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1.0 INTRODUCTION 

Rogers Engineering was contracted to determine the technical feasi- 
bility and cost/benefit ratios for Pacific Gas and Electric Company 
to replace the iron-catalyst/peroxide/ caustic systems with surface 
condensers and Stretford H2S abatement systems for Units 1 through 
12 at the Geysers. 

This Milestone 1'11 Report is a 6 week progress report and will not 
have the cost benefit analyses which is planned for in the Final 
Report. This report will focus only on Units 1 and-3, which are 
thought of as typical to Units 2 and 4 in our contract. 

The work performed analyzes the cooling water cycle for both units 
and determines the turbine operating back pressure as a function of 
cold water from the existing cooling towers to the new surface 
condensers. Any power penalty is noted and assessed to the respec- 
tive turbine-generator with necessary definition for the reason in 
heat rate deterioration, 

The direction of Rogers Engineering Co.'s efforts was the conceptual 
system analysis for Units 1 and 3. But cooling tower performance 
differences between Units 1 and 2 influenced the similarity of, the 
cycle thermodynamics and power output at the generator for these two 

. ,  units. We therefore are reporting on Units One and Two. Units 
Three and Four are identical with some minor location and piping I 

differences. 

1 
f 
L 

i 

L 
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2.0 SUMMARY 
L 
i; This Milestone Report No. 1 summary presents technical and cost  

values fo r  the surface condenser r e t r o f i t  of Units 1 through 4 .  The 
Stretford Process treatment of vent gases and the economic compari- 
son with the present system is  t o  be p a r t  of l a t e r  reports. 

# 

'i i 
2.1 Units 1 and 2 

L 
i; 

The differences i n  operating performance between Units 1 and 2 
d i r e c t  contact condenser w i l l  extend t o  the new surface condensers. 
Differences occurred primarily because of differences i n  cooling 
tower operating performance, such as  81°F cold water i n l e t  tempera- 
t u re  t o  Unit 1 condenser and 86OF t o  Unit 2 condenser f o r  a wet bulb 
of 6S0F a t  f u l l  load. This resulted i n  differences i n  the condenser 
heat balance f o r  each of the two uni t s  which impacted on the turbine 
back pressure and developed a 5.3% power penalty on the gross power 
output a t  the generator.. 

The project  costs a t  the time of t h i s  Milestone One Report indicate:  L (See Section 3 . 4 ) :  . 

The differences extended in to  the equipment and in s t a l l a t ion  d e t a i l s  
because of s i t e  configuration. 

It appears t h a t  there w i l l  be space fo r  the additional equipment on 
the exis t ing property. See Drawings SK-007, SK-008 and SK-009. 

i GM Estimate Cost Total f o r  Ret rof i t  of Unit #1 = $1,600,000 - 
Resulting i n  an additional Energy Charge of 2.89 mills per kwh. 

Unit 172 costs  fo r  purposes of t h i s  report  a r e  approximately the 
same as  Unit #l. 

2.2 Units 3 and 4 

I; These uni t s  a r e  ident ica l  with respect t o  t h e i r  process flow sheets. 

The space location of the main condensers a r e  s l i gh t ly  different .  
See Drawings SK-002 and SK-010. There i s  space t o  i n s t a l l  the 
additional equipment. 

The project  costs a t  the time of t h i s  Milestone One Report indicate: 
(See Section 4 . 4 ) :  

L 

GM Estimate Cost  T o t a l  for Ret rof i t  of Unit #3 = $2,500,000 - 
Resulting i n  an additional Energy Charge of 2.41 mills per kwh. L 
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x, 3.0 UNIT 1 RETROFIT FOR ABATEMENT OF H2S 

Currently the  H2S i n  the  p lan t  geothermal steam supply dissolves i n  
the  d i r e c t  contact heat  exchange water system and about 60% of the  
€IPS enters  the  cooling tower. The Re t ro f i t  program w i l l  replace the  
d i r e c t  contact heat  exchangers with ind i r ec t  surface type equipment. 
It is  estimated t h a t  less than one-twentieth of H2S will report  t o  
the cooling tower v i a  the  steam condensate re turn flow. The remain- 
der  w i l l  be routed a s  condenser off-gas through a compressor and 
pipe gathering network t o  a S t re t ford  Process Unit which consoli- 
dates  the  off-gas from Units 1 - 6. The H2S from r e t r o f i t  Units 
1 - 6 w i l l  be converted i n  the S t re t ford  Process t o  elemental sulfur .  
This program w i l l  enable H2S abatement of over 90%. 

Equipment Sizing Cr i t e r i a  

1 "  
1 
1 
I: 

3 3.1 t 
L 3.1.1 ' Noncondensable Gas Values 

Original base reference design point  was 0.75% w t .  noncondensable 
gas i n  the  steam. Based on updated f i e l d  data which was reported on 
i n  PCN f23 and agreed upon by PGandE, the design value was s e t  a t  
0.5% w t .  f o r  Units 1 and 2. The gas composition i s  shown i n  d e t a i l  
i n  Appendix A. The average mol w t .  i s  30.3. 

Field Test Data f o r  Cooling Water Tower 

The cooling water tower f o r  Unit 1 was tes ted  when clean on 5 April  
1977. A t  a test condition of 45OF wet bulb, with a c i rcu la t ing  
water flow of 13,530 gpm and a range of 36.4OF, the approach t o  wet 
bulb was 32.6OF. The r e su l t s  of t h i s  tes t  indicates  t h a t  the  tower 
is  4 - 5OF below design rat ing.  

i 
1 
L 
b 
i; 

L 

3.1.2 

3.1.3 Base Reference Design Point 

The Unit 1 Data Book Heat Balance Diagram f o r  100% Maximum Guaran- 
teed Load i s - t h e  Base Reference Design Point. The calculated gross 
power output w i l l  be based on e s sen t i a l ly  the same turbine t h r o t t l e  
flow a t  the  r e t r o f i t  conditions. Net power output w i l l  be deter-  
mined on the bas i s  of the  new s t a t i o n  auxi l ia ry  power requirements. 
The Unit 1 Process Elow Diagram PD-001 f o r  conversion of the present 
system shows the  expected Unit performance a f t e r  Ret rof i t .  

hp 

t 

L 
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3.2 

3.2.1 1, 
i 

Specification of Equipment fo r  Conversion from Direct Contact t o  
Surface Type Exchanger - Unit 1 

Main Condenser Cooling Water System Limitations 

The cooling water tower fo r  Unit 1 by f i e l d  t e s t  i s  4 - 5 O F  below 
rat ing.  For a set approach i n  a cooling tower, more water can be 
circulated as  the  range is  lowered (tower, hot water on temperature 
is  reduced). Increase i n  turbine output can a l so  be improved. 
Because a lower exhaust pressure can be specified t o  maintain a 
constant terminal termperature difference between the hot water and 
the  incoming steam. However, as the range i s  lowered the water 
c i rcu la t ion  system piping may need t o  be la rger  and/or the pumping 
power increased, which w i l l  reduce' the unit net power output. A t  
the  base reference design point of 65OF wet bulb the  approach must 
be relaxed from a design of 15.6OF t o  20°F and the range dropped 
from about 40°F t o  38OF. A lower range would be desirable t o  reduce 
exhaust pressure because the increases i n  c i rculat ing water power 
requirements and pipe s i ze  a re  near the economic balance point f o r  
the Ret rof i t  of Unit 1. This w i l l  allow a reduction i n  turbine 
exhaust pressure t o  5 .0  inches Hg Abs. 

k 

' 3.2.1.1 Condensing and Cas Cooling Limitations 
\ 

The exis t ing d i r ec t  contact exchange system can achieve temperature 
approaches of 4OF on the mixed steam-water condensate ou t l e t  and 
about 6OF on the noncondensable gas out le t .  For surface type heat 
exchange the terminal temperature difference might be specified down 
t o  5OF since the increased power produced can recover the increase 
i n  exchanger cost  i n  less than a year a s  shown i n  Table 3.1. Off- 
s e t t i ng  t h i s  simple economic evaluation is the increase i n  exchanger 
size. Therefore f o r  Unit 1 a terminal temperature difference of 
7.8OF was used. 

L 
t *  
I '  

It would be desirable on the gas cooling end t o  achieve low ou t l e t  
temperatures so as t o  minimize the motive steam requirements fo r  the 
1st stage steam j e t  e jec tor .  The economic trade-offs a r e  shown i n  
Table 3.2. The main condenser ou t l e t  temperature approach has been 
relaxed t o ,  33OF f o r  Unit 1. The relaxation of t h i s  approach was . 
mostly a consideration of consistancy with what surface condenser 
manufacturers w i l l  guarantee using t h e i r  standard design procedures. 
The interact ion between the cooling water tower approach and range 
a r e  the majbr factors  i n  determining turbine exhaust pressure a t  the 
base design reference point. This methodology maximizes the power 
expected a f t e r  Retrof i t .  

$ '  

L .  

L 
i 
t 

ii I 
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3.2.2 

3.2 .3  

Intercondenser 

The gas steam mixture is condensed and cooled a t  a pressure near 5 
psia .  A t  t h i s  pressure the  condensation and cooling design tempera- 
t u re s  a r e  not a s  sens i t ive  t o  main condenser approach conditions 
bas i ca l ly  because of high steam gas i n l e t  sa tura t ion  temperatures. 
With the specif ied cooling water range and approach the temperature 
differences specif ied a re  37OF and 25OF respectively a t  steam gas 
i n l e t  and ou t l e t .  

\ 

Aftercondenser 

The steam gas mixture is condensed and cooled a t  14.1 psia .  Similar 
design conditions a s  applied t o  the i n t e r  condenser prevai l .  The 
temperature differences specif ied a r e  77OF and 25OF respectively a t  
t h e  steam gas i n l e t  and ou t l e t .  Since it is  desirable  t o  hold the  
a f t e r  condenser o u t l e t  gas steam mixture a t  a low temperature so a s  
t o  minimize the steam carry i n t o  the S t re t ford  Process no attempt 
was' made t o  use s e r i e s  flow cooling water, ( f i r s t  i n t o  the in t e r -  
cooler and then i n t o  the  af tercooler) .  

3.2.4 Steam Jet  Ejectors  

These un i t s  a r e  specif ied t o  handle the  noncondensable gas and steam 
vapor carry-over from the  main and i n t e r  condenser a t  the  pressure 
and temperature specif ied f o r  subject  equipment. 

3.2.5 Cooling Water Pumps 

The ex is t ing  cooling water system i s  of the  "open type" u t i l i z i n g  a 
cold well and a hot well. Because the condenser supply pump was 
purchased with j u s t  enough d i f f e r e n t i a l  head t o  supply the main 
barometric condenser when it is a t  design vacuum and 110% of f u l l  
load, t h i s  pump cannot be reused i n  a "closed" design. 
The cooling tower return pump was purchased with j u s t  enough d i f f e r -  
e n t i a l  head t o  feed the cooling water tower and t h i s  pump cannot be 
used i n  a "closed" design. It is  very desirable  t o  use a t'closed" 
design because a l l  the  condenser o u t l e t  pressure s t a t i c  head would 
be l o s t  i n  an "open" design. For Unit 1 once the cooling water heat  
balance is  specif ied the system curve can be estimated f o r  the  
r e t r o f i t t e d  "closed" system. The two half-sized pumps required can 
be arranged i n  the Cxisting wells by equalizing the  hot and cold 
well compartments a s  shown on Drawing No. B-02-001. A t  t h i s  time 
with the  d i r e c t  contact system two sources of warm water en te r  the  

' 

, hot  well. It  i s  proposed t o  consider t h i s  as a "hot bypass". I n  
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t he  conversion process flow diagram t h i s  requirement is  met by 
showing the calculated colder tower off  temperature t h a t  is  required 
t q  absorb t h i s  heat. 

- 
3.2.6 Condensate Pumps I '  u 

ii 
I 

,cli 

L 
E :  

The new main condenser hotwell w i l l  co l l ec t  the condensate from the 
turbine exhaust and the in te r -  and aftercondensers. Since the t o t a l  
condensate flow i s  not large (600 gpm) it i s  prac t ica l  t o  consider a 
pump t h a t  can operate under reduced pressure ( f u l l  vacuum suction) 
with a minimum NPSH requirement. Several manufacturers supply pumps 
which can operate a t  an NPSH of 6-10 f e e t  without resorting t o  the 
"canned" type configuration required f o r  large flows. The t o t a l  
d i f f e ren t i a l  head noted i n  the Data Sheet i s  based on pumping from 
the expected condenser operating vacuum in to  the cooling water tower 
return header a t  system design head. 

. 

3.2.7 Process Flow Diagram 

The Cooling Cycle Conversion Process Flow Diagram PD-001 shows the 
material  balance a t  the suggested Ret rof i t  conditions. Table 3.3 
shows a comparison summary of the or ig ina l  Reference Design Base 
Point and the Conversion Retrof i t .  

3.2.8 Equipment Data Sheets 

LI The Equipment Data. Sheets associated with the conversion equipment 
f o r  Unit 1 a r e  included a t  the end of t h i s  section. The Flow/ 
Thermodynamic Information Sheet i s  prepared f o r  Unit 1. Exchanger 
Specification Sheets have been prepared fo r  Unit 1 Main Condenser, 
Intercondenser, Aftercondenser, as  w e l l  a s  the Data Sheets fo r  the 
Condensate and Main Circulating Water Pumps and Drivers. 

3.2.9 Equipment Quotation Requests 

Suppliers of the  equipment herein were contacted by telephone fol-  
lowed up by t ransmit ta l  of per t inent  equipment data sheets. I n  the 
majority of cases, vendors were contacted who have had some experi- 
ence i n  the special  problems associated with geothermal plants  as  
follows : 

i Surface Condensers and Ejectors 3.2.9.1 
t The following vendors have e i t h e r  quoted t o  PGandE on surface con- 

densers o r  have been awarded the contract  f o r  supply: 
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. <  
Ecolaire Condenser, Inc., are furnishing surface condensers and 
ejectors for Units 14 and 15. 

DeLaval Turbine, Inc., are furnishing surface condensers and 
ejectors for Units 16 and 17. 

L 
I 
r/ 

i 

t 
Southwestern Engineering Co., were requested t o  quote on Units 
16 and 17 and declined to bid; however, this supplier did 
provide a satisfactory quotation for surface condensers for the 
Union Oil 10 MW Geothermal Plant. 

In addition, we included Graham Manufacturing CO., Inc., in our 
list of potential sources of supply because they have bid to 
Rogers and were awarded the contract for supplying surface 
condensers and ejectors for Union Oil's 10 MW plant in Brawley, 
California. 

You will note that, because of space limitations in the Retrofit, we 
specified 30 ft. limit on lengths of tubing in main condenser, 20 
ft. in the inter- and aftercondensers. 

On a first pass basis rather than specifying cleanliness factor 
according to Heat Exchange Institute practice, we specified TEMA 
fouling factors which are not overly conservative, 0.0001 on shell 
side and 0.001 on tube side. As a result of PGandE's direction on 
May 22, cleanliness factors of 70% will be used in the final system 
concept. 

Condensate and Cooling Water Circulation Pumps 

Similar to the condensers, pump vendors were contacted by phone and 
supplemental pump data sheets were sent to them. Vendors contacted 
were: 

3.2.9.2 

J 

Byron Jackson 
Worthington Pump Corporation 

/ Peerless Pump 
Ingersoll Rand 

At least two vendors--Byron Jackson and Peerless Pumps--have sup- 
plied plimps to the Geysers. 

The conditions specified on the pump data sheets as to flow and 
temperature data were derived from conditions as specified in con- 
denser data sheets. For Pump Summaries See Table 5. 

L 

L 
I 
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3.2.9.3 
L 

L 

L 

L 

i 

i 
i 
t 

Equipment Costs 

Unfortunately, the response from the condenser manufacturers was 
less than desirable. For example, Southwestern Engineering s ta ted  
t h a t  t h e i r  work load was so heavy they would have t o  decline t o  bid. 
Graham indicated t h a t  they too were extremely overloaded i n  esti- 
mating and engineering and could not give us estimated pr ices  u n t i l  
May 29, whirh have now been received. The responses from Ecolaire 
and DeLaval a r e  incomplete i n  some requested de ta i l s  and a re  accu- 
r a t e  with 2 15 - 20% f o r  pricing. A l l  pricing obtained includes 
tubed i n  factory in te r -  and aftercondensers and e jec tors  with no 
data on surface areas of in te r -  and aftercondensers nor steam ra tes  
f o r  e jectors .  Neither Ecolaire nor DeLaval included tubes i n  main 
condenser, nor costs  f o r  i n s t a l l a t ion  of same. Graham's pricing 
includes tubes ins ta l led  i n  main condenser. 

Ecolaire did obtain some pricing from the factory, the DeLaval 
information was derived from the loca l  off ice .  DeLaval Engineering 
would not ge t  involved because of work load. 

Vendors Comments 

Ecolaire 

Ecolaire objected t o  furnishing main condenser t o  ASME code a s  
specified. Code only requires ASME stamping i f  operating pressure 
i s  over 15 lbs.  I f  t h i s  requirement i s  ins i s ted  upon, and inciden- 
t a l l y  not usually required by power plant  users,  the costs a r e  
increased f o r  the main condenser accordingly, 

Ecolaire fur ther  objected t o  our fouling factors  specified which 
t rans la tes  from TEMA TO HE1 of approximately 60% cleanliness factor.  
From t h e i r  previous offerings t o  PGandE 70% was a l l  t h a t  was re- 
quired. For space requirements Units 1 and 2 Rogers fouling factor  
would require overal l  length of 54 fee t .  If fouling fac tor  is  
relaxed t o  70% overal l  length would decrease t o  46 fee t .  

Ecolaire a l so  commented on our requirement t o  cool the noncondens- 
able gas t o  95OF. Their standard design would cool the gas t o  
115OF. We agreed t h a t  the allowable drop of 0.3# p s i  on the s h e l l  
side would probably be required t o  ge t  down t o  the  95OF specified.  
Ecolaire s ta ted t h a t  t h e i r  s h e l l  s ide  drop i s  0.1 t o  0.15 .psi, which 
allows a lower turbine back pressure than i n  our design, but a 
greater  motive steam requirement f o r  the 1st stage e jec tor  because 
of the higher gas e x i t  temperature and i t s  resul tant  equilibrium 
carry-over of more steam in the gas seen by the ejector. 
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cases to this price must be added cost of tubes and their field 
installation costs. - 
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i t 

I 

Because our cooling water load is fixed, for N $400,000 they would 
furnish their design outlet temperature (115OF and our cleanliness 
factor) with the benefit of a lower turbine back pressure. No data 
was received on ejector performance at this time. 

DeLaval Turbine Inc. 

L 

To our specifications DeLaval quoted a price of $370,000 less tubes 
for the main condenser. They estimate bare cost of tubes is approx- 
imately $50,000, which seems low based on some prices obtained 
locally. Installation cost of tubes will be covered elsewhere in 
the installation costs. 

For summary of vendors' quotations and specifications see Table 6. 

L 

Because most vendors have pump designs to fit most any case, and 
selection of materials is readily available for pricing, obtaining 
quotations on pumps was considerably less difficult than on con- 
densers. 

The condensate pump data sheet specifies an all stainless vertical 
in line full capacity pump in lieu of a vertical can pump as being 
more economical from previous experience on other projects. 

The cooling water circulation pump was specified to be a 60% capac- 
ity pump with two alternatives: a) All stainless steel construc- 
tion; b) Cast iron case with carbon steel internals. 

Equipment summary sheets ,are as shown in the following Tables. 
I 
9 '  u .  3.2.9.5 Evaluated Equipment Cost - Unit 1 and 2 

The condenser and gas ejection system was bid to specification by 
Graham, the low bidder. To this offer in the cost estimate 15% has 
been added for contingency. 

Changes in the specification would have the following estimated cost 

id 

L changes at the factory: 



I 
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From TENA (Tube .001; Shell .0001) to HE1 70% CF---Reduce by 15% 
N. C. gas cooling from 9S°F to llO°F---Reduce by 15% 

NOTE: - 
Suppliers. 

The steam jet ejection flows have not been given by the 

The main C. W. pumps as bid to specification varied from a low of 
$52,775 (Byron Jackson) to a high of. $126,000 (Worthington). A 
figure of $85,000 was used in the cost estimate to cover the in- 
crease in pumping from 7,063 to 7,565 gpm and a contingency. These 
pumps are rated at 60% system capacity. 
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L 
TABLE 3.1 

ECONOMIC ANALYSIS 

MAIN CONDENSER - UNIT 1 

STEM END APPROACH (TTD) 

B 

7.8 5 

Study Case Item A - - 
TTD OF 

t 
I Difference i n  Heat Exch. Cost (1) $376,800 

Calc. Power Output Difference 0 190 kwh 

Steam Input Difference 0 0 

ECONOMIC EVALUATION 
Difference i n  Capital (2)- 0 $ 54,700 

Difference i n  Energy (3) 0 $ 86,500 

(1) Capital Installed 
(2) 
(3) 

Annualized Capital Installed per Year Value 
System Level Annualized Power per Year Value 

Y 
f '  
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TABLE 3.2 

ECONOMIC A??ALYSIS 

HAIN CONDENSER - UNIT 1 
I 

r! NONCONDENSABLE GAS END APPROACH 

D - C - B - A Study Case Item - 
Noncondensable Gas Outlet O F  95 105 115 119 

I Power Penalty (2) $115,300 83,400 19,100 0 

iJ 
J Difference in Heat Exch. Cost (1)$ 17,700 9,300 2,700 0 

d 
0 $ 14,400 47,200 67,500 Steam to Jet Difference (3) 

TOTAL DIFFERENCES (4) $133,000 107,100 

(1) Annualize Capital Installed 
(2) 
(3) 
(4 )  Annualized Basis 

System Level Annualized Power Value 
Steam Fuel Level Annualized Value 

69,000 67,500 
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L; 

L Throttle Flow lb./hr. 

6 )  Noncondensable Gas % Wt. 

General Electric Output kW 

Auxiliary Power (Electric) kW 

b 

Cooling Tower Fans 
Exciter 
Miscellaneous 
Circ. Water & Cond. Pumps 
Noncondensable Gas Blower 

L 
L 

5 7  

Net Unit Output kW 

Heat Input Btu/Hr. (Ref. to 60°F) 293 x 206 
L 
I '  

hi Net Heat Rate Btu/kWh 24,215 

12,098 

TABLE 3.3 

COMPARATIVE SUMMARY 

UNIT 1 

Base Reference 
besign Point 

240 , 550 
0.75 

12,500 
, 

96.2 
69.0 
7.8 

229.0 

(1) Without Moncondensable Gas Blower Debit 

*Derated by note on Process Flow Diagram, PD-001 L 

L 

Conversion 
Retrofit 

240,550 

0.5 

*11,845 

96.2 
69.0 * 

7.8 
328.0 
(Later) 

11,344 (1) 

297.3 x lo6 

26,200 

5 

65.0 

38/19.9 



PUMP SUMMARY 

UNITS 1 AND 2 

Vendors ' 
Models 

Specifications I. R. Peerless 

Alt . 
6xl5WA 6x4~10 

voc 
Condensate Pump 

Materials: All 316SS Yes 
Vertical In Line Yes 
NPSH Min. Required: 6 ft. 7'6" 
Flow Inducer: Required 
.Efficiency %: 
Motor HP 20-TEFC 
Price $: $19,700. 

Engineered 
1200 rpm 

C. W. Circulation Pump 

Yes N. Q. 
Yes N. Q. 
8' N. Q. 

N. Q. 
N. Q. 

20-TEFC N. Q. 
$4,250. N. Q. 
Standard 
1800 rpm 

Byron 
Jackson 

Yes 
Horizontal 
No 
No 
79 

12,610 

Material: All S. S. N. Q. Yes Yes 
Alt. C. I. w/C. S. Trim N. Q. * Yes 
Type Vertical N. Q. Yes Yes 
Pit Pump N. Q. 
Efficiency N. Q. Not Stated Not Stated 
Motor HP N. Q. 250 250 
Price $: 316 SS N. Q. 73,700 52,775 1, Alt . C. I. w/C. S. Trim N. Q. *34,200 20,155 

I ; '  

L *  
!i 

*C. I. Bronze Construction 
*Not Good Selection From Pllmp Curve 

Worthinnton 

Yes 
Yes 
Yes 
Yes 
Not Stated 

8,200 

Yes 
Yes 
Yes 

Not Stated 

126,000 
55,000 



TABLE 6 

Units 1 and 2 Equipment Sunnnary Sheets 

SURFACE CONDENSER SUMMARY 
UNITS 1 AND 2 

- 

VENDOR 
Speci f ica t ion  Main Condenser Ecolaire  (Note 2- DeLaval (Note 2)raham Southwestern 

Fouling Factor Tube 0.001 - 60% C. F.* 

She l l  Side Ap allow. 0.3 p s i  Yes 
She l l  Side ( a l t .  2 )  A ps i :  0.1 t o  0.15 
Cooling H2O Flow gpm: 11,040 11,040 
Tube Length Max. Ft.: 30 f t .  48' approx. 

Tube Length ( a l t .  2) 40' (70% C. F.) 
Surface Area: As Required To Spec Sq. Ft .  26,000 

A l t .  1 Spec Fouling 115OF Gas Outlet  ' 26,000 
A l t .  2 70° C. F. 115OF Gas Outlet  21,550 

Cost of Tubes 

Shel l  0.0001 - 70% C. F,  ( a l t . )  

Number of Passes: As Required 2 

@ $1.19 per  f t .  (Local Quotation) 
For 304L Welded, 3/4" 22 ga., 40' Long 

Spec, A l t .  1. 154,700 (Approx. ) - 
A l t .  2 128,000 

Temperature O u t l e t  'Gas OF 95 To Specs 

Condensate Outlet  OF 131 To Specs 

Dimensions: As Required (Overall) 8' Dia. x 54' L Spec 

In t e r -  and Aftercondenser: 
& Ejec tors  Required Included 

Purchase Pr ice  $: Spec $554,700 
A l t .  1 $554,700 
A l t .  2 $458,222 

Delivery 42 Weeks 

%. F. Cleanliness Factor a s  defined by 

115' ( a l t . )  

( A l t .  1 & 2) Not Stated 

8' Dia. x 46' L 
(70% C. F.) A l t .  2 

H. E. I. 

To Specs To Specs No Quote 

Yes 
Not Stated 
11,040 
Not Stated 
Not Stated 
Not Stated 
23,000 

Not Included est. 

$50,000 (Note 1) 

- - 

To Specs 

To Specs 

Not Stated 
Not Stated 

- 

Included 
$420,000 

Yes No Quote 
Not Stated No Quote 
11,040 No Quote 
34' No Quote 
4 No Quote 
Not Stated No Quote 
28,000 No Quote - No Quote - No Quote 
Included No Quote 

To Specs No Quote . 

To Specs No Quote 

9'-2'' W x 40'L No Quote 
x 14'-6"H 

Included No Quote 
$380,000 No Quote 

1 No Quote - 
Not Stated 32-36 Weeks No Quote 

c 

Note 1 - Estimated by Vendor G#,/ Note 2 - Neither Ecolaire nor DeLaval include cost  of tube i n s t a l l a t i o n  i n  f i e l d  *. (. 
i n  t h e i r  quotation 

- ~ - - - -  ~- __ -- 
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EXGHIW0ER 

REO. NO. 
ITEM NO. 

PWOJECT CEys-S k€r&Fir MFR. 

EXCHANGER NO. 

SIZE TYPE CONNECTEO IN SERIES 

SURFACE PER UNIT 

PLANT UKfZ I 
--- SERVICE OF UNIT M&&. 

SHELLS PER UNIT SURFbCE PER SHELL EFF. 
c R. 

-CWNNEL-IN OUT ROlT iM0 
CORROSION AUOWARCE -SHELL SIDE &.)aEJc TUBE S IDE @ONE 
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. .  PLANT: UNIT NO. f 
. .  . .  . -  

1 s t  J e t  
R .  lNtET CONDITIONS 

1. MOTIVE STEAM 

. .  

_ .  . -  . 

2nd J e t  

. .  

. .  

I .  

Enthalpy (BTU/lb.) @ 113.9 psfa - 1 1 %  . 11% 

* Available Pressure @ det psia 103 f 0 3  - 

Flow Required (tb./hr .) : ._ 
, 

Prel lminary Eng. Calc. 4t l 0 , O O O  fu 4 D Q O  

Hanuf acturer Ca 1 c .. * 

2. INLET GASES 
- 

A i r  leakage (lb./hr.) * 70 70 
N. C .  Gas (Hol. w t .  30 ,3  ) (lb./hr.) / m a  1250 . .-. 

Steam Vapor (lb./hr.) +- * 2 40 
Temperature (OF) - 110 

Pressure (psia) 1.94 58 3 

e. D I S C H A R G E  C O ~ O I T I O N S  

I4,1 - 
:. S I TE CO'tiO 1 T ' I O N S  

~ Temperature (OF) 

Pres sure (ps i  a) 

To be specified by Sup 
7--- 

I 1 I 
5 J~/ljlfj ISSUED Foe w o w  uo. 1 &F 

Ck. R. dpp!!C.k!: 
-_I 

a O a t c  1 DeScriFtion - 
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DATA SHEET FOR CENTRlFUG'lsiL 'PUMPS 

DES EFT- 
U A X  BHP RATED IMP 
YA): HEAD RATED IUP, 

ROTATION FACING COLlpUNG END 
WATER COOLING 

U I N  CONTIHWUS, gpm fc)r YFRI- 

TOTAL WATER REO'O, gpm 

I 
_. e 1 

MATERIAL CODE- EXTERNAL CASING -5 S INTERNAL PARTS 1 SHOP TESTS IREOLRRED I WITNtSSE3 

I -CAST IRON 
8 -BRONZE 
8 -STEEL INNER GASL P U T S  

A -ALLOY 

WEIGHTS: PUMP BASE 
MOTOR.-, TURIlNE - 

ACTUAL IMPELLER DIAY 

TEST CURVE NO. 
OUTLINE WG. NO. 
PUMP OECT. DWO. NO. 

PR 252 
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L 
3.OA i 

I Essentially the same methodology as used for Unit 1 will be applied 
to Unit 2. L 

I 3.1A Equipment Sizing Criteria li 
4 1  

3.1.1A Noncondensable Gas Values 
Same as Unit 1 - 0.5% wt. in steam L 

b 

3.1.2A Field Test Data for Cooling Water Tower 
This cooling tower was completely rebuilt and it is assumed that 
when clean that it will be capable of design rate operation. 

L 

! 

i 

3.1.3A Base Reference Design Point 
Same as Unit 1 Data Book. The Unit 2 Conversion Process Flow Dia- 1 

Id gram PD-002 shows the expected unit performance after Retrofit. 

Specification of Equipment for Conversion from Direct Contact to 
1 

3.2A I 
I 
1 

Surface Type Exchange - Unit 2 
3.2.1A Main Condenser Cooling Water System Limitations 

The Unit 2 cooling water tower at the base design point of 6S°F wet 
bulb is expected to be close to meeting design. The approach has 
been relaxed from 1S0F to 15.9OF and the range dropped from 40°F to 
39OF. This will allow a reduction in turbine exhaust pressure to 
4.8 inches Hg Abs compared t o  the Unit 1 5.0 inches Hg Abs. 

3.2.1.1A Condensing and Gas Cooling Limitations 

Since the Unit 2 cooling water is colder it is possible that the 
turbine exhaust pressure could be lowered to about 4.3 inches Hg 
Abs. To insure meeting a more severe installation space problem the 
exhaust pressure was held at 4 .8  inches Hg Abs and the temperature 
differences specified are 10.2OF and 29. 1°F respectively for the 
terminal temperature difference and the gas cooling outlet. 

i 

t '  

b 
I '  3.2.2A Intercondenser 

With specified cooling water range and appoach *the temperature 
differences specified are 38OF and 29.1°F respectively at the gas 
steam inlet and outlet using parallel flow cooling water. 

e; 
I , 

L .  
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3.2.3A Aftercondenser F '  
L The differences specified are 82OF and 29.1°F respectively at the 

gas steam inlet and outlet using parallel flow cooling water. 
t '  L 3.2.4A Steam Jet Ejectors 

u These units are specified to handle the noncondensable gas and steam 
vapor carry-over from the man and intercondensers at the pressure 
and temperature specified for subject equipment. 

. 

3.2.5A Cooling Water Pumps 

Two pumps will be required almost identical to Unit 1. 

3.2.6A Condensate Pumps 

Two pumps will be required almost identical to Unit 1. 1 ;  
u 3.2.7A Process Flow Diagram 

The Cooling Cycle Conversion Process Flow Diagram PD-002 shows the 
material balance at the suggested Retrofit conditions. Table 3.3A 
shows a comparison summary of the original Reference Design Base 
Point and the Conversion Retrofit. 1 :  

kl 3.2.8A The Equipment Data Sheets associated with Unit 2 are included herein. 

3.2.9A Equipment Quotation Requests I; 
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TABLE 3.3 

COMPARATIVE SUMMARY 

L 
L 

UNIT 2 

L Base Reference . Conversion 

1 Throt t le  Flow lb./hr.  240,550 240,550 

Noncondensable Gas % W t .  0.75 0.5 

General E l e c t r i c  Output kW 12,500 *11,974 kid 

Y Auxiliary Power (Electr ic)  kW 
Cooling Tower Fans 96.2 96.2 Lf 
Exciter 69.0 69.0 
Miscellaneous 7.8 7.8 
Circ. WaCer & Cond. Pumps 229.0 328.0 

Design Point Re t ro f i t  

' Noncondensable Gas Blower (Later) 
L3 

id Net Unit Output kW 12,098 11,537 ( 1 )  

Heat Input Btu/Hr. (Ref. t o  60°F) \ 293 x 106 294 x lo6 

L Net Heat Rate Btu/kWh 24,215 26,500 

Turbine Exh. Inch Hg Abs 4 4.5 

1 Wet Bulb 65.0 65.0 

C. W. T. Range/Approach OF 40/15 . 39/15.9 

( 1 )  Without Noncondensable Gas Blower Debit 

L 

L 
1 
i 

L 

, 
I 
lu 

L 
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1 EXCHANGER SPECIFICATION SH €ET 
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5 

SURFACE PER UNIT * SHELLS PER UNIT SURFACE PER S H E U  



.PLANT: - UNIT NO. 2 -. 

. .  .. 
2nd Jet 

INLET C O N D I T I O N S  

= (196 
1. HOTIVE S T E M  

Enthalpy (BTU/lb.) @ 
Available Pressure @ Jet pSia I03 l a 3  

5 
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DATA SHEET FQR CENTRiFlJGAL PUMPS 
E R a 4 r d : l  e ~ C C I  i c~ct NO. 3.2.84.5 

LlAX HEAD RATEDIMP,ft 
U I N  CONTIKOOUS, gpm 1 8 Y  WR)- 
ROTATION FACING COUPLING END 
WATER COOLING 

BEARINGS . 

8 -BRONZE 
8 - S l L E L  
C -11.13%oRoo# 
& -ALLOY 
h -HARDENED 
f -FAOED 
X - A6 ~ ) ~ r r p  

MOTOR ORlVEl 

NTERNALS CODE 
IMPLLLLR 
INNER CASE PARTS 
SUM (PACKED) 
SLLEVE t SEAL I 
WhAR PARTS 
SHRf I 

I 1 1 I I 
I I I I 

RUNNING PEW 
NPSH 

I I 
I 1 

moROSTATlC PsKjl 
MAX bLUIW. WP PSI0 F 

WEIGHTS: PUMP BASE 
td0TOR.- TURLIIHE- 

ACTUAL IMPELLER DlAM 

TEST CURVE NO. 
OIITLINL MVO. NO. 
PUMP SECT. DWO. NO. 
8EAL DIM. OWO. NO. 

PUMP SERIAL NO. 

? 957 



PERFORMANGE tl 

L OlMENSlONAl SPEClflC ORAVITY 

SIZEWBASE Pu' 
DEPTH, BASE PLA1 
eJOfTOM OF PlT 1 
INLET TO BOTTOM 
MAX (L YIN SUI 
SIZE OF WELL 0 

DISCHARGE (AT DISCH. CdWN.1 DIMENSIONS; UMGTH OF '"WAR HT ABOVE 
MAK ti7 ABOVE 

A) REdD 8 B).AV . MAX LIFT (LBS) 

DIFFERENTIAL (INCL. UFT FROM INLE MECHANICAL SEAL - TYPZ 

DIFFERENTIU HEAD ROTAL, WQT INCL 

FACING - 
FACE TO 

DISCHAROE WI 

FACING. 

ENTRANCE VEL, AT 
IMPELLER EYE AR 
MAX CASE WORUIN 

0131. AM 

DHr AT RATIWO 
MAX DH? FOR D 
DRIVER HCMU?OWLR 
IMPELLER DIAMETER, 
IMPELLER DIAMETER THRUST BEARING TYPEA 

DRIVE: (MOTOR) (TURBlWL) (RT AN0 
DRIVER TO BE FURNISHED BY 

THRUST LOAD (NORMAL 

PERFORMANCE TEST (WITIIESSED) (NW WI 

HYDR OSTAT I C 
INSPECTION R 

'IYPELUR M n  
, CASE WEAR RI K, MISCELLANEOUS 

- SHAFT IN EXTRA COST FOR DRIVCR 
IMPELLER WEAR PRICE, EACH FOI 1  FA^) 

EXTRA COST FOR 
EXTRA COST FOR 

OR MAINTENANCE 
I OR HORIZONTAL 
rTl NO I I I I 
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3.3 Installation Description Unit 1 and 2 u .  
3.3.1 Main Condenser 

The field verification procedure was based on Drawing SK-001 dated 
5-18-79. The main purpose was to check the clearances and accessi- 
bility around and to the equipment. 

The scope called for Unit No. 1 study as a prototype. However, the 
geometry of the plant does not allow the same installation and 
location of the main condenser at Unit No. 2 .  

With the overall estimated length of the main condenser of 46' it 
seems that sufficient space is available to install the main con- 
denser at Unit No. 1. The total length required from the eastern 
existing supporting structural column of the barometric condenser is 
approximately 100'-0'' and available. However this condition can be 
achieved by a small orientation away from the power plant fence.. 
This disposition makes it desirable to relocate the existing auxi- 
liary transformer. The lowest point of the main condenser shell 
should be 15' above grade. This height would permit vehicle traffic 
around the plant as exists now and fulfill the requirement for the 
hot well and the associated pump equipment located above grade. 

This suggested layout assumes an even number of cooling water passes. 
The cooling water system would connect to the nearest existing water 
well taken the shorter distance from the condenser water box. 

The existing turbine exhaust duct will be cut a t  a point above grade 
and the downstream ducting will be utilized as much as possible in, 
the connection to the condenser inlet. 

c 

I: 

L 
1 

1, 
i *  

I 

i , .  
' 3.3 .2  Intercondenser 

The existing steel structure would be utilized to locate the inter- 
condenser. 

3.3.3 Af tercondenser 

&L! The existing steel structure dould be utilized to locate the after- 
condenser. 

3.3 .4  Ejectors 

The same structure under 3.3 .2  and 3 .3 .3  would be utilized to mount 
the ejectors. 
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3.3.5 
1 
L The existing condensate an 

the new requirements for t 
removed. 

rculatihg water pumps are not meeting 
e and shell condenser and have to be 

i ;  
Under 3.3.1 was mentioned the location of condensate pump. The new 
circulating water pumps will be located in such a way that the 
existing well will be utilized. These vertical (pumps have been 
selected. 

Lj 

3.3.6 Cooling Water System 

The existing hot well and cold well have to be modified to allow 
free communication between the two sections and allow the installa- 
tion of two circulating water pumps. 

The existing hot well and cold well have to be modified to allow 
free communication between the two sections and allow the installa- 
tion of two circulating wate.r pumps (Refer to Dwg. No. B-02-001 for 
Unit 1 and Dwg. No. 8-02-002 for Unit 2) 

The existing cooling tower supply and condenser supply punps did not 
have sufficient discharge head to meet the new system head require- 
ment imposed by a 15 psi pressure drop through the tube side of the 
new surface condenser. 

A small N 12 gpm drip pump which has been used to pump the hot water 
to the existing hot well should have its discharge routed to the new 
surface condenser hot well. 

d The cold water difference between Units 1 and 2 is N 5 O F  because of 
the difference in cooling tower performance. 

The water from the tower is presently running at a pH = 7-8 and 
there has been no direction at this time to change the pH range. 

The auxiliary power requirements for new pumping power will increase 
by 18%. It should be noted that the main circulating water pumps 
shown on Dwg. B-02-001and B-02-002 are 50% each nominally; however, 
the two new'condensate pumps are capable of supplying 100% of re- 

drawings the condensate pumps will discharge into the circulating 
water return header to the cooling tower. The project costs of the 
pumps installed are detailed in the project costs section of this 
report, and the system characteristics are on drawings located in 

t 

L 
i 
i 
I 
L 
L 
L 
c 

zi 

t quired flow at full load. As shown in the cooling water system 
L 

I this section. 
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3.4 
L .  

L 

i 

Project  Costs - Units 1 and 2 

This milestone report  is a mid-term report  presenting p a r t i a l  cost  
and economic information pertaining t o  Units 1 and 2 surface con- 
denser ins ta l la t ion .  This report  presents two economic aspects: 
Equipment s iz ing and capi ta l  cost .  Each case has cer ta in  guide 
l i n e s  and constraints.  They w i l l  be discussed i n  t h i s  Section along 
with the respective data. 

The cost  estimate has been prepared by categories and a r e  those 
accounts used by Pac i f ic  Gas and Elec t r ic  f o r  t h e i r  own estimates. 
Only the following accounts a r e  included by the nature of t h i s  
pro jec t  work. 

54-20 
,54030 
54-70 Turbine Generator - Instrumentation 
55-60 

Turbine Generator - Condensate System 
Turbine Generator - Circulating Water System 

Auxiliary Elec t r ica l  Equipment - Stat ion Power 
I 

The cost  f igures i n  t h i s  Section a re  i n  June 1979 dollars .  These 
w i l l  be modified due t o  escalation and project  timing when a sched- 
u l e  is prepared l a t e r  i n  the overal l  project .  

hi 

3.4.1 Equipment Sizing Evaluation: 

The process used t o  evaluate a l te rna t ive  equipment s izes  and design 
operating conditions i s  a specialized procedure. It requires t h a t  
a l te rna t ives  be equivalent. By nature the a l te rna t ives  have d i f -  
ferences; however, by drawing the same boundary around each al terna-  
t i v e  the differences crossing t h i s  boundary can be evaluated i n  
terms of money. I t  i s  
not necessarily how the costs a r e  incurred. 

The Engineering Planning Department Generation Section was consulted 
i n  preparation of and determination of t he  factors  they use t o  
evaluate generation al ternat ives .  The overal l  method is  a leve l  
annualization of a l l  cost  differences between equivalent a l terna-  
t ives .  This annualization u t i l i z e s  system wide figures fo r  cap i t a l  
and energy. It a l so  includes projections of fue l  costs,  cap i t a l  
costs  of new uni t s  and allowed r a t e  base return (capi ta l  cost) .  

These methods and f igures  have been used along with the technical 
parameter differences t o  derive Tables 3-2 and 3-3. A l l  the figures 
i n  these tab les  as  noted a re  annual levelized numbers and a l l  do l la r  
differences across the boundary have been presented t o  make the 
a l te rna t ives  equivalent economically. 

This procedure i s  only an evaluation tool.  

- 

. 
Li 

L 

c; 
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1 
i: 

3.4 .2  

i 

This discussion of equipment s iz ing,  a l ternat ives  and equivalences 
is  used t o  a r r ive  a t  the f i r s t  s tep i n  the cost  estimate process, 
the select ion of the design conditions f o r  the ins ta l la t ion .  The 
second and th i rd  s teps  can follow: . get t ing manufacturer quoted 
major equipment costs  and estimating the in s t a l l a t ion  costs a con- 
t r ac to r  w i l l  charge t o  perform the designated quipment ins ta l la t ion .  

Major Equipment Cost: 

Suppliers of the major equipment, condensers and pumps, were con- 
tacted by telephone followed up by t ransmit ta l  of per t inent  equip- 
ment data sheets (See 3 . 2 . 8 ) .  In  the majority of cases, vendors 
were contacted who have had some experience i n  the special  problems 
associated with geothermal plants.  

The following item costs a r e  adjusted quoted figures:  

Condensers and Ejectors 
Condensate Pumps 

iij 

1 
id Circulating Water Pump 

The Section 3.2.9 compares the quotations with the data sheets sent  
out f o r  quote. I n  addition, any adjustments required because of 
design condition changes from those quoted a re  a l so  addresses. The 
costs  i n  the estimate fo r  each piece of major equipment r e f l e c t  our 
bes t  judgment a s  t o  the eventual bid on the "selected" equipment 

6d data sheets. 

~ f In  the cost  estimate presented i n  Section 3 . 4 . 4 ,  the manufacturer's 

s i t e  i n  the presentation includes 6 percent use tax on equipment and 

I 
cost includes the major equipment and materials cost. Cost a t  the 

material  and a contingency of 20 percent since t h i s  i s  a conceptual 
estimate and unestimated items may amount t o  t h a t  f igure.  The 
estimate assumes t h a t  Pac i f ic  Gas and Elec t r ic  w i l l  purchase a l l  
major equipment and supply it t o  the contractor fo r  i n s t a l l a t ion  as  
has been the pract ice  a t  the Geysers Plant. 
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3 .4 .3  Ins t a l l a t ion  Cost: 

The estimated i n s t a l l a t i o n  cost  is  the cos t  anticipated t o  be charged 
by an 'outside contractor t o  perform the removal of the old and 
in s t a l l a t ion  of the new equipment. Most of the larger  project  
construction work a t  the Geysers has been done by outside contrac- 
t o r s  and t h i s  guide has been used i n  preparation of t h i s  estimate. 
This decision a f f ec t s  t he  labor overheads and labor efficiency as 
well as the general overheads of a GM estimate discussed i n  Section kd 3 .4 .4 .  
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The estimated materials i n  Section 3.4.3 a re  based 
upon the  conceptual layout d f i e l d  investigations a t  the  
si te f o r  each in s t a l l a t ion .  There is a l so  some judgment used when- 
ever making such an estimate and t h i s  estimate has been prepared by 
people who have been a p a r t  of other geothermal plant  construction. 

In consultation with General Construction about contractor perfor- 
mance and costs  a t  the Geysers cer ta in  f igures  were developed f o r  
use i n  t h i s  conceptual report. The current labor d i r ec t  ra tes  show 
a $15 per hour t o  be an overal l  good concept estimate d i r ec t  f igure.  
The labor efficiency has been estimated t o  be 60 percent and has 
been used i n  the estimate. The contractor overhead includes h i s  
p r o f i t  and a l l  ind i rec t  expenses. It has been estimated t h a t  55 
percent i s  a good value from past  Geysers experience in contractor 
bidding. 

As a l l  recognize i n  the construction industry these above figures 
vary depending on time of bid,  overal l  conditions and the spec i f ic  
project  requirements. Since t h i s  is a conceptual design report ,  
some knowledge of what difference these var ia t ions of parameters can 
make i n  t o t a l  project  cost  is  worth having a f e e l  for .  Cost sensi- 
t i v i t y  analysis was performed on the Unit 1 estimate t o  demonstrate 
t he  t o t a l  cost  vulnerabi l i ty  t o  parameter var ia t ion.  This vulner- 
a b i l i t y  i s  a l so  a function of the labor t o  equipment and material 
ration. 

TABLE 3-4.1 
SENSITIVITY ANALYSIS - 1 

(Labor Direct Rate t o  Total Project Cost) 
(Constant Base Efficiency) 

Rate - ($/hr.) Labor/Equipment Total  Project (Per Unit) 

13.50 0.24 0.98 
15.00 . 0.21 1.00 
16.50 * 0.29 1.02 

Fif teen dol la rs  an hour was considered t o  be the base ra te .  A t en  
percent change i n  the labor r a t e  gives a 2 percent change i n  t o t a l  
p ro jec t  cost. 

. 
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TABLE 3-4.2 
Sens i t iv i ty  Analysis - 2 

(Labor Efficiency t o  Total Project Cost0 
(Constant Base Labor Rate) 

Efficiency % 'Labor/Equipment Total Project (Per Unit) 

0.32 ' 1.04 . 
1 .oo 0.27 

0.23 0.97 

50% 
60% 
70% 

, 89% 0.20 0.95 

A t en  point change i n  efficiency of labor a f f ec t s  the t o t a l  between 
3 t o  4 percent. Sixty percent efficiency i s  considered t o  be 
the base fo r  the Geysers and t h i s  project  estimate. 

In addition t o  the above basic  parameter discussions a twenty per- 
cent contingency has been included i n  the d i r ec t  man-hours f o r  t h i s  
conceptual estimate. The labor man-hours shown i n  Section 3.4.4 a re  
derived a s  follows: 

Manhours = Basic Estimate x One Divided By Efficiency x Contingency 

The costs fo r  d i r ec t  lzbor and labor overhead are  separated i n  the 
detai led estimate of Section 3.4.4.  

2 .0 = 1.0 x 1.67 x 1.2 

3.4.4 GM Estiplate: 

The GM Estimate preparation is the  l a s t  s tep i n  the cost  estimate 
process. The GM estimate i s  used t o  get  moneys approved f o r  the 
project .  Engineering Services i n  consultation with Engineering and 
General Construction puts the f i n a l  GM numbers together. Engineer- 
ing Services has been consulted i n  the methods and factors  used i n  
preparation of GM estimates. 

3.4.4.1 Cost Estimate 

The fac tors  included in the  Equipment and Material and labor pa r t s  
of the estimate have been discussed i n  Sections 3.4.2 and 3.4.3.  
The cost  estimate fo r  the removal and in s t a l l a t ion  of specified 
equipment t o  f a c i l i t a t e  the operation of a surface condenser a t  Unit 
1 typical  fo r  Unit 1 and 2 is  here presented i n  summary account 
form. The account de t a i l s  a r e  itemized in the next tab le  from the 
summary. 
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TABLE 3-4.3 i ;  
SUMMARY COST ESTIMATE - UNIT 1 

Account Description Equip. & Mat'l 

54-20 Condensate System $690,124 

54-30 . Circ. Water System 264,576 

54-70 Instrumentation 16,790 

L 
t '  
ei 55-60 Station Pwr System 19,716 

Totals $99 1,206 ----- 
-I--- 

Labor 

$188,235 

53 * 955 

12,115 

10,810 

Total 

$ 878,359 

318,531 

28,905 

30,526 

$1,256,321 
--I-- ------ 

The estimated cost in June 1979 dollars to retrofit Unit 1 for a 
surface condenser is $1,300,000. To this estimate sub total must be 
added the GM overheads. 

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 

The overheads include: 

3.4.4.2 k; 

L 
L construction. 

- I tem Percent of Estimate 

h d i  rec t s 0.0 
General Engineering s( Administration 16.0 
ADC (9 month Construction Estimate) 3.6 

1-0 Ad Valorem - 
Total 20.6% 

The GM Estimate Cost total for the retrofit of Unit 1 is estimated 
to be $1,568,000. 

3.4.5 Energy Charge: 

The capital involved to accomplish the retrofit using a surface 
condenser will require a levelized annual energy charge of 2.89 
mills per kilowatthour. This calculation uses the generation plan- i, 

E 
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ning charge r a t e ,  an 80 percent capacity fac tor  and the calculated 
ne t  output power on the process diagram. The energy charge and GM 
estimate cap i t a l  do not include the vent gas processing equipment 
fo r  environmental control. These a re  t reated separately in l a t e r  
work. 

I 

i 

The analysis presented r e f l ec t s  only the physical i n s t a l l a t ion  
costs.  The economic comparison with a l te rna t ive  methods adds cost  
differences between methods i n  addition t o  the above s ta ted  costs.  
This economic comparative analysis is p a r t  of l a t e r  work. 
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I .  4.0 . 

t 
I: 4.1 

4.1.1 L 

4.1.2 

L 
I; 

UNIT 3 RETROFIT FOR ABATEMENT OF H2S 

Essentially the same methodology as used for Unit 1 is applicable to 
Unit 3 Retrofit. Since Unit 4 is essentially identical in capa- 
bility the detailed elements apply similarly to Unit 4 Retrofit. 

Equipment Sizing Criteria 

Noncondensable Gas Values 

Original base reference design point was 1.0% wt. noncondensable gas 
in the steam. Based on updated field data the agreed value is now 
0.8% wt. The 
average mol wt. is 32.4. 

Field Test Data for Cooling Water Tower 

The cooling tower for Unit 4 was tested 20 May 1969, when clean. At 
a wet bulb of 60.g°F, with a circulating water flow of 31,860 gpm 
and a range of 37.3OF the approach to wet bulb was 17.9OF. This 
test indicates the tower is at design rating. Unit 3 cooling water 
tower is of similar design. The last test on Unit 3 tower was 25 
August 1978 and concluded that the system was not thoroughly cleaned 
of iron oxide since performance was poor. For this report it will 
be assumed both Units 3 and 4 cooling water towers can be reworked 
to achieve design ratings. 

The gas composition is shown in detail in Appendix A. 

4.1.3 Base Reference Design Point 

The Data Book Heat Balance Diagram for Maximum Guaranteed Load is 
the base reference design point. The calculated gross power will be 
based on essentially the same turbine throttle flow at the retorfit 
conditions. Net power will then be calculated based on the addi- 

The Unit 3 conversion 
Process Flow Diagram shows the expected Unit performance after 
Retrofit. 

. tional station auxiliary power requirements. 

I-’ 
L r l -  

f ’  
4.2 Specification of Equipment for Conversion from Direct Contact to ~ 

Surface Type Heat Exchange - Unit 3 

4.2.1 Main Condenser 

4.2.1.1 Cooling Water System Limitation 

The Unit 3 cooling tower at the base design of 6S0F wet bulb is 
expected t o  meet a design approach of 15*F with the range relaxed 
from 40°F to 39.4. To obtain the lowest turbine exhaust flange 

L 
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TABLE 4.1 

COMPARATIVE SUMMARY 

UNIT 3 

Base Reference Conversion 
Design Point Retrofit 

lj Throttle Flow lb./hr. 509,600 510,000 

t '  Noncondensable Gas % Wt. 1.0 0.8 

1 General Electric Output kW 27,500 26,817 . 

Auxiliary Power (Electric) kW 
Cooling Tower Fans 310 310 
Exciter & Other Misc. 100 100 
.Circ. Water & Cond. Pumps 310 704 
Noncondensable Gas Blower (Later) 

Net Unit Output kW 26,500 25,702 (1) 

L 

li 
k" 

L -  
irr 

il 
L 

I Heat Input Btu/Hr. 633 x lo6 648 x lo6 

Net Heat Rate Btu/kWh 26,500 

Turbine Exh. Inch Hg Abs 4 4.5 

Wet Bulb 65.0 65.0 . 

C. W. T. Range/Approach OF 39/15 38.4/14.9 

(1) ' Without Noncondensable Gas Blower Debit 

c ,  
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4.2.2 

4.2.3 

4.2.4 

4.2.5 

4 .2 .6  

4.2.7 

pressure it i s  proposed t o  use f o r  t he  main condenser an 8OF ter- 
minal temperature difference. A gas cooling ou t l e t  approach of 34OF 
is proposed t o  keep the f i r s t  vacuum j e t  e jector  and intercooler 
system from being grossly oversized. 

Intercondenser 

With the specified cooling water tower range and approach, the 
temperature differences specified a r e  41°F and 30°F respectively a t  
the  gas steam i n l e t  and out le t .  

Aftercondenser 

The temperature differences specified a re  81°F and 30°F respectively 
f o r  the  steam gas i n l e t  and out le t .  

Steam Jet  Ejectors 

These uni t s  a r e  specified t o  handle the noncondensable gas and steam 
vapor carryover from the main- and intercondensers a t  the pressures 
and temperatures specified fo r  subject equipment. 

Cooling Water Pumps 

The exis t ing cooling water system is  of the tropen" type u t i l i z i n g  
atmospheric vented hot and cold wells. Two new pumps w i l l  be speci- 
f i ed  and the system revised t o  a "closed" type t o  reduce pumping 
power requirements. The hot and cold wells will. be rearranged for  
use as  a common supply of cold water. As was proposed on Unit 1 
there  a re  two small warm water streams t h a t  w i l l  be mixed as  a "hot 
bypassft into the  cold water. In  the conversion Process Flow Diagram 
t h i s  requirement i s  met by showing the calculated colder tower off 
temperature required t o  absorb t h i s  heat,  

. 

Condensate Pumps 

These uni t s  a r e  specified t o  remove the approximately 1,000 gpm of 
condensate from the main condenser. The t o t a l  d i f f e ren t i a l  head 
required is  based on pumping from expect vacuum in to  the cooling 
water tower return header a t  system design head. 

Process Flow Diagram 

The conversion Process Flow Diagram PD-003 shows the material balance 
a t  the suggested Ret rof i t  conditions. Table 4.1 shows a comparison 
summary of the or ig ina l  Reference Design Base Point and the Conver- 
sion Retrof i t .  
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4.2.8 Equipment Data Sheets 

I 
I J i  
I 

The Equipment Data Sheets associated with the conversion equipment 
f o r  Units 3 and 4 a re  included herein. The Flow/Thermodynamic 
Information Sheet i s  only prepared f o r  Unit 3. Exchanger Specifica- 
t i o n  Sheets have been prepared f o r  Unit 3 Main Condenser, Intercon- 
denser, Aftercondenser, as  well as  Data Sheets f o r  the Condensate 
and Main Water Circulating Pumps and Drivers. 

t 

L 

i; 4.2.9 Equipment Quotation Requests 

4.2.9.1 A s  i n  previous sections,  suppliers of equipment were contacted f o r  
the same equipment, described therein,  i n  t h i s  Section. 

Condensers and Ejectors 

A t  t h i s  time data and pricing i s  sparse on condensers except f o r  
information furnished from DeLaval nothing has been received from 
Ecolaire. 

DeLaval's estimate is  approximately $560,000 which includes in te r -  
and aftercondensers and ejectors  but no tubes i n  main condenser. 
Estimated surface required i s  45,000 sq. f t .  a t  approximately a cost  
of $100,000. In s t a l l a t ion  cost  of tubing i s  covered under in s t a l l a -  
t i on  costs,  Section 6.4.2. 

Condensate and Circulating Water Pumps 

To, date we have only one telephone quote. Byron Jackson quote f o r  
c i rculat ing water pump with motor i n  cas t  i ron construction $66,500, 
i n  a l l  s t a in l e s s  $171,500. 

Other vendors have promised t o  respond but none i n  hand a t  t h i s  

Evaluated Equipment Costs, Units 3 and 4 

The condenser and gas e ject ion system was bid t o  specif icat ion by 
1 ; '  Graham, the low bidder. The bid cost  was $750,000. A f igure of 

$760,000 was used i n  the  cost  estimate; (a larger  hotwell w i l l  be L proposed). 

Changes i n  the specif icat ion would have the following estimated cost  

From TEMA (Tube .001; Shell  ,0001 t o  HE1 70% CF---Reduce by 15% 
N. C. gas cooling from 95OF t o  114OF---Reduce by 15% 

NOTE: - The steam j e t  e jec tor  flows have not been given by the 

i 
1 

I 

- 

f '  

u 

li 

. .  

I; 

1; 

L changes a t  the factory: \ 

L 

l l i  time. 

4.2.9.2 

1 1  

Li 

' Suppliers. 

lir 
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4.2.9.3 

L 
1 : .  

Equipment Summary Sheet - Units 3 and 4 
TABLE 4.2 

PUMP SUMMARY 

UNITS 3 AND 4 

c Specifications 
Vendors ' Byron 
I. R. Peerless Jacks on Worthington 

1 Condensate Pump 
I 

Materials: All 316SS Yes N. Q. 
Vertical In Line Yes N. Q. 
NPSH Min. Required: 6 ft. 17' Req'd N. Q.  
Flow Inducer: Required No N. Q. 
Efficiency %: Not Stated N. Q. 

. Motor HP/rpm 40/1750 N. Q. i: Price $: $4,600 N. Q. 

G 

t 

L 
L 

1 

C. W. Circulation Pump 

Material: All S. S. 
Alt. C. I. w/C. S. Trim 
Type Vertical 
Pit Pump Efficiency N. Q. Not Stated 
Motor HP N. Q. 
Price $: 316 SS $17 1,500 

A l t  . C. I. w/C. S. Trim $ 66,500 

N. Q. Yes 
N. Q. Yes 
N. Q. Yes 
N. Q. Yes 

600 

*C. I. Bronze Construction 
*APeerless does not manufacture - In Line - S. S., 

c will quote on C. W. circulating pump 1st week of 6/4/79 

L .  

L 
! '  

i 

i 
b 

Yes 
Yes 
Yes 
No 
75% 
35 
$27,500 

Yes 
Yes 
Yes 
Yes 
84% 
585 
$224,053 
$ 56,850 



TABLE 4.3  

U n i t s  3 and 4 Equipment Summary Sheets 

SURFACE CONDENSER SUMMARY 
UNITS 3 AND 4 

VENDOR 
Specif icat ion Main Condenser Ecolaire DeLaval Graham Southwestern 

Fobling Factor Tube 0.001 ) To Specs To Specs 

Shel l  Side Ap allow. 0.3 p s i  To Specs To Specs 
Cooling W20 Flow gpm: 26,500 26,500 26,500 
Tube Length Max.: 40 f t .  -41 ' Not Stated 
Number of Passes: Water Side 2 Not Stated 

Cost of  Tubes (Less Ins ta l la t ion)  -329,000 100,000 Est. 

Temperature Outlet  Gas OF 95 To Specs To Specs 
Condensate Outlet  Temperature OF: 124 est. Not Stated Not Stated 

Shel l  0.0001) 

Surface Area: As Required Sq. Ft.  53,800 45,000 

@ $1.19/ft .  304L Welded, ERW .OTS" 22 ga. 

Dimensions : As Required (Overall) 

In te r -  and Aftercondenser: 

Purchase Price $: 
Delivery 

s( Ejectors Required 

( A l t .  1 s( 2) Not Stated - 
18' W x 47.!jV L Not Stated 

Yes Yes 
$1,119,000 $670,000 
Not Stated Not Stated 

To Specs No Quote 

To Specs No Quote 
26,500 No Quote 
46.5 No Quote 
2 . No Quote 
58,000 A No Quote . 

Included No Quote 

To Specs No Quote 
Not Stated No Quote 

9'-10" W x 59'L NO Quote 
x 17'H 

Yes No Quote 
$750,000 No Quote 
32-36 Weeks No Quote 
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EXCHANGER SBEClf lC  ATION SHEET 
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PHO J E E L & &  Y$at!LAF- 
PLANT REO. NO. 
E XCHANFuER NO. ITEN NO. 
S E R V I C E  OF UNIT A ~ ~ ~ Q ( J D ~ & & ~ ~  
SIZE TYPE C6FiNECtED IN SERIES . .  P A R A L m  

€ F?. 
OR. SURFACE PER UNIT 

W J T  4 oR4-  

_- 

SHELLS. PER UNIT . SURFACE PER SHELL E FF. 
. CR. 
P E R F O R M A N C E  O F  O N E  U N I T  

I_ 

I SHELL S I D E  1 .  f U 6 E  S l O E  
-- FLUID CIRCULATED frE4H -f -- Co~DLSA/$.BLU Cbo: rN4  @ - A7€R ' 

TOTAL FLUID ENTERING M*l I sag,do,o 
VAPOR I 
LlOU!D - .  
STEAM 
IWt-CWG€NSlBLES 

I 
FLUID wlPOR!ZED OR CONCENSEO ---- 
STEAM CONOCNSEO I 12.71f 1 I 
GRAVITY-CIUUIO ' J.0 
VlSGOSlTY -LlQU'O I I 
MOLECULAR WEIGHT- V&-%RS 

LATENY HEAT -VAPORS kt042 B r.u./a 1 8 T U / +  

--- 
-- 
- 
II_- SPEClFIC HEAT- LIOUlCS t 1.6 B.t.U./* tdb6 .T .U  /Q 

--_ TEMPERATURE I N  - 1  b 2 L  

VELOCITY FT./S€G. 1 7 fr/rrrc 
-.----- PRESSURE DROP A U O W / C I U .  O r /  / */WIN. 1 /$/ P/30 IN. 

I m ?  f O L l L l N G  RESISTANCE . I 6.ooo/ 

'F I 80 'F 
*F 2 - 0  ' = F  I ___- TEMPERATURE . > _ - ^ - ~ . . - - -  OUT 

0 PE rZ AT I Fi C PRESSURE e 1 @ { N L F r  i4.t P$€A 1 
N U M B E R  Of PASSES 1 

1 & Q Z & -  

_c -- 
__I -- 

I 
HEAT EXCHANGED - 0T.U /HR. 13. z Y (66 T u  /#fR Y.  T.0. ICORRECTLO) 
TRANSFER RATE - SERVICE CLEbN ACTUAL fOUL1HG FACTOR 

C O N S T R U C T  I O H  
OEStGN PRESSURE FVZL VAC+ 6 0 */so. in, 7c %/ 34. I W  
TEST PQESSURE 90 . lr/SQ.tk. //3 &/SO !N 
D E S 1 G t4 T E M PER ATUSE 
__I_____ . * r  = i  1 a m  

5 MO. PITCH (I a 2 L P Q  

CHANNEL ct+*nHCL COVER c,s, fcc4.L rBA €&xy UNU3 

. 0 . 0  3/ip susi.22 272. Lmmn 
S H E L L  So*" ss I. 0 .  0.0.  . THICKNESS 
T U B E S  b a 4 C  3 

SHELL COVER 

TUBE SHEETS - SfATlOHdRY 3 d e t  15 
BAFFLES - CROSS TYPE ' T HlG K H E Sf 
BAFFLE - LONG 9s T Y P E  T I4 I C K N CSS 
TUBE SUPPORTS 2 ~ 3 -  . T n t ca PI ~ s s  -- 55 
GASKETS 
CONNECTIONS - SHELL tN . 0 UT RBfflI 

FLOATING ULAO COVER 

- 
F L O A T I N G  

I--- 
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PLANT: UNIT NO. 3 a @  4 

1st J e t  
\ e  INLET CONDITIONS 

1. MOTIVE STEAM . 

Enthalpy (BTU/lb.) @ 78,s psia . 1200  

4.2.84- 

. .  

* 2nd J e t  

Avai lable Pressure @ Jet  psia . 6 5 .  
Flow Required (tb./hr.): 

Prel iminary Eng. Calc. 30,o 00 

Hanufacturer Calc. f: 

2. INLET GASES 

A i r  leakage (lb./hr.) /go 
N e  C. Gas (Mol:. w t ,  32.4) ( lb . /hr . )  4.110 

Steam Vapor (1 b./hr .) 9,5 80 

Tempe rat u re (OF) t 14 
1*7 Pressure (psia) 

8. DISCHARGE C O N D I T l O h ' S  

6 5  

N /2,aoo 

'I bo 
I I  0 

4t.6 5 

Temperature (OF) * 
Pressure (psia) 4.6 5 14.1 

C .  S1TE CONDITIONS 

Temperature (OF) gss 8ou 
Pres sure .( ps E a) 

X R S  EMGiNEERlNG .--- ' 
0 

Geysers Retror I t r r o ~ e c r  
Flow/Thermdynamic information. Sheet 

4p 1 PINE STRCET - srN FRANCISCO, CALIF. %I11 

-&IB NO* S-79007-20 Date SHEET OF 
- 022  



DATA SHEET FOR CENTRIFUGAL PUMPS 
FOR NO. 

DES EFF- 
MAX IMP RATED IMP 
MAX HEAD RATED IMP, 
UIN CONTINUOUS, gpm (BY MFRI- 
ROTATION FACINO COUPLING END 
WATER .COOLING 

SPLK (AXIAL 1 (RADIAL 1 
TYPE (SINGLE W T E  1 (DOUBLE VOLUTE I f  DIFFUSER 
TAPPED OPENINUS (VENT (DRAIN b(GA@E CONNS. b 
NOZZLES SIZE I ASA W I N G  FACING I POSITION 
SUCTION I I 
DISCHARGE 1-1 

IMPELLER DIAM RATED LBlN MAX TYPE 
MFR'S BEARING NO. RADIAL THRUBT 

BEARINGS 
STUFF. 6 0 X  
PE 0 EST1 L 

TDThL WATER REO'D, gpm. 
' GLAND 

PACKING COOLING 

s -STEEL INNER CASE PARTS 

A -ALLOY S L E W  (SEAL 1 
MAX ALWW. WP PSI0 F 
WEIGHTS: PUMP BASE 

MOTOR-,, TURMNE- 

ACTUAL IMPELLER DIAM 

TEST CURVE NO. 

PUMP SECT. DWO..MO. 
SEAL DIM. DWU. NO. 

PUMP SERIAL NO. 

DuTLiNe DWG. NO. 

PR 252 
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The main C. W. pumps as  bid t o  specif icat ion varied from a low of 
$171,500 (Byron Jackson) t o  a high of $224,053 (Worthington). A 
f igure of $165,000 was used i n  the .cos t  estimate; adjusted t o  cover 

% the  reduction i n  pump capacity from 17,275 gpm t o  16, 282 gpm. 
These pumps a re  rated a t  60% system capacity. 

The condensate pumps a s  bid t o  specif icat ion resulted i n  one bid of 
$27,500 (Worthington). In t h i s  case a judgment was made t o  use a 
f igure  of $20,000 since we believe other bidders would, given time, 
bid a f igure less than Worthington. 

I 
L 

L .  

I: 
i: 
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4.3 Ins t a l l a t ion  Description 

4.3.1 The dimensions ver i f ica t ions  i n  the f i e l d  were based on design 
drawings obtained from- PGandE and the drawings showing the proposed 
location of the  tube and she l l  condenser and the associated equip- 
ment. It  should be noted t h a t  the location and configuration of the 
turbine exhaust duct of Unit 3 . is  d i f fe ren t  from Unit 4 .  Therefore, 
the  pr incipal  of the proposed modification i s  the same but not the 
detai led execution. 

The passageway between the turbine building and the cooling tower 
has been kept c lear ,  being the main a r t e ry  of t h i s  p lan t  and e x i t s  
from the  turbine building t o  t h i s  area a re  unobstructed as  well. 
The lowest point of the main condenser s h e l l  should be 15'-0" above 
grade. 

With the assumed main condenser length of 46'-0'' it seems t h a t  
su f f i c i en t  space is  available t o  i n s t a l l  the  new equipment. The 
t o t a l  required length including tube pul l ing area is 100'-0". This 
allows a clearance from the  property cyclone fence of 4' -0".  

The intercondenser can be mounted i n  the exis t ing s t e e l  s t ruc ture  as  

The aftercondenser a l so  w i l l  be located i n  the exis t ing s t e e l  s t ruc-  
t u r e  . 

I '  4.3.4 The steam e jec tors  w i l l  be supported i n  the  exis t ing s t e e l  struc- ' L -  t u r e  . 
4.3.5 

4.3.2 L the-ex is t ing  equipment. 

4.3.3 

The c i rcu la t ing  water pump as  specified and w i l l  be ins ta l led  on the 
ex is t ing  concrete pad before the cooling tower. 

The ex is t ing  condensate pump w i l l  be removed and replaced by a 
horizontal centrifugal pump as specified. 

'id 
i 
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4.3.6 The existing hot and e modified to allow free 
communication bet lso allow the installation 
of two circulating 
(Refer to B-02-003 

The existing cooling tower and condenser supply pumps did not meet 
the required 15 psi pressure drop across the tube side of the sur- 
face condenser to satisfy the new system discharge head requirement. 

A small - 30 gpm existing drip pump delivering drips to the existing 
hot well should have its discharge rerouted to the new shell con- 
denser drip pot. 

The water from the tower presently has a pH value between 7 and 8.  
There has been no direction at this time to change the pH range. 

The auxiliary power requirements for the new pumps will increase. 

It should be noted that the main circulating water pumps are 50% 
each nominally; however, the two new condensate pumps are capable of 
supplying 100% of the required flow at full load. As shown in the 
cooling water system diagram the condensate pumps will discharge 
into the circulating water return header to the cooling tower. The 
project costs of the pumps installed are detailed in the project 
costs section of this report. The system characteristics are shown 
on drawings at the end of this section. 

4.3.7 The installation and location of the tube and shell condenser at 
Unit 3 are shown on the enclosed drawings. The principle applied at 
Unit 3 was followed at Unit 4 .  The only variance is the turbine 
exhaust duct configuration of Unit 4 .  

The east corner of the power building of Unit 4 has some equipment 
retired in place. This machinery will have to be removed before new 
equipment can be installed. 

I 
1; 
L 
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I T  iu 4 .3 .8  Site.Plan - Units 3 and 4 

Enclosed herein is a Site Plan for Units 3 and 4 ,  indicating the new 
conversion equipment locations with existing field survey dimensions 
on the presently existing equipment. This survey data was obtained 
from actual site investigations. 

L 4.3.9 Auxiliary Power Requirements 

The auxiliary power requirements a t  full load’as designed and the 
additional power necessary for the pumps after retrofit for Units 3 
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and 4 a re  shown below. (It should be noted tha t  these figures do 
not include the power needed fo r  the compressors t o  del iver  the 
off-gas t o  the Stretford System.) 

Unit - Name Pla te  
Amp. kVA 

Actual Loading After Ret rof i t  
Amp Amp 
1425 
1400 

1587 
1560 

Based on these f igures ,  it appears t h a t  the  auxi l iary transformers 
of Units #3 and 94 a r e  somewhat def ic ien t  i n  load capacity. Addi- 
t i ona l  transformer capabi l i ty  w i l l  be needed f o r  Units #3 and #4.  
The costs associated with such a re  small i n  comparison t o  the t o t a l  
Unit {I3 and #4 r e t r o f i t  costs  and have not been included i n  t h i s  
Milestone Report No. 1. They w i l l  be included however, i n  the  
d e t a i l  design phase of t h i s  program. (Reference PGandE Stat ion 
Service Elec t r ic  Loads as  of May 14,  1979.)  

4.4 Project Costs - Unit 3 and 4 

This milestone report  is a mid-term report  presenting p a r t i a l  cost  
and economic’ information pertaining t o  Units 3 and 4 surface coo- 
denser ins ta l la t ion .  This report  presents two economic aspects: 
Equipment s iz ing  and cap i t a l  cost .  Each case has cer ta in  guide 
l i nes  and constraints.  They w i l l  be discussed i n  t h i s  Section along 
with the respective data. 

The cost  estimate has been prepared by categories and a re  those 
accounts used by Pac i f ic  Gas and Elec t r ic  f o r  t h e i r  own estimates. 
Only the following accounts are included by the nature of t h i s  
project  work. 

54-20 t o r  - Condensate System 
54-30 
54-70 Turbine Generator - Instrumentation 

Turbine Generator - Circulating Water System 

* 55-60 l e c t r i c a l  Equipment - Stat ion Power 

The cos t  f igur  Section a re  i n  June 1979 dollars .  These 
w i l l  be modifi scalat ion and project  timing when a sched- 
u l e  i s  prepare he overal l  project .  

Equipment Sizing Evalua 

The process used t o  ev l t e rna t ive  equipment s izes  and design 
operating conditions is a specialized procedure. I t  requires t h a t  
a l te rna t ives  be equivalent. By nature the a l te rna t ives  have d i f -  

c 
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ferences ; however, by drawi e same boundary arOund each alterna- 
tive the differences cros th i s  boundary can be evaluated in 
terms of dol lars .  This pro is only an evaluation tool. It is 
not necessarily how the costs a r e  incurred. 

The technical parameters and differences f o r  equipment design condi- 
t ions  were evaluated economically i n  Tables 3.2 and 3.3  i n  a previ- 
ous section. These differences and conclusions of economics and ~ 

technical design parameters a re  applicable t o  Units 3 and 4 equip- 
ment comparisons and a r e  not repeated (See Section 4 . 0 ) .  However, 
the actual  design point was determined separately fo r  Units 3 and 4 .  

This discussion of equipment s iz ing,  a l te rna t ives  and equivalences 
i s  used t o  a r r ive  a t  the f i r s t  s tep i n  the cost  estimate process, 
which i s  the select ion of the design conditions f o r  the in s t a l l a -  
t ion.  get t ing manufacturer 
quoted major equipment costs  and estimating the in s t a l l a t ion  costs a 
contractor w i l l  charge t o  perform the designated' quipment in s t a l l a -  
t ion.  

The second and th i rd  s teps  can follow: 

4.4 .2  Major Equipment Cost : 
. Suppliers of the major equipment, condensers and pumps, were con- 

tacted by telephone followed up by t ransmit ta l  of per t inent  equip- 
ment data sheets (See 4 . 2 . 8 ) .  In  the majority of cases, vendors 
were contacted who have had some experience i n  the special  problems 
associated with geothermal plants.  

The following item costs a r e  adjusted quoted figures: 

Condensers and Ejectors 
Condensate Pumps 
Circulating Water Pump 

The Section 4.2.9 compares the quotations with the data sheets sen t  
out f o r  quote. In  addition, any adjustments required because of 
design condition changes from those quoted a re  a l so  addresses. The 
costs  in the estimate f o r  each piece of major equipment r e f l e c t  our 
best  judgment as t o  the eventual bid on the "selected" equipment 
data sheets. 

In the  cost  estimate presented i n  Section -4 .4 .4 ,  the manufacturer's 
cost  includes the major equipment and materials cost. Cost a t  the 
s i te  i n  the presentation includes 6 percent use tax on equipment and 
material  and a contingency of 20 percent since t h i s  i s  a conceptual 
estimate and unestimated items may amount t o  tha t  f igure.  The 
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estimate assumes t h a t  Pacif ic  Ga and E lec t r i c  w i l l  purchase a l l  
major equipment and supply it t o  the contractor fo r  i n s t a l l a t ion  a s  
has been the pract ice  a t  the Geysers Plant. 

4.4.2 Major Equipment Cost : 

Suppliers of the major equipment, condensers and pumps, were con- 
tacted by telephone followed up by t ransmit ta l  of per t inent  equip- 
ment data sheets (See 4.2.8) .  In  the majority of cases, vendors 
were contacted who have had some experience i n  the special  problems 
associated with geothermal plants.  

The following item costs  a r e  adjusted quoted figures: 

Condensers and Ejectors 
Condensate Pumps 
Circulating Water Pump 

The Section 4.2.9 compares the quotations with the data sheets sent  
out  f o r  quote. I n  addition, any adjustments required because of 
design condition changes from those quoted a re  a l so  addresses. The 
costs  i n  the estimate f o r  each piece of major equipment r e f l ec t  our 
bes t  judgment as  t o  the  eventual bid on the "selected" equipment 

In  the  cost  estimate presented i n  Section 4.4.4, the  manufacturer's 
cos t  includes the major equipment and materials cost. Cost a t  the 
s i te  i n  the presentation includes 6 percent use tax on equipment and 
material  and a contingency of 20 percent since t h i s  is a conceptual 
estimate and unestimated items may amount t o  t h a t  f igure.  The 
estimate assumes t h a t  Pac i f ic  Gas and Elec t r ic  w i l l  purchase a l l  
major equipment and supply it t o  the contractor fo r  i n s t a l l a t ion  a s  
has been the pract ice  a t  the Geysers Plant. 

1 

1 
1 data sheets. 

4.4.3 Ins t a l l a t ion  Cost: 

The estimated in s t a l l a t ion  cost  is  the cost  anticipated t o  be charged 
by an outside contractor.  t o  perform the removal of the old and 
in s t a l l a t ion  of the new equipment. Most of the larger  project  
construction work a t  the Geysers has been done by outside contrac- 
t o r s  and t h i s  guide has been used i n  preparation of t h i s  estimate. 
This decision a f f ec t s  the labor overheads and labor eff ic iency a s  
well as  the general overheads of a GM estimate discussed i n  Section 
4.4.4. 

e 
The estimated materials and labor shown i n  Section 4.4.4 a r e  based 
upon the conceptual layout drawings and f i e l d  investigations a t  the 



si te  f o r  each ins ta l la t ion .  There is a l so  some judgment used when- 
ever making such an estimate and t h i s  estimate has been prepared by 
people who have been a p a r t  of other geothermal plant  construction. 

In  consultation with General Construction about contractor perfor- 
mance and costs  a t  the Geysers cer ta in  figures were developed fo r  
use i n  t h i s  conceptual report. The current labor d i r ec t  ra tes  show 
a $15 per hour t o  be an overal l  good concept estimate d i r e f t  f igure.  
The labor eff ic iency has been estimated t o  be 60 percent and has ' 

been used ' i n  the estimate. The contractor overhead includes h i s  
p r o f i t  and a l l  ind i rec t  expenses. It has been estimated t h a t  55 
percent is  a good value from pas t  Geysers experience i n  contractor 
bidding. 

In addition t o  the above basic  parameter discussions a twenty per- 
cent contingency has been included i n  the d i r ec t  man-hours f o r  t h i s  
conceptual estimate. The labor man-hours shown i n  Section 3 .4 .4  a re  
derived as follows: 

e 
1, 

1; 
L 
I; 
iJ 

Manhours = Basic Estimate x One Divided By Efficiency x Contingency 
2.0 = 1.0 x 1.67 x 1 .2  

The costs  f o r  d i r e c t  labor and labor overhead a re  separated i n  the  
detai led estimate of Section 4 . 4 . 4 .  

4.4.4 GM Estimate: 

The GM Estimate preparation i s  the  l a s t  s tep i n  the cost  estimate 
process. The GM estimate i s  used t o  ge t  moneys approved f o r  the 
project .  Engineering Services i n  consultation with Engineering and 
General Construction puts the f i n a l  GM numbers together. Engineer- 
ing Services has been consulted i n  the methods and factors  used i n  
preparation of GM estimates. 
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4 .4 .4 .1  Cost Estimate 

The factors  included i n  the Equipment and Material and labor pa r t s  
of the estimate have been discussed i n  Sections 4.4.2 and 4 . 4 . 3 .  
The cost  estimate f o r  the removal and in s t a l l a t ion  of specified 
equipment t o  f a c i l i t a t e  the  operation of a surface condenser a t  Unit 
3 typical  f o r  Unit 3 and 4 is  here presented i n  summary account 
form. The account de t a i l s  a r e  itemized i n  the  next tab le  from the 
summary. 
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Account 

54-20 

54-30 

. 54-70 

55-60 

TABLE 4.4.1 

SUMMARY COST ESTIMATE - UNIT 3 

Labor Total Description Equip. & Mat'l - 
Condensate System $1,392,331 $ 346,652 $1,738,983 

Circ. Water System 521,138 112,755 633,893 

Instrumentation 19,080 13,046 32,126 

39,432 13,046 52,478 Station Pwr System 

$ 485,499 $2,457,480 
I_------ -------- 
---_I--- --I---- 

$1,971,981 ------- 
---I_-- 

Totals 

The estimated cost in June 1979 dollars to retrofit Unit 3 for a 
surface condenser is $2,500,000. To this estimate sub total must be 
added the GM overheads. 

GM Overheads and Cost Total 4.4.4.2 

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: 

- Item Percent of Estimate 1 

0.0 
16.0 
3.6 
1.0 

I Indirects 
General Engineering Sr Administration 
ADC (9 month Construction Estimate) 
Ad Valorem ' - 

Total 20.6% 

The GM Estimate Cost total for the retrofit of Unlt 1 is estimated 
to be $2,964,000. 
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4.4.5 Energy Charge: 

# I  

L 

t '  

The capital involved to complish the retrofit using a surface 
condenser will require a levelized annual energy charge of 2.41 
mills per kilowatthour. This calculation uses the generation plan- 
ning charge rate, an 80 percent capacity factor and the calculated 
net output power on the process diagram. The energy-charge and GM 
estimate capital do not include the vent gas processing equipment 
for environmental control. These are treated separately in later 
work. 

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. 
The economic comparative analysis is part of later work. 
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Number 23 
ROGERS Job No. 1 S-79007-02 
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I CONFIRMATION OF CONFERENCE (Telephone .Meeting X ) 

ATTENDING: PGandE Rogers 
P. McClure S. Giampapa 
G. Dor ighi  
D. Barton 

PGandE Geysers Retrof  1 t Pro jec t  
Meeting a t  PGandE, Department o f  Engineering Research, 
San Ramon - May 11, 1979 (a1 1 day) 

SUBJECT: 1 
t 
1 
ii 

The d e f i n i t i v e  non-condensible gas c r i t e r i a  to  replace p lan t  data book values 
for engineering and design are  l i s t e d  below for use i n  s i z i n g  and costs o f  the 
S t re t fo rd  System. 
analysis and evaluat ion.  

These values are a lso  appl icable i n  condenser performance 

_ . ,  . Main Steam Design Des 1 gn 

I '  .- - NO. . (lb./hr.) N.C. (%) w t .  (lb./hr.) (lb./hr.) 
. Un i t  Des 1 gn Tota l  H2S NH3 

1 
2 
3 

.. 4 
5 
6 
7 

. 8  
9 

* 10 
11 

f '  12 

b 

Ii 
u 
L; - -  

' i-. I 

250 , 820 0.5 
246,150 0 -5  
532,920 0.8 
540,190 0.8 
968,000 0.8 
968,000 . 0.8 

. 968,000 0.5 
968 , 000 0 - 5  
968,000 0.5 
968 , 000 0.5 

1 ,888,260 0 0 5  

1,888,260 0.85 

45 28 
45 28 

21 4 196 
214 196 
350 265 
450 265 

186 
128 

31 5 
175 
78 34 
95 . 36 

41 1 
86 

867 
190 

The above design c r i t e r i a  was agreed t o  by PGandE's Dave Barton a t  DER, Friday, 
May 11. 

-Project .  

L 
Rogers i s  i n  agreement to these design c r i t e r i a  for  the Geysers R e t r o f i t  

Page 1 of 2 1, 
OTHERS - C t  I ENT 7 . D i  s t r  i but  i on : ROGERS 

HR SWG J.P. Finney 
I a. BF JTK J.R. Gorrnly 

L 
. .  

LFW JHGS D. Barton 
H I R  EJM 
FDD RGB 
HCS F i l e :  S-79007 
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The selected basis for the N. C. gas composition In the steam from 1977-1978 
UOC data and 1979 DER data i s  as follows: 

.. L * -  Ptpeline M. W. PPM (wt.) 
No. Avg . CHb 5 h E& c hr* -3 NH 

101 50 22 178 2800 0 1 1 1  
397 7300 6.2 367 

0 274 
65 32.4 293 85 
55 350 5200 

0 274 
67 

450 5200 
0 21 7 

36 1 69 
65 392 8000 1 1  35.6 . 175 61 

1 30.3 
3 
5 , 31.9 
6 29.4 

*In excess of air 

lg5 94 

lbi 

L 
I; Data for compilation was submitted by Dave Barton on May 10 in the form of the 

following reports: 
* '  

. I  1. Geysers Power Plant,March 4, 1976, Non-condensible Gases , 

. I  by J. Pietruszkiewicz to L. J. Ezzell. 

Estimate of H2S Emissions from Geysers Geothermal Power Plants 
by L.  R.'Krumland to C. J. Weinberg, April 7, 1978. 

Additional data was obtained at DER. 
older than one year has been influenced by a UOC piping matrix and field 
piping distribution change. 

% 2. 

Pete McClure has indicated that data 

Page 2 of  2 
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PGandE Geysers 

N. C. Gas Sample Comparisons 
Campi tat ion o f  Trend 1976-78 

PGandE 3/4/76* - 
Union O i l  1977 ppm w t .  ppm w t .  

Iy 
UNIT ~ 2 s  NH3 N.C. Total  % 5 N-C. % r - 

1 and 2 149 148 .6 177 123 0.3 

3 and 4 377 335 - 59 419 334 0.8 

5 and 6 298 22 6 .64 335 299 0.5 

7 2 75 167 .5 274 198 0.5 

Union 011 1978 
9 5  N.C. % 

178 113 

397 370 

288 274 

302 192 

168 133 

75 35 

92 37 

404 219 

104 46 

0.3 

0.8 

0.6 

0.7 

0.4 

0.3 

0.4 

1. I** 

0.2 




