  190 

W R I T E l I W * 8 1 8 )  BASEYR,  COSLMS,COSLMrSLUKY M A I N 6 2 0 0  

* T 2 0 , ' C O S T  OF L I M E S T O N E .  W T C N  ' 9 161, FB o L /  M A 1  N6220 

4 T 2 0 r ' C O S T  O F  SLUDGE D I S P O S A L ,  ) /DRY TON ' r T 6 l e F 8 . 2 )  MA I N6240 
M A 1  N6250 

863 F O R M A T ( ' O ' p T 1 5 , ' A S H  D I S P O S A L  COST COMPONENTS A 1  B A S E  Y t A R ' / /  MA IN6260 * T 2 0 , ' C O S T  O F  A s h  D I S P O S A L ,  S / r O N ' r T 6 1 r F 8 . 2 /  M A I N 6 2 7 0  

818 FORMAT ( '0 ' t T  15, ' F G D  COST C O M P O N t N T S  A T  B A S E  YEAR 'sF60 L// M A I N 6 2 1 0  

* T 2 0 r ' C O S T  OF L I M E ,  $/TON I , 161, F8.2/ M A I N 6 2 3 0  

W R I T E  I IWs863) SASHIASH 

M A 1  N55L)O 
M A 1  N b b 9 0  
MA IN5600 
M A I N 5 6 1 0  
M A I N 5 6 2 0  
MA IN3630  

M A I N 5 6 5 0  
MA I N 5 6 6 0  
M A I N 5 6 7 0  
MA IN5680 
M A I N 5 6 9 0  
M A I N 5 7 0 0  
M A I N 5 7 1 0  
M A I N 5  7 2 0  
M A I N S  7 3 0  
M A I N 5 7 4 0  
MA I N5 75 0 
M A I N 5 7 6 0  
M A I N 5 7 7 0  
M A I N 5 7 8 0  
M A I N 5 7 9 0  
M A I N 5 8 0 0  
MA I N5810 
M A I N 5 8 2 0  
M A I N 5 8 3 0  
M A I N 5 8 4 0  
M A I N 5 8 5 0  
M A I N 5 8 6 0  
M A I N 5 8 7 0  
MA I N 5 8 8 0  
MA I N5 890 
M A I N S Y O O  
MA I N59 10 
MA I N5 920 
MA IN5930  
M A I N 5 9 4 0  
MA I N5950 
MA IN5960 

M A I N > 6 4 0  
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* T Z O e ' P C T .  ASH I N  COAL - Y E 1  LIMESTONE FGO 'eT6 l ,FBoZ/  * T 2 0 r ' P C T o  ASH I N  COAL - ORV FGD e , r 6 i , ~ a . 2 1  
STOP 
END 

MA I N 6 2 8 0  
MAIN6290 
MA IN6300 
MA1 N63 10 

. 

. 
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C LWR 
SUBROUTINE LWR LWR LO 
REAL*4 HWNI MANCOS LWR 20 

LWR 4 0  
LYR 5 0  

INTEGER*4 UNITS2 
REAL*B T I T L E  
DI l4ENSlDN NO(*) LWR 60 
OIMENSION T I T L E (  3 9 1 9 )  Lww 70 

' COMMON /COMl/  I S O X I  STAFF' UNITSs STAFF4 LWR 80 
COMMON /COM2/ MWNI YEAR' BASELF' BAS~YHI  -ESMATL 9 E3WAGtv FIXMNTI LWR 90 * .MANCOS, PLTFAC' SUPEXFn TOTMNT* VARMNC, VSEHIL LkR 100 
DATA NO/ 1 0 ~ 2 , 3 r 4 /  LWR 110 
DATA TITLE/'MANAGER ' 9 '  "' " LnK 120 

k 'ASS1 STAN'' ' 1  ' 9 '  " LWH 130 
'QUALITY '.'ASSUWANC'e't ' Y  LWR, 1 4 0  * 

* 'ENVIRONM'p'ENTAL CO'r'NTROL ' 9  LnR 150 * 'PUBLIC K ' r ' E L A T I C N S ' r '  ' 9  LblR 160 
k ' TRAIN ING'v '  ' 9 '  9 '  LnR 170 * 'SAFETY E ' ' '  k I R E  ' * '  " LWR '180 
* 'ADMIN. & ' e *  SERVICE'g'S ' 9  LWR- LYO * 'HEAL 1H 5 ' s  'ERVICES ' e '  9 '  LWR ZOO 
9 'SECURITY ' 9 ' ( 1 '  ' *  LWR 210 
4 'SUPERVIS' v '  ION I EXC'r ' e  SHIFT 1 * e  LWR 2 2 0  * 'SHIFTS ' 9 ' '" ' *  LhK 2 3 0  * 'SUPERVIS ' r ' lDN ' 9 '  ' *  LYR 2 4 0  * 'CRAFTS ' * *  ' 9 '  '' LWR 2 5 0  
* 'PEAK HAI ' r 'NT .  ANNU' r 'AL IZ tD  ' t  LWR 260 * 'HEACTOW 's* ' 9 '  ' *  LWH 2 7 0  * 'RADIO-CH' ' tMICAL ' * ' " LWR 2130 * ' E N G I N t E R ' ~ '  ING " *  ' *  LClR 290 * 'PERFORH.'r'r REPCRI' * * S I  TtGH. ' /  LWK 300 

OATA BASTAF/4*1r 1 8 2 s 3 ~ 4 r  6 9 6 ~ 7 9 8 '  4*1, 4*1, 4 * 1 2 r  1 e 2 ~ 3 r 4 r  LWR 310 * 4 9 . 5 5 r 6 5 r 7 8 r  4 * 2 r  4 * 9 4 r  Y 1 9 r l O r l B r  52s 1049 156r2081 LWR 320 

INrEGER*4 UNlTSs B A S l A f  ( 4 r 2 6 ) r S l A F k r  STAFF4 LnK 30 

* 12114826 ,28*  55 '7118791039  5 5 * 1 1 0 1 1 6 5 r 2 2 0 r  5 r 5 r 7 r 7 r  8'88 12112r  LWR 3 3 0  * 4 * 1 6 #  2 1 9 3 0 r 3 9 r 4 8 '  28*0/ L n n  340 
DATA FIXFAC/.TS/ LWR 350 
DATA VARFAC/.25/ LWR 3 6 0  
DATA K S K I P / l /  LWR 3 7 0  

% DATA IW/6/ LWR 5 8 0  
UNITS2  = UNITS LWR 3YO 
I l = l  

LWR 410 
LWR 4 2 0  

I2=NO ( 1 1 
131 12+1 
14=12+N0(21  LWR 4 3 0  
1 5 = 1 4 + 1  LYR 440 
I6= 14+N0(3  1 LWR 4 5 0  
17=16+1 LWR 4 6 0  
I O =  16+NO (4 1 LWR 4 7 0  
J1= 18+1 L Y K  4 8 0  
J 2 = I B + L  LWR 490 
J3=18+3  LWK 500 

LWR 510 
LnR 520 

J 4 = 1 8 + 4  
K l = J 4 + 1  

LWR 5 3 0  K2=K1+1  
K 3=K2+1 LWR 540 
DO 601 UNITS = 1.4 LWR 5 5 0  
B A S T A F ( U N I T S ~ J l ) = O  LWR 560 
DO 602 I z I l r 1 2  LWR 5 7 0  
BASTAFIUNITS, J1 )=BASTAFIUNITS,J l ) + t i A S l A F ( U N I T S e  1 I LWR 580 

6 0 2  CCNTINUk LWR 5 9 0  
BASTAF(UNITSIJZ)=O LWK 600 
DO 603 I = 1 3 * 1 4  LWR 610 
B A S T A F I U N I T S ~ J Z ) ~ B A S T A F ~ U N I T S ~ J 2 1 + ~ A S T A F ~ U N I T S ~  I )  LYR 620 

BASTAF(UNITS* J 3  )=O LWR 6 4 0  
DO 604 I=I5r16 LWR 650 
BASTAF( UNITS' J3 l=BASTAF (UNI  T S I  J ~ ) + B A S T A F ( U N I T S I  1)  LWR 6 6 0  

6 0 4  CONTINUE LWR 670 
L A S T A F I U N I T S * J 4 ) = 0  LWR 6 8 0  

LnH 400 

6 0 3  CONTINUE LnK 630 
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DC 605 I = l l r I 8  LWR 690 
B A S T A F ( U N I T S ~ J 4 1 = B A S T A F ( U N I T S ~ J 4 ) + B A S T A F ~ U N t l S ~ I ~  L W W  700 

605 C O N T I N U E  LWR 7 1 0  
B A S l A F ( U N I T S ~ K l ) ~ B A S T A ~ ~ U N I T S ~ J l ~ + ~ A S T A F ( U N I T S ~ J 2 ~  LWR 720 

LWR 7 3 0  
B A S T A F l U N I T S  r K 2  ) = B A S T A F  ( U N I T S ' K  l ) - B A S T A F (  UNI TS,  12) LWR l40 
B A S T A F ( U N l T S ~ K 3 J = 8 A S T A f ( U N I T S ~ K 2 J - B A S T A F ~ U N I T S v  16) LUR 750 

601 CONTINUE Lww 7 6 0  
I F I K S K I P . G T . 1 )  GO CO 606 LWR 7 7 0  
WRIT E I W ,  803 ) LWR 7 8 0  

803 F O W M A T ( ' l ' ~ T 8 r ' S I T E  STAFF R E C U I R E M t N T  k O R  LYR POWER P L A N T S ' /  LWR 7 Y O  
* ' 'rT8r43( I - ' ) / /  . LbJW MOO 
* ' ' r T 3 6 r ' N O .  U N I T S  PER S I T t ' /  LWR & l o  
* ' ' r T 3 8 r ' l  2 3 4'/ LYR 820 

LkW 830 
W H I T E  lIW1805 1 LWR d40 

DO 600 I = I l r I 8  LWR 860 
Y R I T E  ( I M P  800) ( T I  TLE ( Je 1 1  , J = l  a 3 )  LWR t i 7 0  * r ( B A J T A F I U N I T S ~ I ) r U N I l r 4 )  LWR 880 

800 FORMAT( '  ' r T 1 0 ~ 3 A 8 r 4 L Z X r I 3 ) )  LUR 890 
I F ( I . k U . I Z ) W R I T E (  I W I M L L )  LYW 900 * ( B A S T A F  ( U N I T S  9 J 1) t UNI  T S z l r 4  J LWR 910 

806 FORMAT( '  ' r T 7 ~ ' 0 P E R A T I U N S ' / )  LUR 930 
I F (  I . E U . I 4 ) W R l T E (  I Y e 8 1 1 )  LWR 940 

( M A S T A F ( U N I T S I J ~ ) ~ U N I T S = ~ ~ * )  LWR 950 
I F  t I .EO I4 )WRI  TE  ( I W r 8 0 7  I LclW 960 

8 O T  FORMAT( * ' r T 7 r ' H A I N I E N A N C E ' /  ) LWR 970 
I F I I . E U . I 6 J W R I T E (  IWv811)  LWR '480 

1 ( 6 A S T A F  (UNI 1 5  9 J3 I (UNI  TS-1 r 4  J LWR 990 
I F (  I . t Q . I 6 ) W R I T E (  1W,B08) LWH 1000 

808 FORMAT( '  ' t T 7 e ' T E C H N I C A L  AND E N G I N E E R I M G ' / I  LWR 1010 
LWR 1020 
LWR 1030 

600 CONTINUE 

t MASTAF ( U N I T S s  J 4 )  (UN I T S - l r  4) LWR 1040 
811 F O R H A T ( /  T 1 3 . ' S U B T O T A L r r T 3 4 r 4 ( Z X ~ 1 3 ) / )  LWR 1050 

W R I T E ( I W r 8 2 0 )  LWH lG60 

820 FORMAT( T l 3 r ' T O T A L r r T 3 4 r 4 ( 2 X 1 1 3 ) /  LWR lU80 
1 ' ' r T 3 4 9 4 ( '  = = = ' ) I  LWR A090 

W W I T E ( I Y ~ 8 O I )  LWH 1100 
* (BASTAF(UNITSeK2)rUNITSals4) LWR 1110 

801 f O R M A T ( / T 1 3 r ' L E S S  S E C U W I T V ' ~ T 3 4 . 4 ( 2 X r I 3 ) )  L Y R  1120 
WRI TE t I Wr 802) L b R  1130 

* ( B A S T A F  ( U N I T S  v K 3 1  * U N I T S =  11 4 I LWR 1140 
802 F O R M A T ( / T 1 3 r 8 L € S S  SEC.r P f A K  H A I N T . ' r T 3 4 ~ 4 1 2 X ~ 1 3 ) )  L k R  1150 
606 CONTINUE L Y R  1160 

U N I T S  = U N I T S 2  LWR 1170 
SUPEXF=4800 .  LWR 1180 
V S E M I L  = 0.1 LWR 1190 

C NOTE... R A T I O  OF E S C A L A T I O N  FACTORS E L I M I N A T E S  clACE E S C A L A I I O N  FROM LWR 1200 
C MANCOS AND R E P L A C t S  IT W I T H  M A T E R I A L  E S C A L A T I O Y  H A T E  LWR 1210 

B A S M = B ASTAF~UNITS~J3~*(MANCOS/lOOO~) LWR 1220 

S T A F F  = B A S T A F ( U N I T S t K l 1  LWR 1240 
S T A F F ~ = B A S T A F ( U N I T S I J ~ )  LlJR 1250 

VARHNT = VARFAC * B A S H  * ( P L T F A C  / B A S E C F )  LWR 1270 
TOTMNT = F I X H N T  + VARHNT LWR 1280 
K S K I P  = K S K I P  + I LWW 1290 
RETURN LWH 1300 
END L Y R  1310 

* +BA S TAF ( UNI T S e J 3 I + B A S T  AF t U N I  T S 9 54 ) 

* ' ' r T 3 6 r  18f ' - I  J J 

805 F O R M A T ( ' O ' r T 7 r ' P L A N T  HANAGEM"S O F k I C E ' / )  L n R  850  

IF~l.EU.12~WRITE(IW~806~ LnR 920 

W R I T E (  1 W i t ) l l  I 

* ( B A S T A f ( U N I T S s K 1 I  r U N I T S = l r 4 1  L n R  i o70  

* + ( (  100.+ESHACLJ/~100.+ESkAGE))* *~YEAH-BASEYRJ Lnw 1230 

F I X H N T  = F I X F A C  * B A S H  Lww 1260 

. 

t 
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SUBROUTINE COALWS 
REAL*4 MWN, HANCOS 
INTEGtR*4 U N I T S *  BASTAF(4 r25 ) ,STAFf *  STAFF4 
1 NTEGEH*4 UNlTSZ 
REAL*B T I T L E  
DIMtNSION N O ( 4 )  
D I M t N  S ION T I T L E  ( 3 920 1 
COHHON / C O M l /  ISOX*  STAFF* UNITS9 bTAFF4 
COMMON /COH2/ MWNI YEAKs BASELF9 BASEYRr ESMATLs tbWAGE* * MANCOS, PLTFACI SUPEXF, TOTMNTv VARHNTI VStMIL 
DATA N 0 / 9 * 4 * 3 * 4 /  
DATA TITLE/'MANAGER ' 9 '  ' * *  ' *  
1 ' ASSISTAN ' r 'T  ' 1 1  ' *  * 'ENVIRONM' 'ENTAL CO' ' Y T K O L  ' 9  

* 'PUBLIC R ' r ' t L A T I C N S ' s '  ' *  * *TRAINING' *  * ' * *  * *  * 'SAFETY * * *  ' *  * 'ADMIN. E ' * *  SERVICE'r 'S ' *  
* 'HEALTH S'r 'ERVICES ' * '  ' *  * * S ECU R I T Y  ' ' ' * *  ' *  
4 'SUPERVIS ' r ' ION (EXC'* ' .  S H l F l  1 ' 9  

* * SHI F T S ' ' ' * '  * *  * 'FUEL AND'* '  LIMESTO'r 'NE HEL. * *  
* 'WASTE SY'r'STEMS * * '  * *  * 'SUPERVIS' r ' ION ' * '  ' *  * 'CRAFTS * p *  ' * *  ' *  * 'PEAK MAI ' r 'NT.  ANNU' r 'AL IZ tO  * *  
* 'WASTE ' * ' 1 '  ' *  * 'CHEMICAL**  * * * '  ' *  * ' I  & c ' * '  * * '  ' *  
le *PERFORM.'*'* RtPCRT'v 'Sv T t C H . ' /  

4 3 * 1 * 2 r  4 * 7 *  3*3r5*59 4 5 * 5 0 * 6 0 1 6 5 ~  3*12*18* * 1 0 * 2 0 * 3 0 r 4 0 *  * 8*8*10*12, * 9 0 ~ 1 1 0 ~ 1 3 0 r 1 5 0 ~  2 0 , 4 0 r 6 0 * 8 0 r  l r 2 r 3 r 4 *  L p 2 r 3 * 4 *  212r3r41 * 1 4 * 1 7 r 2 1 r 2 4 r  20*0/ 

I .  

DATA BASTAF/4*1, 1 ~ 2 r 3 r 4 ~  4 * l r  4 * l r  4 * l r  4 * 1 *  1 3 r 1 4 * 1 5 r l 6 r  

DATA FtXFAC/.62/ 
DATA VAHFAC/.ZO/ 
DATA K S K I  P/ l /  
DATA 1W/6/ 
UNITS2  = UNITS 
I l= l  
1 2 = N O ( l l  
1 3 = 1 2 + 1  
14= I2 *NO ( 2 ) 

' 15=14+1  
1 6 = 1 4 + N 0 ( 3 )  
I I =  I6+1 
1 8 = 1 6 + N 0 ( 4 )  
J l = I 8 + 1  
J2= 18+2 
J3=18+3  
J~=I( I+~ 
K l = J 4 + 1  
DO 601 UNITS = 1 9 4  
BASTAF (UNITS J1) ~0 
DO 602 I - I l r I 2  
BASTAF UNITS 9 J 1 1 =BA STAF f UNI TS 9 J 1) +BASTAF I UNITS, I 1 

6 0 2  CONTINUE 
BASTAF(UNITS*JZ)=O 
DO 603 I s 1 3 9 1 4  
B A S T A F ( U N I T S , J 2 ) ~ B A S T A ~ ~ U N I T S ~ J ~ ) + M A ~ T A F ~ U N I T S ~ I ~  

BASTAF ( UNITS t J 3 )  = O  
DO 6 0 4  1 = 1 5 * 1 6  
BASTAF(UNITS* J3 ) =BASTAF(UNITSr J3 1 +MAbTAF(UNITS* 11 

BASTAF(UNITS*J41=0 

6 0 3  CONTINUE 

6G4 CONTINUE 

WE T S  
W t  T S  
WtTS 
W t T S  
WE 1 s  
WETS 
W t  TS 

. W t T S  
rlE T S  

FIXHNT. W t T S  

10 
20 
3 0  
4 0  
5 0  
60 
7 0  
80 
90 

WETS 100 
WETS 110 
kETS 120  
WETS 1 3 0  
WETS 1 4 0  
W t T S  1 5 0  
WtTS 160 
WETS 170 

WtTS 190 
WkTS 200 
WETS 210 
W t l S  220 
W t T S  230 
W t T S  240 
WETS 2 5 0  
WETS 2 6 0  
WtTS 270 
W t T S  280 
W t T S  290 
WETS 300 
W k T S  310 
WETS 320 
WLTS 330 
WETS 3 4 0  
WETS 3 5 0  
WtTS 3 6 0  
WETS 3 7 0  
WETS 3 8 0  
WETS 390 
WETS 400 
WETS 4 1 0  
hETS 4 2 0  
WETS 4 3 0  
WETS 4 4 0  
WkTS 4 5 0  
WtTS 460 
W t T S  4 7 0  
W t T S  4 8 0  
WETS 4 9 0  
WETS 5 0 0  
WETS 5 1 0  
W t l S  5 2 0  
WETS 5 3 0  

WkTS 5 5 0  
WtTS 5 6 0  
WtTS 5 7 0  
WETS 280 
WETS 590 
WETS a00 
WtTS 610 
WtTS 6 2 0  
W t T S  6 3 0  
WtTS 640 
W t T S  6 5 0  
WETS 660 
WETS 6 7 0  
h t T S  a80 
W t T S  690 

WErs i n 0  

nETs 540  
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00 605 1=17r I8 
~ A S T A F ( U N I T S I  54) =BASTAF ( U N I T S '  J4 I + B A S T A F ( U N I T S p  I I 

B A S T A F ( U N I T S ~ K l I ~ B A S T A F ~ U N I T S ~ J l I + ~ A S T A ~ ~ U N I T S ~ J 2 I  
605 C O N T I N U E  

* + ~ A S T A F ( U N I T S I J ~ ~ + B A S T A F ~ U N I T S ~ J ~ I  
6 0 1  C O N T I N U €  

I F ( K S K I P . G T - 1 )  GO TO 606 
WKI TE ( I W ~ 8 0 3  I 

8 0 3  F O R M A T ( ' l ' r T 4 r  
* ' S I T E  S T A F F  REQUIKEMENT FOR C O A L - k I R E D  POWER P L A N T S ' /  * ' ' r T 1 4 r ' W I T H  WkT L I M E S T O N E  F C D  SYSTEMS' /  

* ' ' r T 3 6 r ' N O .  U N I T S  PER S I l € * /  * ' 'sT38e'l 2 3 4'/ * ' ' r T 3 6 r 1 8 ( ' - ' I )  

* 8 ' , r i4 ,3o t * - ' ) / /  

WRITE(IWIBOSI 

DO 600 I=I1118 
MRITE11We800I iTITLE(J,I)sJ=lr3I 

805 FORMAT ( '0' ,178 ' PLANT MANAGER' 'S OFF I C E ' /  

* 9 ( B A S T A F  ( U N I T S  s I 1 * U N I T S =  1.4) 
800 F O R M A T I '  ' r T 1 0 * 3 A B r 4 ( 2 X e  13) I 

IFII.EO . L ~ I W R I T E ( I W I & ~ ~ I  * 1 B A S  TAF ( U N  I T S  9 J 1 I e UN 1 T S = l 9 4  I 
IF( I . E Q . I 2 I Y R I T E ( I Y ~ 8 0 6 I  

806 FORMAT( '  ' ~ T ~ I ' O P E R A T I O N S ' / I  
I F (  I - E Q . I 4 I W K I T E (  I W ~ 8 1 1 )  * ( B A S T A F ( U N I T S ,  J2 )  S U N  I T S = l r 4  I 
I F (  I.EUe 14IWRITE( I W I O O  7 I 

807 F O R M A T ( '  ' e T 7 r ' M A I N T E N A N C E ' / I  
I F  ( I -EO. I 6  IWR I T  E( IWe 81 1) * ( B A S T A F ( U N I T S I J ~ I ~ U N I T S ~ ~ ~ ~ )  
I F( I EO. 16 )  WRITE(  IW980.8 I 

808 F O K H A T ( '  ' r T 7 r ' T E C H N I C A L  AND f N G I N E E R I N G ' / I  
600 C C N T I N U E  

W R I T E (  I W ~ 8 1 1 I  
( B A  STAF ( UNI T S  9 5 4 )  e UNl T S = l  r 4  I 

8 11 FORMAT (/  T 13, ' SUOTOTAL ' '  1 3 4 ' 4 1  2X ,  13I/ I 
WRI TE t IW.820 I * ( B A S T A F ( U N I T S p K 1 )  v U N I T S = l r 4 I  

820 FORMAT( 113s  ' T O T A L '  r T 3 4 9 4 l Z X 1 1 3 )  / * ' ' 1 1 3 4 9 4 ( '  = = = ' ) I  
606 CONTINUE 

U N I l S  = U N I T S 2  
SUPEX F=22 00 
V S E M I L  = e 1 2  

C NOTE... R A T I O  OF E S C A L A T I O N  FACTOKS E L I M I N A T E S  WAGE E S C A L A T I O N  FROM 
C HANCOS A N 0  R E P L A C L S  IT WITH N A T E R I A L  E S C A L A T I O N  R A T t  

B A S M = B A S T A F ( U N I T S I J ~ J * ~ M A N C C S / L O O O ~ I  

S T A F F  = B A S T A F ( U N I T S p K 1 )  
S T A F F ~ = B A S T A F ( U N I T S I  J 4 )  

* * ( ( l O O . * E S M A T L I / ( l O O . + ~ S W A G E I ) * * I V f A R - B A S E Y R ~  

F I X M N T  = F I X F A C  * BASM 
VARMNT = VARFAC * BASM * ( P L T F A C  / B A S E C F I  
TOTMNT = F I X M N T  + VARMNT 
K S K I P  = K S K I P  + 1 
RETURN 
END 

WETS 700 
YETS 710 
W t T S  7 2 0  
WETS 730 
WETS 140 
METS 7 5 0  
WErs 160 
W t i s  7 7 0  
WETS 780 
W t T S  790 
WETS 800 

WETS 8 2 0  
WETS 830 
WETS 940 
Y t T S  850 
WETS 6 6 0  
WETS 870 
WETS 880 
WETS 690 
WETS 900 
WETS 910 
WETS 920 
W t T S  930 
Y E T S  940 
YETS 950 
W t T S  960 
Y E T S  970 
Y t T S  980 
WLTS 990 
WE TSlOOO 
W E T S 1 0 1 0  
W t T S l O Z O  
WE TS1030 
WETS 1040 
WETS1050 
WE T S 1 0 6 0  

Y E T S l O B O  
WETS1090 
WETS1100 
u t  T S 1 1 1 0  
WETS 1120 
WETS1 130 
WE TS 1140 
W t T S  1150 
WETS L 160 
WE T S  11 7 0  
WETS 1180 
W E T S 1 1 9 0  
WE T S L 2 0 0  
W €  TS 1210 
WETS 1220 
W t  T S 1 2 3 0  
WtTS1240 
WETS 1250 
WE T S 1 2 6 0  

WETS nio 

n~ i s 1 0 7 0  
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C 
SUBROUTINE COALDS 
REAL14 MWNe MANGOS 
INTEGER*4 U N I T S *  B A S T A F ( 4 r 2 5 I r S T A F k r  STAFF4 

cINTEGER*4 UNI TS2 
HEAL*8 T I T L E  
DIMENSION NO141 
DIMENSION T I T L E ( 3 r 2 O I  
COMMON /COMl/ I S O X *  STAFF' UNITS'  STAFF4 
COMMON / C O W /  MWN, YEAR* BASECF. BAStYRe ESMATLi LSWAGE* FIXMNTr 

DATA N 0 / 9 * 4 1 3 * 4 /  
DATA TITLE/'MANAGER ' * '  ' * '  ' *  

0 ' ASSISTAN ' r 'T  ' * *  ' *  * * ENVI RONM' * 'ENTAL CO'  w 'NTROL ' * 
* 'PUBL IC R '  * 'E  L A T I  CNS' * ' ' *  * 'TRAINING'r  ' ' 1 '  ' *  * 'SAFETY ' * '  ' * '  * '  

'ADMIN. E ' * '  SERVICE' * ' S  ' *  * 'HEALTH S', 'ERVICEb ' 1 '  ' 9  * 'SECURITY' r '  ' * '  @ *  * 'S'UPERVIS' * ' I O N  ( E X C '  e '  SHIF T I' 9 

* 'SHIFTS ' #  ' ' * '  * *  * 'FUEL AND'r '  LIHESTO'* 'NE RtC. @ e  

* 'WASTE SY'r 'STEHS ' 9 '  ' *  * 'SUPERVIS'* ' ION ' * '  ' *  * 'CRAFTS ' * '  ' *  * 'PEAK H A I '  *'NT. AhNU'r 'ALILED ' 9  * 'WASTE ' e '  ' * '  " 
91 'CHEMICAL',' ' * '  ' *  
* ' I  E c ' * '  ' * *  ' 9  

* HANCOSi PLTFACI SUPEXFI TOTHNTr VARMNrr VSEMIL 

* *PERFORM.'*', R E P t R T ' r ' S i  T E C H . ' /  

* 3 * l r 2 r  4 * 7 r  3 i 3 r 5 r 5 r  4 5 r 5 0 r 6 0 1 6 5 r  3*12*18r  * 5 r 1 0 ~ 1 5 , 2 0 r  * 8 * 8 r l O * 1 2 r  
* 7 7 i 9 4 ~ 1 1 1 ~ 1 2 8 *  * 2 0 i 4 0 r 6 0 r 8 0 s  l r 2 * 3 r 4 *  L e 2 1  3949 2 r 2 r 3 r 4 r  

DATA BASTAF/4* l r  1121314 '  4 * l r  4*1*  4 * l r  4*1s 1 3 , 1 4 * 1 5 * 1 6 r  

* 149 1 7 r 2 l r 2 4 9  2O*O/ 
DATA FIXFAC/.55/ 
DATA VARFAC/. 18/ 
DATA K S K I P / 1 /  
D A T A  1 w 6 /  
UNITS2 = UNITS 
11=1 
I2=NO ( 1  I 
1 3 = 1 2 + 1  
14=12+N0(2  t 
I S = 1 4 + 1  
I 6 =  I4+NU ( 3  1 
17=16+1 
1 8 = 1 6 + N 0 ( 4 I  
J 1 = 1 8 + 1  
JZ=I&I+2 
J 3 =  I 8 + 3  
J 4 =  18+4  
K l=  J 4 + 1  
DO 601 UNITS = 1 ' 4  
B A S T A F ( U N I T S * J l ) = O  
DO 6 0 2  I = I l r I 2  
BASTAF I UNITS p J1)  =BASTAk (UNI  T S  J 1 I +BASTAF ( UN I T SI I I 

6 0 2  CONTINUE 
BASTAFIUNITSI J2)=0  
DO 603 1 = 1 3 r 1 4  
B A S T A F ( U N I T S ~ J 2 1 = B A S T A F ~ U N I ~ S I J Z I + B A S T A F ~ U N I ~ S ~ I I  

BASTAF (UNITS e J 3  IS0 
DO 6 0 4  I = I S r I 6  
BASTAF(UNITS* J3)=BASTAF ( U N I  T S e J 3 I  +BASTAt (UNITS9 I 1 

6 0 3  CONTINUE 

DRYS 
OHYS 10 
DRYS 20 
URYS 30 
DRYS 40 

'DRYS 50 
DRYS 60 
DRYS 70 
OHYS 80 
DRYS YO 
DRYS 100 

ORYS 1 2 0  

DRYS 1 4 0  
DRYS 150 
DRYS 1 6 0  
ORYS 170 
DRYS 180 
DRYS 190 
DRYS 200 

DRYS 220 
DRYS 2 3 0  
DRYS 2 4 0  
DRYS 2 5 0  
DRYS 2 6 0  
UKYS 2 7 0  
OHYS 280 
DRYS 290 
DRYS 300 
OHYS 310 
DRYS 320  

DRYS 3 4 0  
DRYS 350 
DRYS 3 6 0  
DRYS 3 7 0  
DRYS 380 
URYS 3 9 0  
DRYS 4 0 0  

DRYS 4 2 0  
DRYS 4 3 0  
DRYS 4 4 0  
UHYS 4 5 0  
DRYS 460 

OHYS 4 8 0  
ORYS 490 
DRYS 500 
DRYS 510 
DRYS 5 2 0  
DRYS 5 3 0  
DRYS 5 4 0  
DRYS 550 
DRYS 560 

onyS 110 

DnYs 1 3 0  

u n y s  210 

DnYs 330  

o n y s  4 1 0  

OnYs 470 

DnYs 3 7 0  
Onys 580 
DRYS 590 
DRYS 600 
DRYS 610 
DRYS 6 2 0  
DRYS 6 3 0  

DRYS 6 5 0  
DRYS 6 6 0  
DRYS 670 
DRYS 680 

o n y s  640  
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. .  

604 CONTINUE 
BASTAF(UNITSIJ~ )=O 
DO 605 I = 1 7 , 1 8  
B A S T A F I U N I T S ~ J 4 ) ~ 8 A S T A F ~ U N I T S ~ J 4 ~ + B A S T A F ~ U N I T S ~ I ~  

B A S T A F I U N I T S I K ~ ~ = ~ A S T A F ~ U N I T S ~ J ~ ~ + B A S T A F ~ U N I T S ~ J ~ )  
6 0 5  CONTINUE 

* +BASTAF(UNITS~J3)+8ASTAF(UNITSeJ4~ 
601 CONTINUE 

IFIKSKIP.GT.1) GO TO 606 
W R I  TE ( I U S  803 1 

803 F O R M A T ( ' ~ ' ~ T ~ I  
* ' S l T t  STAFF REQUIREMENT FCR COAL-FIRED POWER PLANTS'/ 

' ' r T 1 9 s ' W I T H  DKY FGD SYSTEMS'/ * ' ' * 1 1 9 e 2 0 ( ' - ' ) / /  * ' ' rT36r 'NO.  UNITS PER S I T E ' /  * ' ' p T 3 8 r ' l  2 3 4'/ * ' ' 9 1 3 6 9  18(  '-' 1 1  
805 1 W R I T t  ( I W 

DO 600 I = I l r I B  
WRITE(IWIBOO) ( T I T L E L J i O r J ' l r 3 )  

805 FORMAT( 'O'*T lp 'PLANT MANAGER"S UFk ICE ' /  1 

* p ( BASTAF ( U N I  T S  9 I 1 r UN I TS=A 9 4  ) 
800 FORMATI ' ' e T 1 0 1 3 A 8 1 4 ( 2 X r 1 3 ) )  

IF(I.EO.I2)URITE(IW,811~ * (BASTAF (UNITS t J  1) r U N l T S ' l r 4  1 
I F ( I . E U . I ~ ) W R I T E ( I W I ~ O ~ )  

806 FORMAT ( ' ' ' 1 7  9 'OPERAT IUNS '/ I 
I F (  I .EQ114 )WRITE( I W e 8 l l )  

I F (  I .ELI. I4)WH I T E (  IW1807)  
8 0 7  FORMAT(' ' rT7r 'MAINTENANCE'/  1 

* I B A S T A F ( U N I T S I J ~ ) ~ U N I ~ S ~ ~ ~ ~ )  

I F (  I .EPoI61WRITE( I W t 8 l l  1 
I B A STAF I UNI T S  s J 3 b e UN I T S = 1  r 4 I 

I F  I I E O .  I 6  IWR I T E (  IW 9 8 0 8 )  
808 FORMAT(' 'rT7.'TECHNICAL AND ENGINEERING'/) 
600 CONTINUE 

WRITE( I L l r B 1 1 )  * I B A S T A F ( U N I T S I J ~ ~ ~ U N I T S = L ~ ~ )  
811 FORMAT( / T 1 3 r '  SUBTOTAL' 9 134 9 4  ( 2 X  e I 3  L /  1 

WRITE t I W ,  820) * (BASTAF (UNITSsK 1) r U N I T S = l r 4 )  
8 2 0  FORMAT( T 1 3 , ' T O T A L ' r T 3 4 r 4 ( 2 X , I 3 ) /  * I ' * T 3 4 ' 4 ( '  ===I ) )  
606 CONTINUE 

UNITS = UNITS2 
SUPEXF=22OO. 
VSEMIL = a 1 2  

C NOTE... RATIO OF ESCALATION FACTORS ELICIIkATES WAGE ESCALATION FROM 
C MANCOS AND REPLACES IT M I T H  MATERIAL ESCALATION RATE 

B A S M = B A S T A F ( U N I T S ~ J 3 ) * ( n A N C O S / l O O O . )  

STAFF = BASTAF(UNITSeK11 
STAFF4=BASTAF(UNITSsJ4)  

* + ( ( l O ~ . + E S M A T L 1 / 1 1 0 0 . + E S W A G ~ ~ ) * * ~ Y t A R - B A S E Y R ~  

FIXMNT = FIXFAC * BASM 
VARHNT = VARFAC * BASH * (PLTFAC / BASELF) 
TOTMNT = FIXMNT + VARMNT 
KSKIP  = KSKIP  + 1 
RETURN 
END 

DRYS 690 
DRYS 700  
DRYS 710  
OKYS 720 
DRYS 7 3 0  
DKYS 7 4 0  
DRYS 750 
DRYS 7 6 0  
DRYS 7 7 0  
DKYS 7 8 0  
DRYS 790 
DRYS 800 
DRYS 810 
DRYS 8 2 0  
D&Y S 630 
DRYS 8 4 0  
DRYS 850  
DKYS 8 6 0  
DKYS 8 7 0  
DRYS 8 8 0  
DRYS 8 9 0  
DRYS 9 0 0  
DRYS 910 
DRYS Y Z O  
DRYS 9 3 0  
DKYS 940 
DRYS 9 5 0  
DRYS 960 
DRYS 970 
DRYS 9 8 0  
DRYS 990 
OH Y S 1000 
DKYSlO lO 
DRY 5 1  02  0 
DRYS 1030 
DKY 5 1 0 4 0  
DRYS1050 
OR Y S 1060 
DRYS 1 0 7 0  
DRYS 1080 
DRYS1 OYO 
DRY s 1 100 
DRYS 11 10 
DRYS1120 
DRY SI 1 3 0  
DRYS1140 
D R Y S 1 1 5 0  
DRYS1 160 
DR Y S  1 1 7 0  
DRYS 1 180 
DRYS1190 
DRY S 1 2 0 0  
DRYS1210 
DRVS1220 
DRYS 1 2 3 0  
DRYS 1 2 4 0  
DRYS1250 
DRY S1260  
DRYS 1 2  7 0  

..: 
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C~ 
SUBHOUT INE COAL 
REAL*4 MHNI MANCOS 
INTEGtR*4 UNITS* BASTAF(4v231tSTAFi-9 S lAFF4  
INTEGEH*4 UNITS2 
REAL*8 T I T L E  
DIMkNSION NO(4) 
DIMENSION T ITLE(  3.18) 
COMMON /COMl/ I S U X c  STAFFS UNITS' STAFF4 
COMMON / C O M 2 /  MWNI YEAU. BASECF, BASEYkr ESMATL. €SWAGE, F IXMNr r  

* MANCOS, PLTFACI SUPEXfr TOTPNT~ VARMNTi VSEMIL 
O A r A  N O / Y 1 3 # 3 r 3 /  
DATA TITLE/'MANAGER ' 9 '  ' 9 '  ' D  

4: 'ASSISTAN' 9 ' 1  ' " ' 9  

* ' PUBL I C  R'  e ' tLAT IONS ' r ' ' 9  * 'TRAINING' e '  '" ' *  
* 'SAFETY ' 9 '  ' r '  " . *  'ADMINo E ' s  ' SERVICf ' r 'S  's * 'HEALTH S ' r ' tKV ICES ' 9 '  ' *  * 'SECURITY'* '  ' 9'  ' e  

* 'SUPERVIS'* ' ION I EXC" '. SHIFT 1 '  
* 'SHIFTS 's' ' 9 '  ' 9  

* 'FUEL HAN'*'DLING ' 9 '  ' *  * 'SUPEKVIS'* ' ION ' 9 '  * '  * 'CRAFTS ' e  ' 1 ' '  ' r  * 'PEAK MAI'r 'NT. AhNU'r 'ALILED ' p  

* 'CHEMICAL'r' ' " ' t  

* ' I  E c ' e '  8 ' '  0 '  

4 'PERFORM.'v'r REPCRT'r'Sr TECH.'/ 

* 'ENVIUONM','ENTAL CO'r'NTROL ' e  

DATA BASTAF/B*lr l r Z r 3 r 4 r  4*11 4 * l r  4 * l r  4 * l r  1 2 , 1 3 t 1 4 r 1 5 ,  * 3*112, 4*7' * 2 1 2 ' 4 r 4 r  * 45950.60r65 9 3*1L 9 1 8 9  * 6,6,8*101 7 5 r 9 0 9 1 0 5 r 1 2 0 s  15930e45160r  2 r Z v 3 r 4 r  2 , 2 # 3 r 4 ,  
* 1 2 1 1 5 ~ 1 8 ~ 2 1 ,  20*0/  

6 0 2  

6 0 3  

6C4 

DATA FIXFAC/.50/ 
DATA VAUFAC/o 17/ 
DATA K S K  1 P/ I/  
DATA IW/6/ 
UNITS2 = UNITS 
I1=1 
I2=NO( 1)  
13=12+1 
I 4 =  I2+NO I 2  1 
I 5 = 1 4 + 1  
16=  I4+NO ( 3 1 
I 7= I 6 +  1 
18= 16+NO ( 4  1 
J1=18+1  
J2=18+2  
J3=18+J  
J4=18+4  
K I-  J 4 + 1  
DO 6 0 1  UNITS = 1.4 
BASTAFIUNITS J1 )=0 
00 602 1 = I l r 1 2  
BASTAFI UNITSI J 1)zBASTAF (UNI TSI  J l )  +&ASTAF(UNITSr I ) 

BASTAF(UNITSI 5 2 )  =O 
DO 603 1 = 1 3 r 1 4  
B A S T A F I U N I T S , J 2 ) = 8 A S T A F ~ U N I T S ~ J 2 ) + ~ A S T A F ~ U N I T S , I ~  

BASTAF(UNITSIJ~)=O 
DO 6 0 4  I = I 5 1 1 6  
BASTAF (UN I T S  

BASTAF(UNITS,J4)=0 
DO 6 0 5  I = 1 7 r I 8  
BASTAF ~ U N I T S I  J 4  I =OASTAF I UNITS e J 4  1 +OASTAF (UNITSI I 

CCNT INUE 

CCNT I N U t  

J 3  ) =BASTAF (UNITS s J 3 1 +BAST AF ( UN I T S ,  I 1 
CCNTINUE 

COAL 
COAL 10 
C O A L  20 
COAL 30 
CUAL 4 0  
COAL 50  
CUAL 60 
COAL 70 
CUAL 8 0  
COAL Y O  
COAL 100 
CUAL 110 
COAL 120 
COAL 130 
COAL 140 
COAL 1 5 0  
COAL 160  
COAL 170 
COAL I d 0  
COAL 190 
COAL 200  
CUAL 210 
COAL 220  
C O A L  230  
COAL 240  
COAL 2 5 0  
COAL 260  
COAL 270  
COAL 280 
COAL 290 
COAL 300 
COAL 3 1 0  
C O A L  320 
COAL 330 
COAL 3 4 0  
COAL 350 
COAL 360 
COAL 370  
COAL 3 8 0  
COAL 39C 
COAL 4 0 0  
COAL 4 1 0  
COAL 4 2 0  
C O A L  430  
COAL 4 4 0  
COAL 4 5 0  
C O A L  4 6 0  
COAL 4 7 0  
C O A L  4 8 0  
C O A L  4 9 0  
COAL 500 
COAL 510 
C O A L  520 
C O A L  530 
CUAL 5 4 0  
C O A L  5 5 0  
COAL 5 6 0  
COAL 5 7 0  
COAL 5 8 0  
CUAL 5 9 0  
COAL 6 0 0  
COAL 6 1 0  
COAL 620 
COAL 630 
COAL 640 
COAL 6 5 0  
COAL 660  
COAL b70 
COAL 6 8 0  
COAL 6 9 0  

- 
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605 C O N T I N U t  
B A S T A F IUNITS~Kl)=BASTAFIUNITS~Jl)+MASTAF~UNITS~JZ~ 

* + 0 A  5 TAF UNI  T S  9 J 3  1 +MAST AF  I U N  I T S  * J4 1 
6 C l  C O N T I N U t  

I F I K S K I P . G T . 1 )  GO TO 606 
W R I  T t  ( IN11803 1 

8 C 3  F O R M A T ( ' l ' r T 4 r  
4 * S I T E  S T A F F  K E Q U I R E M E N T  F O R  C O A L - k I R E D  POWER P L A N T S ' /  

C O A L  700 
C U A L  710 
C O A L  720 
C O A L  I30 
C O A L  740 
C U A L  750 
C O A L  7b0 
C O A L  7 7 0  * * ' * T 1 9 t * W I T H U U T  FGO S Y S T € M S * /  

' ' , T 1 9 9 1 9 I * - '  I / /  * ' ' r T 3 6 r ' N O .  U N I T S  PER SITf'/' ' * ' ' r T 3 8 r ' l  2 3 4 ' /  * ' ' * T 3 6 , 1 8 1 * - ' ) )  
W R I T E ( I W I ~ O ~ )  

DO 600 I=IlrI8 
U R 1  T €  I IW, 800) 

805 FORMAT ( ' 0 ' 9 1 7 9  ' P L A N T  MANAGER'  'S OFC I C E ' / )  

( TI T L E  ( J *  I I , J=1 s 3) * , ( B A S T A F  ( U N I  T S  I I r U N I  i S = l r 4  1 
800 F O R M A T I '  * r T 1 0 ~ 3 A 8 r 4 ( 2 X ~ I 3 ) )  

IFII.EU.IZ~WRITEIIW~811~ * L B A  S T A F  t UNI T S  J 1) r UNI  T S = l *  4 ) 
I F I I . E ~ . I ~ ) W R I T ~ ( I W I ~ O ~ )  

806 F O R M A T ( '  ' r T 7 * * O P E R A T I O N S ' / )  
I F (  I . E Q . I ~ ) W R I T E I I W I M ~ ~ )  

* ( B A S T A F  ( U N I T S  J Z  1 * U N I T S = l s  41 
I F I I - t Q . I 4 ) W R I T E (  I W 9 8 0 7 )  

8 C 7  F O R M A T ( '  * r T 7 r ' M A I N T E N A N C E * / )  
I F (  I . E Q I I I ) W R I T E I  IW*811) 

I F I I EO. 16) WR I T E I  IW1808 1 
4 ( B A S T A F  I U N I T S  9 J3)  t U N l T S = l r  4 )  

808 F O R M A T ( '  ' p T 7 , ' T E C H N I C A L  A N 0  E N G I N t t R I N b ' / )  
600 C G N T I N U E  

W R I T E (  1 W r M l l )  * ' B A  S T A F  ( UNI T S  5 4 )  r UN I TSZls 4 ) 
8 11 FORMAT ( /  T 13, ' S U B T O T A L ' ,  T ' 3 4 * 4 I  2 x 1  1 3 )  / )  

W R I T E I I W I ~ Z O )  
I B A S T A F  I U N I  T S v K l l  r U N I T S X l 1 4 )  

820 F O R M A T (  T i 3 * ' T O T A L ' i T 3 4 * 4 ( 2 X * I j ) /  * ' * 9 T 3 4 9 4 I '  I== * 1 )  
606 C O N T I N U E  

U N I T S  = U N I T S 2  
SUPEX F=2000 

C O A L  7 M O  
C O A L  790 
C O A L  800 
C O A L  M 1 0  
C O A L  820 
C O A L  030 
C U A L  840 
C O A L  MSO 
C O A L  860 
C U A L  870 
C O A L  880 
C O A L  890 
C U A L  900 
C O A L  Y l O  
C O A L  920 
C O A L  Y 3 0  
C O A L  940 
C O A L  950 
C O A L  960 
C U A L  9 7 0  
C O A L  9BQ 
C U A L  9 Y O  
C O A L 1 0 0 0  
C U A L l O l O  
C O A L  1020 
C O A L 1 0 3 0  
C O A L  1040 
C O A L l U 5 0  
C O A L 1 0 6 0  
C O A L 1 0 7 0  
C O A L 1  U80 
C O A L  1090 
C O A L 1 1 0 0  
C O A L 1 1 1 0  

V S E M I L  = .08 
C NOTE... R A T I O  OF E S C A L A I I O N  F A C T O R S  E L I M I N A T E S  WAGE E S C A L A i I O N  FROM 
C MANCOS A N 0  R E P L A C E S  IT WITH M A T E R I A L  E S C A L A T I O N  R A T E  

BASM=BASTAFIUNITSsJ3)*(NANCOS/lOOO.) 

S T A F F  = B A S T A F ( U N I T S s K 1 )  
S T A F F ~ = M A S T A F I U N I T S I J ~ )  

* ( 1 1 0 O . + E S M A T L 1 / I 1 0 d . + E S W A G E ~ ) * * ( Y ~ A R ~ B A S E Y M ~  

F I X M N T  = F I X F A C  * M A W  
VARMNT = VARFAC * B A S M  * I P L T F A C  / B A S E C F )  
TOTMNT = F I X M N T  + VARMNT 
K S K I P  = K S K I P  + 1 
KETUlcN 
END 

C O A L 1 1 2 0  
C O A L l  130 
C O A L l  140 
C O A L 1  150 
C O A L 1 1 6 0  
C O A L 1 1 7 0  
C O A L l  180 
C O A L l  190 
C O A L 1 2 0 0  
C O A L  1210 
C O A L 1 2 2 0  
C O A L 1 2 3 0  
C O A L 1 2 4 0  

r. 
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L 
SUBROUI INE 

D A T A  X/ ' PUR ' ' PWR' 9 'BUR ' e  BWR' 9 'LWR ' 'LWR ' C O A L  / 

I F ( T Y P E . E Q . X (  1 ) .OH.TYPE.EQ.X(Z ) l  I l Y P E Z l  
I F ( T Y P E . E P . X 1 3 1  .OR.TYPk.EQ.X14)  I I T Y P E = l  

TYPER(  TYPE 9 I TYPE 1 
D I H k N S I O N  X (  7 1  

1 l Y P E = O  

I F (  TYPE.EQ.X(S)  . O R . T Y P t . t Q . X ( 6 1  I I I Y P t = l  
IF( TYPt .EQ.X(  71 I I l Y P E = 2  

i 

TYPE 
. I .  , T Y P E  10 

TYPE ' 20 
TYPE 3 0  

- .  ' TYPE 40 
1YPE 5 0  
TYPE 60 

1YPE 80 
. . '  TYPE 90 

. I . .  , . ',. '..'iYPE'. 100 

. .  
. , .  
. . .  

: < .  TYPE.  7 0  : . .  - .  
r .. j 

3 ,  , 

. , .  . . . . . . "  , 
. : . . - . .  . .  

. .  t .  

. .  . \  .. . . .  . .  

. .  3 



G 
SULlROUTI NE SELECT t I TYPE 9 ISOXI WETDRY . * r *  J 
I N  T E G ER*4 WET OR Y 
DATA IW/6/ 

C A L L  LWR 
RETURN 2 

IF( ITYPE.NE.AJG0 TO 450 

450 I F I I T V P E . N E . Z J G 0  TO 700 
' I F ( 1 S O X e E Q .  O J  C A L L  COAL 

I F 1  ISOX.EQ.1 .AND. WkTDRY .EQ. A I  C A L L  CUALWS 
I F 1  ISOX.EQ.1 .AND. WETLJRY .EU.ZJ C A L L  COALOS 
RETUMN 2 

700 W R I T t  I i W r  8 0 0 )  
800 F O R M A T ( ' A ' r T 2 O r ' N O  COMPARISON OF P L A N T  TYPE <<<<<'I * T2Ov'NEXT DATA CAR0 WILL BE W t A U ' / ' A ' J  

RETURN A 
E N 0  

SE L E  
SELE 10 
SELE 20 
SELE 30 
SELE 40 
S E L E  50 
SELE 60 
SELE 70 
SELE 80 
SELE 90 
SELE 100 
SELE 110 
S t L E  AZO 
SELE 1 3 0  
SELk 140 
S t L E  150 
SELE 160 

c 
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C 
SUBROUTINE HEATRT l H T R A l  E, (TYPE, ISOXIWETUKY 
INTEGER hETDRY 

, DIMENSION H ( 4 )  
D A T A  ~ / i o r o o .  ,9380.,99t30.,9780./ 
DO 500 1=1,4 
I F (  H T R A T t  .EQ.H( 1 )  )GO TO 501 

500 CONTINUE 

5 0 1  CONTINUt  
GO TO 5 0 2  

IF(ITYPE.EQ.  GO ro 600 
IF I ITYPE.EO.  2160 TO 6 0 2  

600 C C N T l N U t  
C=====LWH 

H T R A T E f l O  700. 
GO TO 601 

602 C O N l I N U E  
IF( ISOX.EQ.  0 ) G O  TO 603 
IF(ISOX.EQ. 1160 TO 604 

6 0 3  CONTINUt  
C = = = = =  COAL-FIKEU WITHOUT FGD 

HTRATE=Y3 80. 
GO TO 601 

604 C O N T I N U t  
C=====COAL-FIKEO W I T H  FGD 

IFIWETURY.EO.1)GO T O  6 0 5  
If(WETDRY.EQ.2IGO TO 606 

605 CONTINUE 
C=====CDAL-FIKtD WITH WET LIMESTONE F G O  

HTRATE=9980. 
GO TO b 0 i  

606 CONTINUE 
C=====COAL-FIREU WITH DRY FGD 

HTRA T E= 97 80. 
GO TU 601 

6 0 1  CONTINUE 
502 C O N r I N U t  

HETUHN 
END 

HTRT 
HTRT 10 
HTRT 20 
HTRT 30 
HTRT 40 
HTRT 50  
HTRT 60 
HTRT 70  
H T R T  8 0  
HTRT Y O  
HTRT 100 
HTRT 110 
H r R T  1 2 0  
HTRT 130 
HTRT 140 
HTRT 1 5 C  
HT&T 160 
HTRT 170 
H l & T  1 8 0  
H T K r  190 
HTRT 200 
HTHT 210 
H r R T  220 
HTRT 2 3 0  
HTRT 240 
HTRT 2 5 0  
HTKT 260 
HTRT 2 7 0  
HTRT 280 
HTNT 2 9 0  
HTRT 300 
HTRT 310 
H r R T  320 
HTHT 330 
H T R T  340 
HTRT 350 
HTKT 360 
HTRT 3 7 0  
HTRT 380 
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c 
SUBROUTINE CHKDEF(ONtrTW0eI I  

IF(ONE.EQ.TWO( 1) .OR. UNE.EQ.ihO(2J )ONE=TCIO( I I  
DIMENSION TWO(2) 

TWO(IJ=ONE 
RETURN 
END 

CHKD 
CHKO 10 
CHKD 2 0  
CHKO 3 0  

, CHKD 40 
CHKD 50 
CHKO 60 

t 
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C 
SUBROUTINE U N I T C K  (UN I T S , * )  
INTEGER*4 UNITS 
DATA IW/6/ 
IF(UNITS.GT.4 .OH. UNITS.LT. 1 ) G O  Ti) 700 
RETURN 

7CO 
8 0 0  FOMMATl'l'~TZ0,'UNIIS GREATER THAN 4 CIA LESS THAN 1 <e<<<'/  

WRI TE l I W e  8 0 0 )  

* TZO,'NEXT DATA C A R D  W I L L  B E   READ'/'^') 
RETURN 1 
END 

UNI I 
UNIT 10 

UNIT 30 
UNIT 40 
UNIT 50 
UNIT 60 
UNIT 70 
UNIT 8 0  
UNIT 90 
UNIT 100 

20 



,* 
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