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FOR EWORD 

Th is  f i n a l  r e p o r t  was prepared under subcontract  AH-9-8037-1 as a  p a r t  of S E R I  
task 5121.11, t h e  Supply Task o f  t he  Repowering S t ra tegy  Analys is .  The 
o b j e c t i v e  o f  t h e  Repowering S t ra tegy  Ana lys is  i s  t o  de f i ne  a  government r o l e  
i n  repowering t h a t  c o n s t i t u t e s  an e f f i c i e n t  investment i n  p u r s u i t  o f  v i a b l e  
p r i v a t e  markets f o r  he l i os ta t -based  energy systems. The purp0s.e of t h e  Supply 
Task i s  t o  determine t h e  i n s t a l l e d  cos t  o f  s o l a r  systems and components i n  a 
repowering program, and t o  o u t l i n e  the  manuf a c t u r i  ng investment r e q u i  red  t o  
achieve those costs.  

The p r imary  goal  o f  t h i s  study i s  t o  i d e n t i f y  t he  cos t  o f  i n t e g r a t i n g  a  s o l a r  
thermal system i n t o  an e x i s t i n g  power p l an t .  I n  t h e  e a r l y  cons ide ra t i ons  .of  
repowering, it was commonly assumed t h a t  t he  e l e c t r i c a l  genera t ing  p l a n t  was 
v i r t u a l l y  f ree ,  an assumption which produced a  l a r g e  b e n e f i t  f o r  repowered 
p lan ts .  Th i s  study i s  in tended t o  t e s t  t h a t  hypothes is  by o u t l i n i n g  t he  
sources o f  repoweri  ng i n t e g r a t i o n  cos t  and scopi  ng the  magnitude and 
v a r i  ab i  1  i t y  o f  those costs.  

Th is  p r o j e c t  shows t h a t  t he  i n t e g r a t i o n  cos t  can be  q u i t e  low i f  the  p l a n t  i s  
i n  good c o n d i t i o n  and t h e  major p l a n t  systems do no t  r e q u i r e  ex tens ive  
mod i f i ca t ion .  However, if the tu rb ine ,  generator,  o r  major a u x i l i a r y  systems 
are i n  need o f  s i g n i f i c a n t  r epa i r ,  t he  i n t e g r a t i o n  cos t  increases 
s u b s t a n t i a l l y .  The o v e r r i d i n g  conc lus ion i s  t h a t  i t  i s  no t  p o s s i b l e  t o  
genera l i ze  i n  advance what the  i n t e g r a t i o n  c o s t  w i  11 be f o r  a  p a r t i c u l a r  
p l an t .  Each u n i t  which i s  considered t o  be a  repowering candidate must be 
c a r e f u l l y  evaluated t o  determine i f  i t s  age and c o n d i t i o n  are c o n s i s t e n t  w i t h  
i t s  cos t -e f f ec t i ve  use as as repowered p l a n t .  

R+ d h  
Denn 1s N. Horaan, 3r. 
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SUMMARY 

The purpose o f  t h i s  s tudy  was t o  i d e n t i f y  t h e  e f fec t  of s o l a r  thermal  
repowering on ba lance-o f -p lan t  cos ts  f o r  severa l  cand ida te  g a s / o i l  f i r e d  
e l e c t r i c  power genera t ing  u n i t s .  The s tudy  was prepared i n  con junc t i on  w i t h  
t h e  SERI Repowering S t ra tegy  Ana l ys i s  c u r r e n t l y  i n  progress.  

The scope o f  t h e  s tudy  i nc l uded  t h e  f o l l o w i n g  tasks :  

Task 1 Southwest Repowering Candidate P l a n t  C l a s s i f i c a t i o n .  

, Thk purpose o f  t h i s  t a s k  was t o  c l a s s i f y  t h e  p l a n t s  which have been 
i d e n t i f i e d  as repower ing candidates i n t o  gener i c  ca tego r i es  f o r  use 
i n  Tasks 3 and 4.  The candidates have been i d e n t i f i e d  i n  two market 
surveys. One by P u b l i c  Serv ice  Company o f  New Mexico (PNM) i n  t h e i r  
s o l a r  h y b r i d  repower ing s tudy  and one by  MITRE i n  t h e i r  So la r  Thermal 
Repowering Market Survey. 

Task 2 So la r  Repowering Technology Assessment 

The purpose of t h i s  task  was t o  look  a t  s o l a r  c e n t r a l  r e c e i v e r  
techno log ies  which are under development fe.g., once-through steam 
rece i ve r ,  drum t ype  rece i ve r ,  mo l ten  s a l t  and l i q u i d  meta l -coo led  
rece i ve r s !  i n  l i g h t  o f  t h e  concept of s o l a r  repowering. I n t e r f a c e  
requi rements  by r e c e i v e r  t y p e  f o r  use i n  t h e  Systems I n t e g r a t i o n  task  
were i d e n t i f i e d .  

Task 3 Systems I n t e g r a t i o n  

T h i s  task i d e n t i f i e d  t h e  "most promis ing"  repower ing combinat ions 
used i n  t h e  development o f  an i n t e r f a c e  c a t a l o g  of t h e  
ba l  ance-of -p l  ant  mod i f i ca t i ons  necessary t o  a t t a c h  t h e  so l  a r  system. 

Task 4 Cost Est imates 

Cost est imates were prepared under Task 4 f o r  each o f  t h e  
combinat ions i d e n t i f i e d  i n  Task 3, i n c l u d i n g  Lurb lne  i n s p e c t i o n  and 
overhaul  requ i rements  necessary t o  extend t u r b i n e  l i f e .  

Th i s  s tudy has i d e n t i f i e d  f o u r  gener ic  p l a n t  c lasses  (25-50 MWe non-reheat 
u n i t s ,  75-200 MWe non-reheat un i t s ,  75-200 MWe ' reheat  u n i t s ,  and 225-600 MWe 
reheat  u n i t s )  as be ing  r e p r e s e n t a t i v e  o f  a l l  o f  t h e  repowerable steam Rankine 
u n i t s  i d e n t i f i e d  by t h e  PNM and MITRE s tud ies .  Also,  t h e  va r ious  c e n t r a l  
r e c e i v e r  types t h a t  have been s tud ied  under DOE sponsursk lp  have been 
c l a s s i f i e d  I n  tW6 ca tegor ies ,  water/steam r e c e i v e r s  and mo l ten  s a l t / l i q u i d  

' meta l  r ece i ve r s .  There are t h e r e f o r e  eight. combinat ions of gener ic  p l a n t  t ype  
and r e c e i v e r  type. 

Of these e i g h t  combinat ions s i x  were se lec ted  f o r  d e t a i l e d  c o s t  eva lua t ions .  



These are: 

1. 50 MWe non-reheat, 50% repowering, water ls team r e c e i v e r  

2. 100 MWe non-reheat, 50% repowering, water/steam r e c e i v e r  

3. 100 MWe reheat ,  50% repowering, s a l t  o r  sodium-cooled r e c e i v e r  

4. 100 MWe reheat ,  100% repowering, s a l t  o r  sodium-cooled r e c e i v e r  

5. 350 MWe reheat ,  50% repowering, s a l t  o r  sodium-cooled r e c e i v e r  

6. 350 MWe reheat,  100% repowering, s a l t  o r  sodium-cooled r e c e i v e r  

Cost est imates were prepared f o r  t h e  b a l  ance-of -p lant  modi f icat ions,  i d e n t i f i e d  
i n  Sec t i on  4.0 f o r  each o f  t h e  s i x  gener ic  combinat ions 1 i s t e d  above. The 
cos t  est imates were prepared by Stearns-Roger's cos t  es t ima t i ng  department and 
were based on p rev ious  power p l a n t  c o s t  exper ience f o r  s i m i l a r  s i z e  u n i t s  
us i ng  l a b o r  r a t e s  r e p r e s e n t a t i v e  o f  t h e  southwestern Un i t ed  States. 

The es t imated  c o s t  range o f  p l a n t  m o d i f i c a t i o n ,  r e f l e c t  iny u n i t  s ize,  receiver 
t y p e  and percent  s o l a r  repowering, i s  shown i n  Table S-1. 

As i n d i c a t e d  i n  Table S-1, a  wide c o s t  range e x i s t s  f o r  ba lance-o f -p lan t  
mod i f i ca t i ons  t o  f a c i l i t a t e  s o l a r  repowering. The p r i n c i p a l  c o s t  f a c t o r s  are 
tu rb ine-genera to r  and c o n t r o l  system mod i f , i ca t ion  requirements which depend on 
t h e  age and c o n d i t i o n  o f  t h e  u n i t .  The ba lance-o f -p lan t  repowering cos t  i s  
h i ghe r  on water/steam r e c e i v e r  sytems owing t o  b o i l e r  feed pumps and feedwater 
system modi f  i c a t i o n s ,  which are no t  r e q u i r e d  f o r  s a l  t /sodium-cooled rece i ve rs  
us ing  i n te rmed ia te  heat exchangers. As e x p ~ c t e d ,  t h e  percent  s o l a r  repowering 
(e.g., 50% vs. 100%) does no t  have a s i g n i f i c a n t  cos t  impact on ba ld r~ce-o f -  
p l a n t  costs .  



TABLE S-1  BOP COST SUMMARY 
SOLAR REPOWER ING INTEGRATION STUDY 

(1979 DOLLARS I N  THOUSANDS) 

UNIT RATING-% REPOWER, 50 MWe-50% 100 MWe-50% 100 MWe-50% 100 MWe-100% 350 MWe-50% 350 MWe-100% 
RECEIVER TYPE WATER/ STE.AM WATER / STEAM SODIUM OR SALT SODIUM OR SALT SODIUM OR SALT SODIUM OR SALT 
EXPECTED COST RANGE MIN.  MA#. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX.  MIN. MAX. 

4100 Si te ,  St ruct ,  Misc. 18 270 20 337 17 300 17 300 23 378 23 378 

4200 Turbine P lan t  Equip. 848 2530 1040 3393 579 2662 694 3120 , 1235 5290 1312 5595 

4300 c l e c t r i c  P lan t  Equip. 159. 788 178 864 186 ' 944 190 964 238 1156 336 1547 
( I n c l u d i n g  Contro l  5 )  

4800 D i s t r i b .  & I n d i r e c t  277 971 348 1293 240 1199 270 1369 461 2104 505 2271 
5. 

TOTAL COST 1302 4559 1586 5887 1022 5105 1171 5753 1957 8928 2176 9791 

UNIT COST . . 

$/kWt Repower 20 71. 13 48 9 43 5 24 5 22 3 12 

$/kWe Aepower 52 3.82 32 118 20 102 12' 58 11. 51 6 28 
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SECTION 1.0 

INTRODUCTION 

This  s tudy i s  an ana l ys i s  o f  t h e  t e c h n i c a l  requirements and c o s t  of 
i n t e g r a t i n g  a  s o l a r  thermal steam supply  system i n t o  an e x i s t i n g  power p1,ant. 
It was performed as a  p a r t  o f  t h e  Repowering S t ra tegy  Analys is .  The f i r s t  
s e c t i o n  of t h i s  i n t r o d u c t i o n  i s  an overview o f  t h e  repowering s t r a t e g y  
ana lys is  and i t s  ob jec t i ves .  The second p a r t  i s  a  d iscuss ion  o f  t h e  scope and 
l i m i t a t i o n s  o f  t h i s  s tudy and t h e  f i n a l  sec t i on  i s  an o u t l i n e  o f  t h i s  r epo r t .  

1.1 PERSPECTIVE ON THE REPOWERING STRATEGY ANALYSIS 

The r e t r o f i t  o f  s o l a r  c e n t r a l  r e c e i v e r  heat  supply  systems t o  e x i s t i n g  
s team-e lec t r i c  genera t ing  s ta t i ons ,  an a p p l i c a t i o n  known as "repowering," i s  
be ing  considered as a  major programmatic e f f o r t  b y  t h e  Department of Energy's 
Large So la r  Cent ra l  Power Systems Program. Several  promis ing f ea tu res  of 
repowering lead  t o  t h i s  i n t e r e s t :  

Technica l :  Repowering o f f e r s  a  r e l a t i v e l y  l ow - r i s k  t echn i ca l  pa th  t o  
l a r g e  sca le  t e s t  and demonstrat ion o f  c e n t r a l  r e c e i v e r  technology. 
P a r t i c a l  r e l i a n c e  on e x i s t i n g  tiardware p laces  bo th  cos t  and t e c h n i c a l  
emphasis on t h e  heat  supply  system, where t h e  major u n c e r t a i n t i e s  l i e .  
However, t h e  h y b r i d  na tu re  o f  repowered p l a n t s  permi ts  them t o  operate 
even i f  t h e  s o l a r  heat supply  system i s  no t  comple te ly  successfu l .  

Demand: The confinement o f  r i s k  t o  t h e  s o l a r  p o r t i o n  o f  t h e  p l a n t  makes 
u t i l i t y  involvement more a t t r a c t i v e ,  and f a c i l i t a t e s  cos t -shar ing  
arrangements between t h e  p u b l i c  and p r i v a ' t e  sectors .  E a r l y  involvement of 
t he  eventual  user group promises t o  increase t h e  market development va lue  
of t h e  t e s t  and demonstrat ion program i n  severa l  impor tan t  areas: 
relevance, c r e d i b i  1  i ty, disseminat ion, response. 

Supply: The requirements f o r  cos t  e f f ec t i veness  of t h e  s o l a r  heat  supply  
system are  p o s s i b l y  l.ess s t r i n g e n t  i n  repowering than i n  new capac i t y  

. . 
app l i ca t i ons .  I f  t h i s  i s  so, then  t h e  o p p o r t u n i t y  f o r  e a r l y  hardware 
sa les  f o r  repower,lng may be an impor tant  advantage f o r  t h e  development of 
t h e  supply  i ndus t r y .  !This ques t ion  i s  addressed i n  t h e  r e p o r t  of t h e  
Repowering Supply Task. ) 

Energy Displacement: Whi le t h e  l i k e l y  popu la t i on  o f  repowerable p l a n t s  i n  
t h e  Southwest i s  not  l a r g e  ( r ough l y  4-6 GWe), i t  i s  heavi  l y  r e 1  i a n t  on o i l  
and gas. Thus t h e  d i r e c t  e f f e c t s  nf repowering on energy displacement are 
i n  t he  desit-ed categdr  ies .  



The de te rm ina t i on  of an app rop r i a te  government response t o  t h e  o p p o r t u n i t i e s  
of repower ing i s  an impor tan t  p o l i c y  quest ion, and i s  t h e  major reason f o r  t h e  
Repowering S t ra tegy  Ana lys is .  The s tudy o b j e c t i v e  i s :  

To d e f i n e  a government r o l e  i n  repowering t h a t  c o n s t i t u t e s  an e f f i c i e n t  
program investment i n  p u r s u i t  o f  v i a b l e  p r i v a t e  markets f o r  
he l i os ta t -based  energy systems. 

I n  suppor t  of t h a t  ob jec t i ve ,  t h e  s tudy  i s  designed t o  i d e n t i f y  t h e  scope and 
na tu re  o f  t he  repower ing o p p o r t u n i t y  w i t h i n  t h e  l a r g e r  con tex t  o f  i t s  
c o n t r i b u t i o n s  t o  c e n t r a l  r e c e i v e r  technology development and commerc ia l izat ion.  

1.2 SCOPE AND LIMITATIONS OF THIS STUDY 

T h i s  s tudy  i s  an e f f o r t  t o  gene ra l i ze  t h e  d e t a i l e d  repowering ana l ys i s  o f  
Reeves S t a t  i o n  which was done by  Stearns-Roger and West inghouse f o r  pub1 i c  
Se rv i ce  Company o f  New Nexico (1). I n  t h a t  s tudy  t h e  cos t  of adapt ing Reeves 
2 f o r  repower ing was s i g n i f i c a n t  a l though PNM had a l ready  performed many o f  
t h e  needed m o d i f i c a t i o n s .  The o b j e c t i v e  o f  t h i s  s tudy i s  t o  t ry  t o  expand t he  
Reeves exper ience t o  make some general  statements about t h e  t o t a l  popu la t i on  
of repowerable u n i t s  i n  t h e  Southwest. 

I t was imposs ib le  f o r  t h i s  s tudy t o  per form t h e  type o f  exhaust ive p l a n t  
s p e c i f i c  ana l ys i s  o f  t h e  PNM s tudy f o r  a l l  o f  t h e  99 p l a n t s  i d e n t i f i e d  i n  t he  
PNM study. As a r e s u l t ,  t h e  methodology of t h i s  s tudy was t o  s e l e c t  a se t  of 
f ou r  p r o t o t y p i c a l  gene r i c  p l a n t s  which are r e p r e s e n t a t i v e  o f  t h e  types o f  
repowerable p l a n t s  i n  t h e  Southwest. For  these gener ic  p l a n t s  a se t  of s i x  
1 i k e l y  repowering combinat ions was i d e n t i f i e d  f rom among t h e  s o l a r  technology 
op t  ions.  An i n t e g r a t  I o n  requirements c a t a l o g  f o r  each of t h e  combinat Sons was 
developed and t h a t  c a t a l o g  was then costed for.  each combination. 

Al though t h i s  approach g ives  a genera l  p r o f i l e  o f  t h e  cos t  of repowering if 
has s e v e r a l  l i m i t a t i o n s .  The f i r s t  l i m i t a t i o n  i s  t h a t  w h i l e  t h e  cos ts  may be 
rep resen ta t i ve ,  t h e  p l a n t s  a re  prsLuLypiea1 w.ith t he  r e s u l t  t h a t  t h e  cos t  of 
any s p e c i f i c  p l a n t  may vary  g r e a t l y  from t h e  values g iven  here. A second 
l i m i t a t i o n  i s  t h a t  t h e  s i x  combinat ions o f  p l a n t  and r e c e i v e r  which we 
recos ted  were chosen on t h e  bas i s  o f  ex i s t i n ,g  conceptual  studl'es and 
p ro fess iona l  judgement. The developemnt o f  d e t a i l e d  system designs which I 
would 'have been necessary t o  s e l e c t  t h e  op t ima l  repower ing combinat ions was 
o u t s i d e  t h e  Scope o f  t h i s  study. S i m i l a r l y ,  t h i s  s tudy o n l y  examined t h e  
repower ing o f  e x i s t i n g  gas o r  0.11-f i red steam Rankine .p lants .  Bray ton  cyc les  
and combined cyc les  were no t  a p a r t  of t h i s  study, and t h e  use o f  s o l a r  
feedwater heat  i n q  was no t  considered.. 



1.3 ORGANIZATION OF THE REPORT 

Th i s  s tudy was d i v i d e d  i n t o  f o u r  tasks  and t h e  r e p o r t  o r g a n i z a t i o n  f o l l o w s  t h e  
task  s t r u c t u r e .  The f i r s t  task  was t o  o u t l i n e  t h e  c r i t e r i a  o f  r e p o w e r a b i l i t y  
and c l a s s i f y  t h e  candidate p l a n t s  i n t o  general  ca tegor ies .  The r e s u l t s  o f  
t h i s  task  a re  g iven  i n  Sec t ion  2. Sec t i on  3 documents Task 2 which i s  a  
survey o f  r e c e i v e r  systems under development viewed f o r  t h e i r  s u i t a b i l i t y  f o r  
repowering. Sec t ion  4 i d e n t i f i e s  s i x  promis ing repowering combinat ions and 
develops a  ca ta l og  o f  i n t e r f a c e  requirements f o r  each. The l a s t  s e c t i o n  
con ta i ns  t h e  c o s t  es t imates  f o r  each o f  t h e  i tems i n  t h e  I n t e r f a c e  Catalog. 
The d e t a i l e d  cos t  sheets a re  inc luded  i n  t h e  Appendix. 



SECTION 2.0 

REPOWERABILITY CRITERIA AND PLANT CLASSIFICATION 

2.1 EXISTING MARKET SURVEYS 

Th is  s tudy  i s  based on two s tud ies  t h a t  at tempted t o  i d e n t i f y  candidate p l a n t s  
f o r  s o l a r  h y b r i d  repowering w i t h i n  t h e  Southwest Un i t ed  States. The f i r s t  was 
t h e  s tudy  performed by P u b l i c  Serv ice  Company o f  New Mexico (PNM) ( 1 )  and 
e n t i t l e d  "Technica l  and Economic Assessment of So la r  Hyb r i d  Repowering" ; t h e  
second was t h e  MITRE s tudy  "So la r  Thermal Repowering: U t i l i t y  I n d u s t r y  Market 
P o t e n t i a l  i n  t h e  Southwest" ( 2 ) .  No a d d i t i o n a l  f i e l d  surveys nor  
communications were made w i t h  u t i l i t i e s  i n  p repa ra t i on  f o r  t h i s  p r o j e c t .  

Both t h e  MITRE study and t h e  PNM study at tempted t o  a s c e r t a i n  t h c  u t i l i t y  
repower ing p o t e n t i a l  i n  t h e  southwestern U.S.* The two s tud ies  r e s u l t e d  i n  
w i d e l y  d i s p a r a t e  es t imates  f o r  t h e  p o t e n t i a l  s i z e  o f  t h e  s o l a r  repowering 
market 110.917 MWe from t h e  PNM study, 18,067 MWe f rom t h e  MITRE study) .  The 
d i f fe rence  i n  t h e  est imates i s  due p a r t ' t y  to dlfferer~ces i n  sui-vey procedures, 
b u t  m a i n l y  i t  i s  due t o  d i f f e r i n g  d e f i n i t i o n s  o f  what a repowerable p l a n t  
c o n s i s t s  o f .  

2.1.1 The PNM Study 

PNM made a l i t e r a t u r e  survey based on FPC Form 12 da ta  and i d e n t i f i e d  755 gas 
and o i l - f i r e d  u n i t s  i n  t h e  southwest w i t h  r a t i n g s  less  than  200 MWe. The 
aggregate genera t ing  capac i t y  was 40,954 MW. A ques t i onna i re  was then  
d i s t r i b u t e d  t o  78 se lec ted  u t i  l i t i e s  r ep resen t i ng  "most" o f  t h e  e l e c t r i c  
genera t ing  capac i t y  i n  t h e  southwestern Un i t ed  States.  The percentage of t h e  
40,954 MW of genera t ing  c a p a c i t y  represented b y  t h e  78 u t i l i t i e s  was 
unstated. Of t h e  78 u t i l i t i e s  sent t h e  survey, 6 1  responded, and o f  those 
approximiite1.y 50 u t i l i t i e s  w i t h  272 u n i t s  and a t o t a l  r a t e d  capac i t y  o f  19,700 
MWe i n d i c a t e d  i n t e r e s t  i n  s o l a r  repowering. The 272 u n i t s  represented a s o l a r  
repowering p o t e n t i a l  of about 11,200 MWe. 0.F those  272 u n i t s ,  206 had land 
a v a i l a b l e  w i t h i n  2500 feet, r ep resen t i ng  a repowering, p o t e n t i a l  o f  about 7200 
MWe. Th i s  group o f  u n i t s  was f u r t h e r  r e s t r i c t e d  t o  those u n i t s  w i t h  a 
repowering p o t e n t i a l  (based on a v a i l a b l e  iand  f o r  c o l l e c t o r  f i e l d s  a t  6 
acres/MWe) o f  more than  50%; 82 u n i t s  r ep resen t i ng  5198 MWe of e f f ec t i ve  
repowering p o t e n t i a l  were remain ing as t h e  p o t e n t i a l  market f o r  s o l a r  
repowering. O f  these  82 u n i t s ,  47 were non-reheat steam Rankine u n i t s  w i t h  
1983 MWe o f  r a t e d  capaci ty ,  29 were rehea t  steam Rankine u n i t s  w i t h  3066 ~.,i,, 

of r a t e d  c a p a c i t y  and 6 were combustion t u r b i n e s  w i t h  a r a t e d  capac i t y  o i  .dd 
MWe. 

*Arizona, Ca l i f o rn i a ,  Colorado, Louisiana, Nevada, New Mexico, Oklahoma, 
Texas, Utah and i n  MITRE s tudy  Kdnsas and Wyoming. 



Using a s i m i l a r  procedure and w i t h  t he  same r e s t r i c t i o n s  ( l a n d  a v a i l a b l e  
w i t h i n  2500 f ee t ,  repowering p o t e n t i a l  g r e a t e r  than SO%), PNM then. performed a 

I 

u t i l i t y  te lephone survey o f  u n i t s  w i t h  r a t i n g s  above 200 MWe and i d e n t i f i e d  17 . 
u n i t s  w i t h  a s o l a r  repowering p o t e n t i a l  o f  5728 MWe; t h e  t o t a l  repowering 
market p o t e n t i a l  was determined as 5189 MWe, p l u s  5728 MWe o r  10,917 MWe. 

2.1.2 The MITRE Study  

The MITRE s tudy  used records  o f  t h e  Federal  Energy Regu la to ry  Commission t o  
i d e n t i f y  197 s i t e s  w i t h i n  t h e  Southwest t h a t  u t i l i z e  o i l  o r  gas- f i red  steam 
t u r b i n e s  f combust i o n  t u r b i n e s  were no t  considered f o r  repowering).  Only  
p l a n t s  w i t h  r a t i n g s  g rea te r  t han  25 MWe were considered. A 'random sample of 
33 s i t e s  was generated and rep resen ta t i ves  o f  t h e  se lec ted  u t i l i t i e s  were 
in te rv iewed t o  determine t h e  f o l l ow ing :  

( 1 )  The u t i  1 i t y ' s  a t t i t u d e s  regard ing  s o l a r  repowering. 

( 2 )  If t h e r e  was s u f f i c i e n t  land  (enough f o r  a t  l e a s t  25 MWe o f  repowering) 
c l ose  enough t o  t h e  s i t e  ( w i t h i n  15,000 f e e t )  t o  repower a s u b s t a n t i a l  
p o r t i o n  o f  t h e  e x i s t i n g  s i t e  capaci ty ,  based on one square m i l e  of f i e l d  
area be ing  necessary t o  e w e r  150 MWe (about  4.3 acres/MWe) . 

( 3 )  ' The l o c a l  environmental  and p o l i t i c a l  c i rcumstances t h a t  might  a f fect  . 
repowering p o t e n t i a l .  

The est imated p o t e n t i a l  f o r  repowering a t  each s i t e  sample was then 
ex t rapo la ted  t o  a r r i v e  a t  a s ta tewide t o t a l  i n c l u d i n g  s i t e s  no t  i n  t h e  sample; 
t h e  s t a t e  t o t a l s  were then summed t o  a r r i v e  a t  an es t imate  f o r  t h e  Southwest. 
MITRE thereby  est imated t h e  p o t e n t i a l  market f o r  s o l a r  repowering a t  18,067 
MWe. 

Table 2-1 shows t h e  major d i f f e r e n c e s  i n  assumptions between t h e  PNM and MITRE 
s tud ies .  



Table 2-1 

PNM and MITRE Study D i f fe rences  

PNM MITRE 

Sampling Technique 100% sample Random 
(33 s i t e s )  

D is tance  t o  A v a i l a b l e  Land 
f o r  C o l l e c t o r  F i e l d  2500 f t  

Minimum Repowering 
Requirement 50% 25 MWe 

C o l l e c t o r  F i e l d  Land Req. 6 acres/MWe 4.3 acres/MWe 

Combustion Turb ines 
Scheduled? Yes 

T o t a l  Repowering Market 
P o t e n t i  a1 10,917 MWe 18,067 MWe 

2.2 CRITERIA FOR REPOWERABILITY 

The f o l l o w i n g  l i s t  o f  c r i t e r i a ,  w h i l e  no t  a l l  i n c l u s i v e ,  i d e n t i f i e s  t he  major 
f a c t o r s  which a f f e c t  t he  s o l a r  repowerabi  l i t y  o f  a  g iven  p l a n t .  

Geographic l o c a t i o n  o f  . p l a n t  
Land a v a i l a b i  1  i t .y, c h a r a c t e r i s t i c s ,  and 1 ~ c a t i o n  
P l a n t  f u e l  t y p e  
Type o f  c y c l e  
Steam cond it i ons  
S ize  o f  u n i t  
Load f a c t o r  - peaking, in te rmed ia te ,  base load 
Heat r a t e  
U t i l i t y  genera t ion  mix  
Time o f  day and season o f .  power demand peak f o r  u t i  1  i t y  
T rans ien t  performance o f  t u r b i  ne/generator and b o i  1  e r  
C o n t r o l  system 
Age and c o n d i t i o n  of p l a n t  
Favorab le  a t t i t u d e  o f  u t i l i t y ,  f a v o r a b l e  i n s t i t u t i o n a l  environment 

These f a c t o r s  are d iscussed i n  more d e t a i l  i n  the f o l l o w i n g  sec t ions .  



2.2.1 Geoqraphic Loca t i on  o f  P lan t  

The amount o f  e l e c t r i c a l  energy t h a t  can be de r i ved  from a  h e l i o s t a t  a r r a y  of 
a  g iven s i z e  i s  c l o s e l y  r e l a t e d  t o  t h e  annual average d i r e c t  normal s o l a r  
i n s o l a t i o n .  Therefore,  t h e  geographic l o c a t i o n  o f  t h e  p l a n t  i s  a  s t r ong  
determinant o f  t h e  economics o f  repowering. Both s tud ies  were l i m i t e d  t o  
s t a t e s  i n  t he  Southwest - a  r e g i o n  cha rac te r i zed  by h i g h  d i r e c t  normal s o l a r  
i n s o l a t i o n .  The MITRE study s ta ted  a  requirement of a  minimum o f  2000 kwh per  
square meter per  year  o f  d i r e c t  normal s o l a r  i n s o l a t i o n  f o r  a  p l a n t  s i t e  t o  be 
cons idered a  candidate f o r  repowering. F i g u r e  2-1 shows t h e  Average Annual 
D i r e c t  Normal I n s o l a t i o n  across t h e  Un i ted  S ta tes  i n  thousands o f  Btus pe r  
square f o o t .  The 2000 kwh per  square meter per  year  c r i t e r i a  encompasses t h e  
area o f  g rea tes t  i n t e r e s t  and i s  i n d i c a t e d  by t he  heavy l i n e ,  

2.2.2 Land A v a i l a b i l i t y ,  Locat ion,  and C h a r a c t e r i s t i c s  

S ince s o l a r  repowering r e q u i r e s  a  r e l a t i v e l y  l a r g e  amount o f  undeveloped land  
f o r  t he  c o l l e c t o r  f i e l d ,  t h e  a v a i l a b i l i t y  and c o s t  o f  vacant land  loca ted  near 
t h e  p l a n t  s i t e  are impor tant  c r i t e r i a  i n  de te rmin ing  t h e  f e a s i b i l i t y  o f  
repowering a  g iven u n i t .  I d e a l l y ,  t h e  a v a i l a b l e  land should be rec tangu la r  i n  
shape and l oca ted  t o  t h e  n o r t h  o f  t h e  e x i s t i n g  p l a n t  s i t e  t o  min imize p i p i n g  
runs. The land should be f l a t ,  o r  o f  a  uni form, g e n t l e  grade (surround 
c o l l e c t o r  f i e l d )  o r  a  un i f o rm  grade s l o p i n g  t o  t h e  south ( f o r  a  no r t hs i de  
c o l l e c t o r  f i e l d ) .  Th is  w i l l  min imize t h e  e a r t h  moving cos t s  f o r  t h e  
development o f  an e f f i c i e n t  c o l l e c t o r  f i e l d .  Drainage o f  t h e  s i t e  should be 
such t h a t  no large, expensive d i v e r s i o n  s t r u c t u r e s  would be requ i red .  S o i l s  

. a t  t h e  s i t e  shou ld .be  o f  such a  charac te r  t h a t  s imple h e l i o s t a t  foundat ions  
w i l l  be adequate. 

I n  general, n e i t h e r  t h e  PNM nor  t h e  MITRE survey addressed any of t h e  
c h a r a c t e r i s t i c s  o f  t h e  a v a i l a b l e  land  o the r  than  s i z e  r e l a t e d  t o  t h e  p o s s i b l e  
percentage o f  repowering and t h e  pa rce l  I s  d i s t ance  f rom t h e  p l an t .  PNM used a  
c r i t e r i o n  t h a t  t h e  land be w i t h i n  2500 f e e t  o f  t h e  p l an t ;  MITRE used 15,000 
feet .  The PNM c r i t e r i o n  seems o v e r l y  r e s t r i c t i v e ,  e s p e c i a l l y  so s i nce  
l o c a t i o n  o f  t h e  c o l l e c t o r  f i e l d  r e l a t i v e  t o  t h e  p l a n t  i s  no t  taken i n t o  
account. For t he  concept design f o r  t h e  s o l a r  repowering o f  PNMts Reeves U n i t  
No. 2, t h e  r e c e i v e r  was l oca ted  about 2500 f e e t  f rom the  u n i t ,  even though t h e  
c o l l e c t o r  f i e l d  was cnnt iguous w i t h  t h e  p l a n t  area; t h e  c o l l e c t o r  f i e l d  was 
loca ted  south o f  t h e  p l a n t  area and t h e  r e c e i v e r  tower was loca ted  
cons iderab ly  o f f  cen te r  on t h e  nor th -sou th  ax i s  toward t h e  south boundary of 
t h e  c o l l e c t o r  f i e l d .  I f  land  had been a v a i l a b l e  t o  t h e  n o r t h  of t h e  p l a n t  f o r  
a  c o l l e c t o r  f i e l d ,  t h e  steam and feedwater p i p i n g  leng ths  cou ld  have been 
reduced cons iderably .  Conversely, t h e  15,000 f o o t  d i s t ance  t h a t  was a l lowed 
by MITRE seems excessive. The poor t r a n s i e n t  response o f  l ong  feedwater l i n e s  
i s  l i k e l y  to ,cause  temperature c o n t r o l  problems du r i ng  i n s o l a t i o n  t r a n s i e n t s .  
Thus, i t  I s  l i k e l y  t h a t  t h e  maximum f e a s i b l e  d i s t ance  f rom t h e  p l a n t  t o  
c o l l e c t o r  f i e l d  w i l l  be between 2,500 arid 15,000 f e e t .  



. % 

Figure 2-1 AVERAGE ANNUAL DIRECT NORMAL INSOLATION (1000 BTU/FT*) 



I t  i s  a l s o  d i f f i c u l t  t o  s p e c i f y  one constant  f o r  t h e  number o f  acres of l and  
r e q u i r e d  f o r  one MWe o f  repower i  ng (PNM used 6, MITRE used 4.3). A number of 
f a c t o r s ,  i n c l u d i n g  des ign i n s o l a t i o n ,  c o l l e c t o r  f i e l d  and r e c e i v e r  type, s i z e  
o f . . f i e l d ,  and p l a n t  heat r a t e  in f luence  t h e  number of acres r e q u i r e d  t o  
repower one MWe. I n  areas o f  h i g h  l a n d  costs ,  i t  migh t  be economic t o  pack 
h e l i o s t a t s  more densely and accept h igher  b l o c k i n g  and shadowing losses t o  
t r a d e  off increased h e l i o s t a t  cos t  f o r  savings i n  l a n d  cost .  

2.2.3 P l a n t ' F u e l  Type 

I n  t h e  MITRE and PNM s tud ies ,  o n l y  o i l  o r  n a t u r a l  gas f i r e d  u n i t s  were 
cons idered as candidates f o r  s o l a r  repowering. S ince t h e  cos t  o f  t h e  s o l a r  
repower ing a re  weighed aga ins t  t h e  b e n e f i t s  o f  f u e l  c o s t  savings, u n i t s  which 
are c u r r e n t l y  bu rn i ng  h i gh  'cost f u e l  ( n a t u r a l  gas o r  f u e l  o i l )  are  more 
p r a c t i c a l  t o -  repower than u n i t s  bu rn i ng  r e l a t i v e l y  low c o s t  f u e l  ( coa l  ) .  The 
repower ing o f  coa l  f i r e d  p l a n t s  would a lso  present  a d d i t i o n a l  t e c h n i c a l  
problems such as s low b o i l e r  response, poore r  l a n d  a v a i l a b i l  i t y  near t h e  p l a n t  
because o f  t h e  ex tens ive  coa l  and ash hand l i ng  f a c i l i t i e s  t h a t  are g e n e r a l l y  
present ,  and p o s s i b l y  degraded ' so la r  i n s o l a t i o n  due t o  s tack  emissions. For  
t h e  purposes o f  t h i s  s tudy on'ly o i l  and g a s - f i r e d  u n i t s  a re  considered. 

2.2.4 Type o f  Cyc le  

The t y p e  o f  steam c y c l e  employed, rehea t  o r  non-reheat, i s  impor tan t  i n  
assessing t h e  r e p o w e r a b i l i t y  o f  a  u n i t .  Turb ine  c y c l e  e f f i c i e n c i e s  a re  
g e n e r a l l y  h igher  f o r  rehea t  u n i t s ,  which improves t h e  ' p l an t  economics. 
However, t h e  s o l a r  repowering o f  rehea t  c y c l e  u n i t s  us i ng  water/steam r e c e i v e r  
technology w i l l  r e q u i r e  more complex r e c e i v e r  design than  t he  Rocketdyne 
designed once-through ex te rna l  r e c e i v e r  t o  be used a t  t h e  Barstow p i l o t  
p l a n t .  There are two approaches t o  s o l a r  r ehea t i ng  us i ng  water/steam r e c e i v e r  
technology. The f i r s t  i s  t h e  use o f  r e c e i v e r  steam i n  a  steam t o  steam heat 
exchanger. Th i s  approach has t h e  disadvantages o f  low heat t r a n s f e r  
c o e f f i c i e n t s  which imp l i es  a  l a r g e  heat exchanger, and t h e  p o s s i b l e  need f o r  
h igher  r e c e i v e r  temperatures t o  achieve acceptab le  rehea t  performance. A 
second approach t o  water/steam r e h e a t i n g  i s  t o  use a  rehea t  steam l i n e  i n  
con junc t i on  w i t h  t h e  superheat s e c t i o n  of t.he r ece i ve r ,  or t h e  a d d l t i o n  of an 
au . x i l i a r y  reheat  rsecelver located below t h e  main r ece i ve r .  Both o f  these 
approaches are c u r r e n t l y  be ing  s t u d i e d  by Babcock and Wi lcox and Combustion 
Engineer ing under Cont ract  t o  Sandi a  Labora to r ies  as a  p a r t  o f  t h e  advanced 
water/steam r e c e i v e r  program. 

Steam r e h e a t i n g  us i ng  advanced technology r e c e i v e r s  (mol ten s a l t  o r  1  i q u i d  
me ta l )  i s  more f e a s i b l e .  The steam would he reheated i n  an in te rmed ia te  
mol ten s a l t  or 1  iquf  d  metal  t o  steam heat exchanger s i m i l a r  t o  another heat 
exchanger used t o  generate t h e  main steam. Heat exchanger cos ts  would be 
lower because t h e  mol ten s a l t  o r  l i q u i d  metal  would no t  have t o  be a t  a  h i g h  
pressure and t h e  heat t r a n s f e r  r a t e  would be more favorab le .  S ince t h e  heat 
exchangers cou ld  be l oca ted  i n  o r  ad jacent  t o  t h e  repowered u n i t ,  t h e  economic 
p e n a l t y  o f  l ong  ho t  and c o l d  rehea t  steam p i p i n g  cou ld  be avoided. 



2.2.5 Steam Cond i t ions  

Steam cond i t i ons ,  temperature and pressure, a l so  he lp  t o  determine t h e  t u r b i n e  
c y c l e  e f f i c i e n c y  and t h e r e f o r e  t h e  h e l i o s t a t  f i e l d  s i z e  and cos t  r e q u i r e d  t o  
repower a  u n i t .  Genera l ly ,  t h e  h igher  temperature and pressure u n i t s  w i l l  
have h ighe r  t u r b i n e  c y c l e  e f f i c i e n c i e s .  The main steam temperature and 
p ressure  a l so  have a  bea r i ng  on steam and.feedwater p i p i n g  cos t  and may 
i n f l u e n c e  t h e  op t ima l  r e c e i v e r  design. Table 2-2 adapted from t h e  PNM r e p o r t  
shows t h e  r e l a t i o n s h i p  between u n i t  s ize,  number o f  u n i t s ,  and ope ra t i ng  
c o n d i t i o n s  f o r  steam Rankine u n i t s .  The t a b l e  inc ludes  some u n i t s  which a re  
n o t  repowerable due t o  l ack  o f  a v a i l a b l e  land w i t h i n  2500 f e e t  and o t h e r  u n i t s  
which c o u l d  be repowered o n l y  t o  smal l  percentages. 

S ize  of U n i t  

The s i z e  o f  t h e  u n i t  under cons idera t ion ,  bo th  i n  abso lu te  terms and r e l a t i v e  
t o  t h e  i n s t a l l e d  capac i t y  o f  t h e  owner u t i l i t y ,  i s  impor tant  i n  assessing t h e  
s o l a r  r epowerab i l i t y .  The s i z e  o f  t h e  u n i t  i s  impor tan t  i n  t h a t  s o l a r  
repower ing a s i g n i f i c a n t  percentage o f  a  l a r g e  u n i t  r e q u i r e s  r e l a t i v e l y  l a r g e  
p a r c e l s  o f  undeveloped land  nearby f o r  t h e  h e l i o s t a t  f i e l d .  The t u r b i n e  f o r  a  
l a r g e  u n i t  i s  less  t o l e r a n t  o f  r a p i d  load  changes due t o  non-uniform steam 
ou tpu t  from t h e  s o l a r  r ece i ve r .  S ince l a r g e  tu rb ines ,  g e n e r a l l y  have t h i c k e r  
s h e l l s  and more massive r o t o r s ,  t h e  meta l  sec t ions  r e q u i r e  more t ime  t o  
r e e s t a b l i s h  thermal e q u i l i b r i u m  a f t e r  i n t e r n a l  steam temperature changes t h a t  
n e c e s s a r i l y  occur when t h r o t t l e  f l ows  v a r y  s i g n i f i c a n t l y .  The mechanical 
s t r esses  t h a t  r e s u l t  are more severe and occur f o r  longer  per iods  w i t h  l a r g e  
t u rb i nes .  I n  areas where s o l a r  i n s o l a t i o n  can be expected t o  show r a p i d  sho r t  
te rm v a r i a t i o n ,  s o l a r  repowerin of l a r g e  u n i t s  may no t  be p r a c t i c a l  un less  
some form o f  thermal  (bu r fe l - ingg  storage i s  employed. 

Table 2-3 adapted f rom t h e  PNM r e p o r t  shows t h e  r e l a t i o n s h i p  between s i z e  and 
poss i b l e  repower ing percentage based on a c o l  l e c t o r  f i e l d  land requirement o f  
6 acres p e r  MWe, The t a b l e  inc ludes  a l l  u i l l t s  which were i d e n t i f i e d  as 
repowering candidates by  t h e  u t i  l i t  i e s .  Some o f  t h e  candidate m i t s  inc luded  
i n  t h e  t a b l e  do n o t  have land f o r  c o l l e c t o r  f i e l d s  a v a i l a b l e  a t  d is tances  
c l o s e r  than  2500 f e e t .  



Tab le  2-2 

Steam Turb ine  U n i t s  

Opera t i ng  Cond i t i ons  (Pressure/Temperature) 

UNIT SUBTOTAL UNIT 
NON-REHEAT UNITS REHEAT UNITS TOTALS RATINGS, MWe 

PRESSURE: 350 600 8511 
( p s i g )  

TEMPERATURE: 625 $25 900 
f OF) 

e PLANT RATING 
w ( MWe) 

0 t o  10 12 12 1. 
11. t o  25 3 10 1 3 
26 t o  50 4 1 2 3 
51 t o  75 13 
76 t o  I00 3 

101. t o  1.25 
126 t o  150 
151 t o  200 
Over ?Or)* - - - 
UNIT SUBTOTALS 19 23 53 

UNIT TOTALS 

TOTAL UNIT RATINGS 44,235 

, . 

*The PNM survey d i d  n o t  a s c e r t a i n  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  u n i t s  r a t e d  g r e a t e r  t h a n  200 MWe 
I t  i s  ass~rmed t h a t  most o f  t hese  u n i t s  a re  r a t e d  a t  2400 p s i  o r  h igher .  



Table 2-3 

Percentage o f  Repowerabi1it.y. By Size o f  U n i t  

RATED SIZE (MWe) 

1.51 t o  200 

Over 200* 

TOTAL NUMBER OF UNITS 

REPOWER ING PERCENTS 

1 t o  25 26 t o  50 51 t o  75 76 t o  100 TOTAL 

12 ' 7  C 6 25 

*Data f o r  percentage o f  r epowerab i l i t y  no t  presented i n  PNM study. 
** Includes 21 combust.ion tur%ines i n  t he  s i z e  range El t o  50 HWe, 3 i n  the s i z e  r a g e  5P t o  100 

and 4 i n  the  s i z e  range 1.0;l t o  150 MWe. 



2.2.7 Load Factor 

The range of unit sizes identified as candidates for solar repowering includes 
peaking (generally smaller units), intermediate, and base loaded units. Solar 
repowered unit.s are usually conceived to be operated with capacity factors 
associated with intermediate units (about 40%), but unless the fossil boiler 
is fired at night to provide steam to the turbine (which may be mandatory in 
the case of the larger turbines) the service wi 1 1  be cycling as it is with 
peaking units. The water treatment equipment, boiler design, and other 
auxiliary equipment on peaking units may be more compatible with solar 
repowering and require less modification. 

2.2.8 Heat Rate 

The cost of a solar thermal steam supply system is proportional to the turbine 
cycle heat rate. As a result, it is desirable to repower the most efficient 
units possible. However, these units are likely to be high pressure reheat 
units which wi 11  require more advanced (and more expensive) steam generat ion 
equipment. 

2.2.9 Utility Generation Mix 

The solar repowered plant is most economically operated at maximum solar 
output whenever possible. This means that during reduced load periods the 
solar repowered unit may displace energy normally provided by a base load 
unit. If the base-loaded units of the utility in question are low cost coal 
or nuclear fired units, the economics of solar repowering will not be as 
favorable as they would be if the base-loaded units were oil- or gas-fired 
boilers. 

2.2.10 Time of Day and Season of Power Demand Peak for Utility 

Unless large thermal storage systems are employed, the energy output from the 
solar portion of a solar repowered plant is closely related to the daily and 
seasonal variation in the direct normal solat- irrsolation at the plant site. 
The economics of solar repowering will be more favorable for those utilities 
whose chronological load shapes closely match the natural variation in direct 
normal solar insolation. Generally higher cost energy from peaking units will 
be displaced in those cases. Solar repowering will be less economic for 
utilities with winter or evening load peaks. 



2.2.11 Transient Performance - of Turbine-Generator and Boiler 
An important consideration affecting the solar repowerability of a given unit 
is the capability of the existing boiler and turbine-generator to operate 
under transient conditions imposed by the solar plant. Such factors as boiler 
turndown (the ratios of maximum to minimum steady state steam flow), allowable 
ramp rates (percentage per minute rates of increase or decrease in steam flow) 
for boiler and turbine and unit age and history pertaining to transient or 
cyclic operation must be considered. These considerations are similar to 
those which must be made on older conventional units following their transfer 
from base-load to peaking or cyclic operation. 

Neither the PNM nor MITRE repowering surveys included sufficient data on 
specific units to judge their suitability for extended thermal cycling or 
transient operation. Turbine load ramp rates will depend on the allowable 
turbine temperature ramp rates which in turn depend on the temperature change 
in the turbine parts fsteam chest, casing, rotor, etc.) and the number of 
thermal cycles to which the turbine will be subjected and must be determined 
by the turbine manufacturer. Typical turbine temperature,ramp rates range 
from 300 degrees F to 400 degrees F'per hour for a turbine metal temperature 
change of about 200 degrees F. Provisions for increasing the cyclic life of 
existing turbines are discussed under Task 3, Systems Integration Analysis. 

According to the Westinghouse Large Turbine Division Power Plant Design Manual 
For Larqe Turbines ( 3 ) ,  on a nuclear turbine a load change of 100% to 50% 
(corresponding to a turbine first stage temperature change of about 80 
degrees F) can be made instantaneously without exceeding the stress 
corresponding to a 10,000 cycle fatigue capability. Restoration of load can 
then be  made as rapidly as possible to 100%. Thus, if the percentage of 
repowering is limited to 50% and no more than 10,000 insolation transients are 
expected during the life of the repowered unit, the fatigue life of the 
turbine may not present any operational limitations even if thermal 
(buffering) storage is not employed. 

2.2.12 Control System 

Repowering of an existing fossil-fired generating unit involves the 
integration of new sophisticated control technology (solar plant) with the 
existing unit control system. The solar hybrid control system must provide 
safe and reliable control under al l plant operating modes including fossil 
boiler only, solar only, or combined solar and fossil operation, and under a1 l 
conditions of startup, shutdown, transient, steady state and emergency 
operat ion. . 



I n  general  any u n i t  s u i t a b l e  f o r  repowering u t i l i z i n g  c u r r e n t  proven power 
p l a n t  c o n t r o l  technology, e i t h e r  pneumatic o r  e l e c t r o n i c ,  can be mod i f i ed  t o  
i n t e r f a c e  w i t h  t h e  new s o l a r  p l a n t  c o n t r o l  systems w i t hou t  s i g n i f i c a n t  changes 
t o  t h e  e x i s t i n g  c o n t r o l  system. I t  i s  necessary, however, t o  p rov ide  bo th  
s o l a r  and f o s s i l  p l a n t  opera t ion  by a  s i n g l e  operator  f rom a  c e n t r a l  c o n t r o l  
room. For  most s o l a r  h y b r i d  repowering a p p l i c a t i o n s  t h i s  may r e q u i r e  t h e  
a d d i t i o n . o f  a  new c o n t r o l  room p l u s  a d d i t i o n a l  room f o r  t h e  computer systems 
and computer e l e c t r o n i c  hardware and l o g i c  equipment assoc ia ted w i t h  t h e  s o l a r  
p l a n t  c o n t r o l  system. 

2.2.13 Aqe and Cond i t i on  o f  P l a n t  

The age o f  t h e  u n i t  under cons ide ra t i on  f o r  repowering and i t s  genera l  
c o n d i t i o n  determine t h e  cos t s  t h a t  would be i n c u r r e d  f o r  necessary overhauls  
of e x i s t i n g  non-solar equipment. Replacement o r  overhauls  w i l l ,  i n  general, 
be r e q u i r e d  f o r  e x i s t i n g  non-solar equipment so t h a t  p l a n t  a v a i l a b i l i t y  can be 
assured du r i ng  t h e  des ign l i f e  o f  t h e  s o l a r  equipment, perhaps 30 years.  

Table 2-4 adapted from t h e  PNM r e p o r t  c l a s s i f i e s  t h e  repowerable Rankine u n i t s  
r a t e d  a t  200 MWe o r  less  by  age and type, and a l so  g i ves  est imated r e t i r e m e n t  
dates and t he  opera t ing  u t i l i t i e s '  assessments o f  general  u n i t  cond i t i on .  
A l t hough . t he  u n i t s  must be examined i n d i v i d u a l l y  us i ng  t h e  procedures o u t l i n e d  . . '. . i n  Sec t ion  4, i t  i s  u n l i k e l y  t h a t  a l l  o f  t he  o l d e r  u n i t s  would pass such a  
screening. As a  r e s u l t ,  t h e  number o f  candidate repowerable u n i t s  i s  l i k e l y  
t o  be sma l le r  than  t h a t  shown i n  Table 2-4. 

Favorable A t t i t u d e  o f  U t i l i t y  

I t  can be assumed t h a t  u t i l i t y  companies evidenced favorable a t t i t u d e s  towards 
repowering by responding t o  e i t h e r  survey. I f  t h e  t e c h n i c a l  and economical 
f e a s i b i l i t y  o f  s o l a r  repowering can be demonstrated, i t  i s  q u i t e  l i k e l y  t h a t  
u t i l i t i e s  which a re  no t  c u r r e n t l y  i n t e r e s t e d  i n  repowering might  change t h e i r  
p o s i t  i ons  and i d e n t i f y  a d d i t i o n a l ,  repowerable u n i t s .  

2.3 PLANT CLASSIFICATION 

Using the 'above  in fo rmat ion ,  t h e  p l a n t s  were c l a s s i f i e d  i n t o  f o u r  general  
ca tegor ies  as shown i n  Table 2-5. Th i s  c l a s s i f i c a t i o n  covers t he  range of 
repowerable p l a n t s  and i s  t h e  bas is  f o r  t h e  gener ic  p l a n t s  used i n  t h e  System 
I n t e g r a t i o n  Ana lys is  descr ibed i n  Sec t ion  4. 



Table 2-4 ' . 

U n i t  Age, Condit ion, and ~ s t i m a t e d  Date o f  Retirement 

CATEGORY 

Year Bui 1 t 

Before 1941 
1.941-1.950 
1951-1960 
1961 -1970 
1.971 + 

General U n i t  c o n d i t i o n  

New 
Good 
F a i r  
Poor 

Est imated Ret irement 

STEAM TURBINE- 
NON-REHEAT 

'STEAM TURBINE- 
-= 

REHEAT 
-. 



T a b l e  2 -5  

P l a n t  C l a s s . i f  i c a t i o n / T y p i c a l  C h a r a c t e r i s t i c s  

TYPE OF U N I T  NON-REHEAT REHEAT 

UNIT  RATING, MW 25 - 5 0  7 5  - 1 2 5  7 5  - 2 0 0  2 2 5  - 6 0 0  

I N I T I A L  PRESS, PSIG 8 5 0  - 1 2 5 0  1 4 5 0  - 1800 1 4 5 0  - 1800 1800 - 2 4 0 0  

I N I T I A L  TEMP. OF 9CO - 9 5 0  9 5 0  - 1000 9 5 0  - 1000 1000 

C1 FUEL TYPE Gas/Oi  1 Gas/Oi  1 Gas/Oi  1 Gas/Oi 1 
V 

TYPICAL GROSS TURBINE 
CYCLE EFF. 34  -35% 39-40% 42-43% 42-44% 

YEAR BUILT  71% a f t e r  1 9 5 0  

COKDITION OF UNIT  

CURRENT USE 

CURRENT ESTIMATED 
RETIREMENT DATE 

Good 

INTER. /PEAK 

100% a f t e r  1 9 5 0  

Good  

BASE/INTERMEDIATE 



SECTION 3.0 

SOLAR REPOWERING TECHNOLOGY ASSESSMENT 

I n  order,  t o  assess t h e  problems o f  s o l a r  repowering e x i s t i n g  p lan ts ,  i t  i s  
necessary t o  rev iew t h e  p r ima ry  so la r  c e n t r a l  r e c e i v e r  techno log ies  which a re  
under development i n  l i g h t  o f  t h e  concept o f  repowering and i d e n t i f y  t h e  
i n t e r f a c e  requi rements by r e c e i v e r  type. 

3.1 LITERATURE REV1 EW 

A  rev iew  o f  t h e  DOE sponsored Large So la r  Cent ra l  Power System program r e p o r t s  
was made which i d e n t i f i e d  two ca tegor ies  o f  s o l a r  c e n t r a l  r e c e i v e r  concepts 
a p p l i c a b l e  t o  t h i s  study, namely, t h e  Cent ra l  Receiver So la r  Thermal Power 
System which u t  i 1  i z e s  water/steam rece i ve rs  and t h e  Advanced Centra l  Receiver 
Power Systems whlch u t i l i z e  molten s a l t  o r  l i q u i d  metal  r e c e i v e r s  w i t h  
i n te rmed ia te  heat exchangers. 

3.2 SOLAR CENTRAL RECEIVER SYSTEM DESCRIPTIONS 

For  t h e  purpose o f  t h i s  study, f o u r  candidate s o l a r  c e n t r a l  r e c e i v e r  systems 
have been se lec ted  f o r  t h e  Systems I n t e g r a t i o n  Analys is ;  a  b r i e f  d e s c r i p t i o n  
o f  t h e  var ious  r e c e i v e r  concepts i s  g iven  below. 

3.2,1 Water/Steam Once-Through ..- ..-- Receiver 

For  t h e  ex te rna l ,  once-through water/steam r e c e i v e r  concept t h e  McDonne7 1 
Doug1 as As t ronau t i cs  Company (MDAC) 100 MWe Commercial P l a n t  Concept ( 4 )  was 
chosen. l h i s  concept i s  shown I n  F i g u r e  3-1. Receiver steam cond i t i ons  a r e  
11.1 MPa (1600 ps i y )  and 516 degrees C (960 degrees F ) .  

I n  t h e  MDAC once-through r e c e i v e r  concept, feedwater en te rs  t h e  r e c e i v e r  
preheat  panels  where t h e  water i s  heated be fo re  e n t e r i n g  t h e  b o i l e r  panels 
where evaporat ion and superheat t ake  place. Feedwater f l o w  i s  c o n t r o l l e d  by  
temperature c o n t r o l  va lves  preceding each b o i l e r  panel, thus  ma in ta l n l ny  the  
steam o u t l e t  temperature a t  t h e  se t  po in t .  Receiver steam pressure i s  
c o n t r o l l e d  by  t h e  t u r b i n e  c u n t r o l  valves. No steam reheat  i s  p rov ided  f o r  i n  
t h e  MDAC design. 

Water/Steam Drum Type C a v i t y  Receiver 

The M a r t i r ~  M a r i e t t a  c e n t r a l  r e c e i v e r  concept ( 5 )  was se lec ted  as an example of 
a  c a v i t y  t y p e  r e c e i v e r  employing a n a t u r a l  c i r c u l a t i o n  (drum type)  b o i l e r  
concept. F i g u r e  3-2 shows t h e  M a r t i n  M a r i e t t a  160 MWe Commercial P lan t  
schematic us i ng  an. admi ssion-type, non-reheat t u rb i ne .  Receiver ol . r t let  steam 
c o n d i t i o n s  a re  10.78 MPa (1550 p s i g )  and 515 degrees C (960 degrees F) .  
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I n  t h e  M a r t i n  r e c e i v e r  concept, feedwater en te rs  a steam drum before pass ing  
i n t o  t h e  b o i l e r  tubes which generate sa tu ra ted  steam f rom feedwater.  The . 

steam/water m i x t u r e  f rom t h e  b o i l e r  tubes en te rs  t h e  steam drum where a 
steam/water separa t ion  occurs. Sa tu ra ted  steam l e a v i n g  t h e  steam drum en te r s  
t h e  superheater which r a i s e s  t h e  temperature of t h e  steam t o  t h e  r e q u i r e d  
superheater o u t l e t  temperature. Feedwater f low t o  t h e  r e c e i v e r  i s  c o n t r o l l e d  
b y  a three-element feedwater r e g u l a t o r .  Superheated steam temperature i s  
c o n t r o l l e d  by spray water a t temperat ion.  

Mol ten S a l t  Receiver  

A conceptual  r e c e i v e r  power system u t i l i z i n g  mol ten s a l t  was developed b y  
M a r t i n  M a r i e t t a  (6 )  under t h e  Advanced Cent ra l  Receiver  Power System 
program.. Th i s  system i s  schema t i ca l l y  shown i n  F i g u r e  3-3. The proposed 
p l a n t  s i z e  was 300 MWe ( n e t )  w i t h  t u r b i n e  i n l e t  steam c o n d i t i o n s  o f  16.5 MPa 
(2400 p s i g )  and 510 degrees C (950 degrees F )  w i t h  a s i n g l e  rehea t  t o  510 
degrees C (950 degrees F ) .  

3.2.4 L i a u i d  Meta l  Receiver  

A conceptua l  des ign  o f  an advanced c e n t r a l  r e c e i v e r  power system u t i l i z i n g  a 
sodium-cooled r e c e i v e r  concept was developed by Rockwel l  I n t e r n a t i o n a l  (7 ) .  
The bas ic  system c o n f i g u r a t i o n  i s  dep ic ted  i n  F i gu re  3-4 f o r  a 100 MWe 
Commercial P l an t .  The sodium heat t r a n s p o r t  .loop operates i n  t h e  temperature 
range o f  288 degrees C (550 degrees F )  t o  593 degrees C (1100 degrees F ) .  A 
conven t iona l  reheat  steam t u r b i n e  i s  used w i t h  i n i t i a l  steam c o n d i t i o n s  o f  
12.4 MPa (1800 p s i g )  and 538 degrees C (1000 degrees F )  w i t h  rehea t  t o  538 
degrees C ( 1000 degrees F )  . 

3.3 INTERFACE REQUIREMENTS BY RECEIVER TYPE 

For  t h e  purpose o f  d e f i n i n g  t he  i n t e r f a c e  requi rements  used i n  t h e  Systems 
I n t e g r a t i o n  two s o l a r  c e n t r a l  r e c e i v e r  types were considered, namely t h e  
water/steam r e c e i v e r  (once-through o r  drum type)  and t h e  mo l ten  s a l t  o r  
sodium-cooled rece i ve r .  
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3.3.1 Water/Steam Receiver  

From t h e  s tandpo in t  o f  s o l a r  repowering, t h e  two water/steam r e c e i v e r  concepts 
( e x t e r n a l ,  once-through and c a v i t y ,  drum t ype )  have v e r y  s i m i l a r  i n t e r f a c e s  
w i t h  an e x i s t i n g  p l a n t .  The p r ima ry  d i f f e r e n c e s  a re  t h e  methods o f  feedwater 
f l o w  and steam temperature c o n t r o l  and t h e  r e c e i v e r  s t a r t  up procedures. For  
t h e  purpose o f  t h i s  study, then, i t  was assumed t h a t  a  s i n g l e  i n t e r f a c e  
schematic c o u l d  represen t  bo th  water/steam r e c e i v e r  concepts, as shown i n  
F i g u r e  3-5, w i t h o u t  s i g n i f i c a n t  e r r o r .  

As shown i n  F i g u r e  3-5, t h e  p r i n c i p a l  i n t e r f a c e s  between t h e  s o l a r  p l a n t  and 
e x i s t i n g  p l a n t  f o r  t h e  water/steam r e c e i v e r  concept are:  

1. Receiver  steam supp ly  t o  t h e  e x i s t i n g  main steam l i n e  t o  t u rb i ne .  

2. Feedwater r e t u r n  t o  r ece i ve r .  

3 .  Power and emergency power supp ly  f rom t h e  e x i s t i n g  EPG ( E l e c t r i c a l  Power 
Generat ing)  system t o  t h e  c o l  l e c t o r ,  r e c e i v e r  and master c o n t r o l  
subsystems i n  t h e  s o l a r  p l a n t .  

4 .  Cont ro l  system i n t e r f a c e s  between t h e  e x i s t i n g  EPG c o n t r o l  room and master 
c o n t r o l .  

S a l t  o r  Sodium-Cooled Receiver  

The f u n c t i o n a l  i n t e r f a c e s  between t h e  s o l a r  p l a n t  and e x i s t i n g  p l a n t  f o r  t he  
s a l t  o r  sndium-cooled r e c e i v e r  systems a re  shown i n  F i gu res  3-6 and 3-7 f o r  
t h e  non-reheat and rehea t  cases, r e s p e c t i v c l y .  From a systems i n t e g r a t i o n  
s tandpo in t  t h e  sodium o r  s a l t - c o o l e d  r e c e i v e r s  c.an be t r e a t e d  a l i k e .  The 
sodium n r  s a l t - c o o l e d  r e c e i v e r  systems w i t h  b u f f e r  s to rage  and in te rmed ia te  
sodium/sal t- to-steam heat  e x ~ h a n g e i ' ~  p rov i de  a  p r s c t  i c a l  means of steam 
reheaLit lg, t h u s  o f f e r  an advantaqe over  t h e  water/steara rwce ive r  concepts 
c u r r e n t l y  be ing  developed. 

As shown i n  F i g u r e  3-6, t h e  i n t e r f a c e  requi rements  f o r  t h e  .sodlum/sal t -cooled 
r e c e i v e r  a re  t h e  same as those f o r  t h e  water/<team r e c e i v e r  s i n c e * t h e  buf fer  
storage arrd i n t e rmed ia te  heat  exchanqers a re  cons idered p a r t  of t h e  soldr-. 
p l a n t .  Reheat ing adds two a d d i t i o n a l  I n t e r f a c e  p o l n l s ,  i , ~ . ,  ho t  and c n l d  
r ehea t  steam connect ions t o  t h e  e x i s t i n g  r ehea t  l i n e s ,  as shown i n  F i gu re  3-7. 

A summary o.F t h e  major i n t e r f a c e  p o i n t s  b y  r e c e i v e r  t ype  i s  shown i n  Table  3-1. 
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Table 3-1 

Major I n t e r f a c e  Po in t s  By 
Receiver Type 

I n t e r f a c e  Wi th  R ece i ver  Type 
E x i s t i n g  P l a n t  Water/Steam Sal t /Sod i  urn 

1. Recetver Steam X X 

2. Hot Reheat Steam Not App l i cab le  X ( I f  Required) 

3 .  Cold Reheat Steam Not Appl i c a b l e  X ( I f  Required) 

4. Feedwater X X 

5. Power Supply 

6. Master Con t ro l  

X Denotes i n t e r f a c e  requirement 



3.4 EXISTING PLANT MODIFICATIONS 

I n  a d d i t i o n  t o  t h e  m a j o r , i n t e r f a c e  requirements p r e v i o u s l y  i d e n t i f i e d  by 
rece i ve r  type, severa l  o the r  balance o f  p l a n t  m o d i f i c a t i o n s  w i l l  be r e q u i r e d  
t o  f a c i l i t a t e  s o l a r  repowering which are e s s e n t i a l l y  independent o f  r e c e i v e r  
type. These m o d i f i c a t i o n s  i nc l ude  tu rb ine-genera to r  and b o i l e r  m o d i f i c a t i o n s  
f o r  extended l i f e ,  c o n t r o l  systems mod i f i ca t i ons ,  condensate treatment,  
equipment c o o l i n g  water add i t ions ,  c o n t r o l  room mod i f i ca t i ons ,  p i p i n g  
mod i f i ca t i ons  requ i red  by  ASME and ANSI  codes, and m o d i f i c a t i o n s  o r  add i t i ons  
t o  e x i s t i n g  e l e c t r i c a l  equipment inc lud i 'ng  emergency and u n i n t e r r u p t i b l e  power 
suppl ies.  These items are discussed i n  Sec t ion  4 .  



SECTION 4.0 . 

SYSTEMS INTEGRATION . 

4.1 PROMISING COMBINATIONS 

This study has i d e n t i f i e d  f o u r  gener ic  p l a n t  classes (25-50 MW. non-reheat 
un i t s ,  75-125 MW non-reheat un i t s ,  75-200 MW reheat un i ts ,  and 225-600 MW 
reheat  u n i t s )  as being representa t ive  o f  a l l  o f  the repowerable steam Rankine 
u n i t s  i d e n t i f i e d  by t h e  PNM and MITRE studies. S i m i l a r l y ,  the var ious c e n t r a l  
rece i ve r  types t h a t  have been s tud ied  under DOE sponsorship have been 
c l a s s i f i e d  i n  two categories, namely. water/steam rece ivers  and molten 
s a l t / l i q u i d  metal receivers.  There are there fore  e i g h t  combinations o f  
gener ic  p l a n t  type and rece iver  type. 

Of these e igh t  combinations, s i x  were selected f o r  d e t a i l e d  cost  evaluat ions. 
These are a 50% repower.of 50 MW and 100 MW non-reheat u n i t s  us ing a 
water/steam rece iver ,  and a 50% and 100% repower o f  100 MW and 350 MW reheat 
u n i t s  us ing  a s a l t  or  sodium cooled rece iver .  These combinations were 
selected t o  g i v e  a reasonable mix of both p l a n t  types and rece i ve r  
technologies. Water/steam technology was not used fo r  the  reheat u n i t s  and 
the  absence of inexpensive bu f fe r  storage f o r  water/steam rece ivers  l i m i t e d  
the repowering f r a c t i o n  t o  50%. Both 50% and 100% repowering f r a c t i o n s  were 
selected f o r  the  reheat u n i t s  t o  examine the  economies of scale i n  i n t e g r a t i o n  
cost.  The techn ica l  d e t a i l s  o f  these combinations are discussed i n  the next 
sect ion.  

4.2 INTERFACE REQUIREMENTS CATALOG 

4.2.1 Representat ive U n i t  Descr ipt ions 

Table 0-1 qhows the u n i t  descr ip t ions  which have been selected as 
representa t ive  o f  each o f  the t o u r  c lasses  o f  u n i t 5  shown i n  S ~ c t i ~ n  2. 



Table 4-1. Representat ive U n i t  Descr ip t ions  

Type o f  U n i t  

U n i t  Rating, MWe gross 

T h r o t t l e  Pressure, p s i g  

T h r o t t l e  Temp. ,..OF 

Hot Reheat Temp., OF 

Fuel Type 

B o i l e r  Type 

Gross Turbine Cycle 
E f f i c i ency ,  % 

Year On L ine  

Condi t ion o f  U n i t  

Current Use 

E x i s t i n g  Feedwater 

Treatment System 

Condensate Pump 
Flow ( I b / h r )  \ 

U n i t  1 U n i t  2  
- 

Non-reheat Non-reheat 

50 100 

1250 1450 

9 50 1000 

N A  NA - 

O i  1  O i  1  

Natura l  Natura l  
Rec i r c u  1  a- . Rec i r c u l  a- 
t i o n  Drum t i o n  Drum . 

U n i t  3  

Reheat 

100 

1800 

1000 

1000 

O i  1  

Natura l  
Rec i r c u  1  a- 
t i o n  Drum 

U n i t  4  

Reheat 

350 

2400 . 

1000 * 

1000 

O i  1  

Natura l  - 

Rec i rcu la -  
t i o n  Drum 

Good Good Good Good 

Intermediate In termediate In te rmed ia te  In termediate 
o r  Peaki ng O r  Base . 

Load 

Makeup Makeup Makeup Makeup 

Demineral- Demineral- Demineral- Demineral- 
. i z e r  i z e r  , i z e r  i z e r  

Bo i 1  e r  Feed Pump 
Flow ( l b / h r )  408,000 771,000 653,900 2,364,500 

% Repowering (Maximum) 50 50 50, 100 50, 100 



Gross Turb ine  Cyc le  E f f i c i e n c y .  The gross t u r b i n e  c y c l e  e f f i c i e n c i e s  shown i n  
Tab le  4-1 are based on the AIEE-ASME p r e f e r r e d  standards o r  GE performance 
s p e c i f i c a t i o n s  f o r  tu rb ine-genera to rs .  

Year On Line. As was shown i n  Table 2-4, 98 o f  the  152 (64%) non-reheat u n i t s  
of 200 MWe r a t i n g  o r  l ess  i d e n t i f i e d  as repowering candidates by PNM were 
cons t ruc ted  between t he  years 1951 and 1970. O f  t he  92 rehea t  u n i t s  r a t e d  200 
MWe or less,  77 (84%) were cons t ruc ted  between t he  years  1951 and 1970. (Age 
da ta  on u n i t s  r a t e d  a t  over 200 MWe were n o t  presented).  With t he  except ion 
of t h e  350 MWe u n i t ,  t he  gener ic  u n i t s  are assumed t o  have gone on l i n e  i n  
1959, which i s  about midway i n  t he  span o f  years  i n  which t he  bu l k  o f  the  
u n i t s  were b u i l t .  The 350 MWe u n i t  i s  assumed t o  have gone on 1 i n e  i n  1965, 
r e f l e c t i n g  t he  f a c t  t h a t  t he  l a r g e r  rehea t  u n i t s  tend t o  be the  more r e c e n t l y  
const ructed.  

Cond i t i on  o f  Un i ts .  As was shown i n  Table 2-4, 119 (78%) o f  the 152 
non-reheat repowering candidate u n i t s  were i d e n t i f i e d  by t he  u t i  1  i t i e s  as 
be ing  i n  "new" o r  "good" cond i t i on .  Only 33 (22%) o f  t he  non-reheat u n i t s  
were cha rac te r i zed  as be ing  i n  " f a i r "  o r  "poor" cond i t i on .  Most of these 
u n i t s  are among the  44 u n i t s  which were cons t ruc ted  p r i o r  t o  1951. Among the 
rehea t  u n i t s  200 MWe or  l e s s  which were i d e n t i f i e d  as repowering candidate 
u n i t s ,  o n l y  3  (3%) o f  t he  92 u n i t s  were c l a s s i f i e d  as be ing  i n  " f a i r "  
c o n d i t i o n  and none were c l a s s i f i e d  as be ing  i n  "poor" cond i t i on .  The 
remain ing  89 u n i t s  (97%) were c l a s s i f i e d  as be ing i n  "new" o r  "good" 

, cond i t i on .  Accord ing ly ,  t h e  hypo the t i ca l  u n i t s  were descr ibed as be ing  i n  
"good" cond i t i on .  

Cur ren t  Use. 73 (48%) o f  the  152 non-reheat repowering candidate u n i t s  were 
i d e n t i f i e d  as be ing  i n  base or in termedi  a t e  (non-cyc l ing )  s e r v i c e  by t h e  
u t i l i t i e s .  31  (20%) were l d e n t i f  ied as be ing  i n  standby s e r v i c e -  (most of 
these are t h e  o l d e r  u n i t s  t h a t  are i n  " f a i r "  o r  "poor" c o n d i t i o n )  and 46 (30%) 
are i n  peaking ( c y c l i n g )  serv ice.  Among the  reheat  u n i t s  88 o f  92 (96%) are 
i n  base or in te rmed i  a te  use .and o n l y  4 (4%) are i n  peaking serv ice .  
Accord ing ly ,  t h e  smal l  50 MWe u n i t  i s  assumed t o  have been operated as an . 

i n t e rmed ia te  o r  peaking u n i t ,  t he  two IOU MWe u n i t s  as i t~ tc r rned ia tes ,  and the  
350 MWe u n i t  as an in te rmed ia te  o r  base u n i t .  Among the  30% o f  the  smal l ,  
non-reheat u n i t s  t h a t  are ope ra t i ng  as peaking u n i t s ,  some may a l ready  have 
been r ~ t r o f i ~ t e d  w i t h  condensate p o l i s h i n g  systems and water t reatment  
equipment t h a t  are recommended f o r  s o l a r  repawered u n i t s .  The cos ts  of 
r e q u i r e d  p l a n t  mod i f i ca t i ons  w i l l ,  o f  course, be lower i n  those cases. 

E x i s t i n g  Feedwater Treatment System. The ex i s t  i ng f eedwater t reatment  Sy stern 
i s  assumed t o  c o n s i s t  o f  two bed ( c a t i o n  and anion) feedwater makeup 
dcminera l i ze rs  f o r  the  t h r e e  smal ler  u n i t s  and a  3 .bed  ( ca t i on ,  anion, and 
mixed bed) feedwater makeup deminera l i ze r  .Fur the  350 MWc u n i t .  Chcmical feed 
equipment adequate t o  f eed  3  feedwater chemicals i s  assumed t o  be i n  use a t  
a l l  four  u n i t s .  



Condensate and B o i l e r  Feed Pump Flows. The des.ign f l ows  shown were ob ta ined  
from the  AIEE-ASME p r e f e r r e d  standards o r  GE ~ e r f o r m a n c e  s ~ e c i f i c a t i o n s  f o r  
t u r b i  ne-generator u n i t s .  

Percentage of Repowering. For t h e  two nonreheat u n i t s ,  t h e  maximum percentage 
o f  repowering i s  assumed t o  be 50%. Th i s  means t ha t ,  under c o n d i t i o n s  of 
maximum s o l a r  inso l a t i o n ,  t h e  steam f l o w  f rom the  s o l a r  r e c e i v e r  (water/steam 
system) o r  main steam genera to r  (mol ten s a l t / l i q u i d  meta l  system) i s  50% of 
t h e  r a t e d  t h r o t t l e  steam f l o w  f o r  t he  t u rb i ne .  Steam f l o w  f rom t h e  rehea t  
heat exchanger w i l l  a l s o  be approx imate ly  50% o f  r a t e d  rehea t  steam f.low. I n  
t h e  cases o f  t he  two non-'reheat u n i t s  t o  be.repowered w i t h  water/steam 
rece ive rs ,  50% repowering appears t o  be t h e  maximum t h a t  i s  t e c h n i c a l l y  
feas ib le ,  as wds discussed p rev i ous l y .  For  t h e  two rehea t  u n i t s  employing 
mo l ten  s a l t  or l i q u i d  meta l  r e c e i v e r s  t h e  i n c l u s i o n  o f  a  one-ha l f  hour buf fer  
s to rage  system i s  assumed, and bo th  50% and 100% repower ing are s tud ied.  

4.2.2 P & I Diagrams 

P i p i n g  and ins t rument  diagrams have been prepared f o r  each o f  t he  f o u r  
h y p o t h e t i c a l  u n i t s  f o r  t h e  purpose o f  d e f i n i n g  s o l a r  p lan t -ba lance  o f  p l a n t  
p i p i n g  and c o n t r o l  i n t e r f a c e  requirements. .  S i x  P & I diagr.ams are incl.uded as 
f o l l o w s :  

o F igu re  4-1 50 MW Nonreheat, Water/Steam Receiver,  50% So la r  Repowering 

F i g u r e  4-2 100 MW Nonreheat, Water/Steam Receiver,  50% So la r  Repowering 

0 F igu re  4-3 100 MW Reheat, S a l t  o r  Sodium-Cooled Receiver,  50% So la r  
Repower i ng 

F igu re  4-4 100 MW Reheat, S a l t  o r  Sodium-Cooled Receiver,  100% So la r  
Repower i ng 

0 F igu re  4-5 350 MW Reheat, S a l t  o r  Sodium-Cooled Receiver,  50% So la r  
Repoweri ng 

0 F igure  4-6 350 MW Reheat, S a l t  o r  Sodium-Cooled Receiver,  100% So la r  
Repower i ng 

4.2.3 D e s c r i p t i o n  o f  Balance o f  P l a n t  M o d i f i c a t i o n s  

The f o l l o w i n g  i s  a  d e s c r i p t i o n  and s e l e c t i o n  r a t i o n a l e  f o r  system/equipment 
mod i f i ca t i ons  necessary t o  f a c i l i t a t e  s o l a r  repowering o f  an e x i s t i n g  
g a s / o i l  - f i . red  steam e l e c t r i c  u n i t .  The systems o r  equipment m o d i f i c a t i o n s  a re  
descr ibed i n  t h e  f o l l o w i n q  order :  

Turbine-Generator 

t~ B o i l e r  
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Cont ro l  System 

Pumps 

e P i p i n g  

e ~ e e d w a t e r  Heaters 

e E l e c t r i c a l  System 

e Water T r e a t i n g  System 

e Miscel laneous Systems 

4.2.3.1 Turbine-Generator Mod i f i ca t i ons .  Since t h e  e x i s t i n g  steam 
tu rb ine-genera to r  u n i t  i n  a  s o l a r  repowered p l a n t  w i l l  be r e q u i r e d  t o  opera te  
r e l i a b l y  f o r  30 years  a f t e r  the  s o l a r  p l a n t  add i t i on ,  and i n  some cases under 
r a t h e r  adverse c y c l i n g  duty, the  t u r b i n e  c o n d i t i o n  and p r o v i s i o n s  f o r  
extending t u r b i n e  l i f e  are impor tan t  cons idera t ions .  The t y p i c a l  repower ing 
candidate u n i t s  i d e n t i f i e d  i n  t h e  PNM s tudy were repo r t ed  t o  be i n  good 
c o n d i t i o n  and are be ing  used f o r  e i t h e r  i n t e rmed ia te  o r  peaking load serv ice .  
The scheduled r .et i rement date f o r  these u n i t s  i s  g e n e r a l l y  before t he  year  
2000. 

H i s t o r i c a l l y ,  o l d e r  steam tu rb i nes  are s h i f t e d  t o  c y c l i n g  du t y  a f t e r  newer, 
more e f f i c i e n t  u n i t s  are pu t  on l i n e .  U n i t s  which have been conver ted t o  
c y c l i n g  du t y  have been observed t o  be,more s u b j e c t  t o  c y c l i c  s t r ess  f . a t i gue  
f a i l u r e  than base loaded u n i t s .  Since many, i f  no t  most, s o l a r  h y b r i d  power 
p l a n t s  are expected t o  be operated as c y c l i n g  o r  peaking u n i t s ,  .the ope ra t i ng  
techniques and phys i ca l  mod i f  i c a t i o n s  implemented t o  min imize f a t i g u e  c rack i ng  
and maximize ope ra t i ona l  l i f e  i n  u n i t s  conver ted t o  c y c l i n g  du t y  should 
apply.  The p r i n c i p a l  aim o f  the  ope ra t i ng  techniques i s  t o  reduce t h e  degree 
and frequency o f  temperature t r a n s i e n t s  d u r i n g  s ta r t up ,  load  changes, so l a r '  
t r a n s i e n t s  and shutdown. 

The ex ten t  o f  tu rb ine-genera to r  m o d i f i c a t i o n s  r e q u i r e d  t o  extend 
tu rb ine-genera to r  l i f e  w i l l  depend on t he  maintenance and ope ra t i ng  h i s t o r y  
and c o n d i t i o n  o f  t he  s p e c i f i c  u n i t  t o  be repowered. There are, however, t h r e e  
types of  procedures and mod i f  i c a t i o n s  t h a t  should be cons idered when extended 
c y c l i n g  tu rb ine-genera to r  ope ra t i on  i s  planned. They are:  

I nspec t i on :  

- Complete tu rb ine-genera to r  d i sman t l i ng  and v i s u a l  i nspec t ion .  

- Nondes t ruc t i ve  t e s t i n g  o f  t u r b i n e  components, such as r ad iog raph i c  o r  
magnetic p a r t i c l e  examinat ion o f  c r i t i c a l  p o i n t s  of castings, 
bore-scope of t h e  t u r b i n e  r o t o r ,  etc. ,  t o  de tec t .  s t r ess  c rack ing .  



- Repai r  or  renew p a r t s  i n  accordance w i t h  t h e  manufac tu re r ' s  
recommendation (based on t h e i r  exper ience w i t h  s i m i l a r  t u r b i n e s  
conver ted t o  c y c l i n g  se r v i ce )  o r  p a r t s  which are damaged. 

Turb ine  Upgrading: 

- I n s t a l l  thermocouples t o  check t u r b i n e  meta l  temperatures i n  c r i t i c a l  
areas t o  f a c i l i t a t e  s t a r t u p  and m o n i t o r i n g  dur ing  t u r b i n e  opera t ion .  

- Modify t u r b i n e  c o n t r o l  system t o  p rov i de  va lve  management r e q u i r e d  f o r  
t h r o t t l e  p ressure  c o n t r o l .  An e l e c t r o - h y d r a u l i c  c o n t r o l  system i s  
recommended because o f  i t s  g rea te r  c a p a b i l i t y  f o r  hand l i ng  load 
cyc l i ng ,  f a s t e r  response, and c o m p a t i b i l i t y  w i t h  t he  s o l a r  p l a n t  
c o n t r o l  system (master c o n t r o l ) .  

- Consider v a r i a b l e  p ressure  c o n t r o l  t o  min imize t u r b i n e  f i r s t  stage 
meta l  temperature changes du r i ng  load r e d u c t i o n  p r i o r  t o  shutdown. 

G.E. s t a tes  t h a t  t h e  r equ i r ed  m o d i f i c a t i o n s  t o  se t  a  u n i t  up f o r  c y c l i c  du ty  
f o r  30 years  would have t o  be determined on a  s p e c i f i c  u n i t  bas is .  Some o f  
t h e  o l d e r  u n i t s  cou ld  r e q u i r e  such t h i n g s  as: new h igh  p ressure  s h e l l s ,  new 
1 s t  s tage nozz le  con f i gu ra t i ons ,  new va l ve  arrangements, new r o t o r s ,  generator 
rewind ing,  new c o n t r o l  systems, and supe rv i so r y  ins t rument  systems. U n i t s  
w i t h  water sea l s  m igh t  need t o  be conver ted t o  steam seals .  

General E l e c t r i c ' s  assessment i s  t h a t .  i t  i s  almost imposs ib le  t o  p rov i de  
r e a l i s t i c  es t imates  o f  r e q u i r e d  mod i f i ca t i ons  w i t h o u t  assessing s p e c i f i c  
u n i t s .  General E l e c t r i c  recommends t h e i r  c y c l i c  s tudy approach which i s  an 
i n -dep th  rev iew of the  s p e c i f i c  tu rb ine-genera to r  s e t  r e q u i r i n g  ex tens ive  
eng ineer ing  on bo th  t h e  t u r b i n e  and generator .  

At7 o i l t l i r ~ k  u f  General Electric's study i s  as f o l l o w s :  . . 

1. Review o f  u n i t  h i s t 0 r . y  t o :  

a. Document a l t e r a t i o n  t o  t he  u n i t .  

b. O u t l i n e  major  casua l t i e s .  

c. Determine ma te r i  a1 used i n  o r i g i n a l  cons t ruc t i on .  

2. Review o f  ins t ruments .  

a. Genera 1  upgrad ing recod'mendat i on. ' 



b.' Determine adequacy of thermocouples to: 

(1) Detect water induct ion. 

( 2 )  Monitor first stage temperature. 

(3) Monitor valve chest temperature. 

14) Monitor stop valve. 
- 

(5) Monitor packing steam temperature. 

( 6 )  Monitor seal steam temperature. 

(7) Monitor temperatures at additional locations as necessary. 

c. Resistance temperature device applications. Review for: 

( l j  Monitoring thrust bearing temperatures. 

(2) Monitoring journal bearing ternperat~~res. 

d. Printer recorder; recommendat i ons. 
4 

e. Start-up speed control recommendation. 

(1 1 Long-range speed control. 

(2 1 Acceleration meter. 

( 3 )  Load lim'it pilot valve application. 

3 .  Vibration monitoring. 

4. Review of controls: 

a. Minimum load requirement. 

b .  H e a l  rd t e  e f f e c t .  

c. Boiler effect. 

5. Turbine mechanical construction review: 

a. Internal turbine inspection recommendations. 

(1 Periphery magnetic particle inspection. 

( 2 )  Periphery sonic inspection. 



(3) Bore magnetic particle inspection. 

(4) Bore sonic inspection. 

(5) Wheel sonic inspection. 

6. Mechanical history review. 

a. Shell construction. 

b. Rotor potential crack study. 

(1) Caused by misal ignment. 

(2) Rntnr machining. 

f 3) Rotor improvement. 

(a) Front end machining. 

( b) Mater i a1 . 
c. Nozzle const,ruction, 

(1) Design. 

( 2 ) .  Material. 

d. Intermediate construct ion. 

(1) Bolting. 

e. Clearances. 

( I )  Axial, ' 

(2) Radial. 

( 3 )  Back thrust bearing. 

(4) Detrimental effect on heat rate loss. 

f. Thrust bearing construction. 

( I )  Loading. 

( a )  Copper back. 

( b )  Thermocouples. 



g. Stop va lve  cas ing  c o n s t r u c t i o n  rev iew.  

(1) Low c y c l e  f a t i g u e  ana lys is .  

( a )  Past' thermal ramp h i s t o r y .  

( b )  I n s p e c t i o n  recornendat ion.  

( c )  Replacement. 

h. Con t ro l  va l ve  chest.  

(1) Low c y c l e  f a t i g u e  ana lys is .  

( a )  Past thermal ramp h i s t o r y .  

i; Main steam lead  rev iew.  

(1) I d e n t i f i c a t i o n .  

( 2 )  A p p l i c a t i o n .  

j. Bucket review. 

( I )  A p p l i c a t i o n  h i s t o r y ,  

( 2 )  V i b r a t i o n  h i s t o r y .  

( 3 )  Rep1 acement recommendat ion.  
. . 

k. Conversion o f  packi;l'g.. . .  a ..-. ., ::., . . = .  

. . ,  . . . 

- (1) Steam seal  f! packfin>. 

( 2 )  M a t e r i a l  a p p l i c a t i o n .  

( 3 )  Back c leprance review. 

1. Water removal rev iew.  . 

m. Borescope opening. 

(1 ! Locat ion.  

7 .  Engineer ing recommendation. 

a. Rotor  l i f e  expenditure curve.  

b. She l l  ramp curves. 



c. Comparison 

d. S t a r t i n g  and l o a d i n g  char ts .  

(1) Con t ro l  l i f e  expendi ture.  

12 ) Pre-warmi ng recommendat ion.  

8. Recommendation o f  f requency of i nspec t ion .  

9. Maximum t u r b i n e  c a p a b i l i t y .  

a. Wi thout  m a t e r i a l  changes. 

b. Wi th  m a t e r i a l  changes. 

10. Maximum genera to r  c a p a b i l i t y .  

a. WI t h o u t  m a t e r i a l  changes. 

b. With m a t e r i a l  changes. 

F i g u r e  4-7 i s  a  d e c i s i o n  t r e e  f o r  t h e  i n s p e c t i o n  o f  steam t u r b i n e  r o t o r s ;  i t  
was adapted f rom a  Westinghouse pub1 i c a t i o n  (8 )  and so i s  s p e c i f i c a l l y  
a p p l i c a b l e  o n l y  t o  Westinghouse t u rb i nes .  However, o t h e r  t u r b i n e  
manufacturers  recommend s i m i l a r  i n s p e c t i o n  programs f o r  t h e i r  u n i t s .  The f o u r  
i nspec t i ons  t h a t  Westinghouse recommends f o r  t h e i r  u n i t s  are r o t o r  e x t e r i o r  
i nspec t ions ,  r o t o r  i n t e r i o r  i nspec t ions ,  H igh Pressure b lade  groove 
i nspec t i ons ,  and I n te rmed ia te  Pressure b lade  groove inspec t ions .  

The r o t o r  e x t e r i o r  i nspec t ion ,  which Westinghouse recommends t o  be done d u r i n g  
, every  major t u r b i n e  inspec t ion ,  i n c l udes  t h e  f o l l o w i n g :  

T r u t h  and d iameter  ( t o  d e t e c t  h l gh  temperature creep) checks. 

Nondes t ruc t i ve  t e s t s  i n c l u d i n g  magnetic p a r t i c l e  and dye pene t ran t  t e s t $  
t o  de tec t  su r f ace  and near surface f laws.  

M isce l laneous  checks i n c l u d i n g  coup l i ng  inspec t ion ,  aut.ostop inspec t ion ,  
and overspeed t r i p  s e t t i n g ,  and i nspec t i on  f o r  hard p a r t i c l e  o r  mo is tu re  
e ros i on  o f  b l ad ing .  

The r o t o r  i n t e r i o r  i n s p e c t i o n  1s recommended f o r  ce r ta i r r  u n i t s  as shown on t h e  
d e c i s i o n  t r e e  and i nc l udes  t h e  f o l l o w i n g :  

0 Bore d iameter  measurements t o  dktermine r a t e  o f  h i g h  temperature creep. 

Bore honing and p o l i s h i n g  . fo l l owed by  a  v i s u a l  i n s p e c t i o n  and a  magnetjc 
p a r t i c l e  inspection. 
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INSPECTION COMPLETE 2 



0 U l t r a s o n i c  i n s p e c t i o n  w i t h  t h r e e  d i f f e r e n t  t ransducers  a t  2.25 and 5 MHz 
t o  de tec t  i n t e r i o r  f l aws  and cracks.  

0 On 1.000 degrees F  u n i t s  which have no t  been cored p rev i ous l y ,  a  co re  
sample i s  l a b o r a t o r y  t e s t e d  f o r  notch s e n s i t i v i t y  and f r a c t u r e  d u c t i l i t y .  

The h i g h  pressure b lade  groove i n s p e c t i o n  i s  recommended f o r  H igh  Pressure o r  
H igh  Pressure - I n te rmed ia te  Pressure r o t o r s  operated a t  800 degrees F  and 
h i ghe r  and u t i l i z i n g  "ha l f - r ound "  t y p e  HP b lade c a u l k i n g  grooves. !This 
t y p i c a l l y  app l i es  t o  t h e  f i r s t  f i v e  rows o f  r e a c t i o n  blades o f  most t u r b i n e s  
manufactured be fo re  1965). I t  i s  recommended t h a t  t h i s  i n s p e c t i o n  be done 
du r i ng  t h e  nex t  major i n s p e c t i o n  outage on every  r o t o r  t h a t  has n o t  p r e v i o u s l y  
been mod i f ied  t o  p reven t  HP b lade  groove f a t i g u e  crack ing.  S ince  t h e  b lade  
tenons must be machined o f f  t o  remove t h e  blades, t h e  o r i g i n a l  b lades cannot 
be r e i n s t a l l e d ;  a  se t  o f  replacement b lades (6-12 months l ead  t ime  f o r  

*manufac tu re )  i s  requ i red .  The b lade  grooves a re  inspec ted  us i ng  techniques 
s i m i l a r  t o  t h e  e x t e r i o r  su r f ace  inspec t ion ,  i .e., magnetic p a r t i c l e  and dye 
pene t ran t  i nspec t i on .  About 55% o f  t h e  u n i t s  inspec ted  have a l r eady  
demonstrated cracks i n  t h e  r o t o r ,  and t h e  o the r  45% are expected t o  crack, 
g i ven  a  few more years  o f  c y c l i c  duty.  

Westinghouse recomnends t h a t  t h e  f o l l o w i n g  r o t o r  geometry m o d i f i c a t i o n s  be  
performed d u r i n g  t he  i nspec t i on .  These m o d i f i c a t i o n s  w i l l  extend t h e  thermal 
c y c l i c  f a t i g u e  capac i t y  o f  t h e  mod i f ied  areas by  a  f a c t o r  o f  7 o r  8, accord ing 
t o  West inghouse. 

0 En la rg i ng  t h e  expansion grooves ahead o f  t h e  f i r s t  row o f  r e a c t i o n  b lad ing.  

E l i m i n a t i n g ' t h e  s e m i c i r c u l a r  c a u l k i n g  p i ece  groove and i nc reas ing  t he  s i z e  
o f  t h e  f i l l e t s  i n  t h e  f i r s t  f i v e  r e a c t i o n  b l ade  grooves. 

I nc reas ing  t h e  r a d i i  o f  t h e  expansion grooves on bo th  s ides  o f  t h e  High 
Pressure dummy. 

I nc reas ing  t h e  r a d i i  o f  t h e  l a b y r i n t h  sea l  expansion grooves i n  t h e  number 
1 and number 2 i nne r  g land areas. 

0 Other  surface machining where necessary t o  e l i m i n a t e  s t r e s s  r i s e  and 
cracks.  

West inghouse recommends t h a t  t h e  In te rmed ia te  Pressure r e a c t  i o n  b lade  groove 
w a l l s  be inspec ted  on c e r t a i n  rehea t  u n i t s .  The i n s p e c t i o n  c o n s i s t s  of t h e  
removal o f  two o r  t h r e e  rows o f  b lades f o l l owed  by  nondes t ruc t i ve  t e s t i n g  o f  
t h e  b lade  grooves. Any c racks  found a re  removed b y  machining, if poss ib le ,  
and t h e  h lades are r e p l a c ~ d  w i t h  new 1 1 n i t . 5 ~  n f t ~ n  n f  an irnprnved rleqign 
( l i g h t e r  and w i t h  steam c o o l i n g  ho les  t o  t he  groovewal l  area).  

' 4.2.3.2 B o i l e r  Mod i f i ca t i ons .  For  most s o l a r  h y b r i d  repowering a p p l i c a t i o n s  
t h e  e x i s t i n g  g a s / o i l - f i r e d  b o i l e r  w i l l  r e q u i r e  few, i f  any, mod i f i ca t i ons .  
Some impor tan t  ope ra t i ona l  cons ide ra t i ons  i n c l u d e  turn-down r a t i o  ( t h e  r a t i o  
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of maximum t o  minimum steam f l ow ) ,  steam temperature c o n t r o l  and a l l owab le  
ramp ra tes ,  p a r t i c u l a r l y  if thermal ( b u f f e r i n g )  s to rage  i s  no t  employed. For  
most g a s / o i l - f i r e d  b o i l e r s  a  turn-down r a t i o  of 5 - t o -1  w i t h  a l l  burners  i n  
s e r v i c e  and i n  automat ic  c o n t r o l  i s  g e n e r a l l y  ach ievab le  w i t h o u t  burner  o r  
f u e l  and a i r  supp ly  system mod i f i ca t i ons .  

A l l  b o i l e r s  have t h e  genera l  c h a r a c t e r i s t i c  t h a t  superheat and rehea t  steam 
temperatures beg in  t o  drop as steam f l o w  i s  reduced t o  below approx imate ly  
ha l f - l oad .  Fo r  example, a t  25 percent  load t h e  superheater  o u t l e t  temperature 
and reheater  o u t l e t  temperature may be 100-150 degrees F  below r a t e d  steam 
temperatures.  Therefore, when t h e  f o s s i l  b o i l e r  i s  ope ra t i ng  below ha l f - l oad  
t h e  r e c e i v e r  ( o r  steam genera to r )  steam temperature w i l l  have t o  be h i ghe r  
than  r a t e d  t o  achieve r a t e d  steam temperature a t  t h e  t u r b i n e  t h r o t t l e .  

R o i l e r  ramp r a t e  ( t h e  r a t e  of b o i l e r  l oad  inc rease  or decrease) i s  an 
impo r t an t  c o n s i d e r a t i o n  when ope ra t i ng  i n  p a r a l l e l  w i t h  t h e  s o l a r  r e c e i v e r  
because of s o l a r  i n s o l a t i o n  t r a n s i e n t s  which d i r e c t l y  a f f e c t  s o l a r  steam 
o u t p u t  i f  thermal s to rage  i s  n o t  employed. The rnaximurn a l l owab le  ramp r a t e  
f o r  t h e  Reeves u n i t  as r epo r t ed  I n  The PNM repoiAt  was 30 perccnl; per- III i r~u ' l e .  
I t  i s  be l i eved  t h a t  most g a s / o i l - f i r e d  b o i l e r s  can accommodate ramp r a t e s  o f  
30 percen t  p e r  minute,  o r  h igher ,  when i nc reas ing  load  f rom approx imate ly  20 
pe rcen t  t o  f u l l  l oad  on drum t ype  b o i l e r s .  The usual  l i m i t i n g  f a c t o r s  on ramp 
r a t e  are drum swe l l  and p r im ing .  Drum swe l l  i s  t h e  r a p i d  r i s e  i n  t h e  b o i l e r  
drum water l e v e l  caused by the  r a p i d l y  i nc reas ing  volu'me o f  steam bubbles i n  
t h e  b o i l e r  tubes, which d i sp l aces  water. Drum l e v e l  c o n t r o l  i n s t a b i l i t y  o r  
c r i t i c a l  h i gh  drum l e v e l  u n i t  t r i p s  can r e s u l t .  P r im ing  i s  caused by h i g h  
drum l e v e l s  and i s  t h e  ca r ryover  o f  l i q u i d  d r o p l e t s  through t he  steam 
separa to rs  i n t o  t h e  superheater;  i n  extreme cases water ca r ryover  i n t o  t he  
t . u rb i  ne can r e s ~ ~ l  t. 

4.2.3.3 Con t ro l  System Mod i f i ca t i ons .  I t  i s  assumed t h a t  t he  steam p l a n t  
c o n t r o l s  u t i l i z e  t h e  " b o i l e r  f o l l o w i n g "  c o n t r o l  concept and are e i t h e r  
pneumatic or  e l e c t r o n i c  c o n t r o l  systems. I n  t h e  " b o i l e r  f o l l o w i n g "  c o n t r o l  
concept the  b o i l e r  c o n t r o l  ,system operates t o  c o n t r o l  t u r b i n e  t h r o t t l e  
p ressure  by v a r y i n g  t he  f i r i n g  r a t e  w h i l e  t he  t u r b i n e  c o n t r o l  system v a r i e s  
t u r b i n e  c o n t r o l  va l ve  p o s i t i o n  t o  t h r o t t l e  main steam f l o w  i n  response t o  
speed and load s e t t i n g s .  With t he  a d d i t i o n  o f  t h e  s o l a r  p l a n t  i t  w i l l  be 
necessary t o  mod i fy  t h e  c o n t r o l  systems t o  p e r m i t  i n t e g r a t i o n  o f  ' t t ~ t t  e x i s L i r ~ g  
p l a n t  c o n t r o l  systems w i t h  the  master c o n t r o l  system and t o  enable t he  p l a n t  
t o  opera te  e i t h e r  i n  a  " b o i l e r  f o l l o w i n g "  o r  " t u r b i n e  f o l l o w i n g "  mode of 
opera t ion .  I n  t h e  " t u r b i n e  f o l l o w i n g "  mode, used d u r i n g  s o l a r - o n l y  p l a n t  
opera t ion ,  t h e  t u r b i n e  c o n t r o l  system operates t o  ma ln ta i n  t u r b i n e  'L t l raut t le  
p ressure  by va r y i ng  t u r b i n e  c o n t r o l  va l ve  pos i t . i on  as t he  s o l a r  p lant .  steam 
f l o w  var ies .  Th is  m o d i f i e d  or  coord ina ted  c o n t r o l  system w i l l  then enable t h e  
s o l a r  h y b r i d  p l a n t  t o  operate  i n  t h e  f o s s i l - o n l y  mode, s o l a r - o n l y  mode o r  
combinat ion s o l  a r / f o s s i l  mode 'as requ i red .  

A genera l  d e s c r i p t i o n  o f  t he  an t  i c i p a t c d  p l a n t  c o n t r o l  system mod i f  i c a t i o n s  
f o l l o w :  



a Con t ro l  I n t e g r a t i o n .  The present  t u r b i n e / b o i  l e r  c o n t r o l  systems w i l l  be 
coo rd i na ted  through a  new d i s t r i b u t e d  analog c o n t r o l  (DAC.) system. The 
DAC w i l l  p r o y i d e  an i n t e r f a c e  between t h e  e x i s t i n g  p l a n t  c o n t r o l  systems, 
i. e., combust i o n  c o n t r o l  and t u r b i n e  c o n t r o l  systems, new c o n t r o l  loops 
(such as t h r o t t l e  pressure c o n t r o l ,  t h r o t t l e  temperature c o n t r o l ,  r e c e i v e r  
feed pump c o n t r o l  and reheat  steam f l ow  c o n t r o l ) ,  and t he  new s o l a r  
subsystem c o n t r o l s  w i t h  t he  master c o n t r o l  computer. 

e Con t ro l  Room M o d i f i c a t i o n s . '  For  s o l a r  h y b r i d  repowered u n i t s ,  i t  i s  
cons idered a  requi rement  t h a t  bo th  s o l a r  and f o s s i l  p l a n t  o p e r a t i o n  be  
accomplished by  a  s i n g l e  opera to r  f rom a  c e n t r a l  c o n t r o l  room. For  most 
s o l a r  h y b r i d  repower ing a p p l i c a t i o n s  t h i s  would r e q u i r e  t h e  a d d i t i o n  o f  a  
new c o n t r o l  room; t h e  e x i s t i n g  u n i t  c o n t r o l  panels  would have t o  be 
r e l o c a t e d  t o  t h e  new c o n t r o l  room o r  as an a l t e r n a t i v e  new c o n t r o l  panels  
cou ld  be i n s t a l l e d .  However, some p l an t s ,  such as PNM's Reeves S ta t i on ,  
have c o n t r o l  panel  space p rov ided  f o r  a  f u t u r e  u n i t  which can be u t i l i z e d  
by  t h e  s o l a r  c o n t r o l  panels;  t h e r e f o r e  a  new c o n t r o l  room would no t  be 
requ i red .  For  t h e  purpose o f  t h i s  r e p o r t  c o n t r o l  room m o d i f i c a t i o n s  w i l l  
range f rom minimal m o d i f i c a t i o n s  t o  a  comp le te ly  new env i r onmen ta l l y  
c o n t r o l l e d  c o n t r o l  b u i l d i n g  which houses t h e  u n i t  s o l a r / f o s s i l  c o n t r o l  
panels  and consoles, computers, and l o g i c  equipment. 

a Computer and Logic  Room Add i t ions .  Computer systems and e l e c t r o n i c  
hardware assoc ia ted w i t h  s o l a r  p l a n t s  r e q u i r e  an env i ronmenta l l y  
c o n t r o l l e d  space f o r  optimum performance. The computer room would 
t y p i c a l l y  house t h e  Master Con t ro l  System (MCS) computer and t h e  c o l l e c t o r  
computer, i n  a d d i t i o n  t o  d i g i t a l  convers ion  u n i t s ,  m u l t i p l e x i n g  equipment 
and magnetic tape  u n i t s .  The computer room would a l s o  c o n t a i n  
p r o g r a m e r ' s  consoles and p r i n t e r s  ' f o r  t h e  two computers as w e l l  as t h e  
p l a n t  computer eng ineer ' s  console, p r i n t e r  and recorders  and work space. 

The l o g i c  equipment room would house t h e  MCS and c o l l e c t o r  computer 
t e rm ina l  cab inets ,  analog c o n t r o l  system and t e rm ina l  cab ine ts ,  i n t e r f a c e  
l o g i c  systems, etc., and would be env i ronmenta l l y  c o n t r o l  led.  

I t  i s  u n l i k e l y  t h a t  adequate space f o r  computer and l o g i c  equipment would 
be a v a i l a b l e  i n  most e x i s t i n g  p l a n t s  t o  be repowered, t he re fo re ,  new rooms 
must be p rov ided  f o r  t h l s  equipment along w i t h  the dssucid led HVAC 
equipment. 

4.2.3.4 Pumps. As discussed i n  t h e  s e c t i o n  on water t reatment ,  f u l l  f l o w  
mixed bed condensate p o l i s h e r s  w i l l  be r e q u i r e d  f o r  repowering each. of t h e  
gener ic  p l a n t s .  I n  add i t i on ,  i t  i s  recomnended t h a t  t h e  low p ressure  hea te r  
d ra l ns  be cascdded t u  the cur~der~ber., r .a t l~er '  t han  be ing  pumped i n t o  t h e  
condensate stream, so t h a t  co r ros i on  p roduc ts  p resen t  i n  t he  s h e l l  s i d e  of the  
low pressure hea te rs  can be removed by  t h e  condensate p o l i s h e r .  S ince t h e r e  
i s  a  s u b s t a n t i a l  pressure drop through a  mixed bed deminera l i ze r ,  t h e  
condensate pump du t y  w i  11 be increased s i g n i f i c a n t l y ,  bo th  f l o w  and r e q u i r e d  
t o t a l  developed head. For  t h i s  reason, i t  i s  assumed t h a t  new, l a r g e r  



c a p a c i t y  condensate pumps w i  11 be r e q u i r e d  t o  repower each o f  t h e  f o u r  u n i t s .  
A requ i rement  f o r  two 100% c a p a c i t y  pumps has been assumed f o r  t he  50 MW u n i t ;  
t h r e e  50% c a p a c i t y  pumps are t o  be p rov i ded  f o r  each o f  t h e  l a r g e r  u n i t s .  

Requi red condensate pump f low c a p a c i t y  was obta ined f rom t h e  AIEE-ASME 
p r e f e r r e d  standards f o r  t h e  two non-reheat u n i t s ,  and heat  balances f o r  
r e p r e s e n t a t i v e  100 MW and 350 MW u n i t s  i n  t h e  case o f  the  two rehea t  u n i t s .  A 
p ressure  drop al lowance o f  70 p s i  f o r  t h e  mixed bed condensate p o l i s h e r  and 15 
p s i  pe r  feedwater hea te r  was used i n  a l l  cases. A deaerator  water l e v e l  
h e i g h t  o f  60 f e e t  and p ressure  o f  60 p s i a  was assumed f o r  each of t h e  
non-reheat u n i t s ;  a  deaerator  water  l e v e l  o f  60 f ee t  and a  pressure o f  56 p s i a  
was used f o r  t h e  100 MW reheat  u n i t .  For  t h e  350 MW u n i t  t h e  assumed h e i g h t  
of t h e  deaera to r  water  l e v e l  was 100 f e e t  and t h e  pressure 42 ps ia .  I n  a l l  
cases t h e  r e q u i r e d  pump d r i v e r  power was c a l c u l a t e d  us i ng  an assumed 
e f f i c i e n c y  o f  70%. I t  should  be  noted t h a t  t he  pumps were s i zed  w i t h  
s u t f i c i e n t  c a p a c i t y  t n r  t h e  nominal r a t ~ n g s  of t h e  u n i t s  b u t  would n o t  
n e c e s s a r i l y  have enough c a p a c i t y  f o r  ope ra t i on  a t  maximum tu rb ine-genera to r  
c a p a b i l i t y ,  p a r t i c u l a r l y  i n  the  cases o f  t h e  u n i t s  b u i l t  t o  t h e  AIEE-ASME 
p r e f e r r e d  s tandards f o r  tu rb ine-genera to rs .  These u n i t s  are capable o f  
gene ra t i ng  cons ide rab l y  more power a t  va lves  wide open, 5% overpressure than 
t h e i r  nominal r a t i n g .  

I n  repower ing t he  two non-reheat u n i t s  new r e c e i v e r  feedwater pumps w i l l  be 
r equ i r ed .  S ince repowering w i t h  water/steam c e n t r a l  r ece i ve r s  w i l l  r e q u i r e  
pumping feedwater l eng thy  d is tances  t o  e l eva ted  rece i ve r s ,  and a d d i t i o n a l  
f r i c t i o n a l  l osses  w i l l  be i n c u r r e d  i n  t h e  steam p i p i n g  back t o  t h e  t u r b i n e  
b u i l d i n g ,  e x i s t i n g  b o i l e r  feed pumps i n  u n i t s  t o  be repowered w i l l  i n  genera l  
no t  have s u f f i c i e n t  head capabi l i t y  t o  s e r v i c e  t h e  s o l a r  r ece i ve r .  
Accord ing ly ,  new r e c e i v e r  feed pumps were s i zed  f o r  t he  50 and 100 MW 
nonreheat u n i t s .  For  t h e  50 MW u n i t ,  steam and feedwater l i n e  leng ths  of 7000 
f e e t  were assumed, cor responding t o  a  r e c e i v e r  loca ted  about 5000 f e e t  from 
t h e  t u rb i ne .  (The e x t r a  p i pe  l eng th  i s  r e q u i r e d  f o r  expansion loops and f o r  
t h e  v e r t i c a l  r i s e r s  i n  t h e  r e c e i v e r  tower,) The p i p e  s i z e s  chosen r e s u l t e d  i n  
a  t o t a l  f r i c t i o n a l  l o ss  o f  about 250 p s i  i n  the  feedwater and steam p ip i ng .  
F r i c t i o n a l  l osses  o f  25 p s i  fo r  t he  r e c e i v e r  temperature c o n t r o l  va lves  and 15 
p s i  pe r  feedwater hea te r  were al lowed, and t he  water l e v e l  i n  t h e  r e c e i v e r  . 

tower was assumed t o  be 400 f e e t  above t h e  pump. 

For  t h e  100 MW u n i t ,  t h e  steam a.nd feedwater l i n e  leng ths  were assumed t o  be 
10,000 feet, cor responding t o  a  r e c e i v e r  tower loca ted  about 7000 f e e t  from 
t h e  t u rb i ne .  T o t a l  p i p i n g  f r i c t i o n a l  l o s s  was abou t  300 p s i  and t he  water 
l e v e l  i n  the r e c e i v e r  was assumed t o  be 575 f e e t  above t h e  pump. As w i t h  the  
50 MW u n i t ,  f r i c t i o n a l  losses o f  25 p s i  f o r  t he  r e c e i v e r  temperature c o n t r o l  
va lves  and 15 p s i  f o r  each feedwater hea te r  were assumed. 

For  bo th  t he  50 and 100 MW u n i t s ,  t h e  r e c e i v e r  feed pumps were assumed t o  have 
an e f f i c i e n c y  o f  75% i n c l u d i n g  the  v a r i a b l e  speed coupl ing. .  



It is not envisioned that the repowering of the reheat units using salt or 
sodium receivers and intermediate heat exchangers will require new feed 
pumps. The fossil boiler feed pumps should have sufficient head capability to 
serve the water side of the heat exchangers used to generate steam. 

4.2.3.5 Piping. Piping materials and sizes are as shown on the process and 
instrumentation diagrams, Figures 4-2 through 4-7. In general, conventional 
ASTM Al.06 carbon steel piping of the appropriate schedule and class is 
proposed for low temperature applications and seamless chrome molybdenum steel 
piping (ASTM A335 Grade P22) of the required wall thickness is proposed for 
high temperature applications. All piping is in accordance with ANSI 831.1 , 
Code for Pressure Pipinq or ASME Boiler and Pressure Vessel Code, Section I 
Power Boilers, as applicable. 

4.2.3.6 Feedwater Heaters. Since the required feedwater pressure in the 
water/steam receiver loop is considerably higher than the boiler feedwater 
pressure, separate high pressure heaters in the solar receiver feedwater 
stream are required. The feedwater heaters were specified using 
representative heat balances. The tubing material specified is carbon steel 
to eliminate the possibility of deposition of copper in the receiver tubes or 
turbine. It is not envisioned that repowering units using salt or sodium 
receivers and intermediate heat exchangers will require new high pressure 
feedwater heaters. 

4.2.3.7 Electrical System Modifications. Figures 4-8 thru 4-13 depict the 
anticipated electrical system additions required for solar repowering, and the 
interfaces with the existing plant system. These diagrams are based on 
typical fossil fuel steam power plants with unit connected 
generator-transformers. 

Solar auxiliary power during normal operation will be supplied by the "Solar 
Auxi 1 iary Transformer. " During start up, or when the "Solar Auxi 1 iary 
Transformer" is not available, auxiliary power will be supplied by the 
existing plant "Start Up Transformer." 

An emergency generator(s), diesel engine driven, .wi 11  automatically start if 
auxiliary power fails. The main purpose of the emergency generator is to slew 
the helinstats tn prevent nverheating of the receiver when heat transfer 
medium flow stops on loss of auxi 1 iary power. The generator is sized to 
supply the reactive power required by the heliostats at 40% power factor. To 
reduce the size of the emergency generator, he1 iostats are slewed in four (3). 
(for 50 and 100 megawatt units) or eight (for 350 megawatt units) successive 
steps. One-fourth of the heliostats (ooe-eighth for the 350 MW unit) are 
slewed just off the receiver, then another fourth (or.eighth) are slewed, 

, e tc . ,  until the entire field is slewed just off the receiver. Then portions 
of the field are slewed to the stowed position in successlve steps until all 
heliostats are stowed. 

Existing plant generator, transmission, and auxiliary system voltages shown on 
the diagrams are typical. The "Solar Auxiliary Power" systems will utili.ze 
the same voltage as the plant auxiliary system, if feasible. Thfs may not be 
the same as the voltage shown. 

/ 
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The So la r  Auxi  1  i a r y  Transformer  s i zes  i n d i c a t e d  are t e n t a t i v e .  The t ran fo rmer  
must be about t w i c e  t h e  c a p a c i t y  r e q u i r e d  by  t h e  l a r g e s t  motor t o  o b t a i n  
s a t i s f a c t o r y  vo l t age  d u r i n g  motor s t a r t i n g .  I n  some cases t h i s  f a c t o r  
determine t h e  t rans fo rmer  s ize.  I n  o the r  cases t rans fo rmer  s i z e  was 
determi  ned based on a n t i c i p a t e d  1  oad. 

An u n i n t e r r u p t i b l e  power system (UPS), shown i n  F i gu re  4-14, has been inc luded  a 

t o  cover  t h e  s o l a r  c o n t r o l  system requirements,  i .e., p l a n t  computer, analog 
system, c o l l e c t o r  computer, r e c e i v e r  c o n t r o l s ,  annunc ia tor  and i n t e r f a c e  l o g i c  
system. 

Water Treatment System Mod i f i ca t ions .  Feedwater t reatment  and water sampling 
system a d d i t i o n s  have been assumed f o r  each o f  t h e  f o u r  h y p o t h e t i c a l  u n i t s  
ul: i 1  i z i n g  once-through arld . drum type  water/steam rece i ve r s .  o r  heat 
exchangers. I tems cons idered are: Condensate P o l i s h i n g ,  CondensateIFeedwater 
System Co r ros j  on, Make-up Demi nera' l  i zer ,  Chemical Feed Systems and 'Samp 1  i ng 
Systems. . 

Coriderisate P o l  i s h i  ng. I t  i s  recommended t h a t  condensate p o l  i shers be 
i n s t a l l e d  i n  each o f  t h e  fou r  u n i t s  because o f  t h e  c y c l i c  ope ra t i on  
assoc ia ted  w i t h  s o l a r  u n i t s .  Such c y c l i c  ope ra t i on  i n e v i t a b l y  r e s u l t s  i n  
t h e  e n t r y  of s u f f i c i e n t  d i s so l ved  oxygen i n t o  t h e  c y c l e  t o  generate  l a r g e  
q u a n t i t i e s  o f  c o r r o s i o n  product ,  p r i n c i p a l l y  ox ides o f  i r o n  and copper. 
The concen t ra t i on  o f  these  c o n s t i t u e n t s  i n  t h e  condensatel feedwater system 
must be mainta ined a t  q u i t e  low l e v e l s  t o  ensure system i n t e g r i t y  and 
e f f i c i e n c y .  I n  a d d i t i o n ,  t h e  -changes i n  v e l o c i t y  o f  t h e  condensate and 
feedwater assoc ia ted  w i t h  c y c l i c  opera t  i o n  r e s u l t  i n  a  depos i t i on  and 
resuspension o f  s i  1 i ca -bear ing  s i  1  t. Condensate p o l  i s h i n g  i s  q u i t e  
successful  i n  reduc ing  t h e  concen t ra t ions  o f  bo th  co r ros i on  p roduc ts  and 
s i l t .  

Since i o n  exchange r e s i n  temperature l ' i m i t a t i o n s  d i c t a t e  the  i n s t a l  1  a t i o n  
u f  t h e  p o l l s h e r  frnmedlately downstream o f  t h e  condensate pumps, p r o v i s i o n s  
must be made f o r  r e c y c l e  o f  feedwater heater  d ra i ns  t o  the  condenser f o r  . 
c lean-up each t ime t h e  u n i t  i s  s t a r t e d  up. I f  t h e  system i s  shut  down f o r  
a  s i g n i f i c a n t  p e r i o d  o f  t ime, r e c y c l e  p r o v i s i o n s  must be inc luded  f o r  t he  
e n t i r e  feedwater system. 

Should McDonnel 1  -Doug1 as t ype  once-through r e c e i v e r s  be used (as opposed 
t o  "drum t ype "  r e c e i v e r s ) ,  p r o v i s i o n s  f o r  r e c y c l i n g  must be more 
e labora te ,  i n c l u d i n g  a  r e c y c l e  loop  f rom downstream o f  t he  r e c e i v e r  back 
t o  t h e  condenser h o t w e l l .  

Once-through b o i  1  e r s  r e q u i r e  extremely h i g h  qua1 i t y  water, n e c e s s i t a t i n g  
t h e - u s e  o f  condensate p o l i s h e r s  regard less  o f  whether t h e  u n i t  i s  base 
1  oaded o r  cyc 1 i c  . 

e CondensateIFeedwater System Corrosion. I n  a d d i t i o n  t o  u t i  1  i z a t i  on o f  
condensate p o l i s h i n g  and r e c y c l i n g ,  o the r  aspects o f  c o r r o s i o n  i n  t h e  
system must be addressed. To assure r a p i d  system clean-up, every  e f f o r t  



The So la r  A u x i l i a r y  Transformer s i zes  i n d i c a t e d  a re  t e n t a t i v e .  The t ranformer  
must be about t w i c e  t h e  capac i t y  r e q u i r e d  b y  t h e  l a r g e s t  motor t o  o b t a i n  
s a t i s f a c t o r y  vo l t age  d u r i n g  motor s t a r t i n g .  I n  some cases t h i s  f a c t o r  
determines t h e  t ransformer  s i ze .  I n  o the r  cases t ransformer  s i z e  was 
determined based on a n t i c i p a t e d  load. 

An u n i n t e r r u p t i b l e  power system (UPS), shown i n  F i g u r e  4-14, has been i nc l uded  
t o  cover  t h e  s o l a r  c o n t r o l  system requirements,  i. e., p l a n t  computer, analog 
system, c o l l e c t o r  computer, r e c e i v e r  c o n t r o l s ,  annunc ia tor  and i n t e r f a c e  l o g i c  
system. 

4.2.3.8 Water Treatment System Mod i f i ca t i ons .  Feedwater t rea tment  and water  
sampling system a d d i t i o n s  have been assumed f o r  each o f  t h e  f o u r  gener i c  u n i t s  
u t i  1  i z i n g  once-through and drum t ype  water/steam r e c e i v e r s  o r  heat 
exchangers. I tems cons idered are: Condensate Po l i sh i ng ,  Condensate/Feedwater 
System Corrosion, Make-up Deminera l izer ,  Chemical Feed Systems and Sampling 
Systems. 

8 Condensate Po l i sh i ng .  I t  i s  recornended t h a t  condensate p o l i s h e r s  be 
i n s t a l l e d  i n  each o f  t h e  f o u r  u n i t s  because of t he  c y c l i c  ope ra t i on  
assoc ia ted w i t h  s o l a r  u n i t s .  Such c y c l i c  ope ra t i on  i n e v i t a b l y  r e s u l t s  i n  
t h e  e n t r y  of s u f f i c i e n t  d i s so l ved  oxygen i n t o  t h e  c y c l e  t o  generate  l a r g e  
q u a n t i t i e s  o f  c o r r o s i o n  product ,  p r i n c i p a l l y  ox ides o f  i r o n  and copper. 
The concen t ra t i on  o f  these c o n s t i t u e n t s  i n  t h e  condensate/feedwater system 
must b e  mainta ined a t  q u i t e  low l e v e l s  t o  ensure system i n t e g r i t y  and 
e f f i c i e n c y .  I n  add i t i on ,  t h e  changes i n  v e l o c i t y  o f  t h e  condensate and 
feedwater assoc ia ted w i t h  c y c l i c  ope ra t i on  r e s u l t  i n  a  d e p o s i t i o n  and 
resuspension o f  s i l i c a - b e a r i n g  s i l t .  Condensate p o l i s h i n g  i s  q u i t e  
successful  i n  reduc ing  t he  concen t ra t ions  o f  bo th  c o r r o s i o n  p roduc ts  and 
s i l t .  

Since i o n  ex'change r e s i n  temperature 1  i m i  t a t i o n s  d i c t a t e  t h e  i n s t a l  l a t i o n  
o f  t he  p o l i s h e r  immediately downstream o f  t h e  condensate pumps, p r o v i s i o n s  
must be made f o r  r e c y c l e  o f  feedwater hea te r  d r a i n s  t o  t h e  condenser f o r  
c lean-up each t ime  t he  u n i t  i s  s t a r t e d  up. I f  t he  system i s  shut down f o r  
a  s i g n i f i c a n t  p e r i o d  o f  time, r e c y c l e  p r o v i s i o n s  must be i nc l uded  f o r  t h e  
e n t i r e  feedwater system, 

Should McDonnell-Douglas t y p e  once-through r e c e i v e r s  be  used ( a s  opposed 
t o  "drum type"  r ece i ve r s ) ,  p r o v i s i o n s  f o r  r e c y c l i n g  must be more 
e laborate ,  i n c l u d i n g  a  r e c y c l e ' l o o p  f rom downstream o f  t h e  r e c e i v e r  back 
t n  t h e  condenser h o t w e l l .  

, Once-through b o i l e r s  r e q u i r e  ext remely  h i g h  q u a l i t y  water, n e c e s s i t a t i n g  
t he  use o f  condensate p o l i s h e r s  regard less  o f  whether t he  u n i t  i s  base 
1  oaded o r  c.yc 1  i c  . 

8 Condensate/Feedwater System Corrosion. I n  a d d i t i o n  t o  u t i l i z a t i o n  o f  
condensate p o l i s h i n g  and r e c y c l i n g ,  o the r  aspects o f  c o r r o s i o n  i n  t h e  
system must be addressed. To assure r a p i d  system clean-up, every  e f f o r t  
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should be made t o  o b t a i n  maximum deaera t ion  i n  t h e  condenser. Also,  
ammonia w i l l  p robab ly  be used f o r  pH c o n t r o l  i n  t h e  system. S ince copper . 
and a d m i r a l t y  t u b i n g  are p a r t i c u l a r l y  suscep t i b l e  t o  ammonia a t tack,  and 
s i nce  ammonia concen t ra t i ons  can be h i g h  i n  t h e  a i r  removal s e c t i o n  o f  t h e  
condenser, i t  i s  adv isab le  t o  r e tube  t h a t  s e c t i o n  w i t h  another m a t e r i a l  
such as 90-10 copper -n icke l  o r  70-30 copper-n icke l ,  i f  i t  i s  c u r r e n t l y  
tubed w i t h  t h e  more suscep t i b l e  a l l oys .  I f  t h e  condenser i s  c u r r e n t l y  
tubed w i t h  304 s t a i n l e s s  s t ee l ,  t h i s  m a t e r i a l  would a l s o  be s a t i s f a c t o r y  
i n  t h e  a i r  removal sect ion.  

U t  i 1  i z a t  i o n  o f  copper-bear i n g  a1 l o y s  i n  feedwater hea te rs  i n  once-through 
steam generator  systems has l e d  t o  occas ional  d i f f i c u l t i e s  w i t h  passage of 
t h e  copper through t h e  steam generator  and subsequent d e p o s i t i o n  i n  t h e  
t u r b i n e .  Because o f  t h e  increased c o r r o s i o n  assoc ia ted  w i t h  c y c l i c  
operat ion,  such a  problem would be expected t o  be more severe i n  such a  
case. Accord ing ly ,  if a  once-through r e c e i v e r  o r  i n t e rmed ia te  heat  
exchanger i s  considered, cons ide ra t i on  should Se g iven  t o  r e t u b i n g  t h e  
feedwater hea te rs  w i t h  noncopper-bearing m a t e r i a l s .  A u s t e n i t i c  s t a i n l e s s  
s t e e l  i s  f r e q u e n t l y  used i n  low p ressure  heaters ,  w i t h  carbon s t e e l  used 
i n  t h e  h i g h  pressure heaters .  Such r e t u b i n g  need no t  be cons idered w i t h  
drum-type b o i l e r s .  

e Make-Up Deminera l izer .  The 50 MW and 100 MW'uni ts a re  assumed t o  have. 
two-bed make-up deminera l i ze rs ,  i.e., a  s t r o n g l y  a c i d i c  c a t i o n  exchanger 
fo l l owed by  a  s t r o n g l y  bas ic  anion exchanger. The 350 MW u n i t  i s  assumed 
t o  have a  three-bed make-up deminera l i ze r ,  i .e., a  s t r o n g l y  a c i d i c  c a t i o n  
exchanger f o l l owed  b y ' a  s t r o n g l y  bas ic  an ion exchanger f o l l owed  b y  a  mixed 
bed p o l i s h e r .  I n  o rder  t o  avo id  imposing an a d d i t i o n a l  i o n i c  l oad  on t h e  
condensate p o l i s h e r ,  and t o  p rov i de  more ope ra t i ng  f l e x i b i l i t y ,  i t  i s  
recommended t h a t  t h e  50 MW and 100 MW make-up deminera l i ze rs  be equipped 
w i t h  mixed bed po l i she rs .  

e Chemical Feed Systems, I t  i s  assumed t h a t  each u n i t  c u r r e n t l y  i s  equipped 
w i t h  t h r e e  chemical feed systems, one f o r  f eed ing  ammonia o r  a  
n e u t r a l i z i n g  amine, one f o r  f e e d i n g  an oxygen scavenger such as hydrazine, 
and one f o r  feeding phosphates t o  t h e  b o i l e r .  Gran t ing  t h i s  assumption, 
no a d d i t i o n a l  chemical  feed  systems (asi.de f rom those which w i l l  be . 

fu rn ished  as an i n t e g r a l  p a r t  o f  t h e  a d d i t i o n a l  i o n  exchange systems) w i  11 
be requ i red .  

e Sampling Systems. If the  u n i t s  a re  equipped w i t h  drum-type rece i ve r s ,  
some a d d i t i o n a l  sampl ing and m o n i t o r i n g  ' f a c i l i t i e s  w i l l  be r e q u i r e d  t o  
check condensate p o l i s h e r  performance and mon i to r  f o r  c o r r o s i o n  products .  

I f  t he  u n i t s  are equipped w i t h  nnce-through r e c e i v e r s  of t h e  
McDonnell-Douglas type, o r  once-through i n t e rmed ia te  heat  exchangers, a 
much more e l abo ra te  sampl ing f a c i l i t y  a f  t h e  type used w i t h  h i ghe r  
pressure u n i t s  i s  needed. I t  i s  assumed t h a t  these u n i t s  a re  no t  
p r e s e n t l y  equipped w i t h  such e l abo ra te  sampl ing f a c i l i t i e s .  



4.2.3.9 M isce l laneous  Systems M o d i f i c a t i o n s .  I n  a d d i t i o n  t o  t h e  major  
systems o r  equipment mod if i c a t i o n s  r e q u i r e d  t o  accommodate s o l a r  repowering, 
severa l  minor systems a re  a l s o  a f f ec ted .  Ch ie f  among these a re  Bear ing  
Coo li ng Water System, Ins t rument  A i r  System, F i r e  P r o t e c t i o n  System and 
Heat ing,  Vent i 1 a t i n g  and A i r  Cond i t i on i ng  System. 

Bear ing  Coo l i ng  Water System. Bear ing  c o o l i n g  water requi rements  w i l l  
i nc rease  due t o  t h e  a d d i t i o n  o f  new r e c e i v e r  feedwater pumps ( f o r  t h e  
water/steam r e c e i v e r  systems) and sample coo,lers f o r  r e c e i v e r  feedwater 
and steam samples. For  r e c e i v e r  feedwater pumps u t i l i z i n g  h y d r a u l i c  
v a r i a b l e  speed d r i ves ,  t h e  c o o l i n g  water requi rements  cou ld  range 
approx imate ly  100 gpm t o  300 gpm per  pump, depending on t he  pump s i z e  and 
power requirements.  Sample c o o l i n g  water requi rements  would be r e l a t i v e l y  
smal l ,  say 5 gpm pe r  coo le r .  For  t h e  purpose o f  t h i s  study, i t  i s  assumed 
t h a t  the  e x i s t i n g  p l a n t  .bear ing c o o l i n g  water pumps and hea t  exchangers 
a re  adequate t o  handle  the increased c o o l i n g  water f l o w  and heat  r e j e c t i o n  
and t h a t  an al lowance need be made o n l y  f o r  a d d i t i o n a l  c o o l i n g  water 
p i p i n g  and c o n t r o l s .  

0 Ins t rument  A i r  System. Along w i t h  c o n t r o l  system mod i f i ca t i ons  f o r  t he  
repowered p l a n t  w i  11 come an increase i n  ins t rument  a i r  demand. Most of 
t h e  new c o n t r o l  s y ~ t e m  a d d i t i ~ n s  w i l l  be  e l e c t r o n i c ;  however, i n s t r ~ r m e n t  
a i r  i s  r e q u i r e d  f o r  new c o n t r o l  valves, new heater  l e v e l  c o n t r o l l e r s ,  new 
condensate po l i she rs ,  e tc .  I t  i s  assumed t h a t  o n l y  extens ions o f  e x i s t i n g  
ins t rument  a i r  p i p i n g  are r e q u i r e d  and t h a t  t h e  e x i s t i n g  p l a n t  ins t rument  
a i r  compressors and d r ye rs  are adequate. 

1 

F i r e  P r o t e c t i o n  System. Exc lud ing  r e c e i v e r  and thermal storage, f i r e  
p r o t e c t i o n  would o n l y  be r e q u i r e d  f o r  t h e  new computer and l o g i c  rooms and 
outdoor  s o l a r  a u x i l i a r y  t rans fo rmer .  For  the  computer and l o g i c  rooms, a  
Halon 1301 t o t a l  f l o o d i n g  system i s  recommended. The outdoor s o l a r  
aux i  li ary t rans fo rmer  would be p r o t e c t e d  w i t h  an automat ic water deluge 
system. 

0 Heating, V e n t i l a t i n g  and A i r  Cond i t i on ing .  Heat ing,  v e n t i l a t i n g  and a i r  
c o n d i t i o n i n g  w i l l  be r e q u i r e d  i n  t h e  new computer and l o g i c  rooms. 
Rooftop a i r  c o n d i t i o n i n g  u n i t s  and r o o f t o p  hea t i ng  and v e n t i l a t i n g  u n i t s  
w i  11 be assumed f o r  these rooms. Steam or  h o t  water f o r  t he  hea t i ng  C O ~  I S  
i s  assumed t o  be  supp l i ed  f rom an e x i s t i n g  p l a n t  hea t i ng  source. 

4.3 LIST OF INTERFACE REQUIREMENTS 

Th i s  sec t i on  descr ibes  t h e  i n t e r f a c e  requi rements  f o r  t h e  va r i ous  repowering 
combi na t ions .  

4.3.1 50 MWe Non-Reheat, Water/Steam Receiver,  50% So la r  Repowerinq 

Turbine-Generator M o d i f i c a t i o n  Opt ions.  (50  MW, non-reheat, 1250 p s i g  - 950 
degrees F )  

Compl'ete t u rb i ne -gene ra to r  i n s p e c t i o n  and overhaul .  



r N o n d e s t r u c t i v e  t e s t s  
- Rad iog raph ic  o r  magnet ic p a r t i c l e  examinat ion o f  c r i t i c a l  c a s t i n g s  
- Borescope o f  t u r b i n e  r o t o r  

r T u r b i n e  meta l  temperature  thermocouples and r e c o r d e r  
r E l e c t r o - h y d r a u l  i c  c o n t r o l  system 
r V a r i a b l e  p ressure  c o n t r o l  
r Generator  m o d i f i c a t i o n s  

B o i l e r  M o d i f i c a t i o n s .  None requ i red .  

C o n t r o l  System ~odifications/~dditions. 

D i s t r i b u t e d  Analog C o n t r o l  System (m ic rop rocessor  based). 
C o n t r o l  pane l  and c o n t r o l  conso le  m o d i f i c a t i o n s .  
B o i l e r  combust i o n  c o n t r o l  system m o d i f i c a t i o n s .  
Tu rb ine  c o n t r o l  system ( I n c l u d e d  i n  Turb ine-Generator  M o d i f i c a t i o n  
Opt i o n s ) .  
Annunc ia tor ,  30 windows. 
M isce l l aneous  i n s t r u m e n t a t i o n .  
C o n t r o l  room modifications/additions. 
Computer and l o g i c  room a d d i t i o n s  ( b u i l d i n g  3 8 '  x 3.8' x 21 '  h i g h ) .  

P  umps . 
r Two 100% Condensate Pumps - 700 gpm 8 450 f e e t  TDH, canned v e r t i c a l  

t u r b i n e  pumps w i t h  125 hp, 1760 rpm, 480V, 3  phase odp motor  d r i v e r s .  

r Two 100% Rece ive r  Feed Pumps - B a r r e l  t y p e  m u l t i s t a g e . 4 7 5  gpm 8 4150 f e e t  
TDH, 293 degrees F  feedwater ,  s.g. 0.922, hydr'aul i c  v a r i a b l e  speed 
c o u p l i n g  w i t h  750 hp, 3600 rpm, 2400V, 3  phase odp motor  d r i v e r s .  

P i p i n g .  

r Rece ive r  Feed P i p e  - 5 i n c h  XXS ASTM A106 G r .  B, 250 f e e t  l o n g  t o  
i n t e r f a c e .  I n s u l a t i o n  3-112 inches CaSi02 w i t h  aluminum lagg ing .  

r Rece ive r  Steam P i p e  - 10 i n c h  I D  0.900 i n c h  w a l l  t h i c k n e s s  seamless 2-1/4% 
chrome - 1% moly ' s t e ~ 1  ASTM A315 Grade P22. 100 f e e t  l o n g  t o  i n t e r f a c e .  
Weight 117 I b / f t .  I n s u l a t i o n  7  inches CaSi02 w i t h  aluminum lagg ing .  

Feedwater Heaters .  

r H i g h  Pressure  Heaters  No, 6 and No. 7  - New h o r i z o n t a l  c l o s e d  feedwater 
h e a t e r s  w i t h  i n t e r n a l  desuperheat ing,  condensing, and subcoo l ing  zones a r e  
r e q u i r e d  t o  heat  t h e  r e c e i v e r  feedwater.  The t u b e  m a t e r i a l  i s  ASTM A79 
carbon s t e e l .  

r The feedwater  h e a t e r  des ign  and o p e r a t i n g  c o n d i t i o n s  a re  as shown on Tab ie  
4-2. 



Tab le  4-2. Feedwater Heater Design and Opera t ing  Cond i t ions  
(50 MWe Non-Reheat, 50% Repowering) 

Tubeside 

Feedwater Flow ( l b / h r )  
Feedwater I n l e t  Temperature (OF) 

Feedwater O u t l e t  Temperature (OF) 

Tube Design Temperature (OF) 

Opera t ing IDes ign lTes t  Pressure ( p s i g )  

Terminal  Temperature d i f f e r e n c e  (OF) 

She1 l s i d e  

Steam Flow ( l b / h r )  

Steam I n l e t  Temperature (OF) 

Operat ing/Des ign/Test  Pressure ( p s i a )  

She 11 ~ a t u r a t i o n / ~ e s i ~ n / ~ k i r t  Design 

Temp. (OF)  

D r a i n  I n l e t  Flow ( l b l h r )  

D r a i n  I n l e t  Temperature (OF) 

D r a i n  O u t l e t  Flow ( l b l h r )  

D ra i n  O u t l e t  Temp (OF) 

Dra ins-Cooler  Approach (OF) 

T o t a l  Heat Exchanged (106 B tu /h r )  

Heater No. 6 Heater No. 7 



E l e c t r i c a l  M o d i f i c a t i o n s / A d d i t i o n s  

1 Transformer, A u x i l i a r y  Power 1500 KVA, 13.8-2.4 KV 
7 M e t a l c l a d  Swi tchgear  U n i t s 2 . 4  KV, 1200Ampere 
L o t  Load Centers, I n c l .  
1 Transformer, Power, 300 KVA, 2.4 KV - 480 V o l t s  

L o t  C i r c u i t  Breakers,  Low Vo l tage  Power, 600 V o l t ,  800 Ampere 
L o t  Motor C o n t r o l  Center, I n c l .  

S t a r t e r s  and C i r c u i t  Breakers as Requi red 
1 B a t t e r y ,  Lead Acid, 125V DC 
1 B a t t e r y  Charger, 480V AC - 125V DC 
1 Un i n t e r r u p t i b l e  Power System, I n c l .  

I n v e r t e r  125V DC t o  120/208V AC, 3  phase 
T rans fo rmer -Rec t i f i e r  460V AC, 3 phase - 125V DC 
S o l i d  S t a t e  Transformer  Sw i t ch  120/208V AC, 3  phase, 4  Wire  

1 Diese l -Generator  U n i t ,  240 KW, 1000 KVA a t  0.80 PF, 2400V AC 

Water T r e a t i n g  System Mod i f i ca t i ons /Add i t i ons .  

o Condensate P o l i s h e r ,  two f u l l  c a p a c i t y ,  700 gpm 
o  Mixed Bed P o l i s h e r  f o r  Make-up Deminera l i ze r ,  25 gpm 
o  Water Sampling and M o n i t o r i n g  System 

~ i s c e l l a n e o u s  System M o d i f i c a t i o n s .  

o  Bear ing  C o o l i n g  Water System 
o Ins t rument  A i r  System 
o  F i r e  P r o t e c t i o n  System 
o  HVAC System 



4.3.2 100 MWe Non-Reheat, Water/Steam Receiver,  50% So la r  Repowering 

Turbine-Generator M o d i f i c a t i o n  Opt ions. (100 MW, non-reheat, 1450 p s i g  - 
950 degrees F) 

0 Complete t u rb i ne -gene ra to r  i nspec t i on  and overhaul.  
0 Nondes t ruc t i ve  t e s t s  - Radiographic  o r  magnetic p a r t i c l e  examinat ion o f  c r i t i c a l  cas t i ngs  - Borescope o f  t u r b i n e  r o t o r  
0 Turb ine  metal  temperature thermocouples and recorder  
0 E lec t rohyd rau l  i c  c o n t r o l  system 

. . 0 Var i ab le  pressure c o n t r o l  
0 Generator rew ind ing  

B o i l e r  M o d i f i c a t i o n s .  None requ i red .  

Con t ro l  System Mod i f i ca t i ons /Add i t i ons .  

~i s t r i b u t e d  Analog Cont ro l  System. (microprocessor based) 
Cont ro l  panel  and c o n t r o l  console m o d i f i c a t i o n s  
B o i l e r  combustion c o n t r o l  system m o d i f i c a t i o n s  
Turb ine c o n t r o l  system ( I nc l uded  i n  Turbine-Generator M o d i f i c a t i o n  Opt ions)  
Annunciator,  30 windows 
Misce l laneous i ns t rumen ta t i on  
Con t ro l  room mod i f i ca t i ons /add i t i ons  
Computer and l o g i c  room a d d i t i o n s  ( b u i l d i n g  42.4' x 42.4' x 21 '  h i gh )  

Pumps. 

e Three 50% Condensate Pumps - 575 gpm ea. @ 450 f e e t  TDH w i t h  2 pumps 
operat ing,  canned v e r t i c a l  t u r b i n e  type  w i t h  125 hp, 1760 rpm, 480V, 3 
phase odp motor d r i v e r s .  

6 Two 50% Kece iver  Feed Pumps - B a r r e l  t ype  m u l t i s t a g e  425 gpm ea. 5000 f ee t  
TDH w i t h  both pumps operat ing,  391 r i p g r p ~ s  F feedwater, s.g.  0,932, 
h y d r a u l i c  v a r i a b l e  speed coup l i ng  w i t h  750 hp, 3600 rpm, 4150V, 3 phase 
odp motor d r i v e r s .  

P ip ing .  

Receiver  Feed P ipe  - 10 i nch  Sch. 160 ASTM A106 G r ,  C, 250 f e e t  long  t o  
i n t e r f a c e .  I n s u l a t i o n  4 inches CaSi02 w i t h  aluminum 1 agging. 

o R c c c i v c ~  S t c m  Pipe - 12 ineh I D  1.052 i nch  w a l l  t h i c kness  seamless 2-11'4'4 
chrome - 1% moly s t e e l  ASTM A335 Grade P22, 100 f e e t  l ong  t o  i n te r f ace .  
Weight 299 I b / f t .  I n s u l a t i o n  8 inches CaSi02 w i t h  aluminum lagging. 



0 HP Heaters E x t r a c t i o n  P i p i n g  - 6 i n c h  Sch. 40 ASTM A106 G r .  B. Each 50 
f e e t  .long. 

Feedwater Heaters.  

H igh  Pressure Heaters No. 6 and No. 7 - New h o r i z o n t a l  c l osed  feedwater 
hea te rs  w i t h  i n t e r n a l  desuperheating, condensing, and subcool ing zones a re  
r e q u i r e d  t o  h e a t , t h e  r e c e i v e r  feedwater. The t ube  m a t e r i a l  i s  ASTM A79 
carbon s tee l .  

0 The feedwater heater  des ign and ope ra t i ng  c o n d i t i o n s  a re  as shown i n  Table 
4-3 .  



Tab le  4-3 

Feedwater Heater Design and Opera t ing  Cond i t ions  
(100 MWe Non-Reheat, 50% Repower i ng )  

Tubeside Heater  No. 6  Heater No. 7 

Feedwater Flow ( l b / h r )  388,500 388,500 

Feedwater I n  l e t  Temperature (OF) 300 375 

Feedwater O u t l e t  Temperature (OF)  37 5 430 

Tube Design Temperature (OF)- 38 0 435 

Opera t i  ng/Design/Test Pressure ( p s i  g) 2000/ 2400/ 3600 2000/2400/3600 

Termi na 1 Temperature d i f f e r e n c e  (OF)  0  0  

She1 l s i d e  

Steam Flow ( l b / h r )  

Steam I n l e t  Temperature (OF) 56 2 7  10 

Operat ing/Design/Test Pressure (p,si a) 18,4/193/290 344/ 36 1/ 540 

She l l  Sa tu ra t i on /Des ign /Sk i r t  Design 
Temp. (uF')  ' 395/380/580 430/435/ 730 

D r a i n  I n l e t  Flow ( l b / h r )  22,480 --- 

D r a i n  I n l e t  Temperature (OF) 

D ra i n  O u t l e t  Flow ( l b / h r )  

D r a i n  O u t l e t  Temp (OF) 

Dra ins-Coolcr  A p p r o ~ c h  ( o r )  

T o t a l  Heat Exchanged (106 B tu /h r )  30.099 22.756 



E l e c t r i c a l  Mod i f i ca t i ons /Add i t i ons .  

1 
9 
L o t  

L o t  

Transformer, A u x i l i a r y  Power 2000 KVA, 13.8-4.16 KV 
Me ta l c l ad  Switchgear U n i t s  4.16 KV, 1200 Ampere 
Load Centers, I n c l .  
1 Transformer, Power, 500 KVA, 4.16 KV - 480 V o l t s  
Lo t  C i r c u i t  Breakers, Low Vol tage Power, 600 Vo l t ,  800 Ampere 
Motor Con t ro l  Center, I n c l .  

S t a r t e r s  and C i r c u i t  Breakers as Required 
Ba t t e r y ,  Lead Acid, 125V DC 
B a t t e r y  Charger, 480V AC - 125V DC 
U n i n t e r r u p t i b l e  Power System, I n c l .  

I n v e r t e r  125V DC t o  120/208V AC, 3 phase 
Transformer-Rect i f ie r  460V AC, 3  phase - 125V DC 
S o l i d  S ta te  Transformer Swi tch 120/208V AC, 3 phase, 4 Wi re  

Diesel-Generator Un i t ,  480 KW, 2000 KVA a t  0.80 PF, 4160V AC 

Water T r e a t i n q  System M o d i f i c a t i o n s / A d d i t i o n s .  

0 Condensate Po l i sher ,  two f u l l  capac i t y ,  1350 gpm 
MixedBed Po l i she r  f o r  Make-up Deminera l izer ,  50 gpm 
Water Sampl i ng and Mon i t o r i ng  System 

Misce l laneous System Mod i f i ca t i ons .  

0 Bear ing Coo l ing  Water System 
Inst rument  A i r  System , 

0 F i r e  P r o t e c t i o n  System 
0 HVAC System 

4.3.3 100 MWe Reheat, S a l t  o r  Sodium-Cooled Receiver,  50% So la r  Repowering 

Turbine-Generator M o d i f i c a t i o n  Opt ions.  (100 MW, reheat, 1800 p s i g  - 
1000 degrees F/1000 degrees F )  

Complete tu rb ine-genera to r  i n s p e c t i o n  and overhaul .  
Nondes t ruc t i ve  t e s t s  
- Radiographic  o r  magnet ic p a r t i c l e  examinat ion o f  c r i t i c a l  c a s t i n g s  
- Borescope o f  t u r b i n e  r o t o r  

0 Turb ine metal  temperature thermocouples and .recorder 
0 El  ec t r ohyd rau l i c  c o n t r o l  system 

Va r i ab le  pressure c o n t r o l  
0 Generator rew ind ing  

B o i l e r  Mod i f i ca t i ons .  None requ i red .  

\ 

Con t ro l  System M o d i f i c a t i o n s / A d d i t i o n s .  

D i s t r i b u t e d  Analog Con t ro l  System (microprocessor  based) 
0 Con t ro j  panel  and c o n t r o l  console m o d i f i c a t i o n s  



B o i l e r  combustion c o n t r o l  system m o d i f i c a t i o n s  
Turb ine  c o n t r o l  system ( I nc l uded  i n  Turbine-Generator M o d i f i c a t i o n  
Opt i ons )  

0 Annuncia tor ,  30 windows 
m Misce l laneous  i ns t r umen ta t i on  
0 Con t ro l  room m o d i f i c a t i o n s / a d d i t i o n s  
e Computer and l o g i c  room a d d i t i o n s  ( b u i l d i n g  42.4' x  42.4' x  21 '  h i gh )  

Pumps . \ 

0 Three 50% Condensate Pumps - 550. gpm ea. a t  425 f e e t  TDH w i t h  2'pumps 
opera t ing ,  canned v e r t i c a l  t u r b i n e  type  w i t h  1.00 hp, 1760 rpm, 480V, 3  
phase odp motor d r i v e r s .  

P i p i ng .  . 

Steam   en era tor Feed P i p e  - 8 i n c h  XXS ASTM A106 G r .  C. 100 f ee t  l ong  t o  
i n t e r f a c e .  I n s u l a t i o n  4  inches CaSi07 w i t h  aluminum laqqinq.  

Steam Generator Main Steam P ipe  - 7 i n c h  I D  1.025 i nch  w a l l  th i ckness  
seamless 2-1/4% chrome 1% moly s t e e l  ASTM A335 Grade, P22. 100 fee t  l ong  
t o  i n t e r f a c e .  Weight 96 I b / f t .  I n s u l a t i o n  7-1/2 inches CaSi02 w i t h  
alumlnum lagging.  

- 

0 Steam Generator Cold  Reheat P ipe  - 14 i n c h  Schedule 30 ASTM A106 G r .  B. 
100 f e e t  l o n g  t o  i n t e r f a c e .  I n s u l a t i o n  5-1/2 inches CaSi02 w i t h  . 
aluminum lagg ing .  

e Steam Generator Hot Reheat P ipe  - 14 i n c h  Schedule 60, seamless 2-1/4% 
chrome 1% moly  s t e e l  ASTM A335 Grade P22. 100 f e e t  long t o  i n t e r f a c e .  
I n s u l a t i o n  8  inches CaSi02 w i t h  aluminum lagging.  

E l e c t r i c a l  M o d i f i c a t i o n s / A d d i t i o n s .  

I. 
9 
L o t  

L o t  

Transformer, Aux i  7 i ary  Power 3UUU KVA, 13.8-4.16 KV 
Me ta l c l ad  Switchgear U n i t s  4.16 KV, 1200 Ampere 
Load Centers,  I n c l .  
2 Transformers,  Power, 500 KVA, 4.16 KV - 480 V o l t s  1 

L o t  C i r c u i t  Breakers, Low Vol tage Power, 600 Vo l t .  800 Ampere 
Motor Con t ro l  Center, I n c l .  

S t a r t e r s  and C i r c u i t  Sreakers as Required 
Ba t t e r y ,  Lead Acid, 125V DC 
B a t t e r y  Charqer, 480V AC - 225V DC 
U n i n t e r r u p t i b l e  Power System, I n c l .  

Inver'ter- "125V UC t o  12U/208V AC, 3 phase 
Transformer-Rect i f  i e r  460V AC, 3  phase - !25V DC 
S o l i d  S t a t e  Transformer Swi tch 120/208V AC, 3  phase, 4  Wire 

Diese l -Generator  U n i t ,  480 KW, 2000 KVA a t  0.80 PF,  4160V AC 



Water T r e a t i n g  System ~ o d i f  i c a t i o n s / ~ d d i t i o n s .  

r Condensate Po l i sher ,  two ful.1 capac i t y ,  1100 gpm 
r Mixed Bed Po l i she r  f o r  Make-up Deminera l izer ,  40 gpm 
r Water Sampling and Mon i t o r i ng  System 

Misce l laneous System M o d i f i c a t i o n s .  

r Bear ing .Coo 1 i ng Water System 
r Ins t rument  A i r  System 
r F i r e  P r o t e c t i o n  System 
r HVACSystem 

100 MWe Reheat, S a l t  o r  Sodium-Cooled Receiver ,  100% So la r  Repowerinq 

Turbine-Generator M o d i f i c a t i o n  Opt ions.  (100 MW, reheat,  1800 p s i g  - 
1000 degrees F/1000 degrees F )  

r Complete tu rb ine-genera to r  i nspec t  i o n  and overhaul .  
r Nondes t ruc t i ve  t e s t s  

- Radiographic o r  magnet ic p a r t i c l e  examinat ion o f  c r i t i c a l  c a s t i n g s  
- Borescope of t u r b i n e  r o t o r  

r Turb ine meta l  temperature thermocouples and reco rde r  
e E l  ec t rohydrau 1 i c  c o n t r o l  system 
r Var i ab le  pressure c o n t r o l  . . 

e Generator rew ind ing  

B o i l e r  Mod i f i ca t i ons .  None requ i red .  

c o n t r d l  system Modi f  i ca t ions /Add i  t i o n s .  

D i s t r i b u t e d  Analog Con t ro l  System (microprocessor  based) 
Con t ro l  panel  and c o n t r o l  console mod i f i ca t i ons  
B o i l e r  combustion c o n t r o l  system m o d i f i c a t i o n s  
Turb ine c o n t r o l  system ( I nc l uded  i n  Turbine-Generator M o d i f i c a t i o n  
Opt ions)  
Annunciator,  30 windows 
Misce l laneous i ns t r umen ta t i on  
Con t ro l  room m o d i f i c a t i o n s / a d d i t i o n s  
Computer and l o g i c  room a d d i t i o n s  ( b u i l d i n g  42.4' x 42.4' x 21 '  h i g h )  

Pumps. 

r Three 50% Condensate Pumps - 550 gpm ea. a t  425 f e e t  TDH w i t h  2  pumps 
operat ing,  canned v e r t i c a l  t u r b i n e  type  w i t h  100 hp, 1760 rpm, 480V, 3 
phase odp mntor d r i v e r s .  



Pip ing .  

e Steam Generator Feed P ipe  - 8 i n c h  X X S  ASTM A106 G r .  C. 100 f ee t  l ong  t o  
i n t e r f a c e .  I n s u l a t i o n  4 inches CaSi02 w i t h  aluminum lagging.  

e Steam Generator Main Steam P ipe  - 10 i n c h  I D  1.510 i nch  w a l l  th i ckness  
seamless 2-1/4% chrome 1% moly s t e e l  ASTM A335 Grade P22. 100 f e e t  l ong  
t o  i n t e r f ace .  Weight 220 I b / f t .  I n s u l a t i o n  8 inches CaSi02 w i t h  . 
aluminum lagging.  

a Steam Generator Cold Reheat P ipe  - 20 i n c h  Schedule 30 ASTM A106 G r .  B. 
100 f e e t  l ong  t o  i n t e r f a c e .  I n s u l a t i o n  5-1/2 inches CaSi02 w i t h  
aluminum lagg ing .  

Steam Generator Hot Reheat P ipe  - 20 i n c h  I D  0.793 i n c h . w a l 1  t h i c kness  
seamless 2=1/4X chrome 1% moly steel ASTM A33K 6rar - i~  P??, I n n  f c c t  Inng 
t o  i n t e r f ace .  Weight 195 I b / f t .  I n s u l a t i o n  8 inches CaSi02 w i t h  
aluminum lagging.  

E l e c t r i c a l  Mod i f  i c a t i o n s / A d d i t i o n s .  

1 
11 
L o t  

L o t  

Transformer,  A u x i l i a r y  Power 5000 KVA,  13.8-4.16 KV 
Me ta l c l ad  Swi tchgear  U n i t s  4.16 KV, 1.200 Ampere 
Load Centers, I n c l .  
2 Transformers,  Power, ~ ~ O K V A ,  4.1.6 KV - 480 V o l t s  
L o t  C i r c u i t  Breakers,  Low Vol tage Power, 600 Vo l t ,  800 Ampere 
Motor C o n t r o l  Center, I n c l .  

S t a r t e r s  and C i r c u i t  Breakers as Required 
Ba t t e r y ,  Lead Acid, 125V DC 
Bat ter ,y  Charger. 480V AC - 1.25V DC 
U n i n t e r r u p t  i b l e  Power System, I n c l  . 

I n v e r t e r  125V DC t o  120/208V AC, 3 phase 
T rans fo rmer -Rec t i f i e r  460V AC, 3 phase - 125V DC 
S o l i d  S t a t e  Transformer Swi tch 120/208V AC, 3 phase, 4 Wire 

Diese l -Generator  Un i t s ,  480 KW, 2000 KVA a t  0.80 PF, 4160V AC 

Water T r e a t i n q  System M o d i f i c a t i o n s / A d d i t i o n s .  

@ Condensate P o l i s h e r ,  two f u l l  capac i t y ,  1100 gpm 
Mixed Bed P o l i s h e r  f o r  Make-up Demineral i z e r ,  140 gpm 
Water Sampling and M o n i t o r i n g  System 

Misce l laneous System M o d i f i c a t i o n s .  

Bear ing  Coo l i ng  Water System 
Ins t rument  A i r  System 

e F i r e  P r o t e c t i o n  System 
e HVAC System 



4.3.5 350 MWe Reheat, S a l t  o r  Sodium-Cooled Receiver,  50% So la r  Repowerina 

Turbine-Generator M o d i f i c a t i o n  Opt ions.  1350 MW, reheat ,  2400 ps i g  - 
1000 degrees F/1000 degrees F )  

0 Complete tu rb ine-genera to r  i n s p e c t i o n  and overhaul .  
0 Nondes t ruc t i ve  t e s t s  - Radiographic  o r  magnetic p a r t i c l e  examinat ion o f  c r i t i c a l  c a s t i n g s  

- Borescope o f  t u r b i n e  r o t o r  
0 Turb ine  metal  temperature thermocouples and reco rde r  
0 E lec t rohyd rau l  i c  c o n t r o l  system 
0 Var i ab le  pressure c o n t r o l  

Generator rew ind ing  

B o i l e r  M o d i f i c a t i o n s .  None requ i red .  

Con t ro l  System Mod i f  i ca t ions ]Add i t i ons .  

D i s t r i b u t e d  Analog Con t ro l  System (microprocessor  based) 
Con t ro l  panel  and c o n t r o l  console  mod i f i ca t i ons  
B o i l e r  combustion c o n t r o l  system m o d i f i c a t i o n s  
Turb ine  c o n t r o l  system ( I nc l uded  i n  Turbine-Generator M o d i f i c a t i o n  
Opt ions)  
Annunei a to r ,  30 windows 
Misce l laneous i ns t r umen ta t i on  

Con t ro l  room m o d i f i c a t i o n s / a d d i t i o n s  
Comp'uter and l o g i c  room a d d i t i o n s  ( b u i l d i n g  44.7' x 44.7' x  21 '  h i g h )  

Pumps. 

0 Three 50% Condensate Pumps - 1800 gpm ea. a t  475 f ee t  TDH w i t h  2  pumps 
operat. ing, canned v e r t i c a l  t u r b i n e  pumps w i t h  300 hp, 4160V, 3  phase odp 
motor d r i v e r s .  

P ip ing .  

Steam Generator Feed P i p e  - 10 i n c h  Schedule 1.60 ASTM A106 Gr. C. 100 f ee t  
l ong  t o  i n t e r f a c e .  I n s u l a t i o r l  4 ,inches CaSi02 w i t h  aluminum lagging.  

0 Steam Generator Main Steam Pipe - 9 i n c h  ID 1.750 i nch  w a l l  th i ckness  
seamless 2-1/4% chrome 1% moly s t e e l  ASTM A335 Grade P22. 100 f e e t  l o n g  
t o  i n t e r f a c e .  'Weight 220 l b / f t .  I n s u l a t i o n  8  inches CaSi02 w i t h  
aluminum lagging.  

0 Steam Generator Cold Reheat P i p e  - 20 i n c h  Schedule 60 ASTM A106 G r .  B. 
100 f e e t  l ong  t o  i n t e r f a c e .  I n s u l a t i o n  5-1/2 inches CaSi02 w i t h  
aluminum lagging.  



r Steam Generator Hot Reheat P ipe - 20 i n c h  ID  1.15 i nch  w a l l  t h i c kness  
seamless 2-114% chrome 1% moly s t e e l  ASTM A335 Grade P22. 100 f e e t  long  
t o  i n t e r f a c e .  Weight 281 l b l f t .  I n s u l a t i o n  8  inches CaSi02 w i t h  
aluminum l 'agging. 

E l e c t r i c a l  Mod i f i ca t i ons IAdd i t i ons .  

1 Transformer,  A u x i l i a r y  Power 7500 KVA, 24-13.8 KV 
20 Me ta l c l ad  Switchgear U n i t s  6.9 KV, 1200 Ampere 
L o t  Load Centers, I n c l .  

4 Transformers, Power, 500 KVA, 6.9 KV - 480 V o l t s  
L o t  C i r c u i t  Breakers, Low Vol tage Power, 600 Vo l t ,  800 Ampere 

L o t  Motor Con t ro l  Center, I n c l .  
S t a r t e r s  and C i r c u i t  Breakers as Requi red-  

1 Ba t t e r y ,  .Lead Acid, 125V DC 
1 B a t t e r y  Charger, 480V AC - 125V DC 
1 Un i n t e r r u p  t i b l  e  Power System, I n c  1. 

I n v e r t e r  125V DC t o  1201208V AC, 3  phase 
Trans fo rmer -Rec t i f i e r  460V AC, 3  phase - 125V DC 
S o l i d  S t a t e  Transformer Swi tch 120/208V AC, 3 phase, 4  Wire 

2  Diese l -Generator  Un i t ,  720 KW, 3000 KVA a t  0.80 PF, 6900V AC 

Water T r e a t i n g  System Mod i f i ca t i ons /Add i t i ons .  

r Condensate Po l i she r ,  two f u l l  capac i t y ,  3600 gpm 
r Mixed Bed P o l i s h e r  f o r  Make-up Demine ra l i i e r ,  140 gpm 
r Water Sampling and M o n i t o r i n g  System 

Misce l laneous  System M o d i f i c a t i o n s .  

r Bear ing Coo l ing  Water System 
r Ins t rument  A i r  System 

F i r e  P r o t e c t i o n  System 
HVAC System 

4.3.6 350 MWe Reheat, S a l t  o r  Sodium-Cooled Receiver,  100% So la r  Repo-werinq 
. - , . . . . . .. ....- - 

Turbine-Generator M o d i f i c a t i o n  Opt ions.  (350 MW, reheat, 2400 p s i g  - 
00 degrees F11000 degrees F )  . 

0 Complete t u rb i ne -gene ra to r  i n s p e c t i o n  and overhaul .  
r Nondes t ruc t i ve  t e s t s  - Radiographic  o r  magnet ic p a r t i c l e  examinat.ion o f  c r i t i c a l  c a s t i n g s  

- Borescope o f  t u r b i n e  r o t o r  
r Turb ine meta l  temperature thermocouples and reco rde r  
r E l  ec t r ohyd rau l  i c  c o n t r o l  system 
r Var i ab le  p ressure  c o n t r o l  

Generator rew i  nd i  ng 



B o i l e r  M o d i f i c a t i o n s .  None requ i red .  

Con t ro l  Sys tem~Mod i f i ca t i ons /Add i t i ons .  

D i s t r i b u t e d  Analog Con t ro l  System  microprocessor based) 
Con t ro l  panel  and c o n t r o l  console  m o d i f i c a t i o n s  
B o i l e r  combustion c o n t r o l  system m o d i f i c a t i o n s  
Turb ine  c o n t r o l  system ( Inc luded  i n  Turbine-Generator M o d i f i c a t i o n  Opt i ons )  
Annunciator,  30 windows 
M isce l  1 aneous ins t rumenta t  i o n  
Con t ro l  room modif i c a t  ions/addi  t ions  
Computer and l o g i c  room a d d i t i o n s  ( b u i l d i n g  44.7' x 44.7' x 21'  h i g h )  

Pumps. 

0 Three 50% Condensate Pumps - 1800 gpm ea. a t  475 f e e t  TDH w i t h  2 pumps 
opera t ing ,  canned v e r t i c a l  t u r b i n e  pumps w i t h  300 hp, 4160V, 3 phase odp 
motor d r i ve r s .  

P i p i n g  

0 Steam Generator Feed P ipe  - 14 i nch  Schedule 160 ASTM A106 G r .  C. 100 f e e t  
l ong  t o  in te r face .  I n s u l a t i o n  4-1/2 inches CaSi02 w i t h  aluminum lagging.  

Steam Generator Main Steam Pipe - 12 i nch  I D  2.352 i nch  w a l l  th i ckness  
seamless 2-1/4% chrome 1% moly s t e e l  ASTM A335 Grade P22. 100 f e e t  l ong  
t o  i n t e r f a c e . .  Weight 389 I b / f t .  I n s u l a t i o n  8 inches CaSi02 w i t h  
aluminum lagging.  

0 Steam Generator Cold Reheat P ipe  - 30 i n c h  ID-0.875 i nch  nominal w a l l  
th i ckness  ASTM A155 KC60 Class 1 pipe. 100 f e e t  l ong  t o  i n t e r f ace .  
I n s u l a t i o n  5-1/2 inches CaSi02 w i t h  aluminum lagging.  

Steam Generator Hot Reheat P ipe  - 30 i nch  I D  1.662 i nch  w a l l  th i ckness  
.seamless 2-1/4% chrome 1% moly s t e e l  ASTM A335 Grade P22. 100 f e e t  l o n g  
t o  i n t e r f a c e .  Weight 643 I b / f t .  I n s u l a t i o n  8 inches CaSi02 w i t h  
aluminum lagginq.  

E l e c t r i c a l  ~ o d i f i c a t i o n s / ~ d d i t i o n s .  

1 Transformer, A u x i l i a r y  Power 15 MVA, 24-6.9 KV . 

20 Me ta l c l ad  Switchgear U n i t s  6.9 KV, 1200 Ampere 
Lo t  Load Centers, I n c l .  

4 Transformers, Power, 750 KVA, 6.9 K V  - 480 V o l t s  
Lo t  C i r c u i t  Breakers, Low Vol tage Power, 600 Vo l t ,  800 Ampere 

L o t  Motor Con t ro l  Center, I n c l .  
S t a r t e r s  and C i r c u i t  Breakers as Requi red 

I Ba t te r y ,  Lead Acid, 125V DC 
1 B a t t e r y  Charger, 480V AC - 125V DC 



1 U n i n t e r r u p t i b l e  Power System, I n c l .  
I n v e r t e r  125V DC t o  120/208.V AC, 3 phase 
T rans fo rmer -Rec t i f i e r  460V AC, 3 phase - 125V DC 
S o l i d  S ta te  Transformer Switch 120/208V AC, 3 phase, 4 Wire 

2 Diese l -Generator  Un i t ,  1440 KW, 6000 KVA a t  0.80 PF, 6900V AC 

Water T r e a t i n g  System Modifications/Additions. 

a Condensate Po l i she r ,  two f u l l  capac i t y ,  3600 gpm . 

a Mixed Bed P o l i s h e r  f o r  Make-up Deminera l izer ,  140 gpm 
a Water Sampling and M o n i t o r i n g  System ' 

M isce l laneous  System M o d i f i c a t i o n s .  

a Bear ing  Coo l ing  Water System 
a Ins t rument  A i r  System 
a F i r e  P r o t e c t i o n  System 
i - HVAC System 



SECTION 5.0 

COST ESTIMATES 

5.1 COSTING INTRODUCTION 

Cost es t imates  were prepared f o r  t h e  ba lance-o f -p lan t  m o d i f i c a t i o n s  i d e n t i f i e d  
i n  Sec t ion  4 .  The c o s t  es t imates  were prepared b y  Stearns-Roger 's c o s t  
e s t i m a t i n g  department and were based on p rev ious  power p l a n t  c o s t  exper ience 
f o r  s i m i l a r  s i z e  u n i t s  u s i n g  l abo r  r a t e s  r e p r e s e n t a t i v e  o f  southwestern Un i t ed  
States.  The est imated cos t  o f  a  complete tu rb ine-genera to r  i n s p e c t i o n  f o r  t h e  
u n i t  s i zes  cons idered was supp l i ed  by  General E l e c t r i c  Company and conf i rmed 
by ac tua l  f i e l d  experience. 

It i s  r e a l i z e d  t h a t  a l l  t h e  ba lance-o f -p lan t  m o d i f i c a t i o n s  i d e n t i f i e d  w i l l  n o t  
be r e q u i r e d  on every  u n i t  s i nce  t h e  equipment e x i s t i n g  i n  and c o n d i t i o n  o f  
i n d i v i d u a l  u n i t s  w i l l  v a r y  cons iderab ly  i n  ac tua l  p r a c t i c e .  Fo r  t h i s  reason, 
a  cos t  range f o r  t h e  ba lance-of -p lant  m o d i f i c a t i o n s  has been assumed f o r  each 
of t h e  s i x  gener i c  combinat ions i d e n t i f i e d  i n  Sec t i on  4 .  The ba lance o f  p l a n t  
cos t  range was developed based on t h e  fo , l lowing breakdown. 

5.2 COSTING BREAKDOWN 

Turbine-Generator U n i t  r 

Minimum Cost complete tu rb ine-genera to r  i n s p e c t i o n  on ly .  The c o s t  i nc l udes  
disassembly, i nspec t ion ,  and reassembly and does no t  cover any 
r e p a i r s  o r  renewable pa r t s .  

Maximum Cost complete tu rb ine-genera to r  inspec t ion ,  nondes t ruc t i ve  t e s t s ,  
t u r b i n e  metal  temperature thermocouples and recorder ,  
e l e c t r o - h y d r a u l i c  c o n t r o l  system w i t h  va l ve  management f o r  
t u r b i n e  i n l e t  pressure c o n t r o l ,  and an a1 lowance f o r  generator  
rew ind ing  o r  t u r b i n e  mod i f i ca t i ons .  

Con t ro l  System 

Minimum Cost c o n t r o l  panel  mod i f i ca t i ons ,  b o i l e r  combustion c o n t r o l  
mod i f i ca t ions ,  and 10 percent  of t h e  maximum misce l laneous 
ins t rument  cos t .  

Maximum Cost d i s t r i b u t e d  analog c o n t r o l  system, c o n t r o l  panel  mod i f i ca t ions ,  
annunc ia tor ,  misce l laneous ins t ruments ,  c o n t r o l  room 
m o d i f i c a t i o n s  and a  new b u i l d i n g  f o r  new computer and l o g i c  
equipment . 



Pumps 

Minimum Cost r e c e i v e r  feed  pumps o r  feedwater boos te r  pumps o n l y  ( a p p l i c a b l e  
t o  water/steam r e c e i v e r  o n l y ) .  No new pumps a re  r e q u i r e d  f o r  
sodium o r  s a l t  r e c e i v e r  systems. 

Maximum Cost r e c e i v e r  feed pumps (water/steam o n l y )  and condensate h o t w e l l  
pumps. 

Minimum Cost assume 25 percent  o f  t o t a l  p i p i n g  cos t  est imate.  

Maximum Cost 100 percen t  o f  t o t a l  p i p i n g  c o s t  es t imate .  The t o t a l  p i p i n g  
cos t  es t imate  i nc l udes  a l l  new pipe, valves, f i t t i n g s  and 
thermal  i n s u l a t i o n  s p e c i f i e d  f o r  c r i t i c a l  p i p i n g  systems (main 
steam, b o i l e r  feed, ho t  and . co ld  r ehea t  p i p i n g )  i n  a d d i t i o n  t o  
t h e  misce l laneous p i p i n g  m o d i f i c a t i o n s  shown on t h e  P 8 1 
diagram f o r  each u n i t .  

Feedwater Heaters  

Minimum Cost no new feedwater hea te rs  requ i red .  

Maximum Cost two h i g h  pressure feedwater hea te rs  ( a p p l i c a b l e  t o  water!steam 
r e c e i v e r s  on ly ! .  

Water T r e a t i n g  

Minimum Cost assume no new condensate p o l i s h e r  'or mixed bed makeup 
dem ine ra l i ze r  requ i red .  Inc ludes  water sampling and mon i t o r i ng  
equipment on ly .  

Maxim~~m Cnst new f111 l  f lnw cnniensnte p n l  i she rs ,  new m i  xed' bed rnake~~p 
dem ine ra l i ze r  and new water sampl ing and mon i t o r i ng  equipment. 

E l e c t r i c a l  

Minimum Cost assume 25 percen t  o f  t o t a l  e l e c t r i c a l  system m o d i f i c a t i o n  cos t  
es t imate .  

Maximum Cost 100 percen t  o f  t o t a l  e l e c t r i c a l  system m o d i f i c a t i o n  cos t  
e s t  imat i l .  

Misce l laneous Systems 

Minimum Cost assumed 50 percent  o f  t o t a l  misce l laneous systems cos ts .  

Maximum Cost use 1.00 percen t  o f  misce l laneous systems cos t s  which i n c l u d e  
a d d i t i o n s  t o  t h e  bea r i ng  c o o l i n g  water system, ins t rument  a i r  
system and f i r e  p r o t e c t i o n  system. 



I n  general ,  t h e  c o s t  es t imates  presented here represen t  one-t  ime c a p i t a l  
expend i tu re  t o  f a c i l i t a t e  systems i n t e g r a t i o n  and p l a n t  upda t ing  due t o  s o l a r  
repowering. The repowered p l a n t ' s  genera l  c o n d i t i o n  i s  assumed t o  be good and 
no major e x i s t i n g  equipment m o d i f i c a t i o n s  o r  r e p a i r s  are r e q u i r e d  f o r  s o l a r  
h y b r i d  commercial operat ion, .  S ince t h e  p l a n t  l i f e  i s  t o  be extended,beyond 
t h e  p l a n t ' s  normal requirement da te  due t o  t h e  s o l a r  p l a n t  a d d i t i o n  i t  i s  
reasonable t o  assume t h a t  major equipment overhauls  and r e p a i r s  w i l l  be 
r e q u i r e d  throughout  t h e  l i f e  o f  t h e  repowered .p lan t  thus  i n c r e a s i n g  O&M cos t .  
Th is  s tudy  has no t  at tempted t o  i d e n t i f y  increased O&M cos t s  r e s u l t i n g  from 
ex tend ing  p l a n t  l i f e .  

5.3 COST ESTIMATES 

The est imated t o t a l  f i e l d  cos t  range o f  p l a n t  m o d i f i c a t i o n s  f o r  t h e  f o u r  u n i t  
s i zes  o r  types cons idered i s  shown i n  Table  5-1. I n d i r e c t  cos t s  shown a re  
based on 76 percen t  of t h e  est imated d i r e c t  f i e l d  l abo r  cos t  and eng ineer ing  
i s  assumed t o  be 10 percent  o f  t h e  t o t a l  f i e l d  cos t .  

F i gu re  5-1 i n d i c a t e s  t h e  expected BOP repower ing cos t  range i n  $/kWth vs. u n i t  
r a t i n g  f o r  t he  water/steam.and sodium o r  s a l t  r ece i ve r s .  F i g u r e  5-2 shows t he  
BOP repower ing cos t  range expressed i n  $/kWe. Table 5-2 shows t h e  
ba lance-of -p lant  c o s t  summary i n  accordance w i t h  t h e  Cost Breakdown S t r u c t u r e  
format. The d e t a i l e d  cos t  es t imates  prepared f o r  t h i s  s tudy.can be found i n  
t h e  Appendix. 



UNIT  RATING 
RECEIVER TYPE . 

3'0 SOLAR REPOWERED 

ITEM 

- TURBINE GEN. 

- CONTROL SYSTEM 

-.CONT. BLDG (NEW) 

03 - CONT. ROOiV1 FulOD. 
co 

- PUMPS 

- PIPING 

- INSULATION 

- I iEATERS 

- WATER TREAT. 

- ELECTRICAL 

- MISC. SYSTEM 

- PAINTING 

- EARTI.IWK, FNDN'S 

-DIRECT COST 

- INDIRECT COST 

-- TOTAL COST 

Table 5-1. ESTIMATED COST RANGE OF PLANT MODIFICATIONS 
FOR SOLAR REPOWERING 

(1979 DOLLARS IN  THOUS4NDS) 

53 MWe NONRHT. 
'NATERISTEAM 

5::1"/, REPOWERED 

MIN: MAX. 

100 725 

100 MWe fJON RHT. 
WATERISTEAM 

50% REPOKE RED 

MIN. MAX. 

223 9; 5 

1 02 560 

3 130 

3 65 

" 463 L 95 

21 1 84 3 

1 11 4 2 

O 142 

130 954 

7 6 3C4 

8 17 

0 2 

11 125 

1238. 4594 

348 1293 

1586 5887 

,100 MWe RHEAT 
N A  OR SALT 

50% REPOWERED 

MIN. MAX. 

250 945 

102 610 

0 130 

. O  65 

0 2 2 

190 761 

9 37 

Nt'A N/A 

130 895 

84 334 

8 17 

0 2 

9 88 

782 3906 

240 1199 

1022 5105 

100 MWe REHEAT 
N A  OR SALT 

100% REYOWERED 

MIN. M A X  

250 945 

102 610 

0 130 

0 65 

0 22 

296 1185 

18 7 1 

N/A N/A 

130 895 

88 354 

8 17 

0 2 

9 88 

901 4383 

270 1369 

1171 5753 

350 MWe REHEAT 
N A  OR SALT 

50% REPOWERED 

MIN. MAX. 

500 ,1300 

102 610 

0 144 

0 ' 72 

0 22 

572 2290 

33 133 

N/A N/A 

130 1542 

136 546 

8 17 

0 3 

15 145 

1496 6824 

461 2104 

1957 8928 

350 MWe REHEAT 
N A  OR SALT 

100% REPOWERED 

MIN. MAX. 

500 1300 

102 610 

0 144 

0 7 2 

0 22 

645 2580 

37 148 

N/A N/A 
130 11542 

234 937 

8 17 

0 3 

15 145 

1671 7520 

505 2271 

2176 9791 



WATERSTEAM 
5096 R~pOwER/ RECEIVER 

SODIUM OR SALT 
50% REpOwER/ RECEIVER 

SODIUM OR SALT 
100% REPOWER/ RECEIYEq 

50 100 150 200 250 300 350 
UNIT RATING, MWe 

Figure 5-1. BOP COST O F  REPOWERED CAPACITY PER kWtll 



WATER-STEAhI I 'EOY~ER/ RECEIVER 

SODIUM OR SALT Kl lmRmwE./ RECEIVER 

U N I T  RATING, MWe 

Figure 5-2. BOP COST OF REPOWERED CAPACITY PER kWe 



Table 5-2. BOP COST SUMMARY . 

SOLAR REPOWERING INTEGRATION STUDY 
(1979 DOLLARS I N  THOUSANDS) 

UNIT RATING - % REPOWER 50 MWe - 50% 100 MWe - 50% 100 MWe - 50% 100 MWe - 100% 350 MWe - 50% 350 MWe - 100% 
RECEIVER TYPE WATERISTEAM WATERISTEAM SODIUM OR SALT SODIUM OR SALT -SODIUM OR SALT SODIUM OR SALT 
EXPECTED COST RANGE MIN. MAX. M1N. MAX. MIN. MAX. MIN. MAX. ,MIN. MAX. MIN. MAX. 

4100 Site, Struct, Misc. 
4110 Site 
41 12 Yardwork 

41 20 Buildings 
4124 Col~tro l  

4 130 Misc. Equip. 

4200 Turbine Plant Equip. 
421 0 TG 8( Accessories 
4220 I-leat Rejection Systen~ 
4230 Condensing, 
4240 Feed Heating 
4250 Working Fluid & Acc. 

4300 Electric Plant Ecluip. 
3310 Switchgcar 
4320 Station Svc. Equil~. 
4330 Protective E(lui1,. 
1340 Powcr Wiring & Acc. 
1350 Master Control (EPGS) 

4800 Distrib. & lndiract 277 971 , 348 1293 240 1199 270 1369 461 2104 505 2271 
4810 Teml). Facilirics 81 Eclt~ip. G9 242 89 329 64 319 72 347 123 561 133 600 
4820 Sl)are Parts 0 0 0 O , .  0 0 0 0 0 0 0 0 
4830 A&E Serviccs 118 414 144 535 93 464 106 570 178 812 198 , 890 
4840 Construction Mgmt. 86 300 110 409 79 397 88 431 153 697 166 745 
4850 Sta~.tup & Clieckotlt 4 15 5 20 4 19 4 21 7 34 8 36 
4860 Contingency 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL COST 
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Btea~ms-Bapa I Y C O R C p n A T r D  

SHEET NO., 1 OF 10 

CLIENT SER1 BY RHF 

ORDER NO, C-221 38 SOLAR REPONERING PLANT MODIFICATION DATE 4-27-79 
t M S  1 m 1 1 - q  

M" ' L 
U N I T  
COST U N I T  

-- 

-. -. 

50 MW NON-REHEAT 50% SOLPR 7EP. WATERISTEAM RE.cEIVER 

ACCOUNT 

421 0 - 
4210 

421 0 
421 0 

7,000 

240,980 

, 

':MAN I~OURS 

UrJIT 

_ _ _ _ _ _ _ _ _ _ _ _  

LABOR 

100,000 

20,000 

20,000 
105,000 

75,000 

9,600 

7 L 

3 a- 

I 

ITEM AND DESCRIPTION 

TG INSPECTION -. 

TG MON DESTRUCTIVE TESTS 

THER140COIIPLES & RECORDERS 
TG ELECTEOI-IYDRAULII: CONTROL SYS 

4350 

4350 
4350 

4240 - -. -. . 

15,000 

7,500 
81,200 

QUANTITY 

BOILER CGMB CONTiROL SYS MODIF 

AMI~IIIFICIATOR - 
M I S C .  1NSTRIIMENTAT:ION 

PUMPS . 

, 
700 GPY @ 450' TDH, VERT. 

TURGINE, 125tlP MDTOR, 1760 RPN 

321 0 TG VARIAELE PRESSURE CONTROL 

. 

, - -  

TOTAL 

220 

PIATERIAL 

5,000 

30,000 
245,000 
P 

175,000 

22,400 

421 0 

4350 

4350 

$II*IH 

. 35,000 

17,500 
121 ,800 

GENEliATOR MOD1 FilCATIONS (REWIND) 

CONTROL SYSTEM MOD1 F/ADD - - - . - . -- -. - - - -. 

A~IALOGI CGPITROL' S:YSTEM 

CONTROL PANEL & ICONSOLE MODIF. 

- . - 

OTHER 

200,000 

3,300 

480V CDNDENSATE . - . - - . . - - - -- - - 

475 GP21 @ 4150' TDH, BARREL 

TYPE MLJLTI STAGE, 750 HP, 3600 

RPlil 2430V FEED MTER 

. 
TOTAL 

100,000 

25,000 

50,000 
350,006- 

- 
- 

200,000 

250,001) 

32,000 

- 

I I- 

600 

,_ - 

50,000 

25,000- 
203,000. 

481 ,950 

14,000 

490,950 

17,300 

---- 

9,000' 



I C L I E N T  S E R I  SOLAR REPOWERING PLANT M O D I F I C A T I O N  

ORDER NOI C - 2 2 1 3 8  LOCAT I ON SYSTEMS I N T E G R A T I O N  A N A L Y S I S  
WATERISTEAM RECEIVER 

5 0  MW NON REHEAT 5 0 %  SOLAR REPOWERING 
ACCOUNT I ITEM AND DESCRIPTION 

P I P I N G  I 
6" X X H  A 1 0 6  1 2 5 0  

3%" CASIO, I N S U L  W/AL . 

B O I L E R  FEED 
-- -- 

10" 1 .0  X .9"  WALL, 2% CR 100 
1 %  M. A 3 3 5  IGR P 2 2  

7"  CASIO, I N S U L  V I A L  LAGGING 

-. 
M A I N  STEAM . 

T O T A L  P I P I N G  ( S E E  PAGES 4, 5 )  

P I P E  I N S U L A T I O N  (SEE PAGE 6 )  
FEEDNATER I IEATERS 

t i 6  1 3 8 6 7  d / H R  1 3 0 0  S F  

X7 1 4 7 2 3  #/itIR 1 5 0 0  S F  

U N I T  

1 4 2 5 0  1 CONDENSATE P O L I S H E R  ! I--- 
I 4 I X E D  BED POLISt1ER ! ! 

1 4 2 5 0  1 WATER SAMPLING & MONITOR I I 

SHEET'NO, 2 OF 10 

BY RH F 

DATE 4 - 2 7 - 7 9  I 



CL 1 ENT S E R I  SOLAR R E P O l E R I N G  ?OD1 F I C A T I O N  

ORDER NO. C-22138 LOC 4~ I ON - SYSTEMS I;\ITEGRF.TION ARALY! 

5 0  MW NON REHEAT WATERISTEAM R t C . t l V E K  
5 0 %  SOLAR REFOP!ERING 

ACCOUNT ITEM AND DESC7IPTION W A N T  I TY UN 1 T 
.- 

4 1 30-- E E A R I N G  COOLING ;JATER SYSTEM 

)TI INSTRUMENT A I R  SYSTEM 11- 

1 4 1 3 0  1 F I R E  PROTECTION SYSTEM I-- 
I 1  COMPUTER & L O S I C  EQUZP ROOM - 
1 4 1 2 4  1 EXCAVATION I ro I CY 

.- 
I 
P 1 CONCRE-E 1 5 4 1 7 -  

I -- 
B U I L D I r J G  38 x 38 x 2 1  H I G H  3 0 3 2 4  C F 
I iVAC 187;2 C F 

14124 CONTROL ROOM MOD: F I C A T I O N  (ASSUME $ OF COI 

U N I T  
COST U N I T  TOTAL - t i  

SHEET NO, 3 OF l o  

DATE 4 - 2 7 - 7 9  

MATERIAL OTHER I TOTAL 



ORDER NO. C-22138 . LOCATION 
P I P I N G  - C A S E  3-1 

F O R M  22-288 R E V  lf79 



FORM 2: R E V  i n s  

50 MW NON-REHEA-, WATERISTEAM RECEI1bER- 
50% SOLAR REPOWERING PLANT MODIFICATIOt'l Steams-Roger SHEET NO. - 

OF lo 

CLIENT \ BY RJW 

ORDER NO. c-22138 LOCATION DATE 4/26/79 

MAT'L 
UNlT 
COST 

11.45 

120.00 

120.00 

120.00 

740.00 

3.86 

UNIT 

EA 

EA 

EA 

fA 

=A 

I A  

$/MH 

- MANHOURS 

QUANTITY 

-- 8 
8 

- - -- - - 3 
1 
4 

8 

PIPING - CASE 3-1 50 MW NON-RE~EAT 

LABOR 

---- 

UNIT 

I 

- 
I 

-- 

LBS. 

LF 

~ / ~ " - S W - ~ O ~ E L L S  
HANGERS @ X.28 OF ABOVE YF.TIL 

TOTAL-SHOP & FIELD MATERIFL 

SHOP FABRICATION @ X.25 3F YAT'L. 

TOTAL-MATERIAI & SHOP FA3. 30ST 

FIELD LABOR CClST 

FACT3R @ .06 P i /LB  (120 IW!TON 

SUBTe3TAL - FIELD LABOR 

PRORATABLE ALLOW: UNLOADISTORE 

HYDROTESTING 

SCAFFOLI[NG 

HANGEES : 
TOTAL-DIRECT LABOR & MATERlAL 
CASE 3-1 

ACCOUNT 

MAT'L CONT'D 

- 

OTHER MATERIAL 

9 2 - 
960 

3 60 

120 

960 

3 1 

TOTAL 

2 0 

LS - 

& HGRS. 

?5,000 

5% 

7% 

7% 

0% 

710 

ITEM AND DESCRIPTIOV 

~ " - ~ O ~ S C H  80 ELLS - S.W. 

314' -300# GATE VALVES - S.k. 

3!4'-GLOBE VALVES - S.W. - 

314' CHEC-K VALVES - S .  W .  

3/4"-CONTROL YAl'lES - S.W. 

314" SW - TEES 

TOTAL 

89,281 15.3E 

3.07 
----- 

--- 

6 1 
68,603 

313,615 

78,404 

397.019 

- - 

392,019 

-- 

.04 4,500 

4,500 

22 5 

315 

3 15 

4E0 

5.8C5 





D 
I 

03 

F O R M  ,- --J R E V  1.09 

CLIENT SERI 

ORDER NO. C-32138 LOCATION 

- 

800 A C B  

71311 A C R  

100 A CB 

MOTOR CONTROL CE.'iTER 

UPS SYSTEM - 45 3.VA 

DIESEL - GEN. 240 KW 

I D f I U V A _ 8 ! 2 %  PF , "4011 V A-C 

1 

2 

3 ' 

1 

1 

1 

E A 

E A 

E A 

LOT 

Ek 

! A  

3 

7 

15b 

676 

20 
16 

2 1 

119 

- - -  

2 500 

.- 

10820 

320 

255 

33 5 

1760 

--- 

28500 

154165 

3600 

730 

870 . 

20000 

75000 

250 

1190 

31250 

-66175 

I NC 

INC 

INC 

90 

--- 

3920 

_ 985 

1205 

21850 

75000 



F O R M  22-28C R E V  1/79 

Stearns-Roger SHEET NO. - 8 OF 10 

CLIENT - SERI BY J RO 

ORDER NO. C-22138 LOCATION 50% SOLAR REPOWERING .PLANT MOD1 FICATI ON DATE 4,'2 5/ 79 

50 MW .NON REHEAT 
WATER STEAM REC. - 

MAT'L 
UNlT 
COST ACCOUNT 

' 

, 

ITEM AND DESCRIPTION 

CASE I COf4T1D. 

MANHOURS 

750 HP PUMP 

1000 KVA LIE ISEL GEN. 

TERscllS. 

C.ONTROI CKTS 
% 

TESTING, CHECK-OUT, 

TAG & IDENTIFY 

QUANTITY UNIT LABOR 
- 

UNIT 

150 

150 

12 

2 

. ' 

TOTAL MATERIAL $/MH 

16 : 

L F 

L F 

E A 

E A 

OTHER TOTAL 

.359 

118 

158 

4 

6 0 

5 0 

539 

1895 

2525 

65 

960 

80 0 

8630 

3850 

5125 ' 

4 0 

1200 

100 

16720 

6 5 

90 

35 

--- 

640 

5810 

7740 

105 

2 195 

900 

25990 



Stearns-Roger 
CLIENT SER I 

ORDER NO. C-22138 LOCATION 5 0 %  SOLAR RE30WERING PLANT f l O D I F I C A T I O N  

SHEET NO. OF lo 

BY J R O  

DATE 4 / 2 5 / 7 9  , 



FORM 22-288 R E V  ins 

DATE 4/25/79 

* 

. . 



A-12     A-14



FORM 2 R E V  ins 

SHEET NO. - 

ORDER NO. C-22138 LOCATION 

PIPIrJG-CASE 3-2 

10" WN-600# FLG, 4 E A 272.25 1,091 

6"-GATE VALVES-3CO# 8 EA l a n o  12,800 
6"-90' ELLS-BW 2 2 .EA 23.10 508 

S 6"  WELDOLETS 1 6 E A 72.00 1 433 

I 1 

1 

640 

640 

4 9 

9 2 
1,400 

960 

2" GATE VALVES-S.W. E A 
E A 

F A  
E A 

'E A 

4 

314" CONTROL VALVES-SW 

160.00 

370.30 

11.45 

120.30 
E A 4 240.30 

2" CONTROL VALVES-S.W. 2 
1 

2" SOL 

2" 90' ELLS-SW 

314" GATE-GLOBE CR CHK VALVES-SW 

6 

8 

12 



I 
UNITED STATES GC- NMENT 

Subject :  S E R I / T R - ~ ~ ~ ~ - ~  

From ' ---- : - -R .  J. Radhoff;,, Chief ,  P u b l i c a t i o n  
"--Se.rvi-c e - s  '~3l"an c  h  
S o l a r  Energy Research I n s t i t u t e  
1536 Cole Boulevard 
Golden, CO 6t2401 

I Use routing symbols whenever possible. I 
SENDER (Originator of m e s y g e ) :  

Use brief, informal language. 
Conserve space. 
Forward original and one copy. 

I 

SIGNATURE OF ORIGINATOR 

RECEIVER (Replier l o  message): 
Reply below the message, k c c p  one 

copy, return one copy. 

TITLE OF ORIGINATOR 

DATE OF MESSAGE 

-FOLD 
INITIAL MESSPIGE 

ROUTING SYMBOL 

" The copies  of  S E R I / T R - ~ O ~ ~ - ~  t h s t  were s e n t  t o  t h e  

I ' 

Teclmical Information Center  f o r  d i s t r i b u t i o n  have 

pages A-12, A-13.and 4-14 missing from a l l  copies .  

I 
I Would you p l e a s e  supply u s  w i t h  t h e s e  pzges. P lease  

I send t o  t h e  fo l lowing address:  

DOE-Technical I n f o r x a t i o n  Center  
At tn :  Evelyn L. Bolton 
P. 0 .  Rox 63 
Oak Ri%rPfS?% 37830 3/25/80 r 

After checking with the  author re:  the  missing pages, he indicated the 
iilfornation on pages A12-14 was removed because i t  was not per t inent  
but he overlooked renumbering the  pages. . . Tilerefore, the referenced 
publication i s  ok' a s  i s .  

: Evelyn L. Bolton 
I;B DIE-TIC 

P. 0.  BOX 62 TITLE OF REPLIER 

Ozk Ridge, TN 37530 4 OPTIONAL FORM 27 (Sev. 7 - 7 7 )  

5027- 105 . 2. TO BE U E T U R N E ~  TO ORIGINATOR (Hecerver) CEA FP).<n ( 4 1  CG9, 1 0 1 - 1 1  6 

ROUTING SYMBOL 

L., I - i -3  1.- . . L 

OAT E OF REPLY 



F O R M  22-288 R E V  1/79 

SHEET NO. 5 OF 9 

ORDER NO. C-22138 LOCATION 

I 

PRORATABLE ALLOW: UNLOAD/STORG.5% 

HYDROTESTING 7% 

SCAFFOLDING 7% 

H A N G E L I D %  

TOTAL-DIRECT LABOR & MATERIAL 

CASE 3-2 

- 

710 LF 

390 

546 

546 
780 

10,062 15 .38  154,754 688,680 



P I P I N G  I N S U L A T I O N -  1 5 0 %  SOLAR REPOWERING S Y S i E M S  Stearns-Roger 
- 

I CLIENT 100 MW NON REHEAT - WATER STEAM RECEIVER 

SHEET NO. - 6 OF 9 

BY RJW 

I ORDER NO. C - 2 2 1 3 8  LOCATION 4 / 2 7 / 7 9  DATE I 
E I N S U L A T I O N  SUBCONTRACT 

CAL-SIL IrjsuL U/ALUM. JACKET 

P I P E  0.13. rnL'' D E S C R I P T I O N  Pl['NG hf$ 
P I P I N G  I N  ULATION-CASE 3-1 

6 "  O.D. 3 - 1  2 "  C . S . A l 0 6 P I P E  j 5 0 '  53 e a  

4 "  O.D. 3 - 1  2 "  C . S . A ~ O ~  PIPE 110' 2 0  ea 

6 P I P F  5 0 '  2 0  ea 
3 / 4 "  O.D. 2 ' !  C . S . A l 0 6  P I P E  100' 4 4  e3 

I~.ISUL TOTAL. - 5 0  MW NON-REHEAT 

1 16" O.D. 18"  A 3 3 5 - P 2 2  100' 9 e a  

I I N S U L  TOTAL - 100 MW h3N-REHEAT 

1 4 "  O.D. 8" A 3 3 5 - P 2 E  --- --- 

1 4 "  O.D. 5 - 1 / 2 "  A 1 0 6  P I P E  --- --- 
9" O.D.  7 - 1 1 2 "  A 3 3 5 - P 2 i  --- --- 
8" 0 - D m  3 - 1 / 2 "  A 1 0 6  P I P E  --- --- 
6 "  0 - D .  3 - 1 / 2 "  A 1 0 6  P I P E  --- --- 

T O T A L  100 MW FEHEAT 

FORM 2c-GVV R E V  1/79 



FORM 22.288 R E V  i n s  

Stearns-Roger SHEET NO. 7 OF 9 

CLIENT SERI BY J RO 
ORDER NO. C-22138 LOCATION 50% SOLAR REPOWERING PLANT MODIFICATION 4/26/79 DATE 

WATER STEAM REC. 
100 MW NON REHEAT 

MAT'L 
UNlT 
COST ACCOUNT 

- 
4320 

4 320 

L320 

4320 

ITEM AND DESCRIPTION 

CASE I 1  SUMMARY ELECTRICAL 

MANHOURS 

COMMUNICATI3NS 

GROUNDING 

DC SYSTEM 

MISC. 

SUBTOTAL 

LABOR EFFICIENCY 

TOTAL 

l!SF 

QUANTITY LABOR $/MH UNIT 
, 

UNIT 

.15 

TOTAL 

- 

MATERIAL 

156 

108 

56 

78 

2685 

400 

3085 

OTHER TOTAL 

7495 

1730 

895 

1250 

42975 

6400 

49375 

49400 

1890 

1150 

12850 

2500 

251730 
- - - 

251730 

254400 

- - - 

- - - 

--- 

- - - 

2660 
- - - 

2660 

297365 

6400 

303765 

303800 





FORM 22-288 R E V  1/79 

. 
Stearns-Roger SHEET NO. 9 oF 

CLIENT S E R I  BY JRO 

ORDER NO. .C-22138 LOCATION SOLAR REPOWERING PLANT MODIFICATION 4/26/79 DATE -- 
MAT'L 
UNlT 
COST 

100 I1W NON-REHEAT 
WATER STEAM REC.  

ACCOUNT 

MANHOURS 

LABOR 

960 

190 

$/MH ITEM AND DESCRIPTION 

CASE I I CONT'D. 

BUSWAY S : -. 

IS0 PHASE BUS 

FTGS. 

UNIT 

750 HP PUMPS 

2000 KYA DEISEL GEN 

LC XRF. TO MCC 

TERMINATIOYS 

CONTROL CKTS 

TESTING, CHECK-OUT, . 
T A G  & IDENTIFY 

TOTAL 

60 

12 

MATERIAL 

990 

150 

QUANTITY 

- 
3 0 

3 

300 

150 

100 

18 

3 

1 

UNIT 

L F 

E A 

OTHER 

200 

150 

TOTAL 

2 150 

490 

L F 

L F 

L F 

E A 

E A 

LOT 

-359 

2 36 
300 

100 

6 

180 

97 

1068 

3780 

4800 

1600 

100 

2880 

1550 

17095 

7700 

10250 
5135 

50 

1800 

155 

31495 

130 

170 

6 0 

--- 

100 

- -- 

910 

11610 

15220 
6795 

150 

4780 

1705 

49500 



FORM 22-288 R E V  If79 

J 

Stezimms-Wager SHEET NO. 1 OF 9 

CLIENT S E R I  BY RH F 
ORDERNO. C-22138 LOCATION 5 0 % S O L A R R E P O W E R I N G P L A N T r l l O D I F I C A T I O N  - 

' 
UNlT 
COST 

-- 

6,000 

SODIUM OR. SALT RECEIVER 

UNIT 

DATE 4-27-79 

ACCOUNT 

421 0 
4210 

421 0 

421 0 

421 0 

421 0 

--- 
4350 

. 4350 

4350 - ,  

4350 

4350 

4350 

4240 

- 

MANHOURS 

TOTAL 

300 

LABOR 

25,000 
20,000 

20,000 

105,000 

90,OOC 

9,60C 

15 ,OOC 

7,50C 

81,20C 

4,50C 

$/MH MATERIAL 

- 
5,000 

30,000 

245,000 

210,000 

22,400 

35,000 

17,500 

121 ,800 

18,000 

OTHER 

270,000 

PPP 

UNIT 

- 

100 iN ~ E H E A T  

TOTAL 

2 50,000 
25,000 

50,000 

350,000 
- 

270,000 

300,000 

32,000 

50,000 
- 

25,000 

203,000 

22,500 

J 

ITEM AND DESCRIP-ION 

TURBINE-GENERATOR MODIF. -- 
INSPEC- ION 
NON DESTRUCTIVE -ESTS - 
THERPlOCOUPLES & RECORDER 

QUANTITY 

ELECTROIIYDRAULIC CONTROL SYS I 
VARIABLE PRESSURE CONTR3L 1 
GENERATOE REWINDING 

CONTPOL SYSTEM MODIF/IDD. -- 
ANALOG CONTROL S'iSTEM 

CONTROL PANEL & 30NSOLE MODIF. 

COILTR COMEUSTIOY CONTRIL SYSTEM 
MODIFICATIONS 

ANNUNCIATORS, 30 WINDOW5 ! 
M I S C .  INSTRUMENTATION I 

PUMP5 ! 

550 GPK @ 425 FT I D H  VE3TICAL 

TURBIPIE,  100 HP, 1760 RPM 

CONDEN5ATE 

3 



. 
Sttzxwim~-Roger SHEET NO. 2 OF 9 

CLIENT S E R I  BY RHF 
MOD1 

-MAT,L, 
UNIT 
COST 

F I C A T I O N  DATE 4 - 2 7 - 7 9  ORDER NO. C - 2 2 1 3 8  LOCATION 5 0 %  SOLAR REPOWERI NG PLAND 
SODIUM OR S A L T  RECEIVER 

TOTAL 
- 

UNIT AC,ZO U NT 

L 2 4 0  

* 

$/MH 
- 
UNIT 

.- 

-. 

100 MW REHEAT 

ITEM AND DESCRIPTION 

PUMPS (CONTI D) - 

4 8 0  V ,  ODP MOTOR 

-. 

P I P I N G  -- 
8" XXS A S T N  A1  06, 

GR. C .  I N S U L A T I O N  - 4 "  C A S I 0 2  

W/ALUMINUM LAGGING 

B O I L E R  FEED 
7 "  I . D . ,  1 . 0 2 5 "  \* /ALL THICKNESS,, 

2!42 CHROME, 1 %  MOLY S T E E L  

ASTM A 3 3 5  GR. P 2 2 ,  9 6  L B S I F T  

I N S U L A T I O N  - 7:s" C A S I 0 2  W I T H  

ALUM1 NUN LAGGING 

M A I N  STEAM 

14" SCH. 3 0  ASTM A 1 0 6  
GR. A .  I N S U L A T I O N  - 51-5"' 

CAS I O 7  WIALUMINUM LAGGING 

COLD REHEAT --- 

OTHER LABOR 

MANHOURS 

TOTAL QUANTITY 

--.- 

100 F T  

100 F T  

100 F T  

MATERIAL 



CLIENT- 

ORDER t 

ACCOUNT 

S E R I  

0, C-221 38 L0CP.T I O N  5 0 %  SOLAR REP'IWER I N 

SODIUM OR S A L T  RECE 
100 MW REHEAT 

I I T E M  A N 3  DESCRIPT ION  QUANTITY 
P I P I N G  ( C O N T ' D )  

1 1 4 "  SCH. 6 0 ,  ? ! i X  Ct-ROME, 100 FT.  

1% MOLY STEEL ASTM 
P,335 GR. P22 t\OT REHEAT 

I N S U L A T I O N  - 8"  C A S I O ?  I 
bI/ALUCIINUl-I LAGGING -I-- 

I 

TOTAL P I P I N G  dSEE PAGES 5 & 6 

WATER T R E A T I N G  S'iS. MODIF /ADD 1 
CONDENSATE POL I S H E R  
M I X E R  BED P O L I S H E R  

WATER SA,.lPLING & MONITORING SYSTEM 

. D R G .  COOLIFjG WATER SYSTEM 1 
I N S T R .  A I R  SYSTEM I 

- F I R E  PROTECTION SYSTEM 

COMPUTER & L O G I C  ROOM I 
CONTROL ROOM M O D I F I C A T I O N S  -- t-- 
! : T R I C A L  (SEE PACES 7 THRU 9 )  I - -- 

; PLANT M O D I F I C A T I O N  

SHEET NO, 3 OF 9 
I 
I 

BY RHF 

DATE 4 - 2 7 - 7 3  
I 
I 



50% SOLAR REPOWERED Steams-Roger 

ORDER NO. C-22138 LOCATION 
PIPING-CASE 3-3 

SHOP FABRICATION-X.25 o f  MAT'L & tGRS. 129,928 

TOTAL-MAT'L & FAB. COST - 649,639 

t 

FORM 22-288 R E V  i n s  



SHEET NO. 

ORDER NO. C-22138 LGCAT~ON 5 0 %  SOLAR REPOWERING ' 

I 

-. i 
i - i A - 



FORM 22.288 R E V  i n s  

50"/0OLAR REPOWERING SYSTEMS Stearns-Roger SHEET NO. oF 

PIPE 

14"O.D. 

- 14" 0.D. 

9"  0.0. 

8" O.D.  

6" 0 -D-  
TOTAL 

a 

INSU-ATION - CASE 3-3 

8" A335-P22 - - - --- 
5-112" A106 P I P E  - - - --- 
7-1/2" A335-P22 --- --- 
3-112" A106 PIPE --- --- 

3-1/2" A106 P I P E  --- - - - 
100 MW REHEAT 

150 -- 

152 -- 

- - 150 

- - 150 

- - 150 

LF 

LF 

LF 

LF 

LF 

75.00 

45.00 

68.70 

31.00 
27.50 . 

14830 22250 

11,250 

6,750 

10,305 

4,650 

4,125 

37.080 



A 

Stearns-Roger SHEET NO. 7 OF 9 

CLIENT SERI BY J RO 

ORDER NO. C-22 138 LOCATION 50% SOLAR REPOWERING PLANT 

100 MW REHEAT 
SODIUM OR SALT REC. 

t 

ACCOUNT ITEM AND DESCRIPTION QUANTITY UNIT 

CASE 111 SUMMARY 

-- 

4320 EQU I PT - - -. -- - - 

4340 CIRCUITRY 

- 

4320 LIGHTING 

4320 COMMUNICATIOMS 

4330 GROUNDING 

4320 DC SYSTEM 

4320 MISC. 

SUB TOTAL 

LABOR EFFICIENCY 

TOTAL 

- 

b - - - - - - ppp-p 

MOD1 - 
MAT'L 
UNIT 
COST 

FIC.1TION 4/27/79 DATE 

$/M;I 
. 
UPJIT 

MANHi3URS 
TOTAL 

1054 

1288 

274 

1!6 

1C8 

56 

78 

3014 
452 

3465 

LABOR 

16865 

206 15 

4385 

2495 

1730 

895 

1250 

48235 

72 35 

55470 

OTHER 

1860 

1430 

150 

--- 

--- 

--- 

--- 

3440 
- - - 

3440 

MATERIAL 

214905 

39 180 

2740 

1890 

1150 

12850 

2500 

275215 
--- 

275215 

TOTAL 

233630 

61225 

326890 

7235 

334125 



, FORM 22-288 R E V  I f f 9  

Stearns-Roger SHEET NO. 8 OF 9 

ORDER NO. C-2213& LOCATION DATE 4/27/79 

* 

MCC ' S 

UPS SYS. 

DEISEL GEM. 

1 

1 

LOT 

LOT 

154 

- - - 

3 10 

1054 

2465 

--- 

4960 

16865 

28000 

75000 

62000 

214905 

125 

--- 

495 

1860 

75000 

233630 



F O R M  cc-ro8 R E V  lf79 

b + 

Stearns-Roger SHEET NO. 9 OF 9 

CLIENT S E R I  BY J.RO 

ORDER NO. C-7713i3 L.OCATION DATE 4/27/79 - 
MAT'L MANHOURS 
UNIT . 

ACCOUNT ITEM AND DESCRIPTION QUANTITY UNIT COST UNIT TOTAL $/MH LABOR MATERIAL OTHER TOTAL 

CASE I11  CONT'D. .- 

I 

TFRM' S 

CONTROL CK-S.  

TEST 1 NG 

8 

2 25 

118 

128.3 

135 

3600 

1890 

20615 

5 5 

2220 

2 10 

39180 

--- 

l 8 0  

190 

6000 

2 100 

1430 ' 51225 1 



SHEET NO. OF 8 
I CL IENT S E R I  BY RHF 

D 
I 

W 
0 

ORDER NO, C-22138 LOCAT ION 100% SOLAR REPOWERING PLANT 
SODIUP OR SALT R E C E I V E R  

100 MW REHEAT 
.- 

" A T ' ~  UN I T 
COST 

6,000 

U N I T  

-. 

-- 

- 

ACCOUNT 

4210 

4210 -- 

421 0 

MODIFICATION DATE 4-27-79 

ITEM AND DESCRIPTION 

TURBINE-GENERATOR -- MODIF -- 

INSPECTION 

- NON DESTRUCTIVE TESTS 

TtlERMOCOUPLEj & RECORDER - 

U N I T  

- 
3 

QUANTITY 

421 0 
4210 

421 0 

' 

- 
4350 

4350 

4350 
4350 

4350 

4350' .  

LABOR 

250,000 

20,000 

20,000 

I 105,000 ELECTROIIYDRAYL I C  COF.ITROL SYS 
VARIABLE PRESSURE CONTROL 

GETIERATOR RELJINDING 

CONTROL SYSTEM MODIF/ADDITI3NS - - - - - . . - - - - - . - . . - - -. - -- 
ANALOG CONTROL SYSTEM 

CONTROL PANEL & CONSOLE MODIF 

BOILER COMBUSTION CONTROL SYSTEM 

MODIFICATIONS 

j APJ~!UNCIATORS, 30 G.JINDOWS 

ts.11SC. INSTRUISENTATION 

300 

-I~ANHOURS 

TOTAL $/MH MATERIAL 

5,000 -- 
30,000 

245,000 

1 
! 

. ! 

4240 

OTHER 

- 

I 

PUMPS 

550 GPl4 @ 4?5 FT TDti VERTICAL 

TURBINE, 103 ilP, 1760 RPM 

210,000 

22,400 

35,000 

17,500 

121,800 

TOTAL 

250,000 

25,000 - 
50,000 

350,000 

90,000 

9,600 

15,000 

7,500 

81,200 

- 

P 

270,000 

- 

270,000 

- .  

. .- . 

300,006 

32,000 

50,000 
- 

25,000 

203,000 

4,500 18,000 22,500 

-- 



C L I E N T  S E R I  

ORDER NO C-22138 LOCATION 1 0 0 %  SOLAR R E 3 0 1 E R I N G  'LANT M O D I F I C A - I O N  

SHEET NO, OF 8 

D 
I 
W 

SODIUM OR S A L T  ?ECEIVE.? 

I 

I 

- 
MAT I L 

U N I T  

1 0 "  I . D . ,  1 . 5 1 0 "  W?LL THICKNESS,  

2!i% CHROVE, 1% M O L I  S T E E L  

ASTM A 3 3 5  GR. P 2 2 ,  , 2 2 0  L B S / F T  

I N S U L A T I O N  - 8" CASIO, 
LIIALUMI NUM LASG I N G  M A I N  STEAM 

U N I T  
COST 

- 

LABOR 

100 FT. 

-- 

QUANTITY 

100 F T .  

ACCOUNT 

- 4 2 4 0  

. - 

- 

100 MW REqEAT 

ITEM AND DESCR I PTl ON 

PUMPS ( CONT D)  

4 8 0 V ,  OD' MOTOR 

P I P I N G  --- 
8" XXS, ASTM A 1 0 6 ,  

GR. C. I rJSWLATION - 4" CASIOF 

, W/AL'UMINUM LAGGING M I L E ?  FEED 
. . 

U N j T  

-- 

MATERIAL 

I 

-- 

I 
! 

TOT.qL OTHER 

100 FT. 

- 

$/Mi 

- 

TOTAL 

2 0 "  SCH. 3 0  ASTM A T 3 6  

GK. P, .  I N S U L A T I O N  - 5!j" 

C A S I O ?  W/ALUMINUM 

LAGGJ NG GOLD REHEAT 

I d  



I CLIENT SER1 

SHEET NO, 3 O F 8  

BY RH F 

W 
rQ 

0 

5 

ORDER NO, C-22138 LOCATION 100% .SOLAR REPOWERING PLANT MODIFICATION DATE 4-27-79 

4124 1 COMPUTER & LOGIC R O O M  

4124 i COt4TEOL ROOM FIODIF. (ASSUPlE 1!2 COFP. 

/ ELECTRICAL (SEE PAGES 7 THRU 9 )  

r- I 

"AT'' U N I T  
COST 

. 

- 

3,701 

SODIUM OR SALT RECEIVER 

U N I T  

& LOGIC 

U N I T  

.- 

-- 

-. 

LABOR 

174,625 

97,000 

18,000 

19,500 

'I ,800 

3,000 

5,025 

2,513 

61,800 

ACCOUNT 

- 

4240 

4250 

4250 

4250 

ROOM) 

  ANH HOURS 
T9TAL E/I~IH ------ MATERIAL 

1 ,010,965 

550,000 

100,000 

11 0,000 

2,700 

4,500 

5,025 

2,512 

292,500 

100 MW REHEAT' 
ITEM AND DESCRIPTION 

PIPING (CONT'D) 

20" I . D . ,  0.793" WALL 
THICKNESS, 2k% CHROME, 1% MOLY 

STEEL ASTM A335 GR. P22, 195 - 
LBS/FT HOT REHEAT 

INSULATION - 8." C A S I O ?  

\rl/ALUMINUM LAGGl NG 

TOTAL PIPING (SEE PAGES 5 & 6)  

IaIATER TREATING SYSTEM MOD1 F/ADD 

CONDENSATE POLISHER - 
M I X E R  BED POLISHER 

WATER SAMPLING 8 MONITORING SYSTEM 

M I S C .  SYSTEM MODIFICATIONS .. - - - - - - - -. - - 
4130 

4130 -. 
4130 

- 
QUANTITY 

100 FT 

GRG. CGOLING WATER SYS. 

INSTR. A I R  SYSTEM 

FIRE PROTECTION SYSTEM 

OTHER 

5,000 

11  9,820 

59,910 

TOTAL 

1,185,550 -- 

647 ,OC 

118,OCO 

129,EJCO 

4,5CO 

7,SCO. 

5 ,OC.O 

129,870 

64,9C 

3 54,3(30 



FORM 22.,,, . I E V  ins 

100 MW R.H. MOLTEN SALT - 
- 100% SOLAR REPOWERIliG PLANT MOD I FICATIOb Steams-Roger , SHEET NO. 4 OF 8 

CLIENT SERI BY RJW 

ORDER NO. C-22138 LOCATION DATE 4/27/79 

PIPING 

ACCOUNT LABOR 

-- 

CASE 3-4 

MATERlAL 

21,450- 

7 .OOO 

24 .ZOO 
31,350 

5,250 
- 

-- 164,000 

71,400 

MANHOURS 

TOT4L ITEM AND 0 ESCRIPTION 

20" I . D .  x 314" W.T. A335-P?2 PIPE 

20" C.S. A136 GR.4 -- SCH 30 P[PE 
l o "  I .D.  x 1-1/2" WT A335-P22 PIPE 

8" C.S. A106 - GR.C-SCH. XES U/FTGS/ 

VALVYS 

$/MH OTHER 

I 
I 

I 
I 

I F 177,000.00 

LF 110,900.00 

LF I ~ ~ , O O O . O O  
I 

LF I 775.00 

LF 1 1.160.00 

i F 6,500,OO 

LF 1 9.000.00 

I 
1 

QUANTITY 

100 

- - 00 

- 
- 110 

TOTAL 

' 2 0 "  G4TE-600d MOTOR 0PER.-Bk 

20" ALLOY 90° ELLS-BW 

20" ALLOY-TEES-BW 

154,000 

65,400 

34.000 

4,644 

1,160 

39.000 

9,000 

176,919 

808,773 

202,193 

1,010,966 

6" C . S .  A106 GR.B-SCH 40 W/FTGS/ I 70 

VALVES I 
20" GATE VALVE-ALLOY (PRESS SEAL) I 2 

20" GATE-6001 BW- I 1 
2 

6 
2 

LF 1 75.00 

LF 182,000.00 

LF 171,400.00 

UNIT 

LF I 214.50 

LF I 70.00 

I F 242.00 

L F 285.00 

1 

20" C . S .  SCF 30-9C1° ELL-BW- I 6 

20" C .S .  SCH. 30-TEE-BW- 1 

10" A L L C I Y - ~ O ~  ELLS-BA- 6 
10" ALLCY TEE-GW- 1 

HANGERS @ X.28 MATL. 

TOTAL-MATE8 I AL 

SHOP FAB. @ q.25-MAT ' L  & HGRS. - 
TOTAL - MAT'L & FAd. COST 

UhlT 



SHEET NO. 5 OF 8 

ORDER NO. C-33138 LOCATION DATE 4/27/79 
PIPING - CAS.E 3-4 

INSUL - SJBCONTRACT 70,768 



F O R M  : I R E V  1/79 

Steams-Roger SHEETNO. 6 0 ~ 8  

CLIENT SERI BY 

ORDER NO. C-221.38 LOCATION 100% SO -AR REPOW ERI 1.G PLANT MOO I F  I IATION DATE 

100 MW REHEAT 
SODIUM 3R 5.AL.T RECEIVER E. 

UNlT 
MANHOURS 

ACCOUNT ITEM ANc DESCRIPTION UNIT COST UNIT TOTAL $/MH LABOR MATERIAL OTHER TOTAL 
? 

CASE I V  SCHMARY 

SUB TOTAL 
LABOR EFFICIENCY 

TOTAL 

I' 

3218 
48 3 

3701 

54,105 
7,730 

61,835 

288,965 
- 

288,965 

3,535 
- 

3,535 

346,605 
7,730 

354,335 

'I 



Stearns-Roger 
CLIENT S E R I  

SHEET NO. 7 OF 8 

BY 

ORDER NO. C-22138 LOCATION 100% SOLAR REPOWERING PLANT MODIFICATION 
SODIUM OR SALT R E C E I V E R  

P 
W 
m 

SWITCHGEAR - 
500 KVA XRF 
1200 A CB 

800 A CB I 

400 A CB -- 

200 A CB 
100 A CB 

MOTOR CONTROL CENTERS 

UPS SYSTEM 

DEISEL GEN 

97 7 

11  

2 
1 

1 

2 

€ 

2 

1 

1 

1 

18,245 

S EC 

E A 

LOT 

LOT 

E A 

F O R M  22-288 R E V  1 n s  

222,035 

625 

365 

290 

- 

1,985 

20 

60 

11 

8 

7 

- 

242,265 . 

220 

120 
28 

20 

22 

4 8 

14 

- 

310 

- 

3520 

1920 
4 50 

320 

3 50 

770 

225 

2610 

- 

4960 

- 
9,000' 
9,765 

3,600 

1,250 

2,190 

58 0 

30,000 

75,000 

62,000 

7 60 

INC 

I N C  
I NC 

I NC 

I I4C 

INC 

130 

- 

495 

- 

75,000 



SHEETNO. 8 of 8 

ORDER NO. C-22138 LOCATION 

I 

- r 
F O R M  2; R E V  1/19 



3 
I 

W 
C o ,  

B P ~ ~ z ~ s - R Q ~ F  SHEET NO. OF 6 
CLIENT S E R I  BY RHF 
ORDER NO. C-22138 LOCATION 50% SOLAR REPOWERING PLANT MODIFICATION DATE 4 -27-79 

SODIUM OR SALT R E C E I V E R   MA^ 
UNIT 
COST ACCOUNT 

c210 

421 0 
421 0 

421 0 
4210' 
(121 0 

1350 

4350 

4350 

; 4350 

4350 

4350 

424 0 -. 

350 MI4 REHEAT 

ITEM AND DESCRIPTION 

! TURBINE-GENERATOR MODIF. -- 
INSPECTION 

NON DESTRUCTIVE TESTS 
-. 

TIiERI.IOCOUPLES & RECORDER 

ELECTROIiYDRAUL1,C CONTROL SYS. 

VARIABLE PRESSURE CONTROL - 
GENERATOR REWINDING -- 

CONTROL SY STEP4 MOD1 FIADDITIONS -- - -. -. - - 

MANHOURS 

90,000 

9,600 
15,000 

7 5 0 0  + 
81,200 

4:500 

- 

ANALOG CONTROL SYSTEM 

CONTROL PANEL & CONSOLE MODIF. -- 
GOILER COMEUSTION CONTROL SYSTEM - 
MOD I F  I CAT -- I O N S  

ANNIJNC IATORS , 30 W I  NDOI.IS 
' 

M I S C .  INSTRUMEWTATION 

PUMPS 

1800 - GPl4 O 475 - FT IDI-I VERTIC.r\L 

TURBTNE, 300 ti?, 1760 RPM 

QUANTITY 

---.- 

- 

--- 

UNIT LABOR 

500,000 

- --.- 

UNIT 

-- 

20,000 
20,000 

105,000 

- 

21 0,000 

22,400 
35,000 

17.500 

121,800 

18,000 

. -. 

TOTAL MATERIAL 

- -- 

$/MH 

5,000 
30,000 

245,000 

FORM 22.288 

3 

300,000 

32,000 
50,000 

- 

25,000 
203,000 

- 
22,500 

R E V  1/73 

OTHER TOTAL 

500,000 

375,000 

9,000 

25,000 
50,000 

350,000 
- 

375,000 

.-. 300 



P 
1 

W 
'.o 

FORM 22.288 R E V  i n s  

- 
Btea~.ns=Boger SHEET NO. 2 OF 6 

CLIENT SEF:I BY RH F 
ORDER NO. C - 2 2 1 3 8  LOCATION 5Cl% SOLAR REPOWERING PLANT 

SCTIlU?l UK 3ALI KtLtlVtK 
MOD1 F I C A T I O N  DATE 4 - 2 7 - 7 9  

ACCOUNT 

4 2 4 0  

L 

, 

UNIT 
COST 

3 5 0  M'd REHEAT 

ITEM AND DESCRIPTION 

FUMPS ( 3 0 N T  ' D )  

4 1 6 0  Y, ODP MOT3R 

- 

P I P I N G  

10" S C H - 1 6 0  ASTM P 1 0 6 ,  
GR. C. I N S U L A T I 3 N  - 4"  C A S I 0 2  

W/ALUNINUM LAGGl  NG 

A 

B O I L E R  FEED -- 
9" L .  D. , 1 . 7 5 "  WLL THICKNESS, 
2$% CHROME, 1 %  FDLY STEEL 
ASTM A 3 3 5  GR. P 2 2 ,  2 2 0  L B S I F T  

I N S U L A T I O N  - 8" :AS102 W I T H  

ALUMINUM LAGGING 

M A I N  STEhFl - 
2 0 "  SCH. 60 ASTM A 1 0 6  

GR. A. INSLtLATION - 5!5" 

CASIO? W/ALUMINUM L9GGIMG. 

COLD REHEAT 

QUANTITY 

-- 

-- 

100 F T .  

103 F T  

10C F T  

. 
UNIT 

- 

LABOR 
. 

UNIT 

MANMOUFS 

TOTAL $/MH 

--------- 

MATERIAL OTHER 

--- 

TOTAL 

- 

I 



Bteasns-Wager SHEET NO. 3 OF 6 
CLIENT S E R I  BY RH F 

ORDER NO. C - 2 2 1 3 8  LOCATION 5 0 %  SOL.AR REPOWERING PLA,NT M O D I F I C A T I O N  DATE 4 - 2 7 - 7 9  
SODIlUM OR S A L T  RECEIVER 

3 5 0  MW REHEAT 

MATERIAL 

2!5% CHRONE, 1 %  MOLY STEEL -. 

ASTM A 3 3 5  GR. P 2 2 ,  2 8 1  L B / F T .  

INSULATION - 8" C A S I 0 2  W I T H  
ALUMINUM LAGGIMG HOT REHEAT 

4 2 4 0  TOTAL P I P I . A G  ( S E E  PAGE 5 )  3 9 4 , 3 4 5  
I 
-P 
a 

W T E R  TREATIFIG SYSTEM MOD1 F/ADD. 

1 4 1 3 0  BRG. COOLING I M T E R  SYSTEM 1 , 8 0 0  

4 1 3 0  I N S T R .  A I t ?  SYSTEM 3 , 0 0 0  

4 1  30 F I R E  PROTECTION - SYSTEM 

COMPUTER & L O G I C  ROOM 41 2 4  5 , 5 5 0  
4 1  2 4  CONTROL ROOM HOD1 F I C A T I O N  2 ,775  

E L E C T R I C A L  ( S E E  PAGE 6 & 7 5 , 9 6 0  9 5 , 4 0 0  

. 

UNlT 
COST ACCOUNT OTHER ITEM AND DESCRIPTION 

P I P  I PIG (CObIT' D )  
-- =------- 

2 0 "  I .D. 1 . 1 5 "  WALL T t I ICKNESS 

TOTAL LABOR 

MANHOURS 

QUANTITY 

1 00. ' F T  

$/MH 
j 

UNIT UNIT TOTAL 



FORM : I R E V  lf79 

SHEET NO. 4 OF 6 

ORDER NO. C-22138 LOCATIClN DATE 4/27/79 

PIPING - CASE 3-5 

INSULATION 

-.  

FIELD LABOR 
PR3RATABLES X.32 

PIPING - DIRECT LBR MAT'L 

. .. . 

SUBCONTRACT @ 7% DIRECT MAT ' L .  - .- 

-- 

-- - - - - - 

I 'I 

323,740 

510 

.. . 

LBS 

L F 

-. 

- .06  19,424 
6,216 

25 ,gO 15.38 

I 

394,343 1,895,624 

132,694 



SHEET NO. 5 OF 6 

ORDER NO. C-22138 LOCATION DATE 4-27-79 

I 1 720 KW GErJ 6 .9  KV I 1 1 I 1 3,760 1 95,000 1 3751 1 



F O A M  22 3 E V  1/19 

Stearns-Roger SHEET NO. OF 

CLIENT S E R I  BY J RD 

ORDER NO. C-22138 LOCATION DATE -.. 4/27/79 - . . ... 

MAT'L 
UNIT 
COST UNIT ACCOUNT 

I 

ITEM AN.D DESCRIPTION 

CASE V CONT'D 

PG 1 

' hlANHOURS 

QUANTITY 

TCTAL 

TOTAL 

385,550 

$/MH' UNIT 

5,960 

OTHER 

3,690 

LABOR 

31,600 

TOTAL 

1,375 

MATERIAL 

350,260 

95,360 -- 444,255 6,090 545,705 



D 
I 
P 

Steaaans-Rages I ' lCORr t 'RA lLD  

SHEET NO, 1 O F 5  
CLIENT SER1 BY RH F 

MOD1 

~ A T ' L  
U N I T  
COST 

--- 

9,000 

FICATION DATE 4-27-79 ORDER NO, C-22138 LOCAT 1 ON 100% SOLAR REPOWERING PLANT 
SODIUM OR SALT R E C E I V E R  

-,,,ijiNHOURS 
UNIT 

300 

U N I T  

- 

- 

ACCOUNT 

421 0 

4210 

421 0 -- 

421 0 

4210 

421 0 

,4350 

4350 

4350 

4350 

4350 

4350 

4240 

- 
LABOR 

500,000 

20,000 
20,000 

105,000 

90,000 

9,600 
15,000 

7,500 

81,200 

4,500 

350 MW REHEAT 

ITEM AND DESCRIPTION 

TURBINE-GENERATOR FIODI F. -- 
INSPECTION 

NON DESTRUCTIVE TESTS 

TtiERIlOCOUPLES & RECOFDER 

ELECTROtiY DRAUL I C CONTROL SYSTEM 

VARIABLE PRESSURE CONTROL 

GEPIERATOR REWINDING 

CONTROL SYSTEM - -- M O D I F / A D D I T I O N S  - - 
ANALOG CONTROL SYSTEM 

CONTROL PANEL & CONSOLE MODIF. 
BOILER COMEUSTION CONTROL SYSTEM 

i40DIFICATIONS 

ANNUNCIATORS, 30 \dINDOWS 

M I S C .  INSTRUMENTATION 

PUMPS 

1800 GPM @ 475 FT. TDti VERTICAL . 

TURBINE, 300 WP, 1760 RPM 

I IATERIAL  

5,000 

30,000 

245,000 

210,000 

22,400 
35,000 

17,500 

121,800 

1 8,000 

QUANTITY 

3 

OTHER 

375,000 

TOTAL 

500,000 

25,000 

50,000 

350,000 . 

- 

375,000 

300,000 

32,000 
50,000 

- 
25,000 

203,000 

22,500 



I CLIENT S E R I  

ORDER F 0, C - 2 2 1 3 8  LOCATION 1 0 0 %  S O L 9  
SODIUM OR 

3 5 0  MW REHEAT 

ITEM AND DESCRIPTION 

PUMPS (CONT ' D 

4 1 6 0  V ,  ODP MOTOR 

P I P I N G  

1 4 "  SCH. 1 6 0  ASTM A 1 0 6 .  GR. C. 

INSUL.4T ION - 4%" C A S I 0 3  
W/ALUMIMUM L A G G I N ?  B O I L E R  FEED 

2!i% CHROME, 1 % MOLY S T E E L  

ASTM A 3 3 5  GR. P 2 2 ,  389 L B S / F T  

INSULATIOPI  - 8" C 4 S I 0 7  W I T H  

A L U ~ ~ I  NUN LAGGI NG MAIN STEAM 

30" I . D . .  0 . 8 7 5 "  i*JALL THICKNESS.  

ASTM A 1 5 5  KC6.O C L 4 S S  1 

P I P E  I N S U L A T I O N  - 555" CASIO, - 
N I T H  ACUM3NUM. LAGGING 

COLD REHEAT 
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-3 
m 
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CL I EFJT S E R I  BY RHF 
MOD1 

- 
MAT ' 
UNIT  
COST 

------ 

FICATION DATE 4-27-79 ORDER NO, C-22138 LOCATION 100% SOLAR REPOWERING PLANT 

SODIUM OR SALT RECEIVER 

ACCOUNT 

4240 

4250 

4250 

4250 

4130 

UNIT LABOR 

460,200 

21 2,000 

19,500 

1,800 

3,000 

5,550 

2,775 

140,000 

350 MW REHEAT 

ITEM AND DESCRIPTION 

PIPING(CONT'D) 

30" I . D . ,  1.662" WALL THICKNESS, 

2!;% CHROME, 1% MOLY STEEL, 

ASTM A335 GR. P22, 643 

LB/FT INSULATION 8" CASIO? 

W/ALUMINUM LAGGING, HOT REHEAT 

TOTAL P I P I N G  (SEE PAGE 5) 

WATER TREATING SYSTEM MODIF/ADD 

CONDENSATE POLIStlER 

M I X E R  BED POLISHER 

rllkTER SAISPLING e( MONITORING SYSTEM 

MISC.  SYSTEM -- MODIFICATIONS 

BRG. COOLING bIATER SYS. 

-I~ANHOURS 

TOTAL 

-- 

8,754 

4130 

4130 

41 24 

41 24 

I 

$/MH 

- 

QUANTITY 

100 FT. 

MATERIAL 

2,119,625 

1,200,000 

110,000 

2,700 

4,500 

5,550 

2,775 

797,000 

INSTR. A I R  SYSTEM 

FIRE PROTECTION SYSTEM 

COtlPUTER & LOGIC ROOM 

CONTROL ROOM MODIF. 

ELECTRICAL (SEE PAGE 6 )  

UNIT OTHER 

5,000 

133,240 

66,620 

TOTAL 

2,579,82 

1,412,003 
- 

129,501 

4,501 

7,501 

5,001 

144,341 

72,171 

937 ,00b 



FORM : 1 R E V  1/79 

350 F,lW - 100% SOLAR REPOLIERING 
SODIUM OR SAL'T F.ECEIVER Steams-Roger SHEET NO. 4 OF 5 

CLIENT BY RJW 

ORDER NO. C-22138 LOCATION 
PIPING - CASE 3-6  - 

MAT'L 
UNIT 
COST 

- 

- 

- 

75.00 

- 

ACCOUNT 

INSULATIOll 

DATE 4/27/79 

t=-' - 

ITEM AND DESCRIPTION 

30" I D  X 1 314" WT CHROME ALLOY 'IFE 

& 30" CS A155 'KC-60 PIPE - 
(100 LF EA) &'VALVES & FTGS - . 

12" ID X 2 - i / 2 "  WT CHROME MOLY PIPE 

MIVALVES & FITTINGS 

14" CS A106-SCH16c W/FTGS & VALVES - .  

6" CS A106-SCH 40 A/FTGS. & VALVES 

HANGERS @ X.  28 

SUBTOTAL 

' SHOP FAB @ X.25 

TOTAL - MATL & FAB COST 

F I FI D I AROR 
PRORATAGLES @ .32  

PIPING - DIRECT LBR & MTL 

SUBCONTRACT @ 7% DIR MTL 

UNIT 

06 

QUANTITY 

200 

-- 

.- - - .- -- 
100 

100 

70 

177 :BOO 

LABOR 

460,200 

UNIT 

LF 

LF 

LF 

LF 

I R ?  

MAN-IOURS 

TOTAL 

7 ? m  
7,254 

29,922 

$/MH 

15-3E 

MATERIAL 

945,140 

209,665 

164,710 

5,250 

1,695,699 

423,925 

2,119,624 

2,1.19,624 

OTHER 

148,374 

A 

TOTAL 

- -! 
-1 

-- ; 
L 

----- 1 . -. 

--.-. 

. 

. 

! 



r 

Stearns-Roger SHEET NO. -5 OF 5 

CLIENT SER: BY JRO 

ORDER NO. C-22138 LOCATION DATE 4-27-79 - 
CASE V I  

MAT'L MANHOURS 
UNIT . 

ACCOUNT ITEM.AND DESCRIPTIOPJ QUANTITY UNIT COST UNIT TOTAL $/MH LABOR MATERIAL OTHER TOTAL 

'350 MWe REHEAT - 
S A L T  OR SODIUM-COOLED 

C 
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