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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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INTRODUCTION 

Milestone Report  No. 1 was d e l i v e r e d  on June 1, 1979 and r e l a t e d  t o  
t h e  convers ion  of Un i t s  1 - 4 .  

Miles tone  Report  No. 2 d e s c r i b e s  t h e  conversion of Un i t s  5 - 12 from 
d i r e c t  c o n t a c t  condensers  which use  t h e  i r o n - c a t a l y s t / p e r o x i d e /  
c a u s t i c  systems t o  s u r f a c e  condensers and H2S abatement w i t h  t h e  
S t r e t f o r d  Process  Uni t .  

Th i s  Report  i s  a 10 week p rogres s  r e p o r t  t h a t  s p e c i f i c a l l y  addres ses  
i t s e l f  t o  t h e  d i f f e r e n c e s  t h a t  a r e  encountered between Uni t s  5 - 6 ,  
7 - 10 and 11 - 12. The t a s k  schedule  shown i n  t h e  Summary S e c t i o n  
was o r i g i n a l l y  p re sen ted  t o  PGandE a t  t h e  P r o j e c t  Kick-Off Fleeting 
on Monday, A p r i l  23. 

Un i t s  11 and 12 r e t r o f i t  concept  which appears  i n  t h i s  r e p o r t  was 
eva lua ted  wi th  a two pass  s u r f a c e  condenser running p a r a l l e l  t o  t h e  
t u r b i n e  s h a f t .  This  concept  r e q u i r e s  t h e  r e l o c a t i o n  of t h e  t u r b i n e  
lube  o i l  t ank ,  ins t rument  a i r  compressor and b a t t e r y  s t o r a g e  rack  
f a c i l i t i e s .  On Wednesday, June 2 7 ,  t h e  condenser s u p p l i e r  n o t i f i e d  
Rogers Engineer ing t h a t  it was f e a s i b l e  t o  des ign  and i n s t a l l  a f o u r  
p a s s ,  two tube  bundle condenser a t  r i g h t  ang le  condenser t o  t h e  
tu rb ine -gene ra to r  s h a f t .  

The f o u r  pas s  condenser concept  will e l i m i n a t e  t h e  need of r e l o -  
c a t i n g  equipment s e n s i t i v e  t o  t u r b i n e  o p e r a t i o n .  However, schedule  
requirements  f o r  Milestone Report  No. 2 l e f t  no t ime t o  i n c o r p o r a t e  
t h e  b e n e f i t s  of t h e  concept  we b e l i e v e  w i l l  be  recommended by Rogers. 
I t  w i l l  appear  i n  t h e  F i n a l  Milestone Report  No. 4 .  

Y 

1 - 1  



P 
Rogers 

2.0 

P 

SrnlARY 

Miles tone  Report  No. 2 p r e s e n t s  t e c h n i c a l  and c o s t  v a l u e s  f o r  
t h e  s u r f a c e  condenser r e t r o f i t  of Uni t s  5 through 12 .  The S t r e t f o r d  
Process  Treatment of  main condenser v e n t  gases  appears  i n  a s e p a r a t e  
r e p o r t  t i t l e d  "Milestone No. 3" i s sued  concur ren t ly  wi th  t h i s  r e p o r t .  

P 
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2.1 UNITS 5 AND 6 

The n e t  power ou tpu t  f o r  each t u r b i n e  . g e n e r a t o r  u n i t  w i l l  be  de- 
c reased  from t h e  e x i s t i n g  n e t  power of 53,020 kW t o  a f t e r  conversion 
r e t r o f i t  of a n e t  power ou tpu t  p e r  u n i t  of 52 ,034  kW. 

Two tube  bundles  w i l l  be  i n s t a l l e d  i n  t h e  condenser s h e l l  t o  provide  
f o r  p a r t  load  o p e r a t i o n  equal  t o  50% of  f u l l  l oad  when one tube  
bundle  i s  be ing  c leaned .  The tube  s i d e  cool ing  water  flow o r i g i -  
n a t e s -  a t  a wet p i t  a d j a c e n t  t o  t h e  coo l ing  tower.  Two h a l f - s i z e d  
v e r t i c a l  c i r c u l a t i n g  water  pumps d i scha rge  43,000 GPM through under- 
ground FRE' p i p e  t h a t  has  a na t ch  l i n e  wi th  s t a i n l e s s  s t e e l  p i p e  
above grade a t  t h e  condenser water  box. 

A d r y  p i t  ex tending  i n  f r o n t  of t h e  condenser water  boxes and below 
grade  f o r  f u t u r e  tube  i n s t a l l a t i o n  and p u l l i n g  ope ra t ion  i s  s t r u c -  
t u r e d  t o  wi ths tand  maximum t r u c k  loads  when hau l ing  equipment t o  and 
from t h e  p l a n t .  The p r o j e c t  c o s t s  a t  t h e  t ime of Milestone No. 2 
Report  i n d i c a t e :  

GM Es t imate  Cost T o t a l  f o r  R e t r o f i t  o f  Uni t  5 and 6 i s  $4,747,300 
and w i l l  r e s u l t  i n  an  a d d i t i o n a l  energy charge of  1 .91  mills p e r  kWh 
f o r  each  u n i t .  

R 
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2 .2  
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UNITS 7 THROUGH 10 

The o p e r a t i n g  performance d i f f e r s  from Uni t s  5 and 6 because t h e  
coo l ing  tower co ld  water  o u t  tempera ture  d i f f e r s  by 1/2OF. The 
steam r a t e  d i f f e r s  s l i g h t l y  however f o r  t h i s  r e p o r t .  The n e t  power 
ou tpu t  f o r  each e x i s t i n g  u n i t  i s  53,020 kGI and t h e  n e t  a f t e r  r e t r o -  
f i t  i s  52,034 kW p e r  u n i t .  Otherwise t h e  apparent  d i f f e r e n c e  i s  i n  
c i r c u l a t i n g  water  system p i p i n g  arrangement.  A l l  o t h e r  f e a t u r e s ,  
such a s  two condenser tube  b m d l e s ,  i n t e r  and a f t e r  condenser a r -  
rangement, condensate pump l o c a t i o n  and condenser tube  bundles  a t  
r i g h t  ang le s  t o  t h e  t u r b i n e  s h a f t  a x i s  a r e  s i m i l a r .  

The GM Es t imate  Cost T o t a l  f o r  R e t r o f i t  i s  e s t ima ted  t o  be t h e  same 
as 5. 

This  w i l l  r e s u l t  i n  an  a d d i t i o n a l  energy charge of 1 .91 m i l l s  p e r  
kWh f o r  each u n i t .  

2 - 3  
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UNITS 11 AND 1 2  

The turbine-generator is two turbines in tandem driving one alterna- 
tor for this unit. The net power output for the existing unit is 
106,000 kW. After retrofit the net power output will be 103,708 kW 
f o r  both Units 11 and 12. 

Two approaches are being investigated. Two, double pass tube bun- 
dles running parallel to the turbine shaft axis and two, four pass 
tube bundles at right angles to the turbine shaft. 
tions permit presentation -of the two pass tube bundle only for this 
report. 

The final report will discuss the benefits of  the right angle, four 
pass tube bundle installation, which does not require relocation of  
the lube o i l  tank, associated pumps, and the plant and instrument 
air facilities. 

Schedule restric- 

The GM estimate cost total for retrofit of each unit is $8,927,300 

The GM Estimate Cost Total for Retrofit of Units 11 will result in 
an additional energy charge o f  1.80 mills per kWh. 

2 - 4  
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Equipment S i z i n g  C r i t e r i a  - Uni t  5 o r  6 and Un i t s  7 t h r u  10 

The Pos t  Overhaul Performance Test f o r  Un i t  5 d a t a  wad examined f o r  
t h e  1976, 1977 and 1978 t e s t  pe r iods .  I t  was e s t ima ted  t h a t  f o r  t h e  
r e t r o f i t  conceptua l  des ign  an  approach of 15.5OF could be obta ined  
a t  a range of 37.7OF by a thorough c l ean ing  of t h e  coo l ing  tower 
du r ing  t h e  r e t r o f i t  t u r n  arolmd. S i m i l a r l y  f o r  Un i t s  7 t h r u  10 it 
was e s t ima ted  t h a t  an approach of 16.0°F could be  obta ined  a t  a 
range of 37.6'F. 

I n  o r d e r  t o  p repa re  p re l imina ry  s p e c i f i c a t i o n s  f o r  t h e  e n t i r e  s u r f a c e  
condenser and steam j e t  e j e c t o r  system t h e  conceptua l  des ign  was 
roughed o u t  a t  a t u r b i n e  exhaust  of 4 . 3  inches  of Hg Abs. (2 .11  
p s i a ) .  I t  w a s  assumed t h a t  t h e  v a r i o u s  equipment s u p p l i e r s  wouls 
respond t o  t h e  s p e c i f i c a t i o n  by submi t t i ng  p roposa l s  which would 
a l low a d j u s t i n g  t h e  conceptua l  des ign  toward cond i t ions  of maximized 
power ( a s  l i m i t e d  by t h e  coo l ing  tower) .  The conceptual  des ign  i s  
shown on Drawing No. PD-004. 

n 
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TABLE 3.1  

Throttle Flow lb./hr. 

COMPARATIVE SUMMARY 

UNIT 5 OR 6 (Unit 5 Typical) 

Base Reference 
Design Point 

907,530 

Noncondensable Gas % Wt. 1 .o 

General Electric Output kW 55,000 

Auxi lia r.y Power (E le c t ri c ) kW 
Cooling Tower Fans 
Miscellaneous To tal 
Circ. Water & Cond. Pumps 
Noncondensable Gas Blower 

605 
445 
930 

Net Unit Output kW 53,020 

Heat Input Btu/Hr. (Ref. to 60°F) 1,150 x l o 5  

Net Heat Rate Btu/kWh 21,690 

Turbine Exh. Inch Hg Abs 4 

Wet Bulb 65.0 

C. W. T. Range/Approach O F  38.4 

Conversion 
Retrofit 

907,530 

0.8 

54,101 

605 
445 ' 

1,017 
(Later) 

52,034 (1) 

1,140 x l o6  

21,910 

4 .3  

65.0 

37.7/15.5 

(1) Without Noncondensable Gas Blower Debit 

*For expected gross output, multiply actual field output of unit by retrofit 
derating factor of 0.984 

3 - 2  
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TABLE 3.2 

Throttle Flow lb./hr. 

Noncondensable Gas % Wt. 

COMPARATIVE SuElMARY 

UNITS 7 THRU 10 (Unit 7 Typical) 

Base Reference 
Design Point 

907,530 

1.0 

General Electric Output kW 55,000 

Auxiliary Power (Electric) kW 
Cooling Tower Fans 
Miscellaneous Total 
Circ. Water & Cond. Pumps 
Noncondensable Gas Blower 

605 
445 
930 

Net Unit Output kW 53,020 

Heat Input Btu/Hr. (Ref. to 60°F) 1,150 x l o 5  

Net Heat Rate Btu/kk’h 21,690 

Turbine Exh. Inch Hg Abs 4 

Wet Bulb 65.0 

C. W. T. Range/Approach O F  40.4  

Conversion 
Retrofit 

907,530 

0.5 

54,101 

605 
445 

1,017 
(Later ) 

52,034 (1) 

1,114 x l o 6  

21,410 

4.3 

65.0 

37.6/16.0 

(1) Without Noncondensable Gas Blower Debit 

*For expected gross output, multiply actual field output of unit by retrofit 
derating factor of 0.984 

3 - 3  
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3 .2  Specifications for Equipment for Conversion from Direct Contact to 
Surface TvDe Heat Exchaneers for Units 5 thru 10 

The required conditions are detailed in Specification S-12-001, Rev. 1. 

3 - 4  
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1.0  

1.1 

2.0 

PERFORMANCE REQUIREMENTS 

Generation capability to be maximized within the constraints 

imposed by the existing cooling water tower capability, the 

availability of area for tube sheets and space for tube length 

and the desirability of maintaining a turbine throttle steam 

flow near existing conditions of 907,530 lbs./hr. Supplier 

shall be responsibile for complete design of condensing and 

vacuum system components for maximum power generation. 

STEAM CONDITIONS 

Turbine Inlet 

Enthalpy Btu/lb. - 1,200 

Entropy Btu/lb. x R - 1.608 
Pressure psia - 113.7 

Temperature O F  - 355 

Steam Jet Inlet 

Turbine exhaust (existing for reference only) 

Pressure-psia (in. Hg Abs.) - 1.964 ( 4 . 0 )  

Enthalpy - Btu/lb. - 990 (calculated) 
Gross Power @ 4 in. Hg Abs. - 55,000 kW 

105.7 

355 

OGEHS ENGINEERING CO., INC. 
1 PINE STREET UNITS 5 THRU 10 

HAIN CONDENSER S P E C I F I CAT I O N  

PGandE GEYSERS RETKOFIT PROJECT s-12-001 



3.0 NONCONDENSABLE GAS CONDITIONS 

Unit % Wt. in Steam Ave. Mol. Wt. 

5 o r  6 0.8 31.9 

7 thru 10 0.5 29.4 

4.0 

5.0 

5.1 

5 . 1 . 1  

AIR LEAKAGE ALLOWANCE 

Units 5 thru 10 - 440 lb./hr. each 

CONSTRAINTS 

Cooling Water Availability (Best Preliminary Values) 

Main Condenser 

Unit 

5 or 6 

7 thru 10 

I tem 

Cold O F  

Rise O F  

Flow gpm 

Cold OF 

Rise O F  

Flow gpm 

80.5 

37.5 

43,000 

81.0 

37.5 

43,000 

UNITS 5 THRU 10 
PGandE GEYSERS RETROFIT PROJECT 



5.1.2 Intercondenser 

Unit 

5 or 6 

5.1.3 

5.1.4 

7 thru 10 

Aftercondenser 

Unit 

5 or 6 

- 

7 thru 10 

Item 

Cold OF 

Rise OF 

Flow gpm 

Cold O F  

Rise O F  

Flow gpm 

Item 

Cold O F  

Rise O F  

Flow gpm 

Cold OF 

Rise O F  

Flow gpm 

80.5 

37.5 

2,900 

81 .O 

37.5 

2,700 

80.5 

37.5 

1,200 

81.0 

37.5 

1,000 

Main, Inter- and Aftercondenser Gas Cooling Exit Temperatures 

Preferred. 

Units 

5 thru 10 

Condenser 

Ma in 114OF 

Inter llO°F 

After 1 10°F 

ENGINEERING CO., INC. 

G S - C O S  



5.2 Space A v a i l a b i l i t y  

I tern - Uni t  

5 t h r u  10 Main Condenser (Note 1) 

P r e f e r r e d  Design 

Flow S p l i t  - Two I n l e t s  and Two O u t l e t s  

Passes  - Two 

Tube Shee t  Area - 35 sq. f t .  x 4 Each End 

> 

Tube Length - 40 f t .  Maximum 

- 34 f t .  Minimum 

Hot Well N 20 F t .  x 34 F t .  x (9" Minimum Depth) 

I n t e r -  o r  Aftercondenser  

Tube Length - 16 F t .  Maximum 

Passes  - Three P r e f e r r e d  

NOTE 1: E x i s t i n g  condenser ( Informat ion  Only) 

Opening approximately 10 f t .  x 15 f t .  and t r a n -  

s i s t s  t o  a hemispher ica l  s e c t i o n  of 11 f t .  

r a d i u s  by 30 f t .  long .  This  upper s e c t i o n  

22 f t .  wide x 30 f t .  long ex tends  12 f t .  deep 

t e r m i n a t i n g  i n  a f l a t  bottomed ho twe l l .  See 

SK-11 f o r  equipment arrangement w i t h  s u r f a c e  

condenser .  

PGandE GEYSERS RETROFIT PROJECT 



6.0 CONSTRUCTION 

SAN FRANCISCO, CALIF. 94111 
O B  NO. - n7 

I 

6.1 Main Condenser 

P re s sur e 

Shell Side - Full Vacu-m t o  14.6 psia 

Tube Side - 75 psig 
Temperature 

Shell Side - 150'F 
Tube Side - 150'F 

HE1 Cleanliness Factor - 70% 
Tubes - 22 Ga x A pitch x size ( 3 / 4 " ,  7/8" or 1") 

Materials 

Shell 304L SS Clad Steel 

Internals - All 304L SS 

Tube Sheets - All 304L SS 

Tubes - 304L SS 

Water Box Covers - Carbon Steel, Coal Tar Epoxy 
Lined 

Code Requirements 

Heat Exchanger Institute 

PGandE GEYSERS RETROFIT PROJECT s-12-001 
S H E E T  7 O F  9 

ASME - Tube Side Only 

~~ 

REV. - SPECIFICATION HAIN CONDENSER 1- UNITS 5 THRU 10 

~~ 

EHS E N G t N E E R l N C  CO.. INC. 
1 P I N E  S T R E E T  



6.2 I n t e r -  o r  Af te rcondensers  
\ 

P r e s s u r e  

S h e l l  S ide  - F u l l  Vacuum t o  40 p s i g  

Tube S ide  - 75 p s i g  

Temperature 

S h e l l  S ide  - 210°F 

Tube S ide  - 150'F 

R S  ENGINEERING CO., INC. 
NE STREET UNITS 5 THRU 10 

MAIhT CONDENSER 

SAN FRANCISCO, CALIF. 94111 

$ - 7 ~ n n 7  

PGandE GEYSERS RETROFIT PROJECT 
OB NO. 

TEflA Foul ing  Res i s t ance  - T o t a l  0.0011 

Tubes - 3/4" x 22 Ga x h p i t c h  

M a t e r i a l s  

S h e l l ,  i n t e r n a l s ,  t ube  s h e e t s  and tubes  - A l l  304L SS 

Water Channel Covers - Carbon S t e e l ,  Coal Tar Epoxy 

Lined 

Code Requirements 

ASfE 

TEMA Clas s  "C" 

SP EC I F [CAT 10 N 

s-12-001 

REV. 

m 

SHEET 8 O F  4 

6 . 3  Steam Jets  

P res su re  - F u l l  Vacuum - 150 p s i  

Temperature O F  - 355 

M a t e r i a l s  - A l l  304L SS 
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7.1 

7.2 

7 . 3  

INFORMATION REQUIRED WITH B I D  

S u p p l i e r  s h a l l  p rovide  fo l lowing  da-a f o r  p rope r  eva lua  

h i s  p roposa l .  

Un i t  

5 and/or  6 a .  

s e p a r a t e l y  b .  

7 t h r u  10 

C.  

a .  

e.  

Item 

i o n  of  

Turbine Exhaust P r e s s u r e  - p s i a  ( i n .  Hg Abs) 

Main Steam Condenser 

Number of  Tubes - S i z e  - Length 

In t e rcondense r  

S h e l l  S i z e  - Number of  Tubes - Length 

Aftercondenser  

S h e l l  S i z e  - Number of Tubes - Length 

Steam Vacuum E j e c t o r s  

Each Stage  - Motive Steam Flow 

Proposed l b .  / h r .  

Weight and Budget P r i c e  S e p a r a t e l y  f o r  Each Item 

Expect Delivery Time - Weeks 

OGEHS ENGINEERING CO., INC. 
1 PINE STREET UNITS 5 THRU 10 

PlAIN CONDENSER S P EC 1 F I CAT ION 

PGandE GEYSERS RETROFIT PROJECT s-12-001 

7-79007 OF 
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3 . 3  

3 . 3 . 1  

I n s t a l l a t i o n  Desc r ip t ion  f o r  Un i t s  5 t h r u  10 

Uni t s  5 and 6 a r e  m i r r o r  imaged tu rb ine -gene ra to r  u n i t s  except  f o r  
t h e  coo l ing  towers and a s s o c i a t e d  p i p i n g  between t h e  towers and 
condensers .  Equipment l o c a t i o n ,  c l e a r a n c e s ,  and a c c e s s i b i l i t y  were 
f i e l d  checked on June 11, 1979,  and v e r i f i e d  a g a i n s t  Drawings SK-013, 
-014 and -015. These drawings a r e  inc luded  i n  t h i s  s e c t i o n  and show 
t h e  l a y o u t  of t h e  new equipment l o c a t i o n s .  

Main Condenser 

Because of  t h e  l o c a t i o n  of t h e  coo l ing  towers ,  t h e  i n t a k e  and d i s -  
charge t o  t h e  main condenser w i l l  b e  l o c a t e d  on t h e  same end of t h e  
condenser .  The condenser w i l l  have a s p l i t  f low two pass  tube  
bundle  arrangement and two supply l i n e s  t o  f a c i l i t a t e  t h e  c l ean ing  
of  h a l f  t h e  condenser tubes  a t  a time when necessary .  

The condenser du ty  requirements  should be s a t i s f i e d  wi th  t h e  c u r r e n t  
condenser s h e l l  s i z e  and conf igu ra t ion .  However, t h e  c e n t e r l i n e  of 
t h e  condenser tube  arrangement. must be s h i f t e d  2 f t .  i n s i d e  t h e  
condenser s h e l l  t o  ensu re  column l i n e  c l ea rance  and tube  p u l l i n g  
space .  The condenser s h e l l  must a l s o  be s h i f t e d  towards t h e  coo l ing  
towers  approximately 3 1 / 2 '  f o r  a t tachment  of t h e  water  boxes t o  t h e  
condenser s h e l l .  I n  a d d i t i o n ,  excavat ion  f o r  a d r y  p i t  w i l l  be 
r equ i r ed  i n  f r o n t  of t h e  condenser and o u t s i d e  t h e  power b u i l d i n g  t o  
i n s u r e  adequate  tube  p u l l i n g  space.  

Due t o  t h e s e  condenser m o d i f i c a t i o n s , . t h e  t u r b i n e  exhaus t  f l a n g e  t o  
t h e  condenser neck connect ion w i l l  be  s h i f t e d  o f f  center approxi-  
mately 3 1 / 2 ' .  No problem i s  fo re seen  i n  reconnect ing  t o  t h e  t u r -  
b i n e  hood. 

E x i s t i n g  condenser coo l ing  water  i n l e t  p i p i n g  can n o t  be used.  
Attachment of new i n l e t  water  p i p i n g  t o  t h e  condenser will be  pos i -  
t i o n e d  a t  t h e  bottom of t h e  i n l e t  water  boxes.  The need f o r  c i r c u -  
l a t i n g  water  pumps and s m a l l e r  condensate  pumps o f f s e t  from t h e  t u b e  
p u l l  space  w i l l  p r ec lude  t h e  use  of e x i s t i n g  d i scha rge  p i p i n g  from 
t h e  condenser.  A l l  new p i p i n g  w i l l  b e  cons t ruc t ed  of t e c h i t e  f o r  
underground s e r v i c e  and s t a i n l e s s  s tee l  f o r  p i p i n g  above grade.  

The p r e s e n t  l o c a t i o n  of t h e  a u x i l i a r y  coo l ing  and f i r e  pumps i s  
s a t i s f a c t o r y .  The e x i s t i n g  condensate  pumps will be removed. . 

3 - 5  
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3.3.2 In t e rcondense r  and E j e c t o r s  

The e x i s t i n g  in t e rcondense r  and e j e c t o r s  w i l l  b e  removed. The new 
s u r f a c e  type  in t e rcondense r  a r d  new f i r s t  s t a g e  j e t  e j e c t o r s  w i l l  be  
r e l o c a t e d  t o  t h e  s o u t h e a s t  co rne r  f o r  Un i t  No. 5 (southwest  f o r  Un i t  
No. 6)  of t h e  power b u i l d i n g  a t  e l e v a t i o n . 3 , 2 1 1  f t .  t o  a l low f o r  
t u b e  p u l l i n g  space i n  f r o n t  of t h e  main condenser.  N e w  suppor t  
s tee l  w i l l  be  r equ i r ed .  

3.3.3 Af tercondenser  and E i e c t o r  

The e x i s t i n g  a f t e rcondense r  and e j e c t o r s  w i l l  be  removed. The new 
s u r f a c e  type a f t e rcondense  and new second s t a g e  j e t  e j e c t o r s  w i l l  be  
r e l o c a t e d  and s tocked below t h e  in t e rcondense r  a t  e l e v a t i o n  3,202 
f t .  t o  a l low f o r  tube  p u l l i n g  space i n  f r o n t  of t h e  main condenser.  
New suppor t  s t ee l  w i l l  be r equ i r ed .  

3.3.4 Condensate Pumps 

New condensate  pumps w i l l  be s i z e d  and loca ted  based on t h e  system 
and tube  p u l l i n g  requirements  f o r  t h e  t u r b i n e  and t h e  tube  and s h e l l  
condenser.  The new l o c a t i o n  i s  t o  p l a c e  them i n  f r o n t  of t he  lube  
o i l  c o o l e r s  i n s i d e  t h e  power b u i l d i n g  a t  grade l e v e l  t o  f a c i l i t a t e  
t h e  necessa ry  p i p i n g  and sump l o c a t i o n .  The e x i s t i n g  condensate  
pumps a r e  of proper  s i z e  and c a p a c i t y  t o  f u n c t i o n  on t h e  new c i r c u -  -----. 
l a t i n g  water  pumps. PG f i  p;Qob*1Bl'y ) / c y t  k;' s t  c ,, ~ t . ~ / t + . * j j  
/ d y e  I ,  r" 

3.3.5 C i r c u l a t i n g  Water Pump b 

The e x i s t i n g  sumps i n  t h e  coo l ing  towers and connec t ing  p i p i n g  t o  
t he  condenser w i l l  n o t  be used.  The new c i r c u l a t i n g  water  pumps 
w i t h  t h e  wet p i t  w i l l  be  l o c a t e d  near  t h e  cool ing  tower r iser and 
t h e  p ip ing  routed t o  t h e  condenser w i thou t  i n t e r f e r e n c e  t o  o t h e r  
equipment o r  condenser t ube  p u l l i n g  space .  The e x i s t i n g  condensate  
pumps a s  s t a t e d  above can be used a s  c i r c u l a t i n g  water  pumps. I n  
t h i s  mode t h e  pump s h a f t  can be shor tened  t o  t a k e  advantage of t he  
new NPSH requirements  and save  on excava t ing  f o r  t h e  wet p i t .  

A wet p i t  d i f f u s e r  w i l l  be  used t o  reduce t h e  f l u i d  v e l o c i t y  of 
coo l ing  tower b a s i n  d i scha rge  water  t o  t h e  coo l ing  water  pump wet 
p i t .  This  w i l l  e l i m i n a t e  wet p i t  v o r t e x i n g  around t h e  pumps a s  
r e q u i r e d .  

3 - 6  
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3.3A 

63 

U 

I n s t a l l a t i o n  Desc r ip t ion  f o r  U n i t s  7 through 10 

Units 7 and 8 a r e  mi r ro r  imaged tu rb ine -gene ra to r  u n i t s  housed i n  
t h e  same power b u i l d i n g .  Un i t s  9 and 10 a r e  s i m i l a r l y  a r ranged .  
Each u n i t  i s  55 MWe (Gross) .  A f i e l d  check on June 12, 1979 con- 
firmed b u i l d i n g  and equipment l o c a t i o n  a s  they  appear  on Drawings 
SK-012, -013 and -016. These drawings a r e  inc luded  i n  t h i s  s e c t i o n  
and show t h e  l a y o u t  of t h e  new equipment l o c a t i o n s .  

3.3.1A Main Condenser 

The mod i f i ca t ions  t o  Uni t s  7 through 10 t o  r e p l a c e  t h e  e x i s t i n g  
condenser wi th  s u r f a c e  condensers  a r e  i n  gene ra l  i d e n t i c a l  t o  t h e  
changes on Un i t s  5 and 6. This  inc ludes  s h i f t i n g  of  t h e  condenser 
c e n t e r l i n e  t h e  same d i s t a n c e  t o  ensure  adequate  tube  p u l l i n g  space 
and water  box placement a long  wi th  condenser pump removal and modi- 
f i c a t i o n  t o  t h e  use  of condenser i n t a k e  and d i scha rge  p ip ing .  I n  
a d d i t i o n ,  excavat ion  i s  r equ i r ed  i n  f r o n t  of  t h e  condenser f o r  t ube  
p u l l i n g  space.  

3.3.2A In t e rcondense r  and E j e c t o r s  

The same mod i f i ca t ions  t o  Un i t s  5 and 6 will hc ld  f o r  Units 7 through 
10. 

3.3.3A Aftercondenser  and E j e c t o r s  

The same mod i f i ca t ions  t o  Un i t s  5 and 6 w i l l  hold f o r  Units 7 through 
10. 

3 . 3 . 4 A  Condensate Pumps 

The new condensate  pumps w i l l  be  p laced  i n  t h e  same l o c a t i o n  as  
Un i t s  5 and 6 .  To do t h i s  t h e  a u x i l i a r y  coo l ing  water  pumps w i l l  be  
r e l o c a t e d .  The e x i s t i n g  condensate  pumps a g a i n  w i l l  f u n c t i o n  on t h e  
new c i r c u l a t i n g  water  pumps. 

3.3.5A C i r c u l a t i n g  Water Pump 

The e x i s t i n g  coo l ing  tower sump l o c a t i o n s  can  be used b u t  t h e  con- 
n e c t i n g  d i scha rge  p i p i n g  t o  t h e  condenser w i l l  have t o  be r e rou ted .  
The new c i r c u l a t i n g  water  pumps w i l l  be  l o c a t e d  j u s t  o u t s i d e  t h e  
coo l ing  tower w i t h  one pump on each s i d e  of t h e  r iser p i p e  t o  the  
t o p  of  t h e  coo l ing  tower.  P ip ing  from t h e  coo l ing  water  pumps w i l l  
b e  routed  t o  t h e  condenser w i th  due c o n s i d e r a t i o n  t o  l ayou t  c l e a r -  
ances  and p u l l  condenser tube  space .  A wet p i t  d i f f u s e r  aga in  w i l l  

P 3 - 7  



w 
Rogers Q 

P 

w 

8 ’  
P 

be used to reduce turbulence near the circulating water pump suc- 
tion. As for Units 5 and 5, the condensate pumps will be modified 
for use as circulating water pumps. 

P 
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3 . 4  

3 .4 .1  

3 .4 .2  

3 .4 .2 .1  

3 . 4 . 2 . 2  

3 .4 .2 .3  

3 . 4 . 3  

Equipment, Quota t ions  

As i n  p rev ious  s e c t i o n s  s u p p l i e r s  of  equipment were contac ted  f o r  
t h e  same equipment, desc r ibed  h e r e i n ,  i n  t h i s  s e c t i o n .  

Condensers and E j e c t o r s  

As i n  p rev ious  r e q u e s t s  we contac ted  DeLaval and E c o l a i r e ,  and a s  a 
r e s u l t  of d i s c u s s i o n  wi th  Harley Heat T r a n s f e r  Co. (Formerly Westinghouse 
Condenser),  equipment s p e c i f i c a t i o n s  were a l s o  provided t o  them. 
Because of  p r e s s  of f a c t o r y  work load  they  were unable  t o  respond 
wi th  e s t i m a t i n g  p r i c e s  f o r  t h i s  s tudy;  b u t  i n d i c a t e d  a w i l l i n g n e s s  
t o  quote  i f  and when formal q u o t a t i o n s  w i l l  be  forthcoming. 

As i n  Un i t s  1 through 4 response was n o t  complete i n  a l l  reques ted  
d e t a i l s  and aga in  DeLaval in format ion  was obta ined  from t h e  l o c a l  
o f f i c e  wi thout  i n p u t  from DeLaval Engineer ing.  

Vendors Comments 

E c o l a i r e  used H .  E .  I .  Leakage Rate  of 
t i o n  r a t e  of 440 # /h r .  

# /hr .  vs s p e c i f i c a -  

DeLaval had p rev ious ly  given us  a des ign  b a s i s  of  3" Hg Abs t u r b i n e  
back p r e s s u r e ,  b u t  d id  no f u r t h e r  work on s p e c i f i c a t i o n s  submit ted 
t o  them f o r  Milestone Report  No. 2 .  We-question whether t h i s  d e s i g g  
i s  a t t a i n a b l e  wi th  t h e  coo l ing  tower co ld  water  tempera ture  a v a i l -  
a b l e .  DeLaval used H .  E .  I .  70% c l e a n l i n e s s  f a c t o r  f o r  o i l  con- 
dense r s .  

Ne i the r  E c o l a i r e  o r  DeLaval have provided us  w i t h  e j e c t o r  steam 
r a t e s .  

Condensate and C i r c u l a t i n g  Water Pumps 

I d e n t i c a l  vendors a s  p r e v i o u s l y  s e l e c t e d  f o r  r e q u e s t s  f o r  q u o t a t i o n s  
were contac ted :  

I n g e r s o l l  Rand 
P e e r l e s s  
Byron Jackson 

I Worthington i 

3 - 9  
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USITS 5 THROUGH 10 

Specification Main Condenser 

TABLE 3.4.1 

SURFACE CONDENSER SUMMARY 

H. E. I. Cleanliness Factor: 
Shellside Allowable A€': Vendor's Choice 
Cooling Water Flow: 43,000 gpm 

Tube Size : 22 ga., 3 / 4 " ,  7/8" or 1" Vendor's Choice 
No. of Passes H20 Side: 
Surface Area Sq. Ft.: 

70% 

7- Tube Length Max. Ft. : 40 

2 
w 

I As required 
d 

0 Cost of Tubes $: 
Dimensions 
Tubine Exhaust Pressure: 

Inter- and Aftercondensers s( Rejectors: Required 

TEMA Fouling Resistance Overall: 0.0011 

Conformity to Material Specs: 
Purchase Price $: 
Add for Tubing Cost Main Condenser $: 

Vendor 
Ecolaire 

7 0% 
N. S. (Not Stated) 
To Spec. 
40 . 

314'' 
2 (Note 1) 
107,000 
Included (Note 2) 
50'L x 25'W x 20'H 
ks Specified 

Included in Price 
w/Tubing Provided 
Installed 
II. E. I. 50% C. F. 

Yes 
1,493,000 
Included 

1,493,000 4 Total Price $: 
A 

DeLaval 

70%. 
N. S .  
To Spec 
N. S. 

N. S. 
3/4,' 

101,000 
200,000 (Est.) (Note 2) 
N. S. 
3" Hg Abs 

Included in Price 
w/Tubing Installed 

H. E. I.' 70% Clean- 
liness Factor 
Yes 
1,100,000 
200,000 (Est. by Vendor) 

1,300,000 

NOTE 1: To minimize tube GAP, velocity held to 5.4 ft./sec. 

NOTE 2 :  Installation of tubes in ain Condenser is not included in above prices 
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TABLE 3.4.2 
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EQUIPHENT SlMMARY SHEET - PUNPS UNITS 5 thru 10 

VENDORS 

Byron 
Specifications I. R .  Peerless Jackson Worthington 

Condensate Pump 

Y 

Capacity: 2,000 gpm 
Differential Head: 86.2 ft. 
Materials: All 316SS 

8 ft./Req'd: 

Motor bHP/rpm 
n Price: 

Spec. 
Spec. 
Spec. 
Spec. 
8 Ft. 
77 ' 

75/1185 
$56,000 

C. W. Circulation Pumps 
Irl 
1 For C. W. circulation pumps it would be the least project cost to reuse the 

present Peerless 3611 11 XI3 single stage vertical condensate pumps. Present 
capacity is 24,500 gpni with a differential head o f  75 t o  80 ft. 

1 For Units 5 through 10 a modification to shorten pump shaft to reduce wet pit 
depth is all that is required. Peerless estimates the cost to be $5-10,000/pump. 

3 - 11 
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P r o j e c t  Costs  - Uni t s  5-10 

This  mi l e s tone  r e p o r t  i s  a mid-term r e p o r t  p r e s e n t i n g  p a r t i a l  c o s t  
and economic informat ion  p e r t a i n i n g  t o  Un i t s  5-10 s u r f a c e  condenser 
i n s t a l l a t i o n .  This  r e p o r t  p r e s e n t s  two economic a s p e c t s :  Equipment 
s i z i n g  and c a p i t a l  c o s t  e s t i m a t e  a s p e c t  has  c e r t a i n  guide  l i n e s  and 
c o n s t r a i n t s .  They w i l l  be  d i scussed  i n  t h i s  S e c t i o n  a long  w i t h  t h e  
r e s p e c t i v e  d a t a .  

The c o s t  e s t i m a t e  has  been prepared  by c a t e g o r i e s  and a r e  those  
accounts  used by P a c i f i c  Gas and E l e c t r i c  f o r  t h e i r  own e s t i m a t e s .  
Only t h e  fo l l cwing  accounts  a r e  inc luded  by t h e  n a t u r e  of t h i s  
p r o j e c t  work. 

51-20 
52-50 
54-20 
54-30 
54-40 
54-70 
55-30 
55-60 

, 56-10 
365 

S t r u c t u r e s  and Improvements 
Main Steam P ip ing  
Turbine-Generator - Condensate System 
Turbine-Generator - C i r c u l a t i n g  Water System 
Lube O i l  System 
Turbine-Generator - Ins t rumen ta t ion  
Cont ro l  and Power Connection 
Aux i l i a ry  E l e c t r i c a l  Equipment - S t a t i o n  Power 
Compressed A i r  System 
Engineering and Other Cost A l loca t ions  

The c o s t  f i g u r e s  i n  t h i s  Sec t ion  a r e  i n  June 1979 d o l l a r s .  These 
w i l l  be modified due t o  e x c a l a t i o n  and p r o j e c t  t iming  when a sched- 
u l e  i s  prepared  l a t e r  i n  t h e  o v e r a l l  p r o j e c t .  

Equipment S i z i n g  Evalua t ion :  

The p rocess  used t o  e v a l u a t e  a l t e r n a t i v e  equipment s i z e s  and des ign  
o p e r a t i n g  cond i t ions  i s  a s p e c i a l i z e d  procedure.  I t  r e q u i r e s  t h a t  
a l t e r n a t i v e s  be equ iva len t .  By n a t u r e  t h e  a l t e r n a t i v e s  have d i f -  
f e r e n c e s ;  however, by drawing a boundary around each a l t e r n a t i v e  t h e  
d i f f e r e n c e s  c r o s s i n g  t h i s  boundary can be  eva lua ted  i n  terms of 
money. This  procedure i s  only  an  e v a l u a t i o n  t o o l .  I t  i s  n o t  neces- 
s a r i l y  how . the c o s t s  a r e  incu r red .  

The Engineer ing Planning Department Generat ion Sec t ion  was consul ted  
i n  t h e  de t e rmina t ion  of  the.  l eve l  annual  f a c t o r s  t hey  use  t o  evalu-  
a t e  gene ra t ion  a l t e r n a t i v e s .  The method i s  a level  :annual represen-  
t a t i o n  of a l l  c o s t  d i f f e r e n c e s  between e q u i v a l e n t  a l t e r n a t i v e s .  
This method ' u t i l i z e s  system wide f i g u r e s  f o r  c a p i t a l  and energy.  I t  
a l s o  inc ludes  p r o j e c t i o n s  of  f u e l  c o s t s ,  c a p i t a l  c o s t s  of new u n i t s  
and allowed r a t e  base  re turn  ( c a p i t a l  cos t ) .  
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These methods and f i g u r e s  have been used a long  wi th  t h e  t e c h n i c a l  para-  
meter d i f f e r e n c e s  t o  d e r i v e  t h e  enc losed  Tables .  A l l  t h e  f i g u r e s  i n  t h e s e  
t a b l e s  a s  noted a r e  l e v e l  annual  numbers and a l l  d o l l a r  d i f f e r e n c e s  a c r o s s  
t h e  boundary have been p resen ted  t o  make t h e  a l t e r n a t i v e s  e q u i v a l e n t  
economical ly .  

Th i s  d i s c u s s i o n  of equipment s i z i n g ,  a l t e r n a t i v e s  and equiva lences  i s  used 
t o  a r r i v e  a t  t h e  f i r s t  s t e p  i n  t h e  c o s t  e s t i m a t e  p rocess ,  t h e  s e l e c t i o n  of 
t h e  des ign  cond i t ions  f o r  t h e  i n s t a l l a t i o n .  The second 'and t h i r d  s t e p s  
can fol low: g e t t i n g  manufacturer  quoted major equipment c o s t s  and e s t i -  
mating t h e  i n s t a l l a t i o n  c o s t s  a c o n t r a c t o r  w i l l  charge t o  perform t h e  
des igna ted  equipment i n s t a l l a t i o n .  

1 3.5.2 Major Equipment Cost 

I 

S u p p l i e r s  of t h e  major equipment, condensers and pumps, were contac ted  by 
te lephone  followed up by t r a n s m i t t a l  of p e r t i n e n t  equipment d a t a  s h e e t s .  
I n  t h e  m a j o r i t y  of  c a s e s ,  vendors were con tac t ed  who have had some expe r i -  
ence i n  t h e  s p e c i a l  problems a s s o c i a t e d  wi th  geothermal p l a n t s .  

The fo l lowing  i tem c o s t s  a r e  a d j u s t e d  quoted f i g u r e s :  

Condensers and E j e c t o r s  
Condensate Pumps 
C i r c u l a t i n g  Water Pump 

An a p p r o p r i a t e  S e c t i o n  of t h i s  Report  compares t h e  q u o t a t i o n s  wi th  t h e  
d a t a  s h e e t s  s e n t  o u t  f o r  quote .  I n  a d d i t i o n ,  any ad jus tments  r equ i r ed  
because of des ign  c o n d i t i o n  changes from those  quoted a r e  a l s o  addressed .  
The c o s t s  i n  t h e  e s t i m a t e  f o r  each p i e c e  of  major equipment r e f l e c t  our  
b e s t  judgment a s  t o  t h e  even tua l  b i d  on t h e  equipment da t a  s h e e t s .  

I n  t h e  c o s t  e s t i m a t e  t h e  manufac tu re r ' s  c o s t  i nc ludes  t h e  major equipment 
and m a t e r i a l s  c o s t .  Cost a t  t h e  s i t e  i n  t h e  p r e s e n t a t i o n  inc ludes  6 
p e r c e n t  u se  t a x  on equipment and m a t e r i a l  and a cont ingency of 20 p e r c e n t  
since t h i s  i s  a conceptua l  e s t i m a t e  and unest imated i tems may amount t o  
t h a t  f i g u r e .  The e s t i m a t e  assumes t h a t  P a c i f i c  Gas and E l e c t r i c  w i l l  
purchase a l l  major equipment and supply  it t o  t h e  c o n t r a c t o r  f o r  i n s t a l l a -  
t i o n  a s  has  been t h e  p r a c t i c e  a t  t h e  Geysers P l a n t .  
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I n s t a l l a t i o n  Cost: 

The e s t ima ted  i n s t a l l a t i o n  c o s t  i s  t h e  c o s t  a n t i c i p a t e d  t o  be charged 
by a n  o u t s i d e  c o n t r a c t o r  t o  perform t h e  removal of  t h e  o l d  and 
i n s t a l l a t i o n  of t h e  new equipment. Most of t h e  l a r g e r  p r o j e c t  
c o n s t r u c t i o n  work a t  t h e  Geysers has  been done by o u t s i d e  cont rac-  
t o r s  and t h i s  guide has  been used i n  p r e p a r a t i o n  of t h i s  e s t i m a t e .  
This  d e c i s i o n  a f f e c t s  t h e  l a b o r  overheads and l a b o r  e f f i c i e n c y  a s  
well  a s  t h e  g e n e r a l  overheads of a GM e s t i m a t e .  

The e s t ima ted  m a t e r i a l s  and l a b o r  shown a r e  based upon t h e  concep- 
t u a l  l a y o u t  drawings and f i e l d  i n v e s t i g a t i o n s  a t  t h e  s i t e  f o r  each 
i n s t a l l a t i o n .  There i s  judgment used whenever making such an  e s t i -  
mate and t h i s  e s t i m a t e  has  been prepared by people  who have been a 
p a r t  of o t h e r  geothermal p l a n t  c o n s t r u c t i o n .  

I n  c o n s u l t a t i o n  wi th  General Cons t ruc t ion  about  c o n t r a c t o r  p e r f o r -  
mance and c o s t s  a t  t h e  Geysers c e r t a i n  f i g u r e s  were developed f o r  
u se  i n  t h i s  conceptua l  r e p o r t .  The c u r r e n t  l a b o r  d i r e c t  r a t e s  show 
$15 p e r  hour t o  be an o v e r a l l  good concept  e s t i m a t e  d i r e c t  f i g u r e  
and has  been used i n  t h i s  r e p o r t .  The l a b o r  e f f i c i e n c y  has been 
e s t ima ted  t o  be 60 p e r c e n t  and has been used i n  t h e  e s t i m a t e .  The 
c o n t r a c t o r  overhead inc ludes  h i s  p r o f i t  and a l l  i n d i r e c t  expenses .  
I t  has  been es t imated  t h a t  55 p e r c e n t  i s  a good va lue  from p a s t  
Geysers exper ience  i n  c o n t r a c t o r  b idding .  

I n  a d d i t i o n  t o  t h e  above b a s i c  parameter  d i s c u s s i o n s  a twenty p e r c e n t  
cont ingency has  been inc luded  i n  t h e  d i r e c t  man-hours f o r  t h i s  
conceptua l  e s t i m a t e .  The l a b o r  man-hours shown a r e  de r ived  as 
fo l lows  : 

Man-hours = Basic  Es t imate  x One Divided By E f f i c i e n c y  x Contingency 
2.0 = 1.0 x 1.67 x 1.2 

The c o s t s  f o r  d i r e c t  l a b o r  and l a b o r  overhead a r e  sepa ra t ed  i n  t h e  
d e t a i l e d  e s t i m a t e .  

GM Es t imate  

The GM Es t imate  p r e p a r a t i o n  i s  t h e  l a s t  s t e p  i n  t h e  c o s t  e s t i m a t e  
p rocess .  The GM e s t i m a t e  i s  used t o  g e t  moneys approved f o r  t h e  
p r o j e c t .  Engineer ing S e r v i c e s  i n  c o n s u l t a t i o n  wi th  Engineer ing and 
General Cons t ruc t ion  p u t s  t h e  f i n a l  GM numbers t o g e t h e r .  Engineer- 
i n g  Se rv ices  has  been consu l t ed  i n  t h e  methods and f a c t o r s  used i n  
p r e p a r a t i o n  of GM e s t i m a t e s .  
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3.5.4.1 Cost Estimate 

The factors included in the Equipment and Material and labor parts 
of the estimate have been discussed. The cost estimate for the 
removal and installation of specified equipment to facilitate the 
operation of a surface condenser at Unit 5, typical for Unit 5-10 is 
here presented in summary account form. The account details are 
itemized in the next table from the summary. '% 

Am~~.r .-i? ,J 
I ~ ~ J C  z$,( TABLE 3 .3  

SUMMARY COST ESTIMATE - UNITS 5 THRU 10 

Item cost @ 

51-20 Building $ 44,520 4 ,248 $ 98,777 $ 178,347 

54-30 Circ. Water System 224,508 13,707 318,696 656,290 
54-70 Instrumentation 25,440 882 20 ,501 53,215 
55-60 Station Pwr System 34,344 3,717 86,430 151,443 

0 

No. Description Site Man-hours Labor Dollars Total Dollars 

54-20 Condensate System 2,197,126 38 ,110 886,059 3 ,397,593 

-~ 365 Eng Sr Other Alloc Cst 0 0 0 

Totals 

The estimated cost i n  June 1979 dollars to retrofit Unit 5 for a 
surface condenser is $4 ,747 ,300 .  
added the GM overheads. 

To this estimate sub total must be 

3 .5 .4 .2  GM Overheads and Cost Total 

The GM overheads are a function of  who does the construction. The 
estimate prepared here is based upon an outside contractor doing the 
construction. 

The overheads include: 

Percent of Estimate - I tem 

Indirects 0.0 
General. Engineering & Administration 16 .0  
ADC ( 9  month Construction Estimate) 3 .6  
Ad Valorem 1 .o 

Total 20.6% 
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The GM Es t imate  Cost  t o t a l  f o r  t h e  r e t r o f i t  of Uni t  5 is es t ima ted  
t o  be  $4,747,300. 

3.5.5 P r o j e c t . D i f f e r e n t i a 1  Costs  

The c a p i t a l  involved t o  accomplish t h e  r e t r o f i t  p r o j e c t  u s ing  a 
s u r f a c e  condenser w i l l  r e q u i r e  a l e v e l  annual  revenue of 1 .91  mills 
p e r  k i lowa t thour .  
c a p i t a l  c o s t  do n o t  i nc lude  t h e  v e n t  gas p rocess ing  equipment f o r  
environmental  c o n t r o l .  

The p r o j e c t  d i f f e r e n t i a l  c o s t  and GN e s t i m a t e  

These a r e  t r e a t e d  s e p a r a t e l y  i n  l a t e r  work. 

The a n a l y s i s  p re sen ted  r e f l e c t s  on ly  t h e  p h y s i c a l  i n s t a l l a t i o n  
cos ts .  The economic comparison wi th  a l t e r n a t i v e  methods adds c o s t  
d i f f e r e n c e s  between methods i n  a d d i t i o n  t o  t h e  above s t a t e d  c o s t s .  
This  economic comparative a n a l y s i s  i s  p a r t  of l a t e r  work. 

P 

3 - 16 



. 

I 
I 

! 
I 

I 
j 

I 

I 
i 

i 
i 

c
1
 

i !
=

:
 

i 





P 

EauiDment S i z i n g  C r i t e r i a  Un i t s  11 and 12 

The R e s u l t s  of Pos t  Overhaul Performance Test f o r  Uni t  11 of  Septem- 
b e r  18, 1978 was rece ived .  I t  was e s t ima ted  t h a t  f o r  t h e  r e t r o f i t  
conceptua l  des ign  an  approval  of 16.0°F could be obta ined  a t  a 38'F 
range by a thorough c l ean ing  of t h e  coo l ing  tower dur ing  t h e  r e t r o -  
f i t  turnaround.  A s i m i l a r  methodology a s  was used on Un i t s  5 t h r u  
10 was used t o  p repa re  t h e  conceptua l  des ign  a t  a t u r b i n e  exhaus t  o f  
4 . 3  inches  of Hg Abs (2.11 p s i a ) .  The conceptua l  des ign  i s  shown on 
Drawing No. PD-005. 
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TABLE 4.1  

Throttle Flow lb./hr. 

COH€’ARATIVE SuMEL4RY 

UNIT 11 

Base Reference Conversion 
Design Point Retrofit 

1,808,000 1,808,000 

Noncondensable Gas % Wt. 1.0  0.85 

General Electric Output kW 110,000 108,147 

Auxiliary Power (Electric) kW 
Cooling Tower Fans 
Miscellaneous Total 
Circ. Water & Cond. Pumps 
Noncondensable Gas Blower 

1,242 
982 

1,776 

1,242 
982 

2,215 
(Later) 

Net Unit Output kW 106,000 103,708 (1)  

Heat Input Btu/Hr. (Ref. to 32’F) 2 ,265 x l o 6  2,314 x l o 6  

Net Heat Rate Btu/kWh 21,376 22,310 

Turbine Exh. Inch Hg Abs 4.0 4 .3  

Wet Bulb 65.0 65.0 

C. W. T. Range/Approach O F  40.4 38116.0 

(1) Without Noncondensable Gas Blower Debit 

*For expected gross output, multiply actual field output of unit by retrofit 
derating factory of  0.983 
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TABLE 4.2 

COMPARATIVE SLTMMARY 

Throttle Flow lb./hr. 

Noncondensable Gas % Wt. 

General Electric Output kW 

Auxiliary Power (Electric) kW 
Cooling Tower Fans 
Miscellaneous Total 
Circ. Water Sr Cond. Pumps 
N on c o nd e n s ab 1 e G a s B 1 ow e r 

Net Unit Output kW 

UNIT 12 

Base Reference 
Design Point 

1,808,000 

1.0 
\ 

110,000 

1,242 
982 

1,776 

106,000 

Heat Input Btu/Hr. (Ref. to 32OF) 2,266 x l o 6  

Net Heat R a t e  Btu/kWh 21,376 

Turbine Exh. Inch Hg Abs 4.0 

Wet Bulb  65.0 

C. W. T .  Range/Approach O F  40.4 

(1) Without Noncondensable Gas Blower Debit 

Conversion 
Retrofit 

1,808,000 

0.5 

108,147 

1,242 
982 

2,153 
(Later) 

103,770 (1) 

2,255 x l o 6  

21,730 4 

4.3 

65.0 

38 j16 .0  

*For expected gross output, multiply actual field output of unit by retrofit 
derating factory of 0.983 

4 - 3  



.. .. . .. 
. . .. I 

... . . 

I .'I I 

;;. -' 

:- 

a- 

- 

1 
0 
1 



Rogers 

4.2 Specifications for Equipment for Conversion from Direct Contact to 
Surface Type Heat Exchangers for Units 11 and 12 

The required conditions are detailed in Specification S-12-002, Rev. 0 
and Addendum to subject specification. 
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1.0 PERFORMANCE REQUIREMENTS 

1.1 Generation capability to be maximized within the constraints 

2.0 

imposed by the existing cooling water tower capability, the 

availability of area for tube sheets and space for tube length 

and the desirability of maintaining a turbine throttle steam 

flow near existing conditions of 1,808,000 lbs./hr. Supplier 

shall be responsibile for complete design of condensing and 

vacuum system components for maximum power generation. 

STEAM CONDITIONS 

Turbine Inlet 

Enthalpy Btu/lb. - 1,200 
Entropy Btu/lb. x R - 1.606 

Pressure psia - 113.4 

Temperature O F  - 355 

Steam Jet Inlet 

Turbine exhaust (existing f o r  reference only) 

Pressure-psia (in. Hg Abs.)  - 1.964 ( 4 . 0 )  

Enthalpy - Btu/lb. - 989.3  (calculated) 

Gross Power @ 4 in. Hg Abs. - 110,000 kW 

105.4 

355 

HS ENGINEERING CO., INC. 

PGandE GEYSERS RETROFIT PROJECT 

G S - c a s  



3.0 

4.0 

5.0 

5.1 

5.1.1 

NONCONDENSABLE GAS CONDITIONS 

Unit Wt. in Steam Ave. Mol. Wt. 

11 

12 

0.85 

0.5 

35.6 

35.6 

AIR LEAMGE ALLOWANCE 

Units 11 or 12 - 930 lb./hr. each 

CONSTRAINTS 

Cooling Water Availability (Best Preliminary Values) 

Main Condenser 

Unit I tem 

11 or 12 Cold O F  

Rise O F  

Flow gpm 

81.0 

38.0 

85,000 

- COMJEm-ER 
UNITS 11 AND 12 

PGandE GEYSERS RETXOFIT PROJECT 

B NO. S-79007 
S_bN FRANCISCO, CALIF. 94111 

SPECIFICATION 

s-12-002 

SHEET 4 OF cf 



5.1.2 

5.1.3 

5.1.4 

Intercondenser 

Unit 

11 

12 

Aftercondenser 

Unit 

11 

12 

I tern 

Cold OF 

Rise O F  

Flow gpm 

Cold OF 

Rise OF 

Flow gpm 

81.0 

38.0 

5,300 

81.0 

38.0 

4,000 

Item 

Cold O F  81.0 

Rise OF 38.0 

Flow gpm 2,200 

Cold O F  81.0 

Rise O F  38.0 

Flow gpm 1,200 

Main, Inter- and After Condenser Gas Cooling Exit  Temperatures 

Preferred. 

Units 

11 or 12 

Condenser 

Ma in 114OF 

Inter llOOF 

After llO°F ' 

1- \ SPEC1 F ICAT ION REV. 
UNITS 11 AhQ 12 

PGandE GEYSERS RETROFIT PROJECT s-12-002 0 1 PINE STREET 



5.2 Space A v a i l a b i l i t y  

rG 
111 PINE 

Uni t  

11 o r  12 

SP EC I F 1 CAT ION REV. E> UNITS 11 AND 12 
STREET PGandE GEYSERS RETROFIT PROJECT s-12-002 r' 

NOTE 1: 

I tern 

Hain Condenser (Note 1) 

Pre fe r r ed  Design 

Flow S p l i t  - Two I n l e t s  and Two O u t l e t s  

Passes  - Two 

Tube Sheet  Area - 45 sq. f t .  x 2 Each End 

55 sq .  f t .  x 2 Each End 

Tube Length - 48 f t .  Maximum 

- 40 f t .  Minimum 

Hot Well - 20 F t .  x 34 F t .  x (20" Minimum Depth) 

I n t e r -  o r  Aftercondenser 

Tube Length - 16 F t .  Maximum 

Passes  - Three P re fe r r ed  

E x i s t i n g  condenser ( Information Only) 

Two openings approximately 14 f t .  x 15 f t .  and t r a n -  

s ists t o  a hemispherical  s e c t i o n  of  25 f t .  r ad ius  by 

48 f t .  long.  

long  extends 11 f t .  deep te rmina t ing  i n  a f l a t  bot-  

tomed hotwel l .  See SK-12 f o r  equipment arrangement 

wi th  s u r f a c e  condenser.  

This  upper s e c t i o n  25 f t .  wide x 48 f t .  
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SAN FRANCISCO, CALIF. p4111 

- 

6.1 

PGandE GEYSERS RETROFIT PROJECT s-12-002 
SHEET 7 

CONSTRUCTION 

Main Condenser 

P r e s s u r e  

S h e l l  S i d e  - F u l l  Vacuum t o  14.6 p s i a  

Tube S ide  - 75 p s i g  

Temperature 

S h e l l  S ide  - 150'F 

Tube S ide  - 150'F 

HE1 Clean l ines s  F a c t o r  - 70% 

Tubes - 22 Ga x A p i t c h  x s i z e  ( 3 / 4 " ,  7/8" o r  1") 

M a t e r i a l s  

S h e l l  304L SS Clad S t e e l  

I n t e r n a l s  - A l l  304L SS 

Tube Shee ts  - A l l  304L SS 

Tubes - 3041, SS 

Water Box Covers - Carbon S t e e l ,  Coal Tar  Epoxy 

Lined 

Code Requirements 

Heat Exchanger I n s t i t u t e  

ASME - Tube S ide  Only 

K4IN CONDENSER 
UNITS 11 AMI 12 I ERS ENGINEERING 0.. INC. 



6.2 I n t e r -  o r  Af te rcondensers  

P r e s s u r e  

S h e l l  S ide  - F u l l  Vacuum t o  40 p s i g  

Tube S ide  - 75 p s i g  

Temperature 

S h e l l  S ide  - 210'F 

Tube S ide  - 150'F 
TEMA Foul ing  Res i s t ance  - T o t a l  0.0011 

MAIN COiWENSER RS ENGINEERING CO., INC. 
NE STREET UhTITS 11 AND 12  

Tubes - 3 /4"  x 22 Ga x A p i t c h  

M a t e r i a l s  

S h e l l ,  i n t e r n a l s ,  tube  s h e e t s  and tubes  - A l l  304L SS 

Water Channel Covers - Carbon S t e e l ,  Coal Tar  Epoxy 

Lined 

Code Requirements 

ASME 

TEMA Clas s  "C" 

S P EC I F 1 CAT ION REV. 

- 

6 . 3  S t eani Je ts  

P res su re  - F u l l  Vacuum - 150 p s i  

Temperature O F  - 355 

M a t e r i a l s  - A l l  304L SS 

I -- SAN FRANCISCO, CALIF. 94111 
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INFORMATION REQUIRED WITH B I D  

S u p p l i e r  s h a l l  p rovide  fo l lowing  d a t a  f o r  p rope r  e v a l u a t i o n  o f  

h i s  p roposa l .  

a.  Turbine Exhaust P r e s s u r e  - p s i a  ( i n .  Hg Abs) 

s e p a r a t e l y  b .  Main Steam Condenser 

Number of  Tubes - S i z e  - Length 

c .  In t e rcondense r  

S h e l l  S i z e  - Number of Tubes - Length 

d .  Aftercondenser  

S h e l l  S i z e  - Number of Tubes - Length 

e. Steam Vacuum E j e c t o r s  

Each Stage  - Motive Steam Flow 

Proposed l b . / h r .  

Weight and Budget P r i c e  S e p a r a t e l y  f o r  Each Item 

Expect De l ive ry  Time - Weeks 

ERS ENGINEERING CO., INC. 
1 PINE STREET UNITS 11 AND 12 

PGandE GEYSERS RETROFIT PROXCT 
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P 
4 . 3  la I n s t a l l a t i o n  D e s c r i p t i o n  f o r  Un i t s  11 and 12 

Un i t s  11 and 12 a r e  i d e n t i c a l  t u rb ine -gene ra to r  u n i t s  and housed i n  
t h e i r  own power b u i l d i n g  a t  two d i f f e r e n t  s i tes .  Equipment l o c a t i o n  
and o t h e r  dimensions were f i e l d  checked on June 12 ,  1979 and v e r i -  
f i e d  a g a i n s t  Drawings SK-017, -018 and -019. These drawings a r e  
inc luded  i n  t h i s  s e c t i o n  and show t h e  new equipment l o c a t i o n s .  

4.3.1 Main Condenser 

As shown i n  t h e  above drawings,  t h e  a x i s  of  t h e  condenser i s  p a r a l -  
l e l  t o  t h e  power b u i l d i n g .  The i n i t i a l  conceptua l  des ign  assumed 
t h e  new s u r f a c e  type  condenser tube  p u l l i n g  space t o  be a long  t h i s  
a x i s .  Condenser du ty  requirements  a r e  s a t i s f i e d  wi th  48 f o o t  tube  
l e n g t h  and a two pass  tube  bundle arrangement.  To be capable  of 
c l ean ing  h a l f  t h e  condenser whi le  o p e r a t i o n a l ,  water  t o  t h e  conden- 
ser w i l l  be s p l i t  f low. For  a s p l i t  f low two pass  tube  bundle 
arrangement ,  t h e  necessary  tube  p u l l i n g  space r e q u i r e s  t h e  removal 
of t h e  lube  o i l  t ank  and a s s o c i a t e d  pumps and p i p i n g  and t h e  main 
compressor and t anks .  I n  a d d i t i o n ,  one column and two w a l l s  w i l l  
have t o  be removed. n&rgwra-t+on~Ghe--eondens e r e s  heJ+--- 
w+l-lwnVV~~li'2vE'To " 'be-mo d i f i,e&- to,- e_n_suG .t he-p l a  cemenk-o f- t lie wa t e r 
'boxes"P Desp i t e  t h e s e  d i f f i c u l t i e s ,  an adequate  gas c c o l i n g  s e c t i o n  
i n  t h e  new condenser i s  ensured wi th  t h i s  des ign .  

A second a l t e r n a t i v e  t o  t h e  des ign  i s  t o  p l a c e  t h e  condenser tubes  
pe rpend icu la r  t o  t h e  condenser a x i s .  Condenser du ty  requirements  
a r e  s a t i s f i e d  w i t h  a s p l i t  f low f o u r  pas s  tube  bundle arrangement.  
Except f o r  condensate  pump removal a minimum of equipment removal i s  
r equ i r ed  f o r  t h e  condenser t ube  p u l l i n g  space.  I n  a d d i t i o n ,  t h e  
p i p i n g  fo l lowing  removal of  t h e  e x i s t i n g  condensate pumps from t h e  
condenser t o  coo l ing  tower has  less t u r n s  and i s  s h o r t e r  i n  d i s t a n c e  
than  t h e  f i r s t  a l t e r n a t i v e .  The condenser s h e l l  however, f o r  t h i s  
a l t e r n a t i v e  cannot  be sa lvaged  and must be c u t  o u t  and rep laced  w i t h  
a s h e l l  compatible w i t h  t h e  new tube  bundle  requirements .  For t h i s  
des ign  t h e r e  may be some d i f f i c u l t y  i n  achiev ing  an  adequate  gas  
coo l ing  s e c t i o n  i n  t h e  new condenser.  

E x i s t i n g  condenser coo l ing  water  i n l e t  p i p i n g  can be used wi th  
a t tachment  t o  t h e  condenser p o s i t i o n e d  a t  t h e  bottom of  t h e  i n l e t  
water  boxes.  The need f o r  c i r c u l a t i n g  water  pumps and sma l l e r  
condensate  pumps o f f s e t  from t h e  . tube  p u l l  space w i l l  p r ec lude  t h e  
use  of e x i s t i n g  d i scha rge  p i p i n g  from t h e  condenser.  A l l  new p i p i n g  
w i l l  b e  cons t ruc t ed  of  t e c h i t e  f o r  underground s e r v i c e  and s t a i n l e s s  
steel  f o r  p i p i n g  above ground. 
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4 . 3 . 2  Intercondenser and Ejectors 

The existing intercondenser and ejectors will be removed. The new 
surface type intercondenser and new first stage jet ejector will be 
relocated to the southwest corner outside the power building, 16 ft. 
above grade and stacked above the aftercondenser to allow for tube 
pulling space for the main condenser. New support steel will be 
required. 

4 . 3 . 3  Aftercondenser and Ejectors 

The existing aftercondenser and ejectors will be removed. The new 
surface type aftercondenser will- be stacked below the intercondenser, 
6 ft. above grade. 

4 . 3 . 4  Condensate Pumps 

The existing condensate pumps wili be removed and new condensate 
pumps sized and located adjacent to the condenser inside the power 
building with their own wet pit. Again the condensate pumps will be 
used as circulating water pumps f o r  the new system configuration. 

7 
~ 

4 . 3 . 5  Circulating Water Pumps 

The four circulating water pumps will be located at the west end of  
the cooling tower near the cooling tower sump. Each pair of pumps 
will supply water to half the Condenser. Cold well water will flow 
by gravity to the circulating water pump wet pit where a diffuser will 
reduce vorteces before entering the pump suction. 

The existing condensate pumps can he used as the circulating water pumps 
for these units. The pump, however, must be redesigned in order to 
satisfy the additional head requirements for the 110 PlW unit. 

rl 
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4.4  

D 
Equipment Quota t ions  

We contac ted-some s u p p l i e r s  a s  f o r  Un i t s  5 through 10.  

Condensers and E j e c t o r s  

Quota t ion  r eques t s  were s e n t  t o  DeLaval, E c o l a i r e  and Marley Heat 
T r a n s f e r  Co. Marley could n o t  respond a s  p rev ious ly  i n d i c a t e d  and 
DeLaval was unable  t o  devote  anp time t o  c o n s i d e r a t i o n  of 4 pass  
a l t e r n a t i v e .  

E c o l a i r e  gave us  d a t a  on a s t anda rd  des ign  2 pass  condenser which 
would be i n s t a l l e d  i n  l i n e  wi th  tu rb ine -gene ra to r  c e n t e r  l i n e .  
However t h i s  des ign  would r e q u i r e  r e l o c a t i o n  of t u r b i n e  lube  o i l  
system and ins t rument  a i r  system, f o r  t ube  p u l l i n g  tubes  would be  
46 f t .  long.  

As an a l t e . r n a t i v e  we reques ted  E c o l a i r e  t o  i n v e s t i g a t e  i f  a 4 pass  
coo l ing  water  des ign  would he f e a s i b l e ,  u s ing  22 f t .  t ubes .  

Althogh t h e y  have never  b u i l t  a u n i t  i n  t h i s  water  s i d e  conf igura-  
t i o n ,  t hey  agreed it would be t e c h n i c a l l y  f e a s i b l e  and would guaran- 
t ee  t h e  performance, a t  no s a c r i - f i c e  of des ign  t u r b i n e  back p r e s -  
s u r e .  

4.4.2 Vendors Comments 

4.4.2.1 E c o l a i r e  used H .  E .  I .  A i r  Leakage r a t e  o f  112#/hr.  v s  s p e c i f i c a t i o n  
of 930#/hr.  Hotwells same l e n g t h  a s  condenser and two water  boxes 
a r e  supp l i ed  r a t h e r  t han  f o u r .  

4 .4 .2 .2  DeLaval p rev ious ly  gave us  a des ign  b a s i s  of 3" Hg Abs t u r b i n e  back 
p r e s s u r e .  Some comments app ly  a s  p e r  condensers  f o r  Uni t s  5 through 
10. 

4.4 .2 .3  Nei the r  E c o l a i r e  o r  DeLaval provided  e j e c t o r  steam r a t e s .  

4.4 .3  Condensate and C i r c u l a t i n g  Water Pumps 

Same vendors contac ted  as  f o r  Un i t s  5 through 10.  

4 - 7  
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TABLE 4.4.1 

SURFACE CONDENSER SUMMARY 

UNITS 11 AND 12 

S p e c i f i c a t i o n  Main Condenser 

H. E .  I .  C lean l ines s  Fac to r :  70% 
S h e l l s i d e  Allowable AP: Vendor 's  Choice 
Cooling Water Flow: 85,000 gprn 
Tube Length Base Case: 
No Passes  Base Case: 2 
Tube Length A l t .  Case: 22 F t . :  

& No Passes  A l t .  Case: 4 

03 Tube S i z e  : 22 ga . ,  3 / 4 " ,  718'' o r  1" Vendor's  Choice 

48 f t .  max./ft .  

I Sur face  Area Sq. F t . :  As Required 

Cost  of Tubes $: 
Dimensions: Base Case 
Dimensions: A l t .  Case 
Turbine Exhaust P res su re :  

I n t e r -  and Aftercondensers  & Rejec tors :  Required 

TEMA Foul ing  Res is tance  Overa l l :  0.0011 

Conformity t o  Mate r i a l  Specs:  
Purchase P r i c e  Base Case $:  
Purchase P r i c e  A l t .  Case $:  
Add f o r  Tubing Cost Main Condenser $: 

T o t a l  P r i c e  $:  

Vendor 
E c o l a i r e  I DeLaval 

7 0% 
N .  S .  
To Spec. 
46 
2 
22 
4 
215,000 

Included (Note 1) 
46'L x 25'W x 22'-6"H 
To S u i t  Space Al loca ted  
As S p e c i f i e d  

3 /4 "  

Included i n  P r i c e  
w/Tubing Provided 
I n s t a l l e d  
H. E .  I .  50% C .  F. 

Yes 
3,000,000 
3,000,000 
Included 

7 0% 
N .  S .  
To Spec 
N .  S. 
N .  S .  
N. Q .  
N .  Q. 

N .  S .  
400,000 (Est.) (Note 1) 
N .  S. 
N. Q.  
3" Hg Abs 

202,000 

Included i n  P r i c e  
w/Tubing I n s t a l l e d  

H .  E .  I .  70% Clean- 
l i n e s s  F a c t o r  
Yes 
1,950,000 
N .  Q. 
400,000 (Est. by Vendor) 

3,000,000 2 ,350,000 

NOTE 1: I n s t a l l a t i o n  of t ubes  i n  Main Condenser, n o t  inc luded  i n  above p r i c e s  
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TABLE i.4.4.2 

EQUIPMENT SlJMFIARY SHEET - PUMPS - UNITS 11 AND 12 

SDecifications 
Vendors ' Byron 
I. R. Peerless Jackson 

Condensate Pump 

Capacity: 4,000 gpm 
Differential Head: 95 ft. 
Materials: All 316SS 
Type: Can 
NPSH Available: ft./Req'd: 
Efficiency X :  
Motor HP/rpm 
Price $: 

C. W. Circulation PumD 

Spec. 
Spec. 
Spec. 
Spec. 
10 ft. 
75 
150/885 
$88,300 

Worthineton 

As for Units 5 through 10 ,  least project cost would be to use existing Peerless 
condensate pumps. Peerless advise the modification would consist of a new 
motor, new shaft, additional bowl for each pump. Modification would cost 
approximately $42,000 vs $120,000 for a new pump. 

4 - 8  
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4.5 
P 

P 

P r o j e c t  Costs  - Uni t s  l l a n d  12 

This  mi l e s tone  r e p o r t  i s  a 10 week p rogres s  r e p o r t  p r e s e n t i n g  pa r -  
t i a l  c o s t  and economic informat ion  p e r t a i n i n g  t o  Un i t s  11 and 12 
s u r f a c e  condenser i n s t a l l a t i o n .  This  r e p o r t  p r e s e n t s  two economic 
a s p e c t s :  Equipment s i z i n g  and c a p i t a l  c o s t  e s t i m a t e .  Each a s p e c t  
has  c e r t a i n  guide l i n e s  and c o n s t r a i n t s .  They w i l l  be  d i scussed  i n  
t h i s  S e c t i o n  a long  wi th  t h e  r e s p e c t i v e  d a t a .  

The c o s t  e s t i m a t e ,  has  been prepared  by c a t e g o r i e s  and a r e  those  
accounts  used by P a c i f i c  Gas and E l e c t r i c  f o r  t h e i r  own e s t i m a t e s .  
Only t h e  fo l lowing  accounts  a r e  inc luded  by t h e  n a t u r e  of t h i s  
p r o j e c t  work. 

51-20 
52-50 
54-20 
54-30 
54-40 
54-70 
55 - 30 
55-60 
56- 10 
365 

S t r u c t u r e s  and Improvements 
Main Steam P ip ing  
Turbine-Generator - Condensate System 
Turbine-Generator - C i r c u l a t i n g  Water System 
Lube O i l  System 
Turbine-Generator - Ins t rumen ta t ion  
Control  and Power Connection 
Aux i l i a ry  E l e c t r i c a l  Equipment - S t a t i o n  Power 
Compressed Air System 
Engineering and Other Cost A l loca t ions  

The c o s t  f i g u r e s  i n  t h i s  Sec t ion  a r e  i n  June 1979 d o l l a r s .  These 
w i l l  be  modified due t o  e s c a l a t i o n  and p r o j e c t  t iming  when a sched- 
u l e  i s  prepared  l a t e r  i n  t h e  o v e r a l l  p r o j e c t .  

4.5.1 , Equipment S i z i n g  Evalua t ion :  

The p rocess  used t o  e v a l u a t e  a l t e r n a t i v e  equipment s i z e s  and des ign  
o p e r a t i n g  cond i t ions  i s  a s p e c i a l i z e d  procedure.  I t  r e q u i r e s  t h a t  
a l t e r n a t i v e s  be e q u i v a l e n t .  By n a t u r e  t h e  a l t e r n a t i v e s  have d i f -  
f e r e n c e s ;  however, by drawing a boundary around each a l t e r n a t i v e  t h e  
d i f f e r e n c e s  c r o s s i n g  t h i s  boundary can be eva lua ted  i n  terms of  
money. I t  i s  n o t  neces-  
s a r i l y  how t h e  c o s t s  a r e  i n c u r r e d .  

The t e c h n i c a l  parameters  and d i f f e r e n c e s  f o r  equipment des ign  condi- 
t i o n s  were eva lua ted  economical ly  i n  Tables  3.2 and 3 .3  i n  a p re -  
v ious  s e c t i o n .  These d i f f e r e n c e s  and conclus ions  of  economics and 
t e c h n i c a l  des ign  parameters  a r e  a p p l i c a b l e  t o  Un i t s  11 and 12 equip- 
ment comparisons and a r e  n o t  r epea ted .  However, t h e  a c t u a l  des ign  
p o i n t  was determined s e p a r a t e l y  f o r  Un i t s  11 and 12. . 

This  procedure i s  only  an e v a l u a t i o n  t o o l .  

Th i s  d i s c u s s i o n  of  equipment s i z i n g ,  a l t e r n a t i v e s  and equiva lences  
i s  used t o  a r r i v e  a t  t h e  f i r s t  s t e p  i n  t h e  c o s t  e s t i m a t e  p rocess ,  

4 - 9  
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which i s  t h e  s e l e c t i o n  of t h e  des ign  cond i t ions  f o r  t h e  i n s t a l l a -  
t i o n .  The second and t h i r d  s t e p s  can fol low: g e t t i n g  manufacturer  
quoted major equipment c o s t s  and e s t i m a t i n g  t h e  i n s t a l l a t i o n  c o s t s  a 
c o n t r a c t o r  w i l l  charge t o  perforni t h e  des igna ted  equipment i n s t a l l a -  
t i o n .  

4.5.2 Major Equipment Cost 

S u p p l i e r s  of  t h e  major equipment, condensers  and pumps, were con- 
t a c t e d  by te lephone  followed up by t r a n s m i t t a l  of p e r t i n e n t  equip- 
ment d a t a  s h e e t s .  I n  t h e  m a j o r i t y  of c a s e s ,  vendors were contac ted  
who have had some exper ience  i n  t h e  s p e c i a l  problems a s s o c i a t e d  wi th  
geothermal p l a n t s .  

The fo l lowing  i tem c o s t s  a r e  a d j u s t e d  quoted f i g u r e s :  

Condensers and E j e c t o r s  
Condensate Pumps 
C i r c u l a t i n g  Water Pump 

An a p p r o p r i a t e  Sec t ion  of t h i s  Report  compares t h e  q u o t a t i o n s  w i t h  
t h e  d a t a  s h e e t s  s e n t  o u t  f o r  quote .  I n  a d d i t i o n ,  any ad jus tments  
r equ i r ed  because of  des ign  c o n d i t i o n  changes from those  quoted a r e  
a l s o  addressed .  The c o s t s  i n  t h e  e s t i m a t e  f o r  each p i e c e  of major 
equipment r e f l e c t  ou r  b e s t  judgment a s  t o  t h e  even tua l  b i d  on t h e  
" se l ec t ed"  equipment da t a  s h e e t s .  

I n  t h e  c o s t  e s t i m a t e  t h e  manufac turer ' s  c o s t  i nc ludes  t h e  major 
equipment and m a t e r i a l s  c o s t .  Cost a t  t h e  s i t e  i n  t h e  p r e s e n t a t i o n  
inc ludes  6 p e r c e n t  use t a x  on equipment and m a t e r i a l  and a con t in -  
gency of 20 p e r c e n t  s i n c e  t h i s  i s  a conceptua l  e s t i m a t e  and u n e s t i -  
mated items may amount t o  t h a t  f i g u r e .  The e s t i m a t e  assumes t h a t  
P a c i f i c  Gas and E l e c t r i c  w i l l  purchase a l l  major equipment and 
supply  it t o  t h e  Cont rac tor  f o r  i n s t a l l a t i o n  a s  has been t h e  prac-  
t i c e  a t  t h e  Geysers P l a n t .  

4.5.3 I n s t a l l a t i o n  Cost :  

The e s t ima ted  i n s t a l l a t i o n  c o s t  i s  t h e  c o s t  a n t i c i p a t e d  t o  be charged 
by an  o u t s i d e  c o n t r a c t o r  t o  perform t h e  removal of t h e  o l d  and 
i n s t a l l a t i o n  o f  t h e  new equipment. Most of t h e  l a r g e r  p r o j e c t  
c o n s t r u c t i o n  work a t  t h e  Geysers has  been done by o u t s i d e  cont rac-  
t o r s  and t h i s  guide has  been used i n  p r e p a r a t i o n  of t h i s  e s t i m a t e .  
Th i s  d e c i s i o n  a f f e c t s  t h e  l a b o r  overheads and l a b o r  e f f i c i e n c y  a s  
w e l l  a s  t h e  g e n e r a l  overheads of a GM e s t i m a t e .  

n 
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The e s t ima ted  m a t e r i a l s  and l a b o r  a r e  based upon t h e  conceptua l  
l a y o u t  drawings and f i e l d  i n v e s t i g a t i o n s  a t  t h e  s i t e  f o r  each i n -  
s t a l l a t i o n .  There i s  a l s o  some judgment used whenever making such 
a n  e s t i m a t e  and t h i s  e s t i m a t e  has been prepared by people  who have 
been a p a r t  of o t h e r  geothermal p l a n t  c o n s t r u c t i o n .  

I n  c o n s u l t a t i o n  wi th  General Cons t ruc t ion  about  c o n t r a c t o r  p e r f o r -  
mance and c o s t s  a t  t h e  Geysers c e r t a i n  f i g u r e s  were developed f o r  
u se  i n  t h i s  conceptua l  r e p o r t .  The c u r r e n t  l a b o r  d i r e c t  r a t e s  show 
$15 p e r  hour t o  be an o v e r a l l  good concept  e s t i m a t e  d i r e c t  f i g u r e  
and has  been used i n  t h i s  r e p o r t .  The l a b o r  e f f i c i e n c y  has  been 
e s t ima ted  t o  be 60 p e r c e n t  and has been used i n  t h e  e s t i m a t e .  The 
c o n t r a c t o r  overhead inc ludes  h i s  p r o f i t  and a l l  i n d i r e c t  expenses .  
I t  has  been es t imated  t h a t  55 p e r c e n t  i s  a good va lue  from p a s t  
Geysers exper ience  i n  c o n t r a c t o r  b idding .  

I n  a d d i t i o n  t o  t h e  above b a s i c  parameter  d i scuss ions  a twenty pe r -  
c e n t  cont ingency has  been included i n  t h e  d i r e c t  man-hours f o r  t h i s  
conceptua l  e s t i m a t e .  The l a b o r  man-hours a r e  de r ived  a s  fo l lows:  

Man-hours = Basic  Estimate x One Divided By E f f i c i e n c y  x Contingency 
2 .0  = 1.0 x 1.67 x 1 . 2  

The c o s t s  f o r  d i r e c t  l a b o r  and l a b o r  overhead a r e  sepa ra t ed  i n  t h e  
d e t a i l e d  e s t i m a t e .  

4.5.4 GM Es t imate  

The f a c t o r s  included i n  t h e  Equipment and Mate r i a l  and l a b o r  p a r t s  
o f  t h e  e s t i m a t e  have been d i scussed .  The c o s t  e s t i m a t e  f o r  t h e  
removal and i n s t a l l a t i o n  of s p e c i f i e d  equipment t o  f a c i l i t a t e  t h e  
o p e r a t i o n  of a s u r f a c e  condenser a t  Uni t  11, t y p i c a l  f o r  Unit  12 i s  
h e r e  p re sen ted  i n  summary account  form. The account  d e t a i l s  a r e  
i temized  i n  t h e  nex t  t a b l e  from t h e  summary. 
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Item 
No. 

51-20 
54-20 
54-30 
54-40 
54-70 
55-60 
56-10 
365 

4.5.4.2 

4.5.5 

TABLE 4 . 3  

SUMllARY COST ESTIflATE - UNITS 11 

cost @ 
Description Site - Labor Dollars Total - Dollars 

Building 
Condensate System 
Circ. Water System 
Lubw Oil System 
Instrumentation 
Station Pwr System 
Compressed Air System 
Eng Sr Other Alloc Cost 

Totals 

$ 19,080 
4,369,320 

542,890 
22,642 
35,107 
70,087 
10,812 

0 

$ 147,700 
1,473,271 

470 , 123 
80,140 
46,593 
47,059 
67,560 

0 

$ 219,189 
6,365,364 
1,179,831 

131,218 
98,233 

133,844 
102,345 

0 

The estimated cost in June 1979 dollars to retrofit Unit 11 for a 
surface condenser is $ , 8-. To this estimate sub total must be 
added the Gff o v e r h e a d s m 2  

GM Overheads and C o s t  Total 

The GM overheads are a functi.on of who does the construction. The 
estimate prepared here is based upon an outside contractor doing the 
construction. 

The overheads include: 

I tern - Percent of  Estimate 

Indirects 0.0 
General Engineering Si Administration 16.0 
ADC (9 month Construction Estimate) 3.6 
Ad Valorem 1 . 0  

Total 20.6% 

The GM Estimate Cost total for the retrofit of Unit 11 is estimated 
to be $7 * 

Project Differential Costs 

&)927)39@, - 
The capital involved to accomplish the retrofit project using a 
surface condenser will require a level annual revenue of  1.80 mills 

4 - 12 



Rogers 

i 
per kiloyatthour. The project differential cost and GM estimate 
capital cost do not include the vent gas processing equipment for 
environmental, control. These are treated separately in later work. 

u 
The analysis presented reflects only the physical installation 
costs. The economic comparison with alternative methods adds cost 
differences between methods in addition to the above stated costs. 
This economic comparative analysis i s  part of later work. 
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CAPITAL: The s i n g l e  l i f e  30 y e a r  level  annual  revenue requirement  (LARR) f a c t o r  
f o r  gene ra t ion  p lanning  i s  0.1465. 

OPERATION AND MAINTENANCE: The 30 yea r  l e v e l  annual  f a c t o r  f o r  gene ra t ion  p lan-  
n ing  i s  2.19. 

STEAM AT GEYSERS: 

POWER VALUES: 

The 30 y e a r  l e v e l  annual  steam c o s t  i n  m i l l s  p e r  kWh i s  24.4. 

( f o r  base  loaded u n i t s )  

I Year 30 Year Level S i n g l e  Value 

1979 61  33 
*1980 65 37 

1981 68 39 
1982 72 50 
1083 75 55 

;?Data used i n  Mi les tone  One Report  

CONSTRUCTION COST: 

D i r e c t  Labor Rate:  
E f f i c i e n c y :  60 p e r c e n t  o f  hours  
I n d i r e c t s  and P r o f i t :  
Contingency: 

Major Equipment: Evaluated manufacturer  c o s t  
M a t e r i a l s  and Ren ta l s :  Est imated 
Contingency: 

15.00 d o l l a r s  p e r  hour 

55 p e r c e n t  of  d i r e c t  l a b o r  c o s t  
20 p e r c e n t  on d i r e c t  l a b o r  hours  

20 p e r c e n t  on equipment and m a t e r i a l s  

--A 
i 1 - w  

_____ 
C k  ' R.AppJC.App 
I -- -- 

SPECIFICATION REV. W E R S  ENGINEERING co., INC. ECONONIC FACTORS AND HETHODS - -- 
1 

111 PINE STREET DATA SHEET 
s-00-001 

Client PGandE Date 29 June 1979 SHEET OF 2 - - -  ___ 

Engineering and Other  A l l o c a t a b l e  Costs :  
equipment 

20 p e r c e n t  on l a b o r  and Y 

GPI FACTORS: 

I n d i r e c t  Costs :  0 .0  p e r c e n t  

General Overheads: 
(Cons t ruc t ion  by Outs ide  Con t rac to r )  

Engineer ing and Adminis t ra t ion  16.0 
ADC ( e s t ima te  9 months) 3.6 
Ad Valorem 1 .o 

b 

T o t a l  20.6 p e r c e n t  

___ 
- 1- 1 . - I I I 



METHODS : 

1. For alternative comparison, the alternatives must be equal. 
All costs and their differences are compared to make a selection. 

The costs of  an installation is only the capital cost which must 
be authorized in a GM. 

2. 

CALCULATIONS: 

1.0 LEVEL ANNUAL STEAM 

SPEC1 F ICAT ION - ECONOMIC FACTORS AN! NETHODS 
111 PINE STREET DATA SHEET 

CALIF. 94111 s-00-001 

2.0 

3 .0  

4 . 0  

5 .O 

REV. 

__ 

Level Annual Steam Factor (LASF) = 0.0244 $/k% 
Steam #/hr. x 0.049 kW/# x Capacity Factor x hrs./yr. x LASF = Level 
Annual $/yr. 

LEVEL ANNUAL OPERATIONS Ah9 K4INTENANCE 

Note exclude electrical energy use factor of  Section 3 . 0 .  
Level Annual Operations and Maintenance Factor (LAOMF) = 2.19 
Operation and Maintenance Cost/yr. x LAOMF = Level Annual $/yr. 

LEVEL ANNUAL ELECTRICAL ENERGY 

Level Annual Power Value Factor (LAPVF) = 0.065 $/kWh 
kWh/yr. x LAPVF = Level Annual $/yr. 

LEVEL ANNUAL CAPITAL COST 

Level AMual Capital Factor (LACF) = 0.1465 

Capital Cost $ x LACF = Level Annual $/yr. 

CAPITAL COST 

Construction Cost x GN Factor = Capital Cost 

(Account 314 Only) 


