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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.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
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OUTLINE
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SUMMARY
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Units 7 thru 10
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UNITS 5 OR 6 (UNIT 5 TYPICAL) and
UNITS 7 THRU 10 (UNIT 7 TYPICAL)

Equipment Sizing Criteria - Unit 5 or 6 and Units 7 thru 10
Table 3.1 Comparative Summary - Units 5 or 6 (Unit 5 Typical)
Table 3.2 Comparative Summary - Unit 7 thru 10 (Unit 7 Typical)

Specification of Equipment for Conversion from Direct Contact to
Surface Type Exchanger - Unit 5 or 6 and Units 7 thru 10

Specification: Surface Type Condensers/Steam Jet Ejectors
(55 MW Turbogenerators)

Installation Description - Units 5 thru 10
Units 5 & 6: SK-014 (Plan) and SK-013/015 (Sections);

Units 7 thru 10: SK-012 (Plan) and SK-013/016 (Sections)

Equipment Quotations
Table 3.4.1 Condensers
Table 3.4.2 Pumps

Project Retrofit Costs (Units 5 thru 10)

Equipment Sizing Evaluation
Major Equipment Costs
Installation Costs
GM Estimate
Table 3.5.1 Summary Cost Estimate - Unit 5 thru 10
Energy Charge :
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MILESTONE REPORT NO. 2

OUTLINE (Cont'd)

UNITS 11 AND 12

Equipment Sizing Criteria - Units 11 and 12
Table 4.1 Comparative Summary - Unit 11
Table 4.2 Comparative Summary - Unit 12
Specification of Equipment for Conversion from Direct Contact to
Surface Type Exchanger - Units 11 and 12
Specification: Surface Type Condensers/Steam Jet Ejectors
(110 MW Turbogenerators)
Installation Description - Units 11 and 12
Units 11 and 12: SK-017 (Plan) and SK-018/016 (Sections)
Equipment Quotations
Table 4.4.1 Condensers
Table 4.4.2 Pumps
Project Retrofit Costs - Units 11 and 12

Equipment Sizing Evaluation
Major Equipment Costs
Installation Costs
GM Estimate
Table 4.5.1 Summary Cost Estimate - Units 11 and 12
Energy Charge

ECONOMIC FACTORS AND METHODS DATA SHEET
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INTRODUCTION

Milestone Report No. 1 was delivered on June 1, 1979 and related to
the conversion of Units 1 - 4.

Milestone Report No. 2 describes the conversion of Units 5 - 12 from
direct contact condensers which use the iron-catalyst/peroxide/
caustic systems to surface condensers and HsS abatement with the
Stretford Process Unit.

This Report is a 10 week progress report that specifically addresses
itself to. the differences that are encountered between Units 5 - 6,
7 - 10 and 11 - 12. The task schedule shown in the Summary Section
was originally presented to PGandE at the Project Kick-Off Meeting
on Monday, April 23.

Units 11 and 12 retrofit concept which appears in this report was
evaluated with a two pass surface condenser running parallel to the
turbine shaft. This concept requires the relocation of the turbine
lube o0il tank, instrument air compressor and battery storage rack
facilities. On Wednesday, June 27, the condenser supplier notified
Rogers Engineering that it was feasible to design and install a four
pass, two tube bundle condenser at right angle condenser to the
turbine-generator shaft.

The four pass condenser concept will eliminate the need of relo-
cating equipment sensitive to turbine operation. However, schedule
requirements for Milestone Report No. 2 left no time to incorporate
the benefits of the concept we believe will be recommended by Rogers.
It will appear in the Final Milestone Report No. 4.



SUMMARY

Milestone Report No. 2 presents technical and cost wvalues for
the surface condenser retrofit of Units 5 through 12. The Stretford
Process Treatment of main condenser vent gases appears in a separate
report titled "Milestone No. 3" issued concurrently with this report.
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UNITS 5 AND 6

The net powef output for each turbine .generator unit will be de-
creased from the existing net power of 53,020 kW to after conversion
retrofit of a net power output per unit of 52,034 kW.

Two tube bundles will be installed in the condenser shell to provide
for part load operation equal to 509 of full load when one tube
bundle is being cleaned. The tube side cooling water flow origi-
nates at a wet pit adjacent to the cooling tower. Two half-sized
vertical circulating water pumps discharge 43,000 GPM through under-
ground FRP pipe that has a match line with stainless steel pipe
above grade at the condenser water box.

A dry pit extending in front of the condenser water boxes and below
grade for future tube installation and pulling operation is struc-
tured to withstand maximum truck loads when hauling equipment to and
from the plant. The project costs at the time of Milestone No. 2
Report indicate:

GM Estimate Cost Total for Retrofit of Unit 5 and 6 is $4,747,300
and will result in an additional energy charge of 1.91 mills per kWh
for each unit.



UNITS 7 THROUGH 10

The operating performance differs from Units 5 and 6 because the
cooling tower cold water out temperature differs by 1/2°F. The
steam rate differs slightly however for this report. The net power
output for each existing unit is 53,020 k¥ and the net after retro-
fit is 52,034 kW per unit. Otherwise the apparent difference is in
circulating water system piping arrangement. All other features,
such as two condenser tube bundles, inter and after condenser ar-
rangement, condensate pump location and condenser tube bundles at
right angles to the turbine shaft axis are similar.

The GM Estimate Cost Total for Retrofit is estimated to be the same
as 5.

This will result in an additional energy charge of 1.91 mills per
kWwh for each unit.
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UNITS 11 AND 12

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
for 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. Schedule restric-
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 o0il tank, associated pumps, and the plant and instrument
air facilities. :

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 of 1.80 mills per kWh.



H

'

i}

C - APRIL MAY JUNE JuLy
‘WEEK OF |9 16 23/30[ 7 [1a |21 12814 |11 |18 |25/2 |9 16 123]30] 7 |

- Wit o, )

_ PROJECT MANAGEMENT AND TECHNICAL DIRECTOR

UHHXZE POWER CYCLE FOR SURFACE CONOENSER

| 08TAIN GUOTES ON CONDENSER

DETERMINE LOCATION AND INSTALLATION COST FOR CONDENSER L wee——
RESIZE AND COST C W, _;}_RC}L@]’[NG PW OtECK FM WAC!TV MD KEH HONELL Puwp —g ‘
“SUMMARY COSTS MND CAPACLTY _ g —

;T no. 3

OPTINIZE POMER CYCLE FOR SURFACE CONDENSER _ IR

" _OBTAIN QUOTES ON CONDENSER
DETERMINE LOCATION AXD INSTALLATION COST FOR CONDENSER

| NESIZE AMD COST C.W. CIRCULATING PUMP, CHECK COOLING TOWER UPA;:“’Y AND NEW HOTWELL PLMP

| SUSURY COSTS MKD aPActY

SUBMIT INTERIM REPORT
mIT NG, S

OETERMINE MAXIMUM SIZE AMD COST OF SURFACE CONDENSER BASED ON SPACE AVAILABILITY

" BESIZE AND COST C.W. CIRCULATING PUMP, GHECK COOLING TOWER CAPACITY, SIZE NEW NOTWELL PUWP

OPTINIZE POWER CYCLE ON BASIS OF AVAILABLE SURFACE

SUMMARY COSTS AND CAPACITY

WIT ho. 11

DETERMINE MAXIMUN SIZE AND COST OF SURFACE CONDEMSER BASED ON SPACE AVAILABILITY
OPTIMIZE POWER CYCLE

JR U Sows

| PESIZE AND COST C.W. CIRCULATING PUMP, GHECK COOLING TOMER CAPACITY, COST MEW HOTWELL Pup

SUMMARY COST AND CAPACITY

SUBMIT INTERIM REPORT

. TFORD UNIT FOR UNITS 1-6
DETERMINE FEED GAS QUANTITY AND OBTAIN PHONE QUOTATION, BASED OM AREAL REQUIREMENT ) N B 0 B D i
_LOCATE SITE FOR WNIT I

"ESTIMATE INSTALLATION COST FOR THE STRETFORD WNIT ) S

ESIG MD ESYlHATE CGT OF GAS GM’HERI'(G PIPING SYSTEM B _

KTERHINE lPERATING MD NAXNTENMCE COSTS

PREPARE COST BENEFIT ANALYSIS

STRETFORD UNIT FOR UNITS 7-12

QETERMINE FEED CAPACITY &

OBTAIN QUOTES FOR COMBINED UNIT IF PRACTICABLE; QTHERWISE, INDIVIGUAL UNITS

s JAIVIVE

]
BASED OM AREAL REQUIREMENTS, LOCATE APPRCPRIATE SITE FOR THE COMBINED . . .
STRETFORD UNIT (REVIEW WITH RESPECT TO UNITS 33 AND 14)

ESTIMATE INSTALLATION COST FOR THE STRETFORD INIT

DESIGN AND ESTIMATE COST OF GAS GATMERING PIPING

DETERMINE OPERATING AND MAINTENANCE COST FOR THE STRETFORD UMIT —_—

SUBMIT INTERIM REPORT

PREPARE COST BENEFIT ANALYSIS

SUBMIT FINAL REPORT

* WNITS 1-3-5-11 ‘ - R : ’

CONDEMSER REPLACEMENT
a) COST COMPARISON; b) YECHNICAL PROBLEMS: c) DIRECT CONTACT REMAINING LIFE

'STRETFORD SYSTEM INSTALLATION

) MILTIPLE SITES, ONE 5.S. b) PIPING-CONDENSER T S.5. c) BATCH vs. CONTINUOUS ) DATA FROM |

PGEE

SCHEDULE OF WORK

MANPOWER PEQUIREMENT FOR SURFACE CONDENSER DESIGM AND CONSTRUCTION

T ALYSI
FOR EACH PACKAGE -

OPERATIONAL COST COMPARISON

a) AVAILABILITY AND CAPACITY FACTORS: b) MAINTENANGE AND EPLACEF(NT-

" "¢) REMICALS AND MATERIALS: d) AUXILIARY POWER REQUIREMENTS

RECOMMENDATIONS

8) CAPACITY-AVAILABILITY; b) OUTAGE- CAPACITY AND COST;

€) SCHEOWE-ESCALATLON AND TRADEOFF: d) CURRENT TEDHNOLOGY: - :

@) OPERATING CUSTS; f) CONSTRUCTION A’lD ENGINEERING COSTS / I _ . - ] )
% COST BENEFIT ANALYSS FOR l<> <> ™ ROGERS ENGINEERING CO.. INC. PACIFIC GAS AND ELECTRIC CO. | _IA_K._.s.QH.EQU_L.—_E_ ________
St ) DraIEERS - ARCHITECTS GEYSERS PROJECT |o—o__ e ————
_—=M”_ESTONES O 0 1 ] 111 PINE STRELT. SAN FRANCISCO. CALIFORNIA 84111 e S, e
- <_> @ ”’,“!ql\/:,ru!&’/btﬂﬂ"f/aa;{m{; soag ————— _mm“'-’*”’" ’ APPROVALS 1 i
Nz ‘ ~ i 1= oA l¥vB BV —_ —_—
<> | - ’@ eSS ELD hEn” AP —cﬁ'1 ne ,—G _— R £ HK_SG. m-“‘/“* APPROVED. CATE __5_72%)1_ D O? OOI ]
TREV. | 208 CATE REVISION O |CHC [ Ves APPR, | REY. |ZONE DATE | REVISION | O CHK [gern | APPR.




Equipment Sizing Criteria - Unit 5 or 6 and Units 7 thru 10

The Post Overhaul Performance Test for Unit 5 data wad examined for
the 1976, 1977 and 1978 test periods. It was estimated that for the
retrofit conceptual design an approach of 15.5°F could be obtained
at a range of 37.7°F by a thorough cleaning of the cooling tower
during the retrofit turn around. Similarly for Units 7 thru 10 it
was estimated that an approach of 16.0°F could be obtained at a
range of 37.6°F.

In order to prepare preliminary specifications for the entire surface
condenser and steam jet ejector system the conceptual design was
roughed out at a turbine exhaust of 4.3 inches of Hg Abs. (2.11
psia). It was assumed that the various equipment suppliers wouls
respond to the specification by submitting proposals which would
allow adjusting the conceptual design toward conditions of maximized
power (as limited by the cooling tower). The conceptual design is
shown on Drawing No. PD-004.
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TABLE 3.1
COMPARATIVE SUMMARY

UNIT 5 OR 6 (Unit 5 Typical)

Base Reference
Design Point

Throttle Flow 1b./hr. 907,530
Noncondensable Gas % Wt. 1.0
General Electric Output kW 55,000
Auxiliary Power (Electrlc) kW
Cooling Tower Fans 605
Miscellaneous Total 445
Circ. Water & Cond. Pumps 930
Noncondensable Gas Blower
Net Unit Output kW 53,020
Heat Input Btu/Hr. (Ref. to 60°F) 1,150 x 10°
Net Heat Rate Btu/kWh 21,690
Turbine Exh. Inch Hg Abs 4
Wet Bulb 65.0
C. W. T. Range/Approach °F . 38.4

(1) Without Noncondensable Gas Blower Debit

Conversion

Retrofit

907,530
0.8
54,101
605
445
1,017
(Later)
52,034 (1)
1,140 x 108
21,910
4.3
65.0

37.7/15.5

*For expected gross output, multlply actual field output of unit by retrofit

derating factor of 0.984
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TABLE 3.2

COMPARATIVE- SUMMARY

UNITS 7 THRU 10 (Unit 7 Typical)

Throttle Flow 1b./hr.
Noncondensable Gas % Wt.
General Electric Output kW
Auxiliary Power (Electric) kW
Cooling Tower Fans
Miscellaneous Total
Circ. Water & Cond. Pumps
Noncondensable Gas Blower
Net Unit Output kW
Heat Input Btu/Hr. (Ref. to 60°F)

Net Heat Rate Btu/kWh

"Turbine Exh. Inch Hg Abs

Wet Bulbb
C. W. T. Range/Approach °F

(1) Without Noncondensable Gas Blower Debit

Base Reference
Design Point

907,530
1.0
55,000
605
445
930
53,020
1,150
21,690
4

65.0
40.4

x 10°

Conversion

Retrofit

907,530
0.5
54,101
605
445
1,017
(Later)
52,034 (1)
1,114 x 108
21,410
4.3
65.0

37.6/16.0

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

derating factor of 0.984
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Specifications for Equipment for Conversion from Direct Contact to
Surface Type Heat Exchangers for Units 5 thru 10

The required conditions are detailed in Specification S$-12-001, Rev. 1.
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SPECIFICATON
FOR
SURFACE TYPE CONDENSERS
WITH
STEAM JET EJECTORS
FOR
55 MW TURBOGENERATORS

AT
PGandE GEYSERS POWER PLANTS

UNITS 5 THRU 10

Prepared by
ROGERS ENGINEERING CO., INC
SAN FRANCISCO, CALIFORNIA 94111
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Client
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ﬁ?) PGandE Date SHEET 1 oF 9

T @s8-004



i : TABLE OF CONTENTS
L 1.0 PERFORMANCE REQUIREMENTS
H 2.0 STEAM CONDITIONS
' 3.0 NONCONDENSABLE GAS CONDITIONS
IQ 4.0 AIR LEAKAGE ALLOWANCE
5.0 CONSTRAINTS
ﬁ 6.0 CONSTRUCTION
7.0 INFORMATION REQUIRED WITH BID
o
OGERS ENGINEERING CO. INC. MAIN CONDENSER SPECIFICATION
1 PINE STREET UNITS 5 THRU 10 »
SAN FRANCISCO, CALIF. 94111 - PGandE GEYSERS RETROFIT PROJECT $-12-001

.'EOB NO. c-70007 ‘ SHEET 2 OF
8 -COS



F 10
ﬁi | 1.1

2.0

B K B B K] B B R

PERFORMANCE REQUIREMENTS

Generation capability to be maximized within the constraints
imposed by the existing cooling Qater tower capability, the
availability of area for tube sheets and space for tube length
and the desirability of maintaining a turbine fhrottle steam
flow near existing conditions of 907,530 1lbs./hr. Supplier
shall be responsibile for complete design of condensing and

vacuum system components for maximum power generation.
STEAM CONDITIONS

Turbine Inlet Steam Jet Inlet

Enthalpy Btu/1b. - 1,200
Entropy Btu/lb. x R - 1.608
Pressure psia - 113.7 105.7

Temperature °F - 355 ' ' 355

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

#OGERS ENGINEERING CO., INC. MAIN CONDENSER SPECIFICATION REV.
1 PINE STREET UNITS 5 THRU 10

SAN FRANCISCO, CALIF. 94111 PGandE GEYSERS RETROFIT PROJECT S-12-001 &

jOB NO. c_79007 SHEET , . OF 19
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3.0 NONCONDENSABLE GAS CONDITIONS
Unit % Wt. in Steam Ave. Mol. Wt.
5 or 6 0.8 31.9
E 7 thru 10 0.5 29.4
ﬂ 4.0 AIR LEAKAGE ALLOWANCE
) Units 5 thru 10 - 440 1b./hr. each
”
5.0 CONSTRAINTS
IE'
H 5.1 Cooling Water Availability (Best Preliminary Values)
ﬁ 5.1.1 Main Condenser
g Unit ' Item
5 o0r 6 Cold °F 80.5
E Rise °F 37.5
"Flow gpm 43,000
H 7 thru 10 Cold °F 81.0
Rise °F 37.5
E Flow gpm 43,000
i OGERS ENGINEERING CO., INC, MAIN CONDENSER SPECIFICATION REWV.
1 PINE STREET UNITS 5 THRU 10 B
SAN FRANCISCO, CALIF. 94111 PGandE GEYSERS RETROFIT PROJECT §-12-001 *
4OB NO. ‘ ©-79007 ‘ SHEET . OF 9
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&i . 5.1.2

E 5.1.3

5.1.4

Intercondenser

Unit

5 or 6

7 thru 10

Aftercondenser

Unit

5 or 6

7 thru 10

Cold
Rise

Flow

Cold
Rise

Flow

Cold
Rise

Flow

" Cold

"Rise

Flow

Item

°F
°F

°F
°F

gpm

Item

°F
°F

gpm

°F
°F

gpm

80.5
37.5
2,900

81.0
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 IQ

Main

Inter

After

Condenser

114°F
110°F

110°F

111 PINE STREET

i
iOGERS ENGINEERING CO., INC.

“5AN FRANCISCO, CALIF. 94111

MATR—CONDENSER
UNITS 5 THRU 10
PGandE GEYSERS RETROFIT PROJECT

SPECIFICATION REV.
$-12-001 O
SHEET ° OF

GS8S-COs




5.2

Space Availability

Unit

5 thru 10

Item

Main Condenser (Note 1)
Preferred Design
Flow Split‘- Two Inlets énd Two Outlets
Passes - Two
Tube Sheet Area - 35 sq. ft. x 4 Each End
Tube Length - 40 ft. Maximum
- 34 ft. Minimum
Hot Well ~ 20 Ft. x 34 Ft. x (9" Minimum Depth)
Inter- or Aftercondenser
Tﬁbe Length - 16 Ft. Maximum

Passes - Three Preferred

NOTE 1: Existing condenser {Information Only)

Opening approximately 10 ft. x 15 ft. and tran-

sists to a hemispherical section of 11 ft.

radius byv30 ft. long. This upper section

22 ft. wide x 30 ft. long extends 12 ft. deep

terminating in a flat bottomed hotwell. See

SK-11 for equipment arrangement with surface

condenéer.
ROGERS ENGINEERING CO., INC. MAIN CONDENSER SPECIFICATION REV.
11 PINE STREET UNITS 5 THRU 10 :
SAN FRANCISCO, CALIF. 94111 PGandE GEYSERS RETROFIT PROJECT §-12-001 <
OB NO. ¢_70007 SHEET OF ‘

S-COS
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6.0

6.1

CONSTRUCTION

Main Condenser
Pressure
Shell Side - Full Vacuum to 14.6 psia
Tube Side - 75 psig |
Témperature
Shell Side - 150°F
Tube Side - 150°F
HEI Cleanliness Factor - 70%
Tubes - 22 Ga x A pitch x size (3/4", 7/8" or 1")
Materials
Shell 304L SS Clad Steel
Internéls - 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

ASME - Tube Side Only

@OGERS ENGINEERING CO., INC. MAIN CONDENSER SPECIFICATION REV.
1 PINE STREET. UNITS 5 THRU 10 .

SAN FRANCISCO, CALIF. 94111 PGandE GEYSERS RETROFIT PROJECT ' S-12-001 o
OB NO. c_79007 : _. SHEET - OF q

S -COS




6.2
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6.3

BRD B K] ES OE)

Inter- or Aftercondensers
Pressure
Shell Side - Full Vacuum to 40 psig
Tube Side - 75 psig
Temperature
Shell Side - 210°F
Tube Side - 150°F
TfMA Fouling Resistance - Total 0.0011
Tubes - 3/4"™ x 22 Ga x A pitch

Materials

Shell, internals, tube sheets and tubes - All 304L SS

Water Channel Covers - Carbon Steel, Coal Tar Epoxy
Lined
Code Requirements
ASME

TEMA Class "C"

Steam Jets
Pressure - Full Vacuum - 150 psi
Temperature °F - 355

Materials - All 304L SS

HOGERS ENGINEERING CO., INC. MAIN CONDENSER SPECIFICATION REV.
1 PINE STREET UNITS 5 THRU 10 ' -

SAN_FRANCISCO, CALIF. 94111 PGandE GEYSERS RETROFIT PROJECT $-12-001 =

4OoB NO. <-70007 SHEET o OF ¢

pS -CcOS




Ei' 7.0 INFORMATION REQUIRED WITH BID
I .

lgi 7.1 Supplier shall provide following data for proper evaluation of

his proposal.

Unit Item

5 and/or 6 a. Turbine Exhaust Pressure - psia (in. Hg Abs)
separately b. Main Steam Condenser
7 thru 10 Number of Tubes - Size - Length
c. Intercondenser
Shell Size - Number of Tubes - Length
d. Aftercondenser
Shell Size - Number of Tubes - Length

e. Steam Vacuum Ejectors
Proposed 1b./hr.
7.2 Weight and Budget Price Separately for Each Item

7.3 Expect Delivery Time - Weeks

d

‘

‘

‘

‘

‘

‘ Bk Stage - Hotive Steon Flow
'
‘

‘

d

d

‘

OGERS ENGINEERING CO., INC. MAIN CONDENSER SPECIFICATION REV.
1 PINE STREET : UNITS 5 THRU 10 =
SAN FRANCISCO, CALIF. 94111 PGandE GEYSERS RETROFIT PROJECT S-12-001 —

‘H’OB NO. <S-79007 SHEET g OfF a
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3.3

3.3.1

Installation Description for Units 5 thru 10

Units 5 and 6 are mirror imaged turbine-generator units except for
the cooling towers and associated piping between the towers and
condensers. Equipment location, clearances, and accessibility were
field checked on June 11, 1979, and verified against Drawings SK-013,
-014 and -015. These draw1ngs are included in this section and show
the layout of the new equipment locations,

Main Condenser

Because of the location of the cooling towers, the intake and dis-
charge to the main condenser will be located on the same end of the
condenser. The condenser will have a split flow two pass tube
bundle arrangement and two supply lines to facilitate the cleaning
of half the condenser tubes at a time when necessary.

The condenser duty requirements should be satisfied with the current
condenser shell size and configuration. However, the centerline of
the condenser tube arrangement must be shifted 2 ft. inside the
condenser shell to ensure column line clearance and tube pulling
space. The condenser shell must also be shifted towards the cooling
towers approximately 3 1/2' for attachment of the water boxes to the
condenser shell. 1In addition, excavation for a dry pit will be
requ1red in front of the condenser and outside the power building to
insure adequate tube pulling space. i
Due to these condenser modifications, .the turbine exhaust flange to
the condenser neck connection will be shifted off center approxi-
mately 3 1/2'. No problem is foreseen in reconnecting to the tur-
bine hood.

Existing condenser cooling water inlet piping can not be used.
Attachment of new inlet water piping to the condenser will be posi-
tioned at the bottom of the inlet water boxes. The need for circu-
lating water pumps and smaller condensate pumps offset from the tube
pull space will preclude the use of existing discharge piping from
the condenser. All new piping will be constructed of techite for
underground service and stainless steel for piping above grade.

The ‘present location of the auxiliary cooling and fire pumps is
satisfactory. The existing condensate pumps will be removed.



3.3.3

3.3.4

3.3.5

Intercondenser and Ejectors

The existing intercondenser and ejectors will be removed. The new
surface type intercondenser and new first stage jet ejectors will be
relocated to the southeast corner for Unit No. 5 (southwest for Unit
No. 6) of the power building at elevation.3,211 ft. to allow for
tube pulling space in front of the main condenser. New support
steel will be required.

Aftercondenser and Ejector

The existing aftercondenser and ejectors will be removed. The new
surface type aftercondense and new second stage jet ejectors will be
relocated and stocked below the intercondenser at elevation 3,202
ft. to allow for tube pulling space in front of the main condenser.
New support steel will be required.

Condensate Pumps

New condensate pumps will be sized and located based on the system
and tube pulling requirements for the turbine and the tube and shell
condenser. The new location is to place them in front of the lube
0il coolers inside the power building at grade level to facilitate
the necessary piping and sump location. The existing condensate
pumps are of proper size and capacity to function on the new circu-

lating water pumps. N Fs H p?a-bﬂ/?/j red: af sec, basgement

Jeve !,
Circulating Water Pump

The existing sumps in the cooling towers and connecting piping to
the condenser will not be used. The new circulating water pumps
with the wet pit will be located near the cooling tower riser and
the piping routed to the condenser without interference to other
equipment or condenser tube pulling space. The existing condensate
pumps as stated above can be used as circulating water pumps. In
this mode the pump shaft can be shortened to take advantage of the
new NPSH requirements and save on excavating for the wet pit.

A wet pit diffuser will be used to reduce the fluid velocity of
cooling tower basin discharge water to the cooling water pump wet
pit. This will eliminate wet pit vortexing around the pumps as

required.

F
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3.3.1A

3.3.2A

3.3.3A

3.3.4A

3.3.5A

Installation Description for Units 7 through 10

Units 7 and 8 are mirror imaged turbine-generator units housed in
the same power building. Units 9 and 10 are similarly arranged.
Each unit is 55 MWe (Gross). A field check on June 12, 1979 con-
firmed building and equipment location as they appear on Drawings
SK-012, -013 and -016. These drawings are included in this section
and show the layout of the new equipment locations.

Main Condenser

-

The modifications to Units 7 through 10 to replace the existing
condenser with surface condensers are in general identical to the
changes on Units 5 and 6. This includes shifting of the condenser
centerline the same distance to ensure adequate tube pulling space
and water box placement along with condenser pump removal and modi-
fication to the use of condenser intake and discharge piping. In
addition, excavation is required in front of the condenser for tube
pulling space.

Intercondenser and Ejectors

The same modifications to Units 5 and 6 will hcld for Units 7 through
10.

Aftercondenser and Ejectors

The same modifications to Units 5 and 6 will hold for Units 7 through
10.

Condensate Pumps

The new condensate pumps will be placed in the same location as
Units 5 and 6. To do this the auxiliary cooling water pumps will be
relocated. The existing condensate pumps again will function on the
new circulating water pumps.

Circulating Water Pump

The existing cooling tower sump locations can be used but the con-
necting discharge piping to the condenser will have to be rerouted.
The new circulating water pumps will be located Just outside the
cooling tower with one pump on each side of the riser pipe to the
top of the cooling tower. Piping from the cooling water pumps will
be routed to the condenser with due consideration to layout clear-
ances and pull condenser tube space. A wet pit diffuser again will
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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.
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3.4.1

3.4.2
3.4.2.1

3.4.2.2

3.4.2.3

3.4.3

Equipment. Quotations

As in previous sections suppliers of equipment were contacted for
the same equipment, described herein, in this section.

Condensers and Ejectors

As in previous requests we contacted Delaval and Ecolaire, and as a

result of discussion with Marley Heat Transfer Co. (Formerly Westinghouse

Condenser), equipment specifications were also provided to them.
Because of press of factory work load they were unable to respond
with estimating prices for this study; but indicated a willingness
to quote if and when formal quotations will be forthcoming.

As in Units 1 through 4 response was not complete in all requested
details and again DeLaval information was obtained from the local
office without input from Delaval Engineering.

Vendors Comments

Ecolaire used H. E. I. Leakage Rate of #/hr. vs specifica-
tion rate of 440 #/hr.

DeLaval had previously given us a design basis of 3" Hg Abs turbine
back pressure, but did no further work on specifications submitted
to them for Milestone Report No. 2. We question whether this design
is attainable with the cooling tower cold water temperature avail-
able. DeLaval used H. E. I. 70% cleanliness factor for oil con-
densers.

Neither Ecolaire or Delaval have provided us with ejector steam
rates.

Condensate and Circulating Water Pumps

Identical vendors as previously selected for requests for quotations
were contacted:

Ingersoll Rand
Peerless

Byron Jackson
Worthington !



TABLE 3.4.1
SURFACE CONDENSER SUMMARY

UNITS 5 THROUGH 10

Vendor
Specification Main Condenser Ecolaire DeLaval
H. E. I. Cleanliness Factor: 709% 70% ' 70%
Shellside Allowable AP: Vendor's Choice N. S. (Not Stated) N. S.
Cooling Water Flow: 43,000 gpm To Spec. To Spec
¥ Tube Length Max. Ft.: 40 Lo N. S.

o Tube Size.: 22 ga., 3/4", 7/8" or 1" Vendor's Choice 3/4" 3/4"

' No. of Passes Hy0 Side: 2 2 (Note 1) N. S.

_ Surface Area Sq. Ft.: As required 107,000 101,000

o Cost of Tubes §: Included (Note 2) 200,000 (Est.) (Note 2)
Dimensions 50'L x 25'W x 20'H N. S.
Turbine Exhaust Pressure: As Specified 3" Hg Abs
Inter- and Aftercondensers & Rejectors: Required Included in Price Included in Price

w/Tubing Provided w/Tubing Installed
Installed
TEMA Fouling Resistance Overall: 0.0011 H. E. I. 50% C. F. H. E. I."70% Clean-
liness Factor

Conformity to Material Specs: Yes Yes
Purchase Price §: 1,493,000 1,100,000 »
Add for Tubing Cost Main Condenser §$: Included 200,000 (Est. by Vendor)
Total Price §: : Fp 1,493,000 1,300,000

P

NOTE 1: To minimize tube (‘sude/ AP, velocity held to 5.4 ft./sec.
NOTE 2: 1Installation of tubes in"Main Condenser is not included in above prices
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TABLE 3.4.2

EQUIPHENT SUMMARY SHEET - PUMPS UNITS 5 thru 10

VENDORS
| Byron

Specifications I. R. Peerless Jackson  Worthington
Condensate Pump
Capacity: 2,000 gpm Spec.
Differential Head: 86.2 ft. Spec.
Materials: All 316SS Spec.
Type: Can \ Spec.
NPSH Available: 8 ft./Req'd: 8 Ft.
Efficiency %: 77
Motor 'HP/rpm 75/1185
Price: $56,000

C. W. Circulation Pumps

For C. W. circulation pumps it would be the least project cost to reuse the
present Peerless 36H 11 XB single stage vertical condensate pumps. Present
capacity is 24,500 gpm with a differential head of 75 to 80 ft.

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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Project Costs. - Units 5-10

This milestone rebort is . a mid-term report presenting partial cost
and. - economic information pertaining to Units 5-10 surface condenser

installation. This report presents two economic aspects: Equipment
sizing and capital cost estimate aspect has certain guide lines and
constraints. They will be discussed in this Section along with the

respective data.

The cost estimate has been prepared by categories and are those
accounts used by Pacific Gas and Electric for their own estimates.
Only the following accounts are included by the nature of this
project work.

51-20 Structures and Improvements

52-50 Main Steam Piping

54-20 Turbine-Generator - Condensate System

54-30 Turbine-Generator - Circulating Water System

54-40 Lube 0il System

54-70 Turbine-Generator - Instrumentation

55-30 Control and Power Connection

55-60 Auxiliary Electrical Equipment - Station Power
, 56-10 Compressed Air System

365 Engineering and Other Cost Allocations
The cost figures in this Section are in June 1979 dollars. These

will be modified due to excalation and project timing when a sched-
ule is prepared later in the overall project.

Equipment Sizing Evaluation:

The process used to evaluate alternative equipment sizes and design
operating conditions is a specialized procedure. It requires that
alternatives be equivalent. By nature the alternatives have dif-
ferences; however, by drawing a boundary around each alternative the
differences crossing this boundary can be evaluated in terms of
money. This procedure is only an evaluation tool. It is not neces-
sarily how the costs are incurred.

The Engineering Planning Department Generation. Section was consulted
in the - determination of the. level annual factors they use to evalu-

ate generation alternatives. The method is a 1level ,annual represen-
tation of all cost differences between equivalent alternatives.
This method- utilizes system wide figures for capital and energy. It

also includes projections of fuel costs, capital costs of new units
and allowed rate base return (capital cost).

3 -12
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These methods and figures have been used along with the technical para-
meter differences to derive the enclosed Tables. All the figures in these
tables as noted are level annual numbers and all dollar differences across
the boundary have been presented to make the alternatives equivalent
economically.

This discussion of equipment sizing, alternatives and equivalences is used
to arrive at the first step in the cost estimate process, the selection of
the design conditions for the installation. The second ‘and third steps
can follow: getting manufacturer quoted major equipment costs and esti-
mating the installation costs a contractor w1ll charge to perform the
designated equipment installation.

Major Equipment Cost

Suppliers of the major equipment, condensers and pumps, were contacted by
telephone followed up by transmittal of pertinent equipment data sheets.
In the majority of cases, vendors were contacted who have had some experi-
ence in the special problems associated with geothermal plants.

The following item costs are adjusted quoted figures:

Condensers and Ejectors
Condensate Pumps
Circulating Water Pump

An appropriate Section of this Report compares the quotations with the
data sheets sent out for quote. In addition, any adjustments required
because of design condition changes from those quoted are also addressed.
The costs in the estimate for each piece of major equipment reflect our
best judgment as to the eventual bid on the equipment data sheets.

In the cost estimate the manufacturer's cost includes the major equipment
and materials cost. Cost at the site in the presentation includes 6
percent use tax on equipment and material and a contingency of 20 percent
since this is a. conceptual estimate and unestimated items may amocunt to
that figure. The estimate assumes that Pacific Gas and Electric will
purchase all major equipment and supply it to the contractor for installa-
tion as has been the practice at the Geysers Plant.

3-13
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3.5.3

3.5.4

Installation Cost:

The estimated installation cost is the cost anticipated to be charged
by an outside contractor to perform the removal of the old and
installation of the new equipment. Most of the 1larger project
construction work at the Geysers has been done by outside contrac-
tors and this guide has been used in preparation of this estimate.
This decision affects the labor overheads and 1labor efficiency as
well as the general overheads of a GM estimate.

The estimated materials and labor shown are based upon the concep-
tual layout drawings and field investigations at the site for each
installation. There 1is judgment used whenever making such an esti-
mate and this estimate has been prepared by people who have been a
part of other geothermal plant construction.

In consultation with General Construction about contractor perfor-
mance and costs at the Geysers certain figures were developed for

use in this conceptual report. The current labor direct rates show
$15 per hour to be an overall good concept estimate direct figure
and has been used in this report. The labor efficiency has been
estimated to be 60 percent and has been used in the estimate. The

contractor overhead includes his profit and all indirect expenses.
It has been estimated that 55 percent is a good value from past
Geysers experience in contractor bidding.

In addition to the above basic parameter discussions a twenty percent
contingency has been included 1in the direct man-hours for this

conceptual estimate. The labor man-hours shown are derived as
follows:
Man-hours = Basic Estimate x One Divided By Efficiency x Contingency

2.0 =1.0x1.67 x 1.2

The costs for direct labor and labor overhead are separated in the
detailed estimate.

GM Estimate

The GM Estimate preparation is the 1last step in the cost estimate
process. The GM estimate is used to get moneys approved for the
project. Engineering Services in consultation with Engineering and
General Construction puts the final GM numbers together. Engineer-
ing Services has been consulted in the methods and factors used in
preparation of GM estimates.
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construction.
The overheads include:

Ttem

Indirects.

General Engineering & Administration
ADC (9 month Construction Estimate)
Ad Valorem

Total
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The GM overheads are a function of who does the
estimate prepared here is based upon an outside

!

construction. The
contractor doing the

Percent of Estimate

—
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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 1is
here presented in summary account form. The account details are ,
itemized in the next table from the summary. ‘f P
4. Fioc 1 1
TABLE 3.3 6?:/«’5 Hen A, L
— W e 7
SUMMARY COST ESTIMATE - UNITS 5 THRU 10 '
Item Cost @

No. Description Site Man-hours Labor Dollars Total Dollars
51-20 Building § 44,520 4,248 § 98,777 § 178,347
54-20 Condensate System 2,197,126 38,110 886,059 3,397,593
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
365 Eng & Other Alloc Cst 0 0 0 0

Totals $2,525,938 60,665 $1,410,463 $3,936,401
The estimated cost in June 1979 dollars to retrofit Unit 5 for a
surface condenser is $4,747,300. To this estimate sub total must be
added the GM overheads.
3.5.4.2 GM Overheads and Cost Total
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3.5.5

The.GM Estimate Cost total for the retrofit of Unit 5 is estimated
to be $4,747,300.

Project . Differential Costs

The capital involved to accomplish the retrofit project using a
surface condenser will require a level annual revenue of 1.91 mills
per kilowatthour. 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.

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 is part of later work.
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Equipment Sizing Criteria Units 11 and 12

The Results of Post Overhaul Performance Test for Unit 11 of Septem-

ber 18, 1978 was received. It was estimated that for the retrofit

conceptual design an approval of 16.0°F could be obtained at a 38°F
range by a thorough cleaning of the cooling tower during the retro-
fit turnaround. A similar methodology as was used on Units 5 thru
10 was used to prepare the conceptual design at a turbine exhaust of
4.3 inches of Hg Abs (2.11 psia). The conceptual design is shown on
Drawing No. PD-005.
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TABLE 4.1

COMPARATIVE SUMMARY

UNIT 11

Base Reference
Design Point

Throttle Flow 1b./hr. 1,808,000

Noncondensable Gas 9 Wt.
General Electric Output kW
Auxiliary Power (Electric) kW
Cooling Tower Fans
Miscellaneous Total
Circ. Water & Cond. Pumps
Noncondensable Gas Blower
Net Unit Output kW
Heat Input Btu/Hr. (Ref. to 32°F)
Net Heat Rate Btu/kWh
Turbine Exh. Inch Hg Abs
Wet Bulb
C. W. T. Range/Approach °F

(1) Without Noncondensable Gas Blower Debit

1.0
110,000
1,242
982
1,776
106,000
2,266
21,376
4.0
65.0
40.4

x 10°

Conversion

Retrofit

1,808,000
0.85
108,147
1,242
982
2,215
(Later)
103,708 (1)
2,314 x 108
22,310
4.3
65.0

38/16.0

“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 SUMMARY

UNIT 12

Base Reference
Design Point

Throttle Flow 1b./hr. 1,808,000
Noncondensable Gas % Wt. 1.0
General Electric Output kVW. 110,000
Auxiliary Power (Electric) kW
Cooling Tower Fans 1,242
Miscellaneous Total 982
Circ. Water & Cond. Pumps 1,776
Noncondensable Gas Blower
Net Unit Output kW 106,000
Heat Input Btu/Hr. (Ref. to 32°F) 2,266
Net Heat Rate Btu/kWh 21,376
Turbine Exh. Inch Hg Abs 4.0
Wet Bulb 65.0
C. W. T. Range/Approach °F 40.4

(1) Without Noncondensable Gas Blower Debit

x 108

Conversion

_Retrofit

1,808,000 -
0.5
108,147
1,242
982
2,153
(Later)
103,770 (1)
2,255 x 108
21,730
4.3
65.0

38/16.0

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

derating factory of 0.983
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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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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 1,808,000 1lbs./hr. Supplier
shall be responsibile for complete design of condensing and

vacuum system components for maximum power generation.
STEAM CONDITIONS

Turbine Inlet Steam Jet Inlet

Enthalpy Btu/lb. - 1,200
Entropy Btu/lb. x R - 1.606
Pressure psia - 113.4 ' 105.4

Temperature °F - 355 355

- Turbine exhaust (existing for 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

i

‘oceas ENGINEERING CO., INC.
111 PINE STREET

[ AN FRANCISCO, CALIF, 94111

tATN—CONDENSER

OB NO. o~-/9007

UNITS 11 AND 12 SPECIFICATION REV.
PGandE GEYSERS RETROFIT PROJECT $-12-002
SHEET 3 oF 9
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jias NO. 5-79007

Q 3.0 NONCONDENSABLE GAS CONDITIONS
Unit 9 Wt. in Steam Ave. Mol. Wt.
H 11 0.85 ’ 35.6
g 12 0.5 35.6
E 4.0 AIR LEAKAGE ALLOWANCE
Units 11 or 12 - 930 1b./hr. each
.
E 5.0 CONSTRAINTS
g 5.1 Cooling Water Availability (Best Preliminary Values)
ﬂ 5.1.1 Main Condenser
Q Unit Item
11 or 12 Cold °F 81.0
g Rise °F 38.0
Flow gpm 85,000
Ly
_%%
’ GERS ENGINEERING CO., INC. MALN CONDENSER SPECIFICATION REWV.
1 PINE STREET . UNITS 11 AND 1.2 9-002 -
SAN FRANCISCO, CALIF. 84111 PGandE GEYSERS RETROFIT PROJECT S-12-
SHEET OF §




Intercondenser
| Unit . Item
11 Cold °F
Rise °F
Flow gpm
12 Cold °F
Rise °F
Flow gpm
Aftercondenser
Unit | Item
11 Cold- °F
Rise °F
Flow gpm
12 Cold °F
Rise °F
Flow gpm

Main, Inter- and After Condenser Gas Cooling

Preferred.
Units ' : Condenser

81.0
38.0

5,300

81.0
38.0
4,000

81.0
38.0
2,200

81.0
38.0

1,200

Exit Temperatures

11 or 12 Main 114°F

Inter 110°F

After 110°F
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Space Availability

Unit

11 or 12

Item
Main Condenser (Note 1)

Preferred Design

Flow Split - Two Inlets and Two Outlets

Passes - Two

Tube Sheet Area - 45 sq. ft. x 2 Each End

55 sq. ft. x 2 Each End

Tube Length - 48 ft. Maximum

- 40 ft. Minimum

Hot Well ~ 20 Ft. x 34 Ft. x (20" Minimum Depth)

Inter- or Aftercondenser
Tube Length - 16 Ft. Maximum

Passes - Three Preferred

NOTE 1:

Existing condenser (Information Only)

Two openings approximately 14 ft. x 15 ft. and tran-

sists to a hemispherical section of 25 ft. radius by

48 ft. long.

This upper section 25 ft. wide x 48 ft.

long extends 11 ft. deep terminating in a flat bot-

tomed hotwell.

with surface condenser.:

MA LI R ANPBRM-OR

See SK-12 for equipment arrangement
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CONSTRUCTION

Main Condenser

‘Pressure

Shell Side - Full Vacuum to 14.6 psia

Tube Side - 75 psig
Temperature

Shell Side - 150°F

Tube Side - 150°F

HEI 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 - 3041 SS

Water Box Covers - Carbon Steel, Coal Tar Epoxy

Lined
Code Requirements
Heat Exchanger Institute

ASME - Tube Side Only

OGERS ENGINEERING CO., INC. MAIN CONDENSER SPECIFICATION REWV.
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6.3

Inter- or Aftercondensers
Pressure
Shell Side - Full Vacuum to 40 psig
Tube Side - 75 psig
Temperature
Shell Side - 210°F
Tube Side - 150°F
TEMA Fouling Resistance - Total 0.0011
Tubes - 3/4" x 22 Ga x A pitch

Materials

Shell, internals, tube sheets and tubes - All 304L SS

Water Channel Covers - Carbon Steel
Lined
Code Requirements
ASME

TEMA Class "C"

Steam Jets
Pressure - Full Vacuum - 150 psi
Temperature °F - 355

Materials - All 304L SS

, Coal Tar Epoxy
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INFORMATION REQUIRED WITH BID

Supplier shall provide following data for proper evaluation of

his proposal.

Unit
11
separately

12

Item
a. Turbine Exhaust Pressure
b. Main Steam Condenser

Number of Tubes - Size -
c. Intercondenser
Shell Size - Number
d. Aftercondenser
Shell Size - Number
e. Steam Vacuum Ejectors
Each Stage - Motive

Proposed 1b./hr.

~

- psia (in. Hg Abs)

Length

of Tubes - Length

of Tubes - Length

Steam Flow

Weight and Budget Price Separately for Each Item

Expect Delivery Time - Weeks

OGERS ENGINEERING CO., INC.

S-cos

MAIN CONDENSER SPECIFICATION REV.
1 PINE STREET - UNITS 11 AND 12
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WATER BOXES

.NOTE:
RALDG . CO LUMN
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“INSTRUCTIONS TO' BIDDERS=" FiLL IN' EVERY SPACE.FOR EACH.

PUMP: TOMAKE ‘BID COMPLETE" " -

o
o .

RPM

. B ‘CANTERN,

fg'lrvr: OF. INSTALLATION (V'IELL PIT, .suup DOCCLE CASE)
. LIQUID, CHARACTERISTICS - :

'."LIOUID PUMPED

{ENTRANGE VEL. AT IMPELLER EYE AT. nmuc .
|MPELLEREYE “AREA-Z '

. SPEGIFIC - smvnf 4AT FLow TEMP~ TSR SELD I S—
" FLOW, TEMP. " ~ il L L iF L f2 ‘?&
“YI8COSITY-: AT n.ow TEMP_«_J;__ (cenns*ron:s) ssuyy - 1. .- |-
. VAPOR'PRESSURE AT FLOW TEMP.. PSIA_ 129 [l ;5’0-7
. CAPACIT.Y.-AND' PRESSURES L !
‘GPM AT FLOW TEMP_ ’ N K L 25009
'~ SUGTION AT PUMP (IF NOT OPEN- sucnon) _PSIA) 5.4
*..+.DIFFERENTIAL (INCL. LIFT FROM INLET)_ psi|#0. 7 . ’%F’ g
.7~ OISCHARGE (AT DISCH..COMN:) psial .15 195, 6
"' DIFFERENTIAL MEAD. (TOTAL; NOT INCL.VEL.HEA™ .. FT 95 G0’
T NPSH A)REGD &  B)AVAILABL. L& | 43
‘-"'_susnenssuce A) REGD 8 . B)AVAILABLE A Wi
Frysecy .| L

“MAX_CASE . _WORKING PRESSURE -

'MANUFACTURER'S SIZES TYPE PUMP

".'_~Tw£ PUMP__.

et

NUMBER OF STAGES _
'SERIAL NUMBER (ON FINAL DATA SHEET)

'OPERATION

P

EFFIGI ENCY’

IHP AT RATING
MAX MP FOR BID IMPELLER DMMETER
" DRIVER noncrow:n
- IMPELLER DIAMETER, m\xmun/ Mmmuu
. IMPELLER DIAMETER "FOR RATING

AT RATING

% .

ROTATION (CW). (CCW) VIEWED FROM TOP__

, ‘DRIVE. (MOTOR) (TURBINE) (RT ANGLE GEAR)L. "
“DRIVER TO BE FURNISHED BY S

7.  MOTOR. OR TURBINE DATA SHEET.NO._.. . =
_ MOTOR TYPE' nsrc)(wumenpnoon (EXPL PRF)

“NEMA ERAME: MO. OF MOTOR

THRUST ‘LOAD lnoRuAL/ MAX)

CLEARANCE ADJUSTMENT (COLLAR Nz‘l’ coumnc ETC)

"J _TESTING

CASE

. GASE’ “WEAR
7 IMPECLER WEAR RINGS
" SHAFTiIN.. PUM',;,‘BOV'
""Lmssnm

».(.

: CONSTRUGTION AND MATERIAL

OUTER.

$$3/06

Quutn-”

l_.mr:u.n YPE : (on:n) (cmsso) uxm.) (mxso FLow)

| BRI

RINGS.

K "Mlsggt_LANeous

LiNESHAFT mmersn
i‘Lm[snArT snmne sncmc —

" SHAFT'ENCLOSING 'rua:~r~.”- -

;'\mscmnec COLUMN. OR “PIPE
 DISCHARGE HEAD- OR ELBOW-.

RING

THROAT BUSHING

GASING 'STUDS-

 GLAND . \BOLTS R

GLAND et e ‘

DASEPLATE oR’ FLOOR PLATE ___ $

" GOUPLING (RIGID) (FLEXIBLE) MANUFACTURER '

STRAIN ER:

FLOAT 'CONTROLS. (TYPE& MFR)‘

G-STUFFING BOX DETAILS - Ti;;,;

 STUFFING BOX, JACKETED OR PLAIN
'MECHANICAL SEAL - TYPE _-_

LENGTH: OF STUFF-BOX LN,

DIMENSIONS: .
P T 11 L 17U ——— ) |
. 7. DIAM SHAFT OR SHAFT SLEEVE ' IN,
R wmm LANTERN RING - IN.

¢_ LANT. Rmc T0 CPEN END OF aox__ N

“ - SIZE'OF BASE ,PLATE. (omu) on (, : -
' “DEPTH;"BASE. PLATIE *TO BOTTOM. OF Assenau‘ m———
. BOTTOM. (OF ' PIT T0 BOTTOM [OF ASSEMBLY_ " -} '

S OMAX @ um .S nsnsence L

. qu HT . ABOVE.
- f,mx HT. ABOVE‘BASE OR FLOOR FOR PULLlNG PUMP_
. MAX_ LIFT.(LBS) [FOR. mmreumcz :
" SUCTION, VERTICAL' on nomzoum.

INLET TO DOTTOM ASSEMBLY (IF VERT INI..ET)

’ . R

SIZE oF WELL 0‘ PIT MRE i

',se OR FLOOR (NORMAL)__-

- NO.ZRINGS -8 SIZE PACKING 27"

RPN

AGE.. TO l( SHAFT. {IF nomz) N
‘ABOVE "R “BELOW. BASE - (STATE. wmcu)

onscmacs ‘VERTICAL OR - uomzonm. L
_'sue a RATING

FACING _
FACE TO|& SHAFT

DIST. ABOVE - on BELOW BASE . (STATE wmcn)

" TYPE, BEARINGS  THRUST .1 J M
'RADIAL | " (SAE NO.)
" LINESHAFT _ W
_PUMP BOWL__ o
Luamcmon W : WATER, 0:0IL, G} GREASE
THRUST — 2
RADIAL
LINESHAFT____ 4
| PUMP BOWL_
.. Bk SR '

TYP E OF CLOSURES

TYPE AND CAP. OF, LUBRlGATOR FOR’ PUMP . :
TYPE AND . ‘CAP. OF LUBRICATOR FOR ORIVER OR GEAR i

THRUST BEARING TYPE AND CAP&CITY

o

THRUST LOAD (AT START) B

THRUST BEARING:LOCATION (MOTOR!, NEAD PUMP ETC)

. DYNAMIC BALANCING OFVIMPELLERS AT RATED SPEED_

PERFORMANCE TEST (WITNESSED) (NOT WITNESSED)‘

HYDROSTATIC TEST (WITNESSED) (NOT 'lTNE%ED)

" MYDROSTATIC TEST :Passsunz L PSIG
-INSPECTION REQUIRED 2 TT DS §
 RUNNING TEST -WiTH- ACTUAL omvan SR |

' PRICE .- EACH- (FOB) (FAS) -(NOTINCL: nm‘ven)

- EXTRA™ COST FOR’ -

EXTRA' COST FOR- DRIVER: —E MR B

" EXTRA cos7 FOR_-:

“SPAGE FOR "NOTES. OR SKETCHES |

’,wr or BARE PUMP
‘WT: OF ' GEAR "~

WT OF DRIVER )

: NPUT AND OUTPUT SPEEDS

USE - THIS

SHIPMENT FROM RECEIPT 0l
i :




. W W WA WA WA W WA Wi Wi Wi SN WA WA Wi W WA WA WA W

4.3.1

Installation Description for Units 11 and 12

Units 11 and 12 are:identical turbine-generator units and housed in
their own power building at two different sites. Equipment location
and other dimensions were field checked on June 12, 1979 and veri-
fied against Drawings SK-017, -018 and -019. These drawings are
included in this section and show the new equipment locations.

Main Condenser

As shown in the above drawings, the axis of the condenser is paral-
lel to the power building. The initial conceptual design assumed
the new surface type condenser tube pulling space to be along this
axis. Condenser duty requirements are satisfied with 48 foot tube
length and a two pass tube bundle arrangement. To be capable of
cleaning half the condenser while operational, water to the conden-
ser will be split flow. For a split flow two pass tube bundle
arrangement, the necessary tube pulling space requires the removal
of the lube o0il tank and associated pumps and piping and the main
compressor and tanks. In addition, one column and two walls will
have to be removed. Fer—this -eonfigurations—the--condenser—shell
witl—notFavetobe-modified to_ensure .the..placement—of-tlie water
‘boxes® Despite these dlfflcultles, an adequate gas cooling section
in the new condenser is ensured with this design.

A second alternative to the design is to place the condenser tubes
perpendicular to the condenser axis. Condenser duty requirements
are satisfied with a split flow four pass tube bundle arrangement.
Except for condensate pump removal a minimum of equipment removal is
required for the condenser tube pulling space. In addition, the
piping following removal of the existing condensate pumps from the
condenser to cooling tower has less turns and is shorter in distance
than the first alternative. The condenser shell however, for this
alternative cannot be salvaged and must be cut out and replaced with
a shell compatible with the new tube bundle requirements. For this
design there may be some difficulty in achieving an adequate gas
cooling section in the new condenser.

Ex1st1ng condenser cooling water inlet piping can be used with
attachment to the condenser positioned at the bottom of the inlet
water boxes. The need for circulating water pumps and smaller
condensate pumps offset from the tube pull space will preclude the
use of existing discharge piping from the condenser. All new piping
will be constructed of techite for underground service and stainless
steel for piping above ground.
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4.3.3

4.3.4

4.3.5

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.

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.

Condensate Pumps

The existing condensate pumps will 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 for the new system configuration.

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 be 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 MW unit.
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4.4.1

4.4.2
4.4.2.1

b.4.2.2

4.4.2.3
4.4.3

Equipment Quotationsi
We contacted:some suppliers as for Units 5 through 10.
Condensers and Ejectors

Quotation requests were sent to Delaval, Ecolaire and Marley Heat
Transfer Co. Marley could not respond as previously indicated and
Delaval was unable to devote any time to consideration of 4 pass
alternative.

Ecolaire gave us data on a standard design 2 pass condenser which
would be installed in line with turbine-generator center line.
However this design would require relocation of turbine 1lube oil
system and instrument air system, for tube pulling tubes would be
46 ft. long.

As an alternative we requested Ecolaire to investigate if a 4 pass
cooling water design would be feasible, using 22 ft. tubes.

Althogh they have never built a unit in this water side configura-
tion, they agreed it would be technically feasible and would guaran-
tee the performance, at no sacrifice of design turbine back pres-
sure.

Vendors Comments

Ecolaire used H. E. I. Air Leakage rate of 112#/hr. vs specification
of 930#/hr. Hotwells same length as condenser and two water boxes
are supplied rather than four.

Delaval previously gave us a design basis of 3" Hg Abs turbine back
pressure. Some comments apply as per condensers for Units 5 through
10.

Neither Ecolaire or Delaval provided ejector steam rates.

Condensate and Circulating Water Pumps

Same vendors contacted as for Units 5 through 10.
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TABLE 4.4.1
SURFACE CONDENSER SUMMARY

UNITS 11 AND 12 -

, Vendor

Specification Main Condenser Ecolaire + DeLlaval
H. E. I. Cleanliness Factor: 70% 70% 70%
Shellside Allowable AP: Vendor's Choice N. S. N. S.
Cooling Water Flow: 85,000 gpm To Spec. To Spec
Tube Length Base Case: 48 ft. max./ft. 46 N. S.
No Passes Base Case: 2 2 N. S.
Tube Length Alt. Case: 22 Ft.: 22 N. Q.

= No Passes Alt. Case: 4 4 . N. Q.

' Surface Area Sq. Ft.: . As Required 215,000 202,000

oo Tube Size : 22 ga., 3/4", 7/8" or 1" Vendor's Choice 3/4" - N. S.
Cost of Tubes §$: ' Included (Note 1) 400,000 (Est.) (Note 1)
Dimensions: Base Case : 46'L x 25'W x 22'-6"H N. S.
Dimensions: Alt. Case To Suit Space Allocated N. Q.
Turbine Exhaust Pressure: As Specified 3" Hg Abs
Inter- and Aftercondensers & Rejectors: Required Included in Price Included in Price

w/Tubing Provided w/Tubing Installed
Installed
TEMA Fouling Resistance Overall: 0.0011 H. E. I. 50% C. F. H. E. I. 70% Clean-
liness Factor
Conformity to Material Specs: Yes Yes
Purchase Price Base Case §: 3,000,000 1,950,000
Purchase Price Alt. Case §: 3,000,000 N. Q.
" Add for Tubing Cost Main Condenser §: Included 400,000 (Est. by Vendor)

Total Price §: 3,000,000 2,350,000

NOTE 1: Installation of tubes in Main Condenser, not included in above prices
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TABLE :4.4.2

EQUIPMENT SUMMARY SHEET - PUMPS - UNITS 11 AND 12

Specifications

Condensate Pump

Capacity: 4,000 gpm
Differential Head: 95 ft.
Materials: All 316SS

Type: Can

NPSH Available: ft./Req'd:
Efficiency %:

Motor HP/rpm

Price §:

C. W. Circulation Pump

Vendors'

I.R. A Peerless

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

Byron

Jackson

Worthington

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.
approximately $42,000 vs $120,000 for a new pump.

Modification would cost
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4.5.1

Project Costs - Units lland 12

This milestone report is a 10 week progress report presenting par-
tial cost and economic information pertaining to Units 11 and 12
surface condenser installation. This report presents two economic
aspects: Equipment sizing and capital cost estimate. Each aspect
has certain guide lines and constraints. They will be discussed in
this Section along with the respective data.

The cost estimate has been prepared by categories and are those
accounts used by Pacific Gas and Electric for their own estimates.
Only the following accounts are included by the nature of this
project work.

51-20 Structures and Improvements

52-50 Main Steam Piping

54-20 Turbine-Generator ~ Condensate System

54-30 Turbine-Generator ~ Circulating Water System
54-40 Lube 0il System

54-70 Turbine-Generator -~ Instrumentation

55-30 Control and Power Connection

55-60 Auxiliary Electrical Equipment - Station Power
56-10 Compressed Air System

365 Engineering and Other Cost Allocations

The cost figures in this Section are in June 1979 dollars. These
will be modified due to escalation and project timing when a sched-
ule is prepared later in the overall project.

. Equipment Sizing Evaluation:

The process used to evaluate alternative equipment sizes and design
operating conditions is a specialized procedure. It requires that
alternatives be equivalent. By nature the alternatives have dif-
ferences; however, by drawing a boundary around each alternative the
differences crossing this boundary can be evaluated in terms of
money. This procedure is only an evaluation tool. It is not neces-
sarily how the costs are incurred. '

The technical parameters and differences for equipment design condi-
tions were evaluated economically in Tables 3.2 and 3.3 in a pre-
vious section. These differences and conclusions of economics and
technical design parameters are applicable to Units 11 and 12 equip-
ment comparisons and are not repeated. However, the actual design
point was determined separately for Units 11 and 12.

This discussion of equipment sizing, alternatives and equivalences
is used to arrive at the first step in the cost estimate process,
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4.5.2

4.5.3

which is the selection of the design conditions for the installa-
tion. The second and third steps can follow: getting manufacturer
quoted major equipment costs and estimating the installation costs a
contractor will charge to perform the designated equipment installa-
tion.

Major Equipment Cost

Suppliers of the major equipment, condensers and pumps, were con-
tacted by telephone followed up by transmittal of pertinent equip-
ment data sheets. In the majority of cases, vendors were contacted
who have had some experience in the special problems associated with
geothermal plants.

The following item costs are adjusted quoted figures:

Condensers and Ejectors
Condensate Pumps
Circulating Water Pump

An appropriate Section of this Report compares the quotations with
the data sheets sent out for quote. In addition, any adjustments
required because of design condition changes from those quoted are
also addressed. The costs in the estimate for each piece of major
equipment reflect our best judgment as to the eventual bid on the
"selected" equipment data sheets.

In the cost estimate the manufacturer's cost includes the major
equipment and materials cost. Cost at the site in the presentation
includes 6 percent use tax on equipment and material and a contin-
gency of 20 percent since this is a conceptual estimate and unesti-
mated items may amount to that figure. The estimate assumes that
Pacific Gas and Electric will purchase all major equipment and
supply it to the contractor for installation as has been the prac-
tice at the Geysers Plant.

Installation Cost:

The estimated installation cost is the cost anticipated to be charged
by an outside contractor to perform the removal of the old and

installation of the new equipment. Most of the larger project

construction work at the Geysers has been done by outside contrac-

tors and this guide has been used in preparation of this estimate.

This decision affects the labor overheads and labor efficiency as

well as the general overheads of a GM estimate. -
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4.5.4

The estimated materials and labor are based upon the conceptual
layout drawings and field investigations at the site for each in-
stallation. There is also some judgment used whenever making such
an estimate and this estimate has been prepared by people who have
been a part of other geothermal plant construction.

In consultation with General Construction about contractor perfor-
mance and costs at the Geysers certain figures were developed for
use in this conceptual report. The current labor direct rates show
$15 per hour to be an overall good concept estimate direct figure
and has been used in this report. The labor efficiency has been
estimated to be 60 percent and has been used in the estimate. The
contractor overhead includes his profit and all indirect expenses.
It has been estimated that 55 percent is a good value from past
Geysers experience in contractor bidding.

In addition to the above basic parameter discussions a twenty per-
cent contingency has been included in the direct man-hours for this
conceptual estimate. The labor man-hours are derived as follows:

Man-hours = Basic Estimate x One Divided By Efficiency x Contingency
2.0=1.0x 1.67 x 1.2

The costs for direct labor and labor overhead are separated in the
detailed estimate.

GM 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 11, typical for Unit 12 is
here presented in summary account form. The account details are
itemized in the next table from the 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
SUMMARY COST ESTIMATE - UNITS 11

Cost @

Description Site Labor Dollars Total Dollars
Building $ 19,080 § 147,700 § 219,189
Condensate System 4,369,320 1,473,271 6,365,364
Circ. Water System 542,890 470,123 1,179,831
Lubw 0il System 22,642 80,140 131,218
Instrumentation 35,107 46,593 98,233
Station Pwr System 70,087 47,059 133,844
Compressed Air System 10,812 67,560 102,345
Eng & Other Alloc Cost 0 0 0

Totals $5,069,938 $2,332,446 $7,402,383

The estimated cost in June 1979 dollars to retrofit Unit 11 for a
surface condenser is $8—9€?—666 To this estimate sub total must be
added the GM overheads“’a“i“v‘b'“rf)aE

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:

Item . Percent of Estimate
Indirects 0.0
General Engineering & 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 $25;96L5068% g)q 27,309,
Project Differential Costs

The capital involved to accomplish the retrofit project using a
surface condenser will require a level annual revenue of 1.80 mills

4 - 12



per kilowatthour. 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.

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 is part of later work.
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CAPITAL:

OPERATION

CONSTRUCTI

k] E &) B E) =)

The single life 30 year level annual revenue requirement (LARR) factor
for generation planning is 0.1465.

AND MAINTENANCE: The 30 year level annual factor for generation plan-
ning is 2.19.

STEAM AT GEYSERS: The 30 year level annual steam cost in mills per kWh is 24.4.

POWER VALUES: (for base loaded units)

Year 30 Year Level Single Value
1979 61 33
%1980 65 37

1981 68 39

1982 72 50

1083 75 55
“Data used in Milestone One Report
ON COST:
Direct Labor Rate: 15.00 dollars per hour
Efficiency: 60 percent of hours

Indirects and Profit: 55 percent of direct labor cost
Contingency: 20 percent on direct labor hours

Major Equipment: Evaluated manufacturer cost
Materials and Rentals: Estimated
Contingency: 20 percent on equipment and materials

Engineering and Other Allocatable Costs: 20 percent on labor and
equipment

GM FACTORS:

Indirect Costs: 0.0 percent
(Construction by Outside Contractor)
General Overheads:

GS-004°

Engineering and Administration 16.0
ADC (estimate 9 months) 3.6
Ad Valorem 1.0
Total 20.6 percent
| — ' } -
] _JN”5129119_NBQMLSﬁd,fOF milestone report #2 .
0 |6/15/79 _Data used in milestone report #1 R
I No. Date | Description .Ck RAppCApp
EEGERS ENGINEERING CO., INC. ECONOMIC FACTORS AND METHODS SPEC!F!CATION REWV.
111 PINE STREET DATA SHEET 1
L AN _FRANCISCO, CALIF. 94111 5-00-001
o8 No. >~ /00770 Client PGandE Date 29 June 1979 | SHEET 1 OF 2



g | rmmons:
1. For alternative comparison, the alternatives must be equal.
All costs and their differences are compared to make a selection.
2. The costs of an installation is only the capital cost which must
Q be authorized in a GM.
| CALCULATIONS:
g 1.0 LEVEL ANNUAL STEAM
Level Annual Steam Factor (LASF) = 0.0244 $/kWh
E Steam #/hr. x 0.049 kW/# x Capacity Factor x hrs./yr. x LASF = Level
Annual §/yr.
2.0 LEVEL ANNUAL OPERATIONS AND MAINTENANCE
Note exclude electrical energy use factor of Section 3.0.
Ievel Annual Operations and Maintenance Factor (LAOMF) = 2.19
i Operation and Maintenance Cost/yr. x LAOMF = Level Annual §$/yr.
3.0 LEVEL ANNUAL ELECTRICAL ENERGY
li Level Annual Power Value Factor (LAPVF) = 0.065 $/kWh
kWh/yr. x LAPVF = Level Annual §$/yr.
i 4.0 LEVEL ANNUAL CAPITAL COST

" Level Annual Capital Factor (LACF) = 0.1465
g . (Account 314 Only)
' . Capital Cost $§ x LACF = Level Annual §/yr.

5.0 CAPITAL COST

Construction Cost x GM Factor = Capital Cost

f:0GERS ENGINEERING CO., INC. ECONOMIC FACTORS AND METHODS SPECIFICATION REV. |
111 PINE STREET DATA SHEET

—SAN_FRANCISCO, CALIF. 94111 . 5-00-001

o No_b-/9UU/-/U SHEET 2 OF 2
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