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1.0

1.1

1.2

PGandE GEYSERS RETROFIT PROJECT
INTRODUCTION ‘

The firm of Rogers Engineering Co., Inc. is submitting herewith a
cost benefit analysis for Pacific Gas and Electric Company on the
hydrogen sulfide abatement systems required at Units 1-12 of the
Geysers.

Purpose

The purpose of this work is to demonstrate whether there is a cost
benefit to Pacific Gas and Electric Company in replacing the present
iron catalyst/caustic/peroxide system used in the direct contact
condenser units with an alterpative approach using surface con-
densers and the Stretford System for hydrogen sulfide abatement.

Scope of Study

This work is limited to consideration of Units 1 thru 12, and shall
use as much as possible data already prepared by PGandE, and with
concurrence and cooperation of the various departments of PGandE
with respect to the design, construction, and operations of the
Geysers Project.

To evaluate the cost and time involved in installing the altermative
abatement system (surface condenser/Stretford Process), it was
necessary to prepare new process flow sheets, physical arrangements
of equipment, cost estimates and construction schedules. It is
important to note that for this report the design is a concept. If
this project proceeds to final des1gn and purchase of equipment, it

-will be necessary to pursue the engineering details to a much greater

extent than allowed in the scope of work for this report.
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2.1

2.2

SUMMARY AND RECOMMENDATIONS

This section is prepared as an executive summary of the whole report.
It also has the recommendations in brief form. Details of all data

_ follow in the body of the report. This conceptual report is to

justify the method and approach to assist in making a decision
concerning HpS abatement on Units 1 through 12.

General Economic Viewpoint

The overview of economic techniques, cost estimate method and eco-

nomic design selection alternatives are presented. Generally the
regular Pacific Gas and Electric GM estimate format has been fol-

lowed. The accounts are the normal plant accounts used by plant.
accounting. The economic analysis must be done with equivalent

alternatives and is performed using the level annual revenue re-

quirement technique. The GM estimates are prepared in June 1979

dollars and also with estimated escalation to June 1982 the center

of gravity of expenditures. General Construction, Engineering,

Electric Operations, and Planning and Research all contributed to

various aspects of the costs and economics. All figures in the

summary are in June 1979 dollars unless otherwise noted. Also all

economic analysis is performed in 1979 dollars as requested.

Existing Abatement

The existing units with the iron catalyst/caustic/peroxide HzS
abatement are presented so that a common base could be established
for later comparison. Additional capital costs, operating and
maintenance costs and capacity factors are addressed. It is under-.
stood that a fully implemented iron catalyst/caustic/peroxide system
presently meets the air pollution board requirements. This existing
abatement system is Alternative 1, the defender, and the retrofit
with surface condensers and Stretford system vent gas treatment is
Alternative 2, the challenger.

Analysis of the overall Geysers Power Plant capacity factor shows it
to be decreasing. The highest calculated annual capacity factor was
81 percent and the lowest 65 percent to date. It is not possible to
attribute all changes in capacity factor to abatement. Full time,
complete abatement has only been on .a relatively short time on a few
units. The capacity factor can be stated for past plant operations
and projections made from trends established. Recognizing the
limitations of analyzing the total plant capacity factors versus
those for analyzing individual units or groups of units, the calcu-
lated annual capacity factor range for the abated group and the
unabated group is 62-76 percent and 68-84 percent respectively. The
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existing abatement system will be evaluated at both 60 and 70 per-
cent capacity factors in the cost analysis. The long term. mature
unabated existing plants have demonstrated an ability to achieve 80
percent and even 85 percent. Capacity factor data is developed in
Section 4.1.3. ‘

The capital cost to implement the iron catalyst/caustic/peroxide
abatement system fully on all units is estimated to be 14.9 million
dollars over and above the 18.9 million already invested in the
abatement facilities. See Table 4-9.

The costs for chemicals will amount to an estimated 10 million
dollars per year and is included as part of the operating cost.
Maintenance costs are estimated to be about double the unabated

S units.

Although this abatement method is very severe on the plant equipment
it is estimated that continued high maintenance will keep the plants
going. Replacement in kind is not envisioned.

Alternative Abatement

The alternative, considered in this report, to the iromn catalyst/
caustic/peroxide - abatement is the retrofit of units 1 through 12
with surface condensers and the installation of various Stretford

‘process plants to treat the vent gases and remove the sulfur.

Various combinations of Stretford process plants are studied.

Recent tests at Unit 15 are not conclusive with respect to the Sur~
face Condenser/Stretford abatement system meeting the air pollution

_ requirements. However, it is believed this approach will prove

satisfactory with further experience.

Each typical unit "has been studied with regard to performance,

equipment arrangement, and capital cost estimates. The typical

units are:
| | I)mical ; Typical For
1 | 1 and 2
3 "3 and 4
5 5, 6, 7, 8, 9 and 10
11 11 and 12

In a few cases. individual units were addressed since there were

‘arrangement or performance differences which affected costs.
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The capacity factor for the retrofit is dependent on the natural
long term capacity factor of the power plant unit in combination
with the Stretford units capacity factor. In Sections 4.1.3 and 5.0
the respective capacity factors are presented. Two overall capacity
factors are used in the economic evaluation: 80 and 85 percent.

The total capital cost estimate is in the standard GM Form. This
whole report is conceptual in nature as the final designs and draw-
ings are not made. Telephone quotations of major equipment were
obtained and field investigations by qualified persons developed the
other costs. In the following tabulation, the GM 1979 is without
escalation and GM with escalation is to June 1982.



r— ¥ ¥ K

—y

T

N o i N G <R S e cnitl cEn U NS MR

2.4

COST TO RETROFIT WITH SURFACE CONDENSERS AND STRETFORD PROCESS

Surface Condenser Retrofit

Total $119,104,758

Unit GM 1979 GM With Escalation
1 $§ 2,042,712 $§ 2,631,912
2 2,042,712 2,631,912
3 3,899,308 5,012,558
4 3,899,308 5,012,558
5 6,066,641 7,798,667
6 6,066,641 7,798,667
7 6,066,641 7,798,667
8 6,066,641 7,798,667
9 6,066,641 7,798,667
10 6,066,641 7,798,667
11 12,116,789 15,576,132
12 12,116,789 15,576,132

Subtotal $ 72,517,464 $ 93,233,206

Stretford Systems

1-6 $ 17,572,146 $ 22,588,993

7, 8, 11 - 17,464,697 22,450,867

9, 10 5,634,310 7,242,906

12 : 5,916,141 7,605,199

Subtotal  § 46,587,294 $ 59,887,965

- §153,121,171

. T S s e A
O ot e e s e et s e

Engineering, Procurement and Construction critical path schedules
have been developed to determine the length of time required to
implement the retrofit on each typical unit. Also, of critical
importance to the economic evaluation is the required unit outage
time to implement the retrofit. Generally, each total project takes
30 months from the start of engineering to end of restart of the
unit. Outage times range from 8 - 11 months for specific units.

Cost Benefit Analysis

This is a comparison of the existing iron catélyst/caustic/peroxide
system with the retrofit of units with surface condenser/Stretford
Process in terms of 1979 dollars. The retrofit units with the
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Stretford Process is considerably more economic. The closest the
iron method comes is 1.43 times the retrofit evaluated cost. The
level annual revenue requirement is about 36,644,000 dollars for the
surface condenser/Stretford Process retrofit and 52,240,000 dollars
for the iron catalyst/caustic/peroxide method. The estimated mini-
mum benefit is 15,596,000 dollars per year.

The largest cost factor in the evaluation is the cost of energy due
to the iron catalyst/caustic/peroxide system's anticipated capacity
factor. The second largest cost is cost of chemicals to keep the
iron system operating and the third largest cost in the analysis is
the cepital to retrofit the units with surface condensers and in-
stall the Stretford units. :

QOverall Recommendation

The overall recommendation is to proceed with a series of projects
to retrofit all existing Units 1-12 with surface condensers and
various combinations of Stretford processes based upon the informa-

~tion in this study.

There is an economic sequence of the subprojects as described in
Section 6 of this report. The timing economics are based upon a 10
percent difference in capacity factor between existing and retrofit
abatement. The capacity factor is the largest single factor in
determining the timing. The economic sequence shows Units 9 & 10
operational in 1981, Units 7, 8 and 11 operatlonal 1n 1983, and
Units 1, 2, 3 4, 5, 6 and 12 operat10na1 in 1984.

Professional Services

The estimated professional services costs are included in each indi-
vidual unit's cost estimate under Account 365, Other Engineering.
The engineering services total based upon the 1979 total comstruc-
tion cost of 119.1 million is 7.1 million dollars.

If the economic timing sequence is followed~Units 9 & 10 and the

associated " Stretford engineering, procurement and construction

support services needs to start immediately. The retrofitting of

Units 9 & 10 and the subsequent restarting the units must be delayed
one year past the economic time because of delivery time of condens-
er and the required installation tlme. All other units can follow
the economic t1m1ng.
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3.1

3.2

GENERAL ECONOMICS

The economic techniques, cost estimate methods and design selection
parameters which apply in general to work performed in this report.

~Each area of costs or economics has assumptions and ground rules in

order for the results to be consistent. These will be explained as
applicable to this report. The cost benefit analysis follows the
general economic conditions. The results of each system to be
compared are analyzed on the Level Annual Revenue Requirement (LARR)
basis. This method and factors are discussed in Appendix A.

Economic Evaluation

There are two periods of time in which economic evaluations take
place in this report. The first evaluation is early in the process
and affects the basic design parameters and conditions. These could
be called design trade-offs or design selection analyses. These
tend to be very rough approximations to eliminate unnecessary alter-
natives to be addressed in detail. The second economic evaluation
is the final comparison (cost benefit analysis) which includes all
the details of each alternative.

The Engineering Planning Department, Generation Planning Section was
consulted in the preparation and the determination of techniques and
factors used in economic evaluations of different generation planms.
The overall method is a level annual revenue requirement (LARR)
technique. All economic quantities must be converted to LARR before
comparison. LARR takes into account escalation, cost of capital,
and other items. In generation planning, single life values for
LARR are utilized rather than perpetual values.

The following areas each have levelizing factors which were provided

- by Generation Planning.

‘=Account 314 Capital, Single Life, 30 Years
-Operation & Maintenance, .30 Years

-Power Values, 30 Years and Single

-Geysers Steam, 30 Years

Appendix nEM explains these factors in more detail.

Cost Estimate Accounts

The cost estimates have been prepared by categories, and are the
same accounts used by Pacific Gas and Electric for GM estimates.

Only the following accounts are included by the nature of this
project work. ~
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3.3

3.3.1

Account ' Description

51-20 Structures and Improveménts

52-50 Main Steam Piping

54-20 i Condensate System

54-29 HpS Abatement Facilities

54-30 Circulating Water System

54-40 Lube OiIISystem

54-70 Instrumentation

55-30 | Control and Power Connection

55-60 Auiiliary EléctricéllEqﬁipment - Station Power
56-10 ‘Compressed Air System

365 Engineering‘and Other Cost Ailocations

The detailed cost figures are in June 1979 dollars. These are
modified, due to escalation and project timing as a result of the

- schedule prepared. Separate subtotals are established for the total

of direct costs, the total with GM overheads and indirects, and the
total with escalation. :

Cost Estimates

The cost estimates include equipment and material; installation
labor with overheads, profit and indirects; Account 365-Engineering
and other allocatable costs; escalation; and the GM factor. Each
will be briefly discussed as they apply to the detailed estimates
which follow. B

Major Equipment

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

3-2
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3.3.2

-The following 1tems in the detailed cost estimate are adjusted

quoted figures:

Condensers and Ejectors
Condensate Pumps
Circulating Water Pump
Stretford Equipment

The Material and Equipment column is a combination of adjusted
quoted costs, estimated bulk materials, six percent use tax, and
twenty percent for unestimated items since this is.a conceptual cost
estimate. 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 practice at the Geysers Plant. 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. :

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 factor.

‘The estimated materials and labor shown on the detailed estimates

are based upon the conceptual layout drawings and field investiga-
tions at the site for each installation. There is judgment used

whenever making such an estimate, and this estimate has been pre-

pared by people who have been a part of other geothermal plant
construction. The General Construction Department has assisted with
suggestions on various factors included in the estimates.

In consultation with General Constructlon 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
a $15 per hour to be an overall good concept estimate direct labor
cost. The labor efficiency has been estimated to be 60 percent and
has been used in the estimate. .The contractor overhead includes his
profit, overheads and all indirect expemses. It has been estimated
that 55 percent is a good value from past Geysers experience in
contractor bidding.
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3.3.3

3.3.4

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 shown in detailed esti-
mates are derived as follows:

Man-hours = Basic Estimate x One Divided By Efficiency x Contingency
2.0 = 1.0 x 1.67 x 1.2
Account 365

The costs shown in Account 365 are the direct allocatable costs to 2
given project such as field construction activities, general office
engineering and other engineering. All the costs have been lumped
into the three above subdivisions. Also, previous Geyser GM's were
studied both as estimates and as final plant accounting to determine
the appropriate numbers. The past range is from 14 to 18 percent of
the total direct charges. Since these cost estimates developed in
this report are for fairly complex project modifications, a twenty
percent figure is considered appropriate for this estimate.

GM Factor

The GM Estimate preparation is the last step in the cost estimate

process. The GM estimate is used to get funds 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.

The GM factor is a function of whomever does the construction. The

_ estimates prepared here are based upon an outside contractor doing

the construction. The following factor is applied to the direct
costs, . ,

Factor Develdpment

Item Percent of Direct Cost

Indirects: : :
Indirects = L 0.0
General Overheads:
General Engineering & Adm1nlstrat10n 16.0
Allowance for Funds During Construction 3.7 - 5.0
Ad Valorem Taxes 1.0 - 2.0
Total GM Factor | 20.7 - 23.0%
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3.3.5

3.3.6

3.4

3.4.1

3.4.2

The allowance for funds during construction is a function of the
construction period; the general engineering and administration; and
the direct costs. The Ad Valorem tax is a function of the direct
dollar cost of the project. Pacific Gas and Electric S. P. 112.6-1,
Appendix A, effective 10/16/78 has been used in determining the
factor. Each estimate summary indicates the percentage used for the
GM factor.

Escalation

The GM estimate total includes escalation, and it is separated out
as a definable item. The rate of escalation was derived from Eco-
nomics and Statistics Department escalation report for Autumn 1978.
All the detailed cost estimates are June 1979 dollars. The escala-
tion time assumes one year or June 1980 to start engineering and
procurement, and two additional years to the center of gravity of
dollar disbursements for a project (3 years of escalation). The
escalation was calculated at the stated compound percent applied to
the sum of the direct costs plus the GM factor costs.

Project Differential Cost

It is often helpful to have a magnitude feeling for the GM estimated
cost total in terms of level annual revenue requirement. This
figure in mills per kilowatthour is presented with each cost esti-
mate summary. '

-Design Selection Evaluation

Certain economic evaluations which were made at the very beginning
of the design apply in general and are presented here.

Cooling Tower and Circulating Water Flow

It is assumed that no additional major investment is required to
return the cooling tower capability to design condition -beyond
regular maintenance. Thus, the only design trade-off to maximize
power is to increase circulating water flow until pumping costs or
size of the circulating water piping limit the retrofit space con-
siderations. This required an examination of field cooling tower
test data, along with pumping and piping considerations to set the
estimated capability for operating vacuum after retrofit. :

Condensing and Gas Cooling Limitations

Once the cooling tower return water and off tower temperature have
been assigned preliminary values as shown by para. 5.4.1, the speci-
fication of the surface type heat exchangers must then comsider two
factors :
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(2a) The terminal temperature differencé (TTD) which is the steam
inlet temperature minus the condenser outlet water temperature
and

(b) the cold gas outlet temperature minus the condenser inlet water
temperature.

‘As the specified TTD is lowered, the turbine operating back pressure

is also lowered, the turbine output is increased, and the condenser
size and cost rises. For surface type exchangers, the Standards of
the Heat Exchanger Imstitute recommends a lower TTID limit of 5°F.
Table 3.1 (study for Unit 1) shows that the increased power output
will more than offset the condenser cost. However, the specifica-
tion for TTD was increased to 7.8°F (Unit 1) in order to reduce the
condenser to a size suited to the available installation space. A
similar methodology was used for all units in the retrofit study.

As the gas cooling temperature is lowered (assuming turbine back
pressure is held constant), two conditions influence vacuum system
specification.

(a) A colder temperature will decrease the inlet pressure available
to the vacuum system steam jet ejectors, and

(b) at the same time the steam vapor entrainment carried by the
noncondensable gas flow is reduced.

The combination of these two factors results in an overall increase
in motive steam requirement as the cold gas temperature is allowed
to rise. Table 3.2 (Study for Unit 1) shows that when a cost of
steam is assigned to the motive steam it is desirable to specify
lower cold gas temperatures. Throughout the study, cold gas tem-
peratures were adjusted to avoid oversizing the condensers.
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TABLE 3.1

TYPICAL ECONOMIC ANALYSIS
MAIN CONDENSER - UNIT 1

STEAM END APPROACH (TTD)

Study Case Item ) A
TID °F | 7.8
' Condenser Costltl) 0
Calc. Power Output Increase 0
ECONOMIC EVALUATION =
Difference in Capital (2) (Cost) 0'
}Difference in Energy (3) (Reveﬁue) 0

Advantage (Capital over Energy)

(1) Capital Installed

(2) Annualized Capital Installedbper Year Value

(3) System Level Annualized Power per Year Value

B
5
$376,800
190 kW

(54,700) $/yr.
86,500 $/yr.
$31,800 $/yr.

‘This table indicates that it is economic to buy a condenser for a

lower TTID °F to increase electrical energy generated from the plant.
The advantage is 31,800 level annual dollars per year. However,
7.8°F was used for conceptual design because of condenser space

limitations.
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TABIE 3.2
TYPICAL ECONOMIC ANALYSIS

MAIN CONDENSER - UNIT 1

NONCONDENSABLE GAS END APPROACH

Study Case Item : A -+ B C D
Noncondensable Gas Outlet °F 95 105 115 119
Difference iﬁ”Heat Exch. Cﬁst (1) $17,700 $‘9,300' $ 2,700 0
Steam to Jet Difference (2) 0 $14,400 $47,200 $67,500

TOTAL DIFFERENCES (3) $§17,700  $23.700 $49,900 $67,500
(1) ‘Annualize Capital Installed

(2)
(3)

"This

Steam Fuel Level Annualized Value
Annualized Basis

table indicates that cooling of the noncondensable gases is "economic",

if a cost is assigned to motive steam. - However, in real life, the jet steam
is not a cost factor. The capital cost is less in case D and the designs
reflect this relationship. ‘

3.5

Installation Labor Cost Sensitivity

As‘all'recognize in the construction industry, the labor productiv-
ity, the labor pay rate and the contractor overhead and profit vary

- depending on time of bid, overall conditions and the specific proj-

ect requirements. Since this is a conceptunal design report, some

~knowledge of what difference these variations of parameters can make

in total project cost is worth studying. Cost sensitivity analysis
was performed on the Unit 1 estimate to demonstrate the total cost
vulnerability to parameter variation. This vulnerability is also a
function of the labor to equipment and material ratio. The labor
material ratio, excluding Account 365, vary from 0.365 to 0.558.
Using a value of about 0.42, the following sensitivities to total
project cost are observed: ' '
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Labor
Efficiency %

50
60
70

Labor Rate §/hr.

13.50
15.00
16.50

Labor Overhead % 

45
55
65

As observed these changes in

Escalation
~ Contingency

1.2.85
1.20

Total Project Cost

1.058
1.000
0.957

Total Project Cost

0.971
1.000
1.030

Total Project Cost

0.981
1.000
1.019

(per

(per

(Per

Unit)

unit)

Unit)

total cost are small as compared with:
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4.1

£.1.1

EXISTING ABATEMENT SYSTEM

Methods to control the hydrogen sulfide emissions from the Geysers
Power Plant were initiated in 1971. - The addition of a metal cata-
lyst (ferric iron) to the circulating cooling water was selected for
large scale tests at Units No. 1 and 2. Currently, in additiom to
the iron sulfate catalyst, caustic soda and hydrogen peroxide are
being introduced on a full-time basis to maximize the abatement on
Units 3, 4, 5, 6, 11 and 12. Additionally interim abatement on
Units 2, 8, 9, 10 is being used at specified times.

Existing Conditions

It is our understahding, that Units‘l, 2, 7, 8, 9 and 10 operate

under a variance to the air pollution standards, and the iron catalyst/

caustic/hydrogen peroxide system will accomplish the level of abate-
ment required by the Air Pollution Board.

Historic Abatement

The historic data of time and type of abatement is important when
evaluating the existing units. The abatement methods have affected

" the power plant unit operations and the equipment in each unit so

treated. Table 4-1 summarizes by unit the abatement facilities in-
stalled to date. Each unit has a varying amount of abatement, and
it was put on at differing times in the useful life of the equip-
ment. The units which are not being abated 100% of the time are
only abated when the air pollution officer requests. Up to this
point in the concept study, we could not determine how many hours
per year Units 2, 8, 9 and 10 abatement have actually been oper-
ating. , :



r— -

r U - . -

r -

. -

r .

f

. &

|

Unit

10

11

12

Commercial

Qgeration
9/25/60
3/19/63
74/28/67
11/ 2/68 ,
12/15/71

12/15/71

8/18/72
11/23/72

10/15/73

11/30/73

'5/31/75

- 3/1/19

TABLE 4-1

HoS HISTORIC ABATEMENT.

HoS

" Abatement

6/78
12/76
1/79

9/76
1/79

1/78
1/79

1/78
1/79

6/18
6/18

6/78

117
1/79

3/79

Remarks
None
June-Oct. Interim Time Iron Catalyst

100% Time Iron Catalyst
100% Time Iron Catalyst with Caustic
and Hydrogen Peroxide

100% Time Iron Catalyst
100% Time Iron Catalyst with Caustic
and Hydrogen Peroxide

100% Time Iron Catalyst _
100% Time Iron Catalyst with Caustic
and Hydrogen Peroxide

100% Time Iron Catalyst

~ 100% Time Iron Catalyst with Caustic

‘and Hydrogen Peroxide
None
June-Oct Interim Time Iron Catalyst

June-Oct Interim Time - Iron Catalyst
Plus Caustic

June-Oct Interim T1me Iron Catalyst

Plus Caustic

100% Time Iron Catalyst

- 100% Time Iron Catalyst Caustic and

Hydrogen Peroxide

© 100% Time Abatement Iron Catalyst and

Caustic, Hydrogen Peroxide
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4.1.2

4.1.3

Existing Abatement

The‘existing units have the following abatement facilities installed
as of June 1979:

Unit 1 - No permanent abatement equipment - only abatement testing
program

Unit 2 - Operating 1nterm1ttent1y using only ferric iron

Unit 3 - Using ferric irom, caustic and hydrogen peroxide~-contin=-
uous abatement

Vnit 4, 5& 6 -  Same as Unit 3

Unit 7 - Up stream EIC and Coury Process - tests continuing

Unit 8 - Intermittent abatement only ferric iron

Unit 9 - Intermittent abatement only ferric iron with caustic

Unit 10 - Same as Unit 9

Unit 11 -« Continuous abatement using ferric irom, caustic and hydro-
gen peroxide

Unit 12 - Same as Unit 11

. Capacity Factor

Geysers power plant units are operated as a base load plant, that is
they are on line and fully loaded all the time regardless of system
load. Therefore, the capacity factor is indicative of how well a
unit is performing. Many factors affect the capacity factor, and it
is difficult to indicate the exact causes of a low capacity factor
even though outage and curtailment records are kept.

Two questions are of greatest importance. What has been the highest
capacity factor at which existing units have operated - unabated?
What has been the capacity factor of HoS abated units since abate-
ment has started? These are difficult questions, and it is mnot

~ possible to attribute all changes in capacity factor to abatement.

Full time complete abatement has been only on a relatively small
number of units and for a short period of time. The capacity factor
can only be "stated" for the past plant operations and what they are

operating at today

Available capacity factor data has been analyzed by statistical
methods: least square, mean, and median. It is essential to build
confidence in a tool before it is used for predictions. The fol-~

lowing Table 4-2 illustrates the accuracy of the methods to approxi-

mate the annual capacity factor. The mean is the average value of
capacity factor taking into account all the capacity factor values.

' The median is the statistically calculated capacity factor value at

wvhich an equal number of capacity factor values occur below and

‘ above the calculated value

-3
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Many calculations and combinations of calculations have been made to

study capacity factors of individual units and of the overall Geysers
plant. Tables 4-2, 4-3 and 4<4 are summaries of part of the analy-

sis. Trends have been statistically developed (least squares) from

Table 4-3 using 1975 through 1978 data and 1975 through April 1979

data. Table 4-5 (graph of least squares trend) indicates the capac-

ity factor trend of the overall Geysers total plant and the subset

of units with abatement.

The capacity factor difference between existing units abated and

unabated has been addressed by others and was not a part of this

conceptual work. However based on the results in this report, the
economic evaluations have been made at 60 and 70 percent capacity

factor for abated units with the iron/caustic/peroxide abatement and

80 and 85 percent capacity factors for units with surface condenser/

Stretford abatement.
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TABLE 4-2
COMPARISON OF METHODS

ANNUAL CAPACITY FACTOR ANALYSIS

o O O O»n

(1977)
Actuall = secmeeene --Calculated===-=======-
Annual _ '
Capacity Least
- Unit Factor Square Mean Median
1 67.7 67.7 67 65
2 86.3 . 86.3 85 .85
3 572 57.4 57 60
4 76.1 1641 75 | 78.3
5 87.5 87.5 87 95.7
6 180 7117 om 85
7 83.8 83.8 8 90
8 82.4 82.5 82 88
9 92.0 92,0 92 92.9
0 5.2 95.2 9% 95
n 740 74.0 Cw .
A - - Y . 80.
B - - 84 89.
c - 80.0 79 ~ gs.

1Annual capacity factor from Operating Dept.

A Combination of Units 3, &, 5, 6, 11 (Existing Abatement) -

~ B Combination of Units 1, 2, 7, 8, 9, 10 (Not Abated)

C All units combined
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TABLE 4-3

ANNUAL CAPACITY FACTORS

(Least Square)

Units 1975 1976 1977 1978 1979%
1 76 78 67 50 68.3
2 53 76 85 67 58.3
3 74 70 57 38 44,5
4 53 65 75 52 48.3

5 84 86 87 82 62.0

6 82 90 77 84 59.5
7 79 88 83 78 62.0
8 77 90 82 59 82.0
9 90 87 92 - 78 90.8

10 85 86 94 77 97.8

11 47 71 74 54 68.3
A 68 76 74 62 56.5
B 78 . 84 84 68 76.4
c - 74 81 79 65 67.3

TABLE 4-4 :
ANNUAL CAPACITY FACTORS
(Median)

Units 1975 1976 1977 1978 1979%
1 80.0 86.0 65.0 57.0 68.3
2 52.8 -85.0 85.0  75.0 55.0
3 80.0 .. 75.0. 60.0 35.0 30.0
4 55.0 . 68.8  78.3  50.0 45.0
5 - 981.7 © o 92.1 95.7 83.3 50.0 -
6 - 95.0 93.3 85.0 86.3 55.0

S 87.5 89.0 90.0 76.7 - 75.0

-8 86.5 91.7 88.0 72.5 85.0
9 91.7 93.8 - 92.9 87.5 90.0

10 96.3 92.9 95.0 85.0. 97.5

11 45.0 80.0 77.5 70.0 60.0

- A 79.0 82.5 80.0 71.7 60.0
B 86.3 90.0 89.6 75.7 80.0
c - 83.5 88.2 85.8 74.5 69.0

*Developed from pariial year data
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Overall Process

In order to compare the existing abatement system as applied to the
direct contact condensers, the chemical feed (budget data) was exam-
ined for Units 3, &4, 5, 6, 11 and 12. The molar ratio of ferric
iron, caustic soda and hydrogen peroxide were compared with the mols
of hydrogen sulfide in the incoming steam and an average chemical
input ratio was developed. For the purposes of this report, these
chemical values can then be prorated for all Units 1 thru 12, so as
to cost out the placement of a continuous abatement program onto
each unit, which theoretically could provide the abatement necessary

‘to meet the air quality.standards

The overall process for each of the first twelve units in block
diagram is as follows:

Iron Solution Caustic Soda Hydrogen Peroxide

. Storage Storage with Storage with
with Feed System Feed System Feed System

I .

Unit Cooling Water or Condensate System.

1

Slip Stream e | Cooling Tower
Sludge Removal ~ ' ' Clean Out
Sludge Disposal] | Sludge Disposal .

Clean Condensate to Reinjection Well(s)

The chemical requirements for each unit are summarized in Table 4-6.
and 4-7. The chemical quantities required are dependent on the
units' capacity factor. Two capacity factor levels are presented:
the 60 percent which plants are now operating, and the 70 percent
which is anticipated to be the long range best capac1ty factor
obta1nab1e W1th this abatement system.
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TRON CATALYST ABATEMENT CHEMICALS

- TABLE 4-6

(60 Percent Capacity Factor)

NaOH Ho02
Iron #/hr. 100% #/hr. Gal./hr.
12.8 14.2 22.8
12.8 14.2 22.8
58.4 67.9 109.5
58.4 - 67.9 - 109.5
116.8 135.8 219
146.0 135.8 219 :
90.6 100.9 162.5
- 41.6 56.1 80.4
22.4 25.0 40.2
27.3 30.4 49.0
219.0 271.6 438
110.7 123.3 198.7
916.8 1,043.1 1,681.4
TABLE 4-7

: IRON CATALYST ABATEMENT CHEMICALS

(70 Percent Capacity Factor)

Ifon #thr.

14.9
14.9

68.1

- 68.
136.
170.
105.
48.
26.
31.
255.
129.

1,067.4

NUILOO = U~ W e

NaOH H0,
100% i#/hr. Gal/hr.
16.6 26.6
16.6 26.6
79.2 127.8
79.2 127.8
158.4 ~255.5
158.4 255.5
117.7 189.6
65.4 105.5
29.2 46.9
35.5 57.2
316.9 511.0
143.8 231.8
1,216,9  1,961.8

Sludge

zd.slzr.

180
180
1,367
756
1,451

2,073

1,267
670
313
382

3,622

1,549
13,810

Sludge
yd. 3/hr.

210
210
1,595
882

1,693

2, 1418
1, 478
782
365
446
4,226

1,807
16,112
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Operations

As described in 4.2, Overall Process, above the chemical feed ratios

between unit hydrogen sulfide feed input and chemicals, sludge production,
-etc, can be applied to the capacity factor (each unit separately)

and thence calculate the related cost for operating chemicals,
sludge disposal.

TABLE 4-8
IRON CATALYST/CAUSTIC/PEROXIDE

CHEMICAL COSTS
(1979 Dollars Per Year)

Units 60% Capacity Factor 70% Capacity Factor
1 $ 131,500 : $ 153,400
2 131,500 - 153,400
3 632,200 737,600
4 627,000 ' 731,500
5 1,214,400 1,416,800
6 1,256,400 1,465,800
7 882,500 1,029,600
8 490,900 572,700
9 216,100 252,100

10 272,100 317,400
11 2,432,400 2,837,800
12 1,076,800 - 1,256,300

Total $9,363,800 $10,924,400

— e o

Capital Cost

For the purpose of this report, the actual field installation costs
vere examined for the existing abatement facilities. (Units 3, &4,
5, 6, 11 and 12). These costs were then prorated and pro;ected for

Tfac111ty costs for each unit (1, 2, 7, 8, 9 and 10) which do not

have complete abatement 1nstallations. The existing column was
derived from GM Estimate 186422R2, and the Research and Development

‘allocation for caustic and peroxide facilities, all except for Unit

12, which is based on Unit 11. The "additional capital" is the
estlmated amount requlred to bring all existing units up to a common
level of abatement using the iron catalyst/caustic/ peroxide systems.
These costs are estimated in June 1979 dollars.

Table 4-9 is a summary of thé past and additionally required capital
costs for the iron/caustic/peroxide abatement system.

4-9
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- TABLE 4-9

EXISTING st ABATEMENT CAPITAL COST

(Dollars x 1,000)

. : Additional

Unit  Existing GM 1979 Total
18 2 - 2,302 2,302
3& 4 $ 4,950 - 4,950
58 6 2,415 - 2,415
7& 8 - 6,327 6,327
9 & 10 - 6,327 6,327

1 5,79 - 5,79

12 - 5,79 _ 5,79
Totals  §18,95 $14,956 $33,909

The GM Estimate total for the additional is calculated as
follows: ' ‘

Iten
Direct Costs
GMvFactor @ 20.7%
~ Sub thai (eM 1979)
Escalation @ 28.55%

Total GM Estimate

4 - 10

Dollars x

1000

$12,391 -

2,565
814,956

4,270

$19,226
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Remaining Life

Effect of Existing Abatement on Equipment Life

One problem developed by the existing abatement is that oxidation of
the sulfur cannot be selectively stopped when free sulfur is pro-
duced. The reaction also produces some sulfites and sulfates. The
existing equipment was constructed using 304 SS, and the expected
equipment life was probably over 50 years. With the addition of the
existing abatement system however, the sulfites, sulfates and oxygen
corrode 304 SS in a manner described as "pit" corrosion.

Corrosion testing was initiated in about 1973, and the initial find-
ings were reported by Dodd and Ham on 22 January 1975.

Tubular Type Heat Exchangers and Piping

The corrosion data without iron catalyst in the cooling water indi-
cate very little loss of metal from 304 SS; measured value less than
0.0001 inch/year. With iron, the general corrosion increased to
0.0007 inch/year and the p1tt1ng action was at a rate of 0.005
inch/year on an unsensitized specimen. Assuming that 22 gauge heat
exchanger tubing is the thinnest construction material and that a
30% thickness loss is allowable prior to replacement, the follow1ng
can be calculated: .

Normal life expectancy.
22 Ga. is 0.028 inch thick : ‘
0.028 x 0.30 = 0.0084 allowable loss
0.0084 <+ 0.0001 inch/year = 84 years

 With iron 0.0084 + 0.0007 = 12 years

With iron and pitting 0.0084 + 0.005 = < 2 vears

Based on the ‘above values, it might be necessary to replace some
tubular type heat exchanger tubes on every unit turnaround (2 year
interval), and some piping may require patching. Testing has also
been conducted on Carpenter alloy 20 cb 3, and the test data indi-
cate this material is not corroded by the sulfur acids. Thus,
equipment replacement should be based on the use of this alloy,
which will give an additional useful life of over fifty years in
this type of st abatement service. This replacement has been
accounted for in this study by doubling the regular replacement
cost.

4 - 11
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4.6

. Cooling Tower

The effect of the sulfur acids and excess iron and sulfur sludge on
the cooling tower is such that a complete reconditioning will be
required every unit turnaround (2 year interval). During this 2

‘year run, it is estimated that the cold water temperature will in-

crease 1°F. The result will be an increase in turbine exhaust hood
pressure of 0.075 psi (0.15 in. Hg Abs.). The resulting loss in
turbine heat drop will be 2.175 Btu/lb. steam flow. Assuming 77%
overall turbo-generator efficiency, the power loss will be about
0.0005 kW/1b. steam flow. This figure will be used to calculate the
generation capacity loss during the run. It is included in Table
6-1 and associated tables.

Pumps

It is assumed that 21l pumping requirements for cooling water and
auxiliary water will not be affected during the operation between
turnaround. : ‘

Existing Abatement System Summary

This section presents the parametérs involved with retrofitting the

existing Units 1-12 with the iron oxide/caustic/peroxide. As this
is the condensed report only the results are presented of the most
significant elements. See Table 4-10.

4 - 12
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a ~ TABLE 4-10
ALTERNATIVE 1% EXISTING ABATEMENT |
Annual Annual GM Estimated O & M Cost osM Cost '. B
: Design Net Annual Annual - Cost 1979 §/yr. 1979 §/yr. Schedule
Unit Gross kW kW MWH @ 60% MWH @ 70% 1979 @ 60% @ 70% (Months)
1 12,500 12,0908 63,587 74,185 2,302,000 155,300 172,700
2 12,500 12,115 63,676 74,289 155,300 172,700
3 27,500 26,500 139,284 162,498 747,800 831,400
4 27,500 26,500 ‘139,284 162,498 740,900 823,800
5 55,000 53,020 278,673 325,119 1,435,400 1,595,900 -
6 55,000 53,020 278,673 325,119 1,484,200 1,650,200
7. 55,000 53,020 ~ 278,673 325,119 6,327,000 1,042,300 1,158,900
8 55,000 53,020 278,673 325,119 - 579,300 644,100
955,000 53,020 378,673 325,110 6,327,000 355,200 383,700
10 - 55,000 53,020 278,673 = 325,119 . 321,400 357,300
11 110,000 106,000 557,136 649,992 2,874,400 3,195,900 -
12 110,000 106,000 557,136 649,992 1,372,300 1,414,600 -
CT. DED. (13,878) ( 16,191) - - -
Total 630,000 607,333 3,178,263 3,707,977 14,956,000 11,063,800 12,301,200
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ALTERNATIVE ABATEMENT

Section 4.0 discussed existing means of HpS abatement employed
at the Geysers Power Plant. This section treats the technical
aspects, cost estimates and scheduling of an alternative system
which would consist of surface condensers and the patented
Stretford process for treatment of the noncondensable gases
drawn from the condensers.

‘As a part of this retfdflt/alternatlve abatement concept study, .

Rogers has submitted Milestone Report No. 1 dated June 4, 1979
and Milestone Reports No. 2 and 3 dated June 29, 1979. These
reports, essentially progress reports, discussed study work
accomplished toward conceptual design and economic assessment
of replacing existing condensers with surface condensers and
auxiliaries and installing Stretford process units and associ-
ated piping, blowers, etc.

This section presents those portions of the progress reports
dealing with process design, design parameters and selected
criteria, system installation and equipment arrangement, and
cost estimates. A section on scheduling has been added. Since

~ the previous reports were to advise PGandE of progress on the

study effort, and were prepared while work was still ongoing,

- they were of necessity incomplete in some aspects and subject

to revision and updating as more data was acquired. Thus the
material from the progress reports incorporated herein will
differ in some ways from the earlier presentations, and addi-
tlons .deletions and some reorganlzatlon will be noted.

A vdetermlnatlon of design steamv flows, noncondensable gas

-contents and analyses of the noncondensable‘gases to be used in
.~ the study work was required early in the study period. Accord-
ingly, a meeting was held May 11, 1979, during which values

wvere agreed upon for study purposes Thls meetlng was docu-j

" mented in Project Conference Note #23 which is included in
‘Appendix A and is applicable to the various units as indicated.

The data presented in the conference note was used as "agreed",

~ for the purposes of this report. These values should be up-

dated durlng final de51gn for two reasons:

(1) Union 0il Company plans to update its analyses on the
"actual" plpellne network durlng 1979. :




r_

.

- 5.1

(2) The required unit total steam flow must be adjusted to the

actual design conditions required by the "values bid" for
the exchangers and vacuum ejectors.

The following Sections 5.1, 5.2 and 5.3 treat those aspects of
the proposed retrofit concerned with installing surface con-
densers and related equipment in the Geysers Power Plant, Units
1-12. Section 5.1 discusses Unit 1 under 5.1.1, Unit 2 under
5.1.2 and Units 3 and 4 under 5.1.3. In each case, the discus-
sion -includes process design selection, equipment arrangement
and installation and the estimated cost. Section 5.2 presents
similar information for Units 5-10 with Unit 5 considered
typical for all units in most respects. There is a small
difference in cooling tower performance between Units 5 & 6 and
7-10 and some differences in equipment arrangement also exist

- between these groupings of units. Section 5.3 treats Units 11

& 12 which are identical in configuration although dlfferlng in

performance due to a lower noncondensable gas content in steam -

at Unit 12.

Sections 5.4 through 5.7 discuss the vent gas abatement process,
equipment and costs with Sections 5.4 presenting a general
overview of the comsiderations involved in selecting a limited
number of alternatives for further study. Sections 5.5, 5.6
and 5.7 present the alternative and selected schemes for Units
1-6, 7, 8 & 11 and 9, 10 & 12 respectively.

This sect1on concludes w1th a dlscu551on of constructlon sched-

~ule in 5.8.

The capacity factor of the retrofit power plant units with
surface condensers is estimated to be the same as the long term
mature unabated capacity factor of ex1st1ng units. This factor
has been demonstrated to be approximately 80 percent overall
for units 1-12 and it is anticipated it could reach 85 percent
in the long term.. Both of these values are used in the eco-

.nomic- evaluatlons‘of section 6. In Section 4.1.3 is a d1scus-

sion of the ex1st1ng Pplant caPac1ty factors.

,~Rep1ace Condenser and Aux111ar1es Unlts 1-4

Units 1 and 2 are each rated at 12,5 MW gross. (for study pur-
poses) and Units 3 and 4 each at 27.5 MW gross. For study
:purposes, it was intended all. work. for Unit 1 would be appli-
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5.1.1

5.1.1.1

5.1.1.1.1

5.1.1.1.2

0 5.1.1.1.3

cable to Unit 2 and similarly, Unit 3 effort applicable to Unit
4. This assumption proved satisfactory for Units 3 and 4, but
the Unit 2 cooling tower was found to perform approximately at
design rating while the Unit 1 tower is 4-5°F below design
rating. This difference affects design parameters and overall
unit performance and results in different material balances as
shown on the process flow diagrams. In addition to the process
differences, physical layout of the units resulted in differing
equipment arrangement and installation.  Accordingly, the
following paragraphs will reflect some differences between
Units 1 and 2, but the discussion of Unit 3 is applicable to
Unit 4.

Unit 1

Unit 1 was des1gnated as typical for 1 and 2. The basic over-
all discussion is therefore presented here. In Section 5.1.2,

‘Unit 2 variances are discussed.

Selected Process Design

The process parameters are here discussed as they apply to Unit
1 typical.

Noncondensable Gas Values

Original base reference design point was 0.75% by wt. noncon-
densable gas in the steam. Based on updated field data which
was reported in PCN #23 and agreed upon by PGandE, the design
value was set at 0.5% by wt. for Units 1 and 2. The gas com-
pos1t10n is shown in detall in Appendix A. The average mol wt.

'is 30.3.

Field Test Data for Codling‘Watef,Tower

7'Thefcooling;Waterjtower for Unit 1 was tested when clean on 5

April 1977. At a test condition of 45°F wet bulb, with a
circulating water flow of 13,530 gpm and a range of 36.4°F, the

- approach to wet bulb was 32 6°F. The results of this test
‘ 1nd1cates that the tower is 4 - 5°F below des1gn ratlng

Base Reference Design P01nt

The Un1t 1 Data Book Heat Balance D1agram for 100% Maximum A
Guaranteed Load is the Base Reference Design Point. The calcu-
lated gross power output will be based on essentially the same

turbine throttle flow at the retrofit conditions. Net power
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5.1.1.1.4

5.1.1.1.5

output will be- determined on the basis of the new station
auxiliary power requlrements The Unit 1 Process Flow Diagram,
PD-001, for conversion of the present system shows the expected
Unit performance after retrofit.

A

Main Condenser Cooling Water System Limitations

The cooling water tower for Unit 1 by field test is 4 - 5°F
below rating. For a set approach in a cooling tower, more
water can be circulated as the range is reduced (tower, hot
water on temperature is reduced). An increase in turbine
output can also be achieved because a lower exhaust pressure
can be attained when a constant terminal temperature difference
between the hot water and the incoming steam is maintained.
However, as the range is reduced the water circulation system

piping may need to be larger and/or the pumping power in-

creased, which will reduce the unit net power output. For Unit
1, at the base reference design point of 65°F wet bulb the
approach must be relaxed from a design of 15.6°F to 20°F and
the range reduced from about 40°F to 38°F. This results in a
turbine exhause pressure of 5.0 inches Hg Abs. Although a

lower rauge would be desirable to reduce exhaust pressure the
'v resultlng increase in circulating water power requirements and

pipe size would execeed the economic balance point for the

'retroflt of Unit 1.

Condensing and Gas Cooling ' Limitations

The exlstmg direct contact exchange system can achieve temper-
ature approaches of 4°F on the mixed steam-water condensate
outlet and about 6°F on the noncondensable gas outlet. For the

‘surface type heat exchanger the terminal temperature difference

might be specified down to 5°F and some economic considerations
and ‘tradeoffs have been discussed in Section 3.4.2 and illus-

- trated in Table 3.1. For Unit 1 a terminal temperature dif-

ference of 7.8°F was used.

It would be desirable on the gas cooling ‘end to achieve low

outlet temperatures so.as to minimize the motive steam require-

~ments for ‘the 1st stage steam jet ejector. These economic

trade-offs have also been discussed in Section 3.1. The main
condenser outlet temperature approach has been relaxed to 33°F

for Unit 1. The relaxation of this approach was mostly a

consideration of consistency with what surface condenser manu-
facturers will guarantee using their standard design proce-
dures. The interaction between the cooling water tower ap-
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- 5.1.1.1.6

5.1.1.1.7

5.1.1.1.8

5.1.1.1.9

proach and range are the major factors in determining turbime
exhaust pressure at the base design reference point. This
methodology maximizes the power expected after retrofit.

Intercondenser

The gas steam mixture is condensed and cooled at a pressure
near 5 psia. At this pressure the condensation and cooling
design temperatures are not as sensitive to main condenser
approach conditions, basically because of high steam gas inlet
saturation temperatures. With the specified cooling water
range and approach the temperature differences specified are
37°F and 25°F respectively at -steam gas inlet and outlet.

" Aftercondenser

The steam gas mixture is condensed and cooled at 14.1 psia.
Similar design conditions as applied to the intercondenser
prevail. The temperature differences specified are 77°F and
25°F respectively at the steam gas inlet and outlet. Since it
is desirable to hold the aftercondenser outlet gas steam mix-

" ture at a low temperature so as to minimize the steam carry-

over into the Stretford process no attempt was made to use
series flow cooling water, (first into the intercooler and then

_into the aftercooler).

Steam Jet'Ejectors

" These units are specified to handle the ndncondensable gas and

steam vapor carry-over from the main and intercondenser at the
pressure and temperature specified for subject equipment.

V»Cboling4Water Pumps

The existing cooling water system is of thék"open‘type" uti-

‘lizing a cold well and a hot well. Because the condenser

supply pump was purchased with just enough differential head to
supply the main barometric condenser when it is at design
vacuum and 110% of full load, this pump cannot be reused in a
"closed" design. Similarly, the cooling tower return pump was
purchased with just enough differential head to feed the cool-
ing water tower and cannot be used in a "closed" design which

is desirable to. avoid losing the condenser  outlet pressure
 static head. - For Unit 1, once the cooling water head balance

is specified the system curve can be estimated for the retro-

‘fitted "closed" system. The two half-sized pumps required can
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'5.1.1.1.10

5.1.1.1.11

5.1.1.1,12

5.1.1.1.13

be arranged in the exiSting wells by,équalizing the hot and

'cold well compartments as shown on Drawing No. PD-001. At this

time with the direct contact system two sources of warm water
enter the hot well. These two streams will be directed to the

‘hot well of the new.shell and tube condenser.

‘Condensate'Pumps

The new main condenser hotwell will collect the condensate from
the turbine exhaust and the inter- and aftercondensers. Since
the total condensate flow is not large (600 gpm) it is practi-

- cal to consider a pump that can operate under reduced pressure

(full vacuum suction) with a minimum NPSH requirement. Several
manufacturers supply pumps which can operate at an NPSH of 6-10
feet without resorting to the "“canned" type conf1gurat10n '
required for large flows. The total differential head noted in

‘the Data Sheet is based on pumping from the expected condenser

operating vacuum into the cooling water tower return header at
system design head. ,

Process Flow Diagram

- The Coollng Cycle Conver51on Process Flow Diagram, PD-001,

shows the material balance at the suggested retrofit condl-
tions. Table 5.1-1 shows a comparison summary of the original

- Reference Design Base Point and the Conversion Retrofit.

Equipment Data Sheets

The Equlpment Data Sheets associated with the conversion equip-
ment for Unit 1 are included in Appendix "A". These Flow/
Thermodynamic Information Sheet, Exchanger Specification Sheets
for Unit 1 Main Condenser, Intercondenser, Aftercondenser, and
the Data Sheets for the Condensate and Clrculatxng Water Pumps
and Drlvers : ,

Notes on Equ1pment Spec1f1cat10ns and Select1on

Suppllers of the equ1pment dlscussed herein were contacted by
telephone - followed up by transmittal of pertinent equipment

‘data sheets. In the maJorlty of cases, vendors were contacted

who have had some experlence in the spec1a1 problems associated .

- with geothermal plants.

_Because of space - limitations, a  limit of 30 ft on length of

tubing in main condenser and 20 ft. in the 1nter- and aftercon-
densers was spec1f1ed
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.On a first pass basis, rather than spebifying cleanliness

factors according to Heat Exchange Institute practice, TEMA
fouling factors of 0.0001 on shell side and 0.001 on tube side

‘were specified. As a result of PGandE's direction on May 22,

cleanliness factors of 70% have been used in the final system
concept, for the main steam condenser only.
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. TABIE 5.1-1
COMPARATIVE SUMMARY

.
o

UNIT 1
Base Reference Conversion
, Design Point Retrofit
Throttle Flow lbs./hr. 240,550 240,550
Noncondensable Gas % Wt. 0.75 0.5
 Gross Generator Electric Output kW 12,5002 3 11, 8451
Auxiliary Power (Electrie)‘kw
- Cooling Tower Fans 96.2 96.2
Exciter ' 69.0 69.0
Miscellaneous - : 7.8 7.8
Circ. Water & Cond. Pumps 229.0 313.0
Noncoudensable Gas Blower - 20.0
Net Unit Output kW 12,098 11,339
Heat Input Btu/Hr. (Ref. to 60°F) 293 x 108 297.3 x 108
Net Heat Rate Btu/kWh 24,215 26,200
Turb1ne Exh. Inch Hg Abs 4 5
Vet Bulb | | 65.0 65.0
C. W.. T, Range/Approach °F ?7 40/15 38/19 9

~_”1For expected gross output after retrofit, mu1t1p1y actual f1e1d gross output

of unit by retrofit derating factor of 0.9476

2Recent field pressures differ from the plant data“book values., For cons1stency, |

data book values have been used for comparisons.
31f it is desired to use actual field gross output, the "base design point" net
will change by the difference between the stated gross in this study and the

. actual gross. Also the gross conversion retrofit will change. Use the derating

factor.to get the actual gross output after retroflt, and the net Wlll be reduced
per the design p01nt calculatlon :
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5.1.1.2.2

0 5.1.1.2.3

Installation and Equipment Arrangement

Main Condenser

Field measurements were taken'to check clearances and accessi-
bility around and to the equipment and these measurements

. formed the basis for the arrangement developed and shown on

Drawing SK-007. It was important to ascertain that no inter-
ference will exist between the proposed new condenser installa-
tion and the main steam lines for Units 1 and 2 and that all
exits from the turbine bulding are unobstructed.

Surrounding equipment and fence locations determined the main

_ condenser location and orientation. The lowest point of the

main condenser shell should be 15' above grade which will

‘permit vehicle trafflc 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 at a point above
grade and the downstream ducting will be utilized as much as
possible in the connectlon to the condenser inlet.

'Intercondenser, Aftercondenser and EJectors

»The ex1st1ng steel structure would be utilized to support the

1ntercondenser, aftercondenser and ejectors.

Pumps

;The ex1st1ng condensate and c1rcu1at1ng water pumps do not meet

the new- requlrements for the shell and tube condenser and will
have to be removed. The new circulating water pumps will be
located in such a way that the existing wet well will be uti-

- lized with the" ‘existing hot well and cold well modified to

allow free eommunicatlon between the two sections and allow the
installation of two circulating water pumps (Refer to Drawings

SK-007, SK-008 and SK-009.) A small ~ 12 gpm drip pump which

has been used to pump the hot water to the existing hot well

‘will have its: d1scharge routed to the new surface condenser hot

well. As shown in the cooling water system drawings the con-

- densate pumps will discharge into the c1rcu1at1ng water return
‘header to the coollng tower.
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5.1.1.2.4

Site Plan‘

| The Site Plan (SK-007) included herein indicates the new con-

version equipment locations superimposed on the existing build-
ing and equlpment locations.
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Cost Estimate

Sectlon 3 of thls report discusses methods and parameters employed

- in preparing cost estimates for the retrofit project.
- summary cost estimate and the backup detail on succeeding pages

The following

adhere to the guidelines in Section 3, and as noted have been pre- -
pared according to typ1ca1 PGandE format.

TABLE 5.1-2

' SUMMARY COST ESTIMATE - UNITS 1 & 2 (UNIT 1 TYPICAL)

Account

54=20
54-30
54-70
55-30
55-60
365

(Each Unit)

Description
Condensate System
Circ. Water Systém

InStrﬁmentation

Control & Power Conn.

Station Power System
Ehgiheering'& Other

Subtotals

"GM Factor (20. 7%)

Subtotal (GM 1979)

Escalation .

(28.55%)

 Tota1 GM Estimate

7 ProjECt DifférentiaI'Coét';

Equip. & Mat'l Labor
'§ 690,124 $282,354
264,576 80,932
16,790 18,171
3,943 17,472
19,716 16,214
282,120 0
’$1,277,259 $415,143

Total
§ 972,478
345,508
34,961
21,415
35,930

282,120

$1,692,412

350,300

$2,042,712

: 589,200

$2,631,912

et

The capxtal 1nvolved to accompllsh the retroflt for Un1t 1
~using a surface condemser will requ1re a level annual revenue

of 3. 77 mills per kllowatthour

5-11




r‘

ezo-o0a ™
£006/-S "'ON 80P .
133448 3NId I

1Y “31TvD ‘OJSIONYYL. NVS
"ONI “00 ONI¥IINIONI S¥3904

-1°5 319vYL

YISNIANOY 3J¥4¥nsS L LINA
T1V1i3d 3LVWIELSI 1S0)

4133HS

L

‘ON ONIMVYYEQ

40

‘A3

i T4+<i . — €< -—€. - - — — <« - —4 -4 -1 - - —2 —=
i
M ‘

;IIIHU

: "ROGERS ENGINEERING CO.4INC. COST ESTIMATE
JOB NAME-UNIT NO 1 JOB NQa=S79007 CLIENT-P & AND E  ESTIMATE DATE- 16 JULY 79
ITEM NO. DESCRIPTION MATLSEQPT INSTALL MANHOURS "TOTAL
54-21-1 CONDST PMP EXCRBKFL 318a £989Y. 301. 7307,

.34=-21-2 ~  CONDST PMP CONCRETE 382, = 5591, 240, ~ 5973.
54=22-1 TBN EXT PIPNG STEELW . - 1908. 6989. 301. - 8B97.
54=22=2 RMV PART SUPT STRUCT o 636. . 5591, 240 6227

. 54-23-1 RMV CONDSR = . 3Bl6e. . 39137,  1683. . 42954,
54-23-2 COND My INToAFTREJTR 555864 0. 0 555864
54=23-3 COND STEEL YORK 6360, 27956, 1202. 34316.

- 54=-2%=4  COND MECH . 1272, = 83867.  3607. ... 85139.
54=24-1  CONDST PMP MECH 305284 = . £989. 301, , 37517,
54=-25=-1 COND PIPING & MISC ' 5088, 22365, 962 27453,

.. 54=25=2 ~ CONDST PMP PIPING EQ _~~ ~~ 6360e . 34945,  1503. 41305,
54~25-3 TBN EXT PIP MECH 77592.. 41934, 1804, 119526

_ ACCOUNT TOTAL .~ 690124, 282354,  121484. - 972477.
ITEM NO. DESCRIPTICN MATLZEQPT INSTALL MANHOURS "TOTAL
54-31-1 CW PMP CONCRETE ' 1272, 16773, 721. 18045,

_94=31-2 CW PIPING EXCVEBKFL - 636 8387. ~ 361. . 9023,

' 54-33-1 . CW PIPING & EQ .- 45792, 314504 1353, 77242
54=34=1 CW PMP MECH 2167404 18730, 806 234970,

..54-39-1 = RELOCATE FIRE MAIN___ =~ 636s = 5591. = 240 6227«
ACCOUNT TOTAL 264576, ' 80932, 34R1. 345508,
ITEM NO. . DESCRIPTION ' MATLREGPT INSTALL MANHOURS TOTAL
54-74 1 INSTMT CONDST SYS 11448 8387. 361 19835.

_54=74=-2 INSTHT CW SYS 5342, . . 9785. 421, = 15127,
ACCOUNT TOTAL : 16790, 18171, 782, : 34962,
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 JOB NAME-UNIT NO 1

. 55=32-1

(ACCOUNT TOTAL =

YTEM No.

“ACCOUNT TOTAL

55«33~1 AUX TRNSF 4 -& CBL

ACCOUNT TOTAL

'ROGERS ENGINEERING COesINCe
JOB NG.=S79007

DESCRIPTION

RUX TRNSF COND & DUC_

COST ESTIMATE
"~ CLIENT-P G AND E
TMATUZEGPT  INSTALL

2798, 16483,
1145« 6989,

MANHOURS
4514
2 301.

13282,
8134,

X943, 17472, 752 21416,

~ DESCRIPTION
RELOGCATE AUX TRNSF F
RELCT AUX TRANSF

ITEM NOa
55=61
39=63 .

S ToTAL
1868,

MANHOURS
T2,

INSTALL
1677.
... 8193,

MATLREQPT
191.
445,

R onas oy

. , CY¥ PMP ELECTRICAL
55=54=2

CONDST PHMP ELECT

16536,
o 2548,

_6-__.'&-@--»------------—----—---—-—q--q------

180,
301. |
144,

£989.
3355

T 23525,
5899,

19716. 16214. 697,

 DESCRIPTION
CONSTRUCTION FIELD
GENERAL EHNGINEERING

CITEM NO.
365~1

MANHOURS
0e
.0

MATLEEGPT TNSTALL
70560, 0.
42360. === 0

70560

365~3

OTHER ENGINEERING .

s .'.-----------------—--------------—---------

o 282120. . ...?82120.

- 169200. 0o 0. 1692004

O 0a

ESTIMATE DATE- 16 JULY

" TOTAL

35930,

. 42360,

79

- 4639,




5.1.2.1.1

5.1.2.1.2

5.1.2.1.3

5.1.2.1.4

5.1.2.1.5

5.1.2.1.6

Unit -2
Selected Process Design

The variances from Unit 1 typical pertaining to Unit 2 are here
presented.

Noncondensable Gas Values

Same as Unit 1 - 0.5% wt. in steam

Field Test Data for Cooling Water Tower

This coollng tower was completely‘rehullt and it is assumed
that when clean that it will be capable of design rate opera-
tion.

Base Reference Design Point

Same as Unit 1 Data Book. The Unit 2 Conversion Process Flow
Dlagram PD-002 shows the expected unit performance after Retro-
fit. .

‘Maln Condenser Cool1ng Water System L1m1tat10ns

The Unit 2 coollng water tower at the base deslgn point of 65°F
wet bulb is expected to be close to meeting design. The ap-
proach has been relaxed from 15°F to 15.9°F and the range
dropped from 40°F to 39°F. ' This results in turbine exhaust
pressure of 4.8 1nches Hg Abs compared to the Unit 1, 5 inches
Hg Abs. ‘

,Condens1ng and Gas Cool1ng L1m1tat10ns

S1nce the Unlt 2 cooling water is cooler it is poss1b1e that,
the turbine exhaust pressure could ‘be lowered to about 4.3
inches Hg Abs. However, to insure meeting a more severe in-
stallation space problem the exhaust pressure was held at 4.8
inches Hg Abs and the temperature differences specified- are
10.2°F and 29.1°F - respectlvely for the term1na1 temperature

7 3d1fference and the gas coollng outlet

Intercondenser

Wlth spec1f1ed coollng water range and approach the temperature
differences specified are 38°F and 29.1°F respectively at the
gas steam inlet and outlet us1ng parallel flow cooling water.

5-12
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0 5.1.2.1.8

5.1.2.1.9

5.1.2.1.10

'5.1.2.1.11

5.1.2.1.12

 Aftercondenser

The differences specified are 82°F and 29.1°F réspectlvely at

- the gas steam 1n1et and outlet using parallel flow cooling
 water. :

Steam Jet Ejectors

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

Cooling Water Pumps.

Two pumps will Be‘required almost identical to Unmit 1.

Condensate'Pumps

Two pﬁmps will be required almost‘identical to Unit 1.

. Process Flow Diagram

The Cooling CYcle ‘Cohéérsion Process Flow Diagram, PD-002,
shows the material balance at the suggested retrofit condi-

"~ tions. Table 5.1-2 shows a comparison summary of the original

Reference Design Base Point and the Conversion Retrofit.

Equipment Data Sheets

- The Equipment Data Sheets aSSOC1ated with Unit 2 are included

in Appendlx AN,

5-13
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TABLE 5.1-3°
COMPARATIVE SUMMARY

Throttle Flow 1lbs./hr.

; Noncondensable'Gas % Wt.

Gross Generator ElectricVOutput kW

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

Net Unlt Output kW

'Heat Input Btu/Hr (Ref. to 60°F)

Net Heat Rate Btu/kWh

Turbine Exh. Inch Hg Abs
‘Wet Bulb
. C. W T Range/Approach °F

Base Reference
Design Point

240,550
0.75
12,5002 3
115

35
235 -

12,115

293 x 108

24,180

4
65.0

40/15

Conversion

Retrofit

240,550
0.5
11, 9741
115
35
309
20

11,495

294 x 108

25,580
4.8
65.0
39/15.9

1For expected gross output after retrof1t multlply actual field gross output of

~unit by retrofit derating factor of 0. 9579 :
2Unit 2 was assumed to have the same gross as Unit 1 because of the contractual

stlpulatxons in the scope of work. - For comparlson, th1s is good as it shows the

dlfference in cooling tower performance
3If it is desired to use actual field gross output the "base de51gn p01nt" net

will change by the difference between the stated gross in this study and the

~-actual gross. Also the gross conversion retrofit will change.
-factor to get the actual gross output after retroflt
as per the des1gn p01nt calculat1on

Use the derating
The net will be reduced
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5.1.2.3

Installation and Equipment Arfangement‘

The Site Plan (SK-007) and equipment arrangement drawings
(SK-008 & 009) presented earlier are for both Units 1 and 2.
As seen, the geometry of the plant does not allow an identical
arrangement for Unit 2 as for Unit 1. Relocation of the exist-
ing auxiliary transformer is necessary to provide required
clearances to the fence and other equipment, and the main
condenser will have a different orientation. Other than this,
the layouts differ in minor respects only.

Cost Estimate
Refer to Table 5.1-2, Summary'Cost Estimate for Unit 1. The

cost for retrofitting Unit 2 is considered essentially the same
as for Unit 1.

o 5-15
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5.1.3
5.1.3.1
5.1.3.1;1

5.1.3.1.2

5.1.3.1.3

51314

‘Units 3 and &

. Sélected Pfocéss Design‘

" Ndhcondensab1e Gas Values

Original base reference design point was 1.0% wt. noncondens-
able gas in the steam. Based on updated field data the agreed
value is now 0.8% wt. The gas composition is shown in detail
in Appendix A. 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 60.9°F, with a circulating water flow
of 21,860 gpm and a range of 37.3°F the approach to wet bulb
was 17.9°F. 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 indicated that the

system was not thoroughly cleaned of iron oxide since perfor-
mance was poor.  For this report it will be assumed both Units
3 and 4 cooling water towers can be cleaned to achieve design

ratings.

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 retrofit conditions. Net power will then be calculated
based on the additional station auxiliary power requirements.

~The Unit 3 conversion Process Flow Diagram, PD-003, shows the

. _expetted;Unit pérforménce'after'retrofit.

,,Maih,Condenser Cdoling'Wafer System Limitations =

‘Thé‘Unit 3 cooling tower at the base desigﬁ'of365°F wet bulb is

expected to meet a design approach of 15°F with the range
relaxed from 40°F to 39.4°F. = To obtain the lowest turbine

exhaust- flange pressure ‘it is proposed to use for the main
~condenser an 8°F terminal temperature difference. A gas cool-
‘ing outlet approach of 34°F is proposed to keep the first

vacuum jet ejector and intercooler system from being grossly
oversized. : SRR ERRER

5 -16
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5.1.3.1.6

5.1.3.1.7

5.1.3.1.8

5.1.3.1.9

5.1.3.1.10

~5.1.3.1.11 Vf Egulpment Data SheetS\

Intercondenser

With the specified cooling water tower range and approach, the
temperature differences specified are 41°F and 30°F respective-

~ly at the gas steam inlet and outlet.

' Aftercondenser

The temperature differences specified are 81°F and 30°F respec-
tively for the steam gas inlet and outlet.

Steam Jet Ejectors'

These units are specified to handle the noncondensable gas -and
steam vapor carryover from the main- and intercondensers at the
pressures and temperatures specified for subject equipment.

Cooling Water Pumps

The existing cooling water system is of the "open" type uti-
lizing atmospheric vented hot and cold wells. Two new pumps
will be specified and the system revised to a "closed" type to
reduce pumping power requirements. The hot and cold wells will
be rearranged for use as a common supply of cold water. As
with Unit 1 there are two small warm water streams that will be
added to the main condenser hotwell.

‘Condensate Pumps.

" These units are specified to remove the approximate 1,000 gpm

of condensate from the main condenser. The total differential

- head required is based on pumping from expected vacuum into the

cool1ng water tower return header at system des1gn head

v Process Flow D1agram

The conversion Process Flow Dlagram, PD 003 shows the material

‘balance -at the suggested retrofit cond1t10ns Table 5.1-3

shows a comparison: summary of the original Reference Des1gn

‘Base P01nt and the conver51on retroflt.

~ The Equlpment Data Sheets assoc1ated with the conversion equlp-

ment for Units 3 and 4 are included in Appendix A. The Flow/
Thermodynamic Information Sheet is. only prepared for Unit 3.
Exchanger Specification Sheets have been prepared for Unit 3

-5 =17
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5.1.3.1.12

Main Condenser, Ihtercondenser, Aftercondenser, as well as Data
Sheets for the Condensate and Main Water Circulating Pumps and
Drivers. - ‘ '

“Notes on EquipmentSpecificatiohs and Selection

Comments in Section 5.1.1.1 for Unit 1 apﬁly generally to Units

.3 and 4.

5-18
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TABLE 5.1-4
COMPARATIVE SUMMARY

UNIT 3 OR 4 (Unit 3 Typical)

Base Reference ~ Conversion
Design Point . Retrofit
Throttle Flow lbs./hr. ‘ . 509,600 510,000
Noncondensable Gas % Wt.- , 1.0 . 0.8
Gross Generator Output kW . 27,5002 3 | 26, 8171 N
Auxiliary Power (Electric) kW :
Cooling Tower Fans ‘ - 310 310
Miscellaneous 100 - 100
Circ. Water & Cond. Pumps 590 721
Noncondensable Gas Blower 25
Net Unit Output KW 26,500 25,661
Heat Input Btu/Hr. 630 x 108 648 x 108
Net Heat Rate Btu/kih o | 25,300
Turbine Exh. Inch Hg Abs : 4 - 4,5
Wet Bulb S | N 65.0 65.0
C. W.T. Range/Approach °F ,  ' o v 39/15 ‘ . 38.4/14.9

1For expected gross output after retroflt, mu1t1p1y actual f1e1d gross output of

unit by retrofit derating factor of 0.975 '

2Recent field pressures differ from the plant data book values. For cons1stency,
data book values have been used for comparisons. -

31f it is desired to use actual field gross output the "base design p01nt" net will
change by the difference between the stated gross in this study and the actual gross.

 Also the gross gonversion retrofit will change. Use the derating factor to get the

actual gross output after retroflt The net w111 be reduced as per the de51gn point
calculation. , : ,

519
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5.1.3.2
5.1.3.2.1

5.1.3.2.2

5.1;3,2.3

Installation and Equipment Arrangement
Condensers -

The dimensions verifications in the f1e1d wvere based on design

"~ drawings obtained from PGandE and the drawings showing the

proposed location of the shell and tube condenser and the
associated equipment. It should be noted that the location and
configuration of the turbine exhaust duct of Unit 3 is dif-
ferent from Unit 4. Therefore, the principle of the proposed
modification is the same but not the detalled execution.

‘The passageway ‘between the turbine bu11d1ng and the cooling
‘tower has been kept clear, being the main artery of this plant,

and exits from the turbine building to this area are unob-
structed as well. The lowest point of the main condenser shell
should be 15'-0" above grade. With the assumed main condenser
length of 46'-0" it appears sufficient space is available to
install the new equipment. The total required length including
tube pulling area is 100'-0". This allows a clearance from the
property cyclone fence of 4'-0".

The 1ntercon'denser,’ aftercondenser and eJectors can be mounted
in the existing steel structure occupied by the. corresponding
equlpment to be removed

7 Pumgs

The existing condensate pump will be removed and replaced by a
horizontal centrifugal pump as specified. As shown in the
cooling water system diagram the condensate pumps will dis-
charge into the circulating water return header to the cooling
tower. The existing hot and cold well require modification to
allow free communication between the two wells and also allow

‘the installation of two circulating water pumps. (Refer to

PD-003) A small ~ 30 gpm existing drip pump delivering drips
to the existing hot well will have its discharge rerouted to
the new shell condenser dr1p pot.

Mis cellaneous

The east corner of the power bullydmg of Unit 4 has some equip-
ment retired in place. - This machinery will require removal
before new equlpment can be installed.

5-20
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Site .Plan - Units 3 and 4

Included herein is a Site Plan (SK-002) for Units 3 and 4,
indicating the new conversion equipment locations superimposed

‘upon the existing equipment and building locations.
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Cost Estimate

Section 3 of this report discusses methods and parameters employed
The following
summary cost estimate and the backup detail on succeeding pages
adhere to the guidelines in Section 3, and as noted have been pre-
pared according to typical PGandE format.

in preparing cost estimates for the retrofit project.

TABLE 5.1-5

SUMMARY COST ESTIMATE - UNITS 3 & 4 (UNIT 3 TYPICAL)

Account

54-20

54-30 -

54-70

. 55-60

365

GM Factor (20.7%)

»Escalation

(Each Unlt)

‘Description

Equip. & Mat'l

Condensate System $1,392,331

Circ. Water Systen 521,138
‘Ingtrumentatioh 19,080

Statidﬁ.?oWer System 39,432

Engineering &'Oﬁher 538,440
o Subtot&ls k

$2,510,422

‘Subtotal (GM 1979)
(28.55%)

Total GM- Estlmate

!fPrOJect D1fferent1a1 Cost i

Labor

$514,200
167,253
19,352
19,352

0

$1,906;532
688,392
38,432
58,784
538,440

$720,157

$3,230,579
668,730

%3,899,308

1,113,250
$5,012,558

- The capxtal involved to accompilsh the rétrof1t1u51ng a surface
. condenser will require a level annual revenue of 3.18 mills per

‘,kllowatthour L
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o T U T ROGERS ENGINEERING COesINCe
JOB NAME-UNIT NO 3 0B no.-e79c07

ITEN NO - ..‘DESCRIPTION

nArchﬁﬁf”wIMSTEL[“f“MMAanuac o TOTALWWWW

’ITEM &o. T T BESCRIPTION

54=21-1 ~ CONDST PMP CONCRETE £36e - 96T6e 416, . 10312.
54=21=2 CONDST PMP EXC &BKFL 763 17278«  743.  18041.
- 54=22=1 TEN EXT PIPNG STLWK 5088 = 17278. 743, . 22366,
54-22-2  RMV PRT SUPT STRUCTR _ - 1272« 11058. 476e 12330.
54=23=1  "RMV COMDENSER -~ = 6360e 71877~ 3092« 718237«
- 54=23=2 COND STEELWORK 152644 55290, 2378 705544
'54-23-3 - COND MECH . 3180. 172782, 7432 175962,
54-23-4 COND M, INToAFT REJTR 1097100, o DBe ' Be - 10971004 1
54-24-1 CONDST PMF MFCH . -~ 50880. . 20734.. ~ 892. oo T1614. ‘
- 54=25=1  COND PIPNG &Mrsc -3‘16536. . 88379.  2081.. . 64915a
54-25-2  CONDST PIPNG & EQPT. (152644 . 20734. wmwW?B%AWL;,;;;w@§§??§zwhmum
54=25~ 3 ~TBN EKT MECH &PIP MT 175988, 69113 2973. 249101.
ACCOUNT TOTAL 1332331, 514200,  22116. _ 1906532. 1

'";'MATL&EQPT TINSTALL | MANHOORS  ~TOTALT

54<31~1 CW¥ PMP CONCRETE 3816 44232 1902 48048,
" 54=31-2 . CuW PIPNG EXC &LBKFL 1526 - 20734. 892.*” 22260
54«33=1 . CiW PIPNG PIPE &EGIPT T 69960. 5‘3290. 2378 T 125250.
. B54=34=1 - CU'PMP MECH - e 44520&. . 41468. 1784. o 4BE66E8a
54=39=1 RELOCATE FIRE MAIN L B36e 1 5529, 238e L 6165
- ACCOUNT TOTAL 521138, 167253, T194 . 688392.

ﬁCl{._IE‘N‘l"‘ =P 6 AND E ESTIHATE DAIE- 17 JULY 79

54=T4~1 INSTMT CONDST SYS
54-74-2 INST!’T Cd SYS

ACCOUNT ToT AL

11448, 9676, 416. 21124,
1832, 96T6. 416. 17308

190804 19352, 832. 38432,

MATLREGPT "INSTALL  ~ MANHOURS TTOTAL
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S g ; ITEM NO. : DESCRIPTION MATLEEQPT INSTALL "ANHOURS TOTAL
S|z & 55681 Cu PMP ELECTRICAL 34344, 13823 595, 48167,

2 8 S5°63-2 CONDST PMp _ELECT _ .5088. 8529,  238.  10617.

2 ACCOUNT TOTAL 39432, . 19352. 832.  58784.

: "TTEM NO. DESCRIPTION MATLEEQPT INSTALL  MANHOURS ~ ~ToTaL
£ - i365=1 CONSTRUCTION FIELD - 1346404 0e 0. 134640,

38 1 365=2 GENERAL ENGINEERING 86760a 0o 0o 80760, i
wd 365-3 TOTHER ENGINEERING — 323040, 0. 0. 323040, 777
‘m m = . ; ",“_d—-----Q----?----------—------f-i-----—----.

S49% ACCOUNT TOTAL 5384406 . 0a 04 538840.
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- 5.2.1

5.2.1.1

52,12

Replace Condenser and Auxiliaries = Units 5-10

Units 5-10 are rated at 55 MW'gross, and for study purposes,

- Unit 5 is considered typical for Unit 6 as well and Unit 7 is

typical for Units 7-10.

The format for a portion of this section will be noted as
differing from Section 5.1, which treated Units 1-4, in that a
performance specification for:«purchase of the necessary con-
densing equipment was developed and is presented herein.
Condensate pump and motor data sheets are included in Appendix

B. Other subsections remain in the same format.

. Selected Process Désign

The difference between Units 5 and 6 and Units 7-10 is a 1/2°F
difference in cold water temperature out of the cooling towers.
The same equipment specification applies to all six units, and
the differences in performance are reflected in Tables 5.2-1
and 5.2-2. :

NoncondenSable Gas Values

The original base,design reference value waS’l;O% wt. Tabu-

lated below are the agreed values for this study report.

% wt. in Steam

Unit Noncondensable Gas
5 0.8
6 0.8
-7 0.5
8 0.5
.9 0.5 -
10 0.5

- Field Testhata fbr Cooling Water Tower

The ?ost'Overhéul.Petformance'TeSt for Unit 5 data was 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. -

5 =23
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5.2.1.3

5.2.1,4

5.2.1.4.1

5.2.1.4.2

In order to prepare preliminary specifications for the entire
surface condenser and steam jet ejector system the conceptual
design was performed at a ‘turbine exhaust of 4.3 inches of Hg
Abs. (2.11 psia). It was assumed that the various equipment
suppliers would 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.

Base Reference De51gn 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 retrofit conditions. Net power will then be calculated
based on the additional station auxiliary power requirements.
The Units 5-10 conversion Process Flow Diagram shows the ex-

-pected Unit performance after retrofit.

Specification of Equipment for Conver51on from Direct Contact
to Surface Type Exchangers

Performance Requlrements

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

" vacuum . system components for maximum power generation.

"'Steam Cond1t10ns

Turblne Inlet .-  Steam Jet Inlet
“ Enthalpy Btu/Ib. - 1,200 o R
Entropy Btu/lb. x R - 1, 608 S

Pressure psia - 113. 7 BT 90 psig
Temperature °F - 355 : o 355

Turb1ne exhaust (EXIStlng, 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 <

5= 24"
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. 5.2.1.4.4

5.2.1.4.5

* Noncondensable Gas Conditions

- Unit %AWt, in Steam Ave,

Inter 110°F
After 110°F

5-25

Exit Temperatures

Mol. Wt.
5or6 ' 0.8 31.9
7 thru 10 o 0.5 29.4
Air Leakage Allowance
~ Units 5 thru 10 - 440 1b./hr. each
Constralnts
.Cool1ng Water Ava11ab111ty (Best Preliminary Values)
Main Condenser
Unit v Item
50ré6 Cold °F 80.5
' Rise °F 37.5
Flow gpm 43,000
7 thru 10 Cold °F 81.0
L : Rise °F 37.5
Flow gpm 43,000
,Intefcondehser: ' »',.‘ :
Unit v R - Item
Sor6 -~ - Cold °F 80.5
: Rise °F" 37.5
v : | Flow gpm 2,900
7thrul0  Cold °F 81.0
e ~ Rise °F -~ 37.5
: Flow\gpm‘ 2,700
Afterébndenseri‘ , e ST B | L
~ S5or6 .+~ . Cold °F - 80.5-
S ’ : " Rise °F ~37.5
. . ‘ ‘Flow gpm 1,200
7 thru 10 . .Cold °F ~81.0
.o - . ‘Rise °F - 31.5
‘ Flow gpm ; © 1,000
. Main, Inter- and Aftercondenser Gas Coollng
~ Preferred. :
’ _4Un1ts s . Condenser
5 thru 10 : - Main 114°5F
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5.2.1.4.6

Space Availability

Unit : Item

5 thru 10 Main Condenser (Note 1)
, , Preferred Design
Flow Split - Two Inlets and 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
Tube 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- by 30 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 equlpment arrangement with surface
condenser. . ,

Construction -

Main Condenser
Pressure
Shell Side - Full Vacuum to 15 psig
~ Tube Side =~ 75 ‘psig
Temperature -
~ Shell Side = 150°F
, Tube Side - 150°F .
HEI Cleanliness Factor - 70%
Tubes - 22 Ga x A p1tch X size (3/4", 7/8" or 1")
'Materlals : '
- Shell 304L SS Clad Steel
.- Internals - All 304L SS
. Tube Sheets - All 304L SS
Tubes - 304L SS. SRS -
Water Box Covers - Carbon Steel, Coal Tar Epoxy
. Lined , S o - ,
Code Requlrements
Heat Exchanger Institute
" ASME - Tube Side Only

5-26
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Inter- or Aftercondensers

Pressure

Shell Side - Full Vacuum to 40 p51g

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, Coal Tar Epoxy

Lined .

Code Requlrements
- ASME
TEMA Class "C"

Steam Jets
Pressure - Full Vacuum - 90 psig -
Temperature °F - 355
Materials - All 304L SS

5.2.1.4.7 = Information Required With Bid

Suppller shall provide fOIIOW1ng data for proper evaluation of
his proposal.

Unit _ - Item

5 and/or 6 Turbine Exhaust Pressure - psia (in. Hg Abs)
‘separately 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
' Each Stage - Motive Steam Flow
Proposed 1b. /hr.,

o

We1ght and Budget Pr1ce Separately fot Each Item -

Expected Delivery Time - Weeks

5-27 e
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TABLE 5.2-1
COMPARATIVE SUMMARY

UNIT 5 OR 6 (Unit 5 Typical)

Base Reference
Design Point

Throttle Flow 1b./hr. . ' 907,530
Noncondenéable Gas ¢ Wt. : 1.0
Generator Electric Qutput kW 55,000
Auxiliary Power (Electric) 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 106
Net Heat Rate Btu/k¥h 21,690
Turbine Exh. Inch Hg Abs | o | 4
Wet Bulb - . e 65.0
C W. T. Range/Approach °F o e - 38.4

deratlng factor of 0. 9837 .

5-28

Conversion
_Retrofit

907,530
0.8
54,101 (1)
605
445
981
65

52,005
1,140 x 106

21,920

4.3

65.0

37.7/15.5

‘(1) For expected gross output, multiply actual field oﬁtput'of unit by retrofit
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Throttlé‘Flow 1b./hr.
Noncondensable'Gas % Vt.
Generator 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/H:. (Ref.rto 60°F)
Net Heat Rate Btu/kWh |
Turbine Exh. Inch Hg Abs
Wet Bulb

~C.W. T. Range/Approach °F

TABLE 5.2-2
COMPARATIVE SUMMARY

UNITS 7 THRU 10 (Unit 7 Typical)?

Base Reference
Design Point

907,530

1.0
55,000

605
445
930

53,020

1,150 x 108

21,690
4
65.0
40.4

Conversion
Retrofit

907,530
0.5
54,1011
605
445
973
90

51,988

1,114 x 106

21,430
4.3

(2)

65.0

37.6/16.0

No Noncondensable Gas ‘Blower Deblt for Unlts 9 & 10 - Net = 52,078 ;

: 1For expected gross output multlply actual f1e1d output of unit by retrofit
' derat1ng factor of 0.9837
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5.2.2.1.1

Installai:ion and Equipment Arrangement
Units 5 and 6 |

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 accessi~
bility were field checked on June 11, 1979, and verified against
Drawings SK-013, -014 and -015. These drawings are included

herein and show the layout of the new equipment locations.

Main Condenser

Because of the location of the cooling towers, the intake and
discharge 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 neces-

sary.

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

-1 ft~6 inches inside the. condenser shell to ensure column line

clearance and tube pulling space. The condenser shell must
also be shifted toward the cooling towers approximately 6 ft-

- 6-inches for attachment of the water boxes to the condenser

shell. In addition, excavation for a dry pit will be required
in front of the condenser and outside the power building to
insure adequate tube pulllng space.. -

Due to these condenser’ modlflcatlons, the turbine exhaust
flange to the condenser neck connection will be shifted off

center approximately 3 1/2 ft. No problem is foreseen in
,reconnectz.ng to the turb:.ne hood .

Existing condenser coohng water 1n1et piping can not be used.

- Attachment of new inlet water piping to the condenser will be
positioned at the bottom of the inlet water boxes. The need .

for circulating water pumps and smaller condemsate 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 p:LpJ.ng above grade ‘

5-30
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5.2.2.1.2

5.2.2.1.3

5.2.2.1.4

5.2.2.1.5

- The present location of the auxiliary cooling water and fire

pumps. is satisfactory. The existing condensate pumps will be
removed. o . ’

Intercondenser and Ejectors

The existing intercondenser and ejectors will be removed. The -

- new surface type intercondenser and new first stage jet ejec-

tors will be located to the southeast corner of the power
building for Unit No. 5 (southwest for Unit No. 6) 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 aftercondenser and new second stage jet ejec-
tors will be located and stacked 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 have been sized and located based on the

system and tube pulling requ1rements for the shell and tube
condenser. The new location is in front of the lube o0il coolers
inside the power building at elevation 1,995 level to facili-
tate the necessary piping and sump location. The existing
condensate pumps are of proper size and capacity to function as
the new ciréulating water pumps.

-Clrculatlng Water Pump

'The ex1st1ng sumps in the coollng towers and connectlng piping

to the condenser will not be used. The new circulating water

- pumps and 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 requlrements and reduce excava-

t10n for the wet plt

A wet p1t dlffuser will be used to reduce the fluid veloc1ty of
cooling tower basin discharge water to the cooling water pump

wet pit. 'This will eliminate wet pit vortexing around the

pumps.

5-31
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5.2.2.2.1

5.2.2.2.2
5.2.2.2.3

- 5.2.2.2.4

5.2.2.2.5

Units-7-10

Units 7 and 8 are mirror imaged turbine-generator units housed

“in the same power building. Units 9 and 10 are similarly

arranged. A field check on June 12, 1979 confirmed building
and equipment location as they appear on Drawings SK-012, -013
and -016.  These drawings are included herein 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 provide adequate tube
pulling space along with condensate pump removal and modi-
fication to condenser intake and discharge piping. In addi-
tion, excavation is requ1red in front of the condenser for tube
pulllng space.

Intercondenser and Ejectors

The mod1f1cat10ns to Units 7 through 10 are the same as for
Units -5 and 6.

Aftercondenser.and Ejectors

' The modlflcatlons‘to Un1ts 7 through 10 are the .same as for

Units 5 and 6.

- Condensate Pumg;

e'The new condensate pumps w111 ‘be placed in the same relative

locatlon as for Units 5 and 6. To do this the auxiliary cooling
water pumps will be relocated. The existing condensate pumps

,agaln will functlon as. the new c1rcu1at1ng Water pumps.

Clrculatlng Water Pumps

' fThe ex1st1ng cool1ng ‘tower sump 1ocat10ns can be used but the_
connecting discharge piping to the condenser requires rerouting.

The new circulating water pumps will be located just outside

the cooling tower at the existing cooling tower sump locatioms.

Piping from the cooling water pumps will be routed to the
condenser  with due consideration to layout clearances and
condenser tube pu111ng ‘space. A wet pit diffuser again will be
used to reduce turbulence near the circulating water pump suc-
tion.  As for Units 5 and 6, the condensate pumps will be
modified for use as circulating water pumps.

5~-32
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Cost Estimate

Section 3 of this report discusses methods and parameters employed
' The following
summary cost estimate and the backup detail on succeeding pages
adhere to the guidelines in Section 3, and as noted have been pre-
pared accord1ng to typ1ca1 PGandE format.

in preparing cost estimates for the retrofit project.

TABLE 5 2-3

SUMMARY COST ESTIHATE UNITS 5 THROUGH 10 (UNIT 5 TYPICAL)

Account
- Total

51-20

54=20

54f30
54-70

‘55f60
365

(Each Unit)

”T~Pr03ect D1fferent1a1 Cost -

5-33

Description Equipt & Mat'l - Labor
Building s 0§ 14,910 § 14,910
Condenser System .2,241;646 | 969,926 3,211,572
© Circ. Water System 224,508 318,696 543,204
Instruments . 25,440 20,501 45,941
Station Power L 34,344 86,430 120,774
Engineering & Other 960,000 0 960,000
Subtotals " $3,485,938 $1,410,463  $4,896,401
GM Factor (23 9%) | | | 1 170‘240
. Subtotal (GM 1979) ,066,641
Escalation  (28.55%) 1,732,026
| Totgl GM Estimate  $7,798,667

e et s ot i A
et e e s v s s e

S 'The capital 1nvolved to accompllsh the retroflt for Un1t 5 using a
~.surface condenser will requlre a 1evel annual revenue of 2. 44 mills
- per kllowatthour : S : : ~
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' it  ROGERS ENGINEERING COaeINC. COST ESTIMATE L
Jn8. NAME UNIT 5 JOB NO--S79007 CLIENT-P s AND E . ESTIMATE DATE- 29 JUNE 79
ITEM No. DESCRIPTION MATL&EQPT INSTALL ' MANHouas'“”“‘” TOTAL""'”
51- 22 1 REMOGVE BLDG CONCRETE 0 14910 641 14910«
ACCOUNT TDTAL 0. 14510.  641. 14910.

;ITEM NO. DESCRIPTION MATLREQPT TINSTALL MANHOURS 7 TOTaL
54-21-1 COND PUMP CONCRETE 1908 9319. 401. 11227

 54=2]1=2 -~ COND PUMP Exc‘& BKFL 2290 16773, _721. 19063,

- 54-21~3 TUBF PULL PLT . e 44520.;_w3,33857. 3607 128387
54-22=2 - RMV AUX COND QTRUCT - 2544, . 34984, 150 6038
54=22=3  “AUXCOND STRUCTURE 190804 - 56593a "2004e - 55673e
54=23=1 COND SYSTEM FauiP R 30528, 93186 4008a 123714,
54-23«2 " REMVOE STEAM JETS 0. 1491, 64 1491.
54=23=3 REMOVE AUX CONDSRS (1] 8387 _361. ”5;87,»~m‘_
54=-23-4 REMOVE STEAM. PIPE JE, i Oe v BB6e 20. _ 866
54=23-5 . CONDENSER QUDTE " - 18#4400.?"“?'533‘04_ e 1844400, 1
54m23=f _CONSENSER IN PLACE 50880. 465930.  20040. 516810a
54=23=7 CONDENSER TRANSITION 31800 32615. 1403, 64815,
54=23=8 CONDENSER EQUPT R 63600, 32615 1403, 96215,
54=24=1 REMOVE COND PUMPS 0e 4659, 200, 4659,
54=24=2 ~ COND PUMP QUDTE 82680, o.u;; - De - .. B2680a
54=24-3 - COND PP SET IN PLACE. 3816s . 23297 . 1002a 27113.
54=25=1 " REMOVE MN CND PIPE R . 2544 - 16773.  T21a 19317
54=25=2 REMOVE AUX COND PIPE 0. 3727. 160 3727
54=25«3 REMGVE NC G6AS PIPE 0. 4659, 200 4659,
S4=25=4 COND PIPING 35§;§,_“WW_32615.W_M 1403«  68231.

-54=33=1 ~  REMGVE CW PIPING 0 8591, 240, 5591
54-25-4 ..conn MISC PIPING . 25440 83867 3607. 109307.
ACCOUNT TOTAL 52416464 969926 3211572, 3
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ROGFRS EMGINEERING COs.eINCe COST ESTIMATE

JGB NAME UNIT 5 : JOB ND.-S79007 : CLIENT -P G AND £ ‘ ESTIMATE DATE~. 29 JUNE 79
ITEM NOo , DESCRIPTIDN MATL&EQPT I&STALL MANHOURS CYOTAL
54«31=1 C¥ PUMP CONCRETE 15264, 18637, B02a : 33901,
_54=31-2 C¥ PIPING TRENCH ... 5UtB8a__ 27956.  1202. 33044,
54-33-2  .CW PIPING : . 1526640a 186372.  AO0l6e 339012,
54=33=3 . CW PIPING EQUIPT R L 10176 9319, 401. 19495,
54~34=1  REMOVE CY PUMPS = = = - = QBe 3727 . 160a. 3127w
54=34=2 CW PUMP QUOTE REUORK 29256, 0. Da 29256
 B4e34-3 CW PUMP SET IN PLACE 11448, 69890, 3006. . 81338,
54-39-1 RELOCATE FIRE H.CAB 636 2796.;% 120. 3432,

'ACCOUNT TOTAL 224508. ' 318696. - 13707.‘,3..;. 543204~“[,
ITEM NO. "DESCRIPTION HATL&EQPT' INSTALL B MANHOURS R IOTAL“'
54«78-1 “INST CONDENSKHRE SYS 15264, 10250, 441, 255144
54-74-2 INST cu svsrrn 10176 10250. 441._Www_ww> 204264
Accouwr TDTAL ;f\ S t; .*}}[_f‘;’ 25440.-:, 20501.» . 8824 45941,

I T E M NO N - o D E Sc R I P T I 0 N " q A T L &E Q P T I.."N STAt;:L.: -..‘..’_'{Q.A.N..ﬁa.u RS‘“‘ .._'._::-._.fb..f AL.... PRI
55-64=-1 ~  REMOVE COND PPS ELEC 0e 23297. 1002. 23297,
55«64 =1 __CW_PUMP STARTERS | 63604 2n957._ﬁ_”wgqg,~”‘W;m_ﬁmgzggz,m_wwq
55=64=2 -~ COND PUMP STARTERS T6324 B387.  361. " 16019.
55-64=3.  "COND PP POWER" SUPPLY L '5088e 116484 . 501e . . - 16736a
55-64~4  FLECTRIC POWER SUPLY L 15264. 8154._Mm_Waﬁxggwm,WQQ;;g§qqq:;wd
55=64=5 REMGVE CW PPS ELECT Ca 12978, 601, 13978,
ACCOUNT TOTAL I 34344, B6430.  3717. 1207 74. 1

"TTEM NO. DESCRIPTION MATLREQPT INSTALL  MANHOURS = T1OTAL
365-1 - CONSTRUCTION FIELD 240000 e 0a 240000,
365=-2 GENERAL EMGINEERING 144000 ~ ~~~ 0s ~  Oe  144000.
365-3 'OTHER ENGINEERING _ 576000, 0. 6.  s876000. <
ACCOUNT TOTAL - ... 9600600, - - 0.  0e - 960000.
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5.3.1

5.3.1.1

5‘3'1.2

5.3.1.3

5.3.1.3.1

5.3.1.3.2

Replace Cohdenser and Auxiliaties - Units 11 and 12

 Units 11 and 12 are each rated at 110 MV gross with two tur-
 bines in tandem driving a single alternator in each unit.

These units are essentially identical, and Unit 11 was investi-
gated  for study. Differences in performance due to a lower
noncondensable gas content in the steam at Unit 12 are re-
flected in Tables 5.3-1 and 5.3-2.

‘Selected Process Design

Noncondensable Gas Values

See Steam Conditions and noncondensable gas values 1n Section
5.3.1.3.2 and 5.3.1.3.3.

Field Test Data for Cooling Water Tower

The Results of Post Overhaul Performance Test for Unit 11 of
September 18, 1978 was received. It was estimated that for the
retrofit conceptual design an approach of 16.0°F could be

_obtained at a 38°F range by a thorough cleaning of the cooling

tower during the retrofit turnaround. A similar methodology as
was used on Units 5 through 10 was used to prepare the concep-
tual design at a turbine exhaust of 4.3 inches of Hg Abs (2.11
ps1a) The conceptual des1gn is shown on Drawing No. PD-005.

Spec1f1cat10n of Equlpment for. Conver51on from Direct Contact

to Surface Type Exchanger

Performance Requlrements

Generation capablllty 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 1bs./hr. Supplier

-shall be responsibile for complete de51gn of condens1ng and
~vacuum system components. for maximum _pover generation.

Steam Cond1t10ns¢

: Turblne Inlet S RS Steam Jet Inlet
'Enthalpy Btu/1b. - 1.200 ' : ‘ ‘
“Entropy Btu/1b. x R - 1.606 :

Pressure psia - 113.4 90 psig

Temperature °F - 355 : 355
5 - 34
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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

5.3.1.3.3 Noncondensable Gas Conditions
Unit ' % Wt. in Steam Ave. Mol. Wt.
11 : -0.85 , 35.6
12 0.5 35.6
5.3.1.3.4 Air Leakage Allowance

Units 11 or 12 - 930 1b./hr. each
5.3.1.3.5 Constraints
Cooling Water Availability (Best Preliminary Values)

Main Condenser

Unit - o Item
11 or 12 s Cold ®F 81.0
‘ ' : Rise °F 38.0
* Flow gpm 85,000
Intercondenser s ‘
Unit R Item
nm - - ~ . Cold SF 81.0
' Rise °F 38.0
- Flow gpm - 5,300
12 : Cold °F -81.0
‘ ; Lo -~ -Rise °F . -38.0
N - Flow gpm 4,000
Aftercondenser . o ~ -
oI ~ Cold 5F 81.0
SRS : ~Rise °F ~  38.0 o
, ~Flow gpm . - 2,200
12 i Cold °F - 81.0
o : L Rise °F . .38.0
Flow gpm - 1,200
5=35
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Main, Inter- and. After Condenser Gas Cooling Exit Temperatures

Preferred

Units
11 or 12

Space Availability

Unit'
11 or 12

Condenser
Main 114°F
Inter . 110°F
After 110°F

, Item
Main Condenser (Note 1)
Preferred Design
Flow Split - Two Inlets and Two Outlets
Passes ~ 2 (4 for perpendicular configuration)
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 transists 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 bottomed
hotwell. See SK-14 for equipment arrangement
w1th surface condenser.

5.3.1.3.6 Construction

Maln Condenser
: Pressure

Shell Slde - Full Vacuum to 14.6 psia
- Tube Side - 75 p51g

Temperature -

Shell Side - 150°F
Tube Side ~ 150°F ; .
HEI Cleanliness Factor - 70% ' _
. Tubes - 22 Ga x A pltch X size (3/4" 7/8" or 1")

5 - 36
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Materials
Shell 304L §S Clad Steel
- Internals - All 304L SS

Tube Sheets - All 304L SS

Tubes - 304L SS -

Water Box Covers - Carbon Steel, Coal Tar Epoxy

Lined

Code Requirements
Heat Exchanger Instltute
ASME - Tube Side Only

Inter- or Aftercondensers
Pressure
Shell Side - Full Vacuum to 40 psig
Tube Side - 75 psig
\ fTemperature
) . 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, 1nterna1s, 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 - 90 psig
- Temperature °F - 355 - -
» Materials - All 304L SS '
5.3;1;3.7 : >Informat10n Requlred Wlth Bid

Suppller shall prov1de follow1ng data for proper evaluatlon of
his proposal .

Unit o Item

11 - a, 'Turblne Exhaust Pressure - psia (1n Hg Abs)

~separately b.  Main Steam Condenser
' - c.  Intercondenser
Shell Size - Number of Tubes - Length
N Shell Size - Number of Tubes - Length
- e.  Steam Vacuum-Ejectors :
~ Each Stage - Motive Steam Flow
Proposed 1b./hr.

S5 - 37
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Weight an& Budget Price Separately for Each Item

Expect Delivery Time - Weeks

5 - 38
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Throttle Flow 1b./hr.

Noncondensable Gas % Wt.

Generator Electric Output kW

TABLE 5.3-1

COMPARATIVE SUMMARY
UNIT 11

Base Reference
- Design Point

1,808,000
1.0
110,000

Auxiliary Power (Electric) kW

Cooling Tower Fans

Miscellaneous Total
Circ. Water & Cond. Pumps -

11,242
982
1,776

"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 -

106,000

- 21,376

40

65.0
40.4

2,266 x 108

Conversion

Retrofit

1,808,000

0.85
108,147
1,242
982
2,19
103,729
2,314
22,310

(1)

(2)

x 106

4.3

65.0

38/16.0

(1) ‘For expected gross output multlply actual fleld output of unit by retrofit
deratlng factory of 0. 983 N

(2) No‘Nopcondensable,Gas Blower at Unit 11

5 -39
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TABIE 5.3-2

COMPARATIVE SUMMARY
UNIT 12

Base Reference
Design Point

Throttle Flow 1b./hr. : 1,808,000
Noncondensablé Gas % Wt. _ 1.0
Generator Electric Output kW ‘ 110,000
Auxiliary Power (Electric) kW -
Cooling Tower Fans © 1,242
‘Miscellaneous Total y 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 x 106
" Net Heat Rate Btu/kWh 21,376
Turbine Exh. Inch Hgdbs .~ 4.0
Wet Bulb - S SR . 65.0
C. W. T. Range/Approach °F \ | ?’. L 40. 4‘

derat1ng factory of 0 983

| (2) No Noncondensable Gas Blower at Un1t 12 :

5 =40

Conversion

Retrofit

1,808,000
0.5
108,147 (1)
1,242
982
2,122
(2)
102,801
2,255 x 108
21,940
4.3
65.0
38/16.0

':(1) For expected gross output, multlply actual f1e1d output of unit by retrof1t



2 | ’ . .8 | | ’ | »
i
I$® STAGE 2% STAGE
GAS SUECTOR GAS!cJECTOR
? | |
] T :
{
& ' ;
® , 1@
T ;
i ;
: ' ] i
I I ‘
Iszu:&u‘oa — TURBINE TURBINE
CAY bl -
!
P Se—rat i}
et ——
W oL @ | —®
9 3 [ 4 !
COOLING TOWER } -l- ‘
A I I 4
y l .L 3 {0
| 5 ¢ ; i Al
( =i .
! CONDENSATE T AFTSRCONDENSTR \U3Z Ol COOLER
‘ PUMP § SPARE i
CIRCULATING ,
WATER PUMPS (4) “
. : i
'STREAM NO. ' {"MOL.WT.| uwNiT 0) @ [0) ® ®1 e .| 0] ®
FLOWS IN LB/ HR. n ] - - i
. STEAM 8 128, e 890 | MAXIMUM . .. . UNIT. It
NON CONDENSABLE GAS '25,5 'ﬁa%_wﬁ 00 " ’%°73° N A 5‘2;: HLS VALDE - 797
AR 29 K f
CONDENSATE j 1923 1j0
T COOUNG WATER 2100 T "_ l 11388001184, 310 Heusn s
|__PRESSURE PSTA N AT N nl e o e ’
ENTHALPY 81U/ L8 1200 ;5'3.5_ - U !
TEMPERATURE * F T 1280 10
14 j
STtAm 15 —_Nemtoligoaod) 49,00 ILY 36 | MaxiMum uNIT 12
No SABLE GAS %ﬁb j 9, ] X 7558 S 170
: Aln CONDENSA ;.‘ 0447 | 9,030 246 %o s'so RS VAWE 7
- CONDENSATE 380 , M40
:aou:o VITM‘". ; - 11,649,600]}
PRESSURT PSIA 11X 30 . &
ENTRALPY GTU/1D |.%oo mz,g b b
TEMPERATURE “F 4 5% i Tizge
1 ~ PG and £ RETROFIT STUDY
ROGERS ENGINEERING CO., INC.
AncurecTs _ 12, CONVERSION
Q) i %&%]Eg S FI0W IAER]ATM_
0 75D FoR FINAL REPORT|cA , 6170 Arrhovaie — NI
— ,ﬂ @ rl‘s"t’m&‘"ﬂ-‘r L3 EA. EE n_] ﬁ S 790Q7 P D-O O 5
REFERENCE DRAWINGS ] " SR O “geco|awn | MO% ol | -
! 2 | : s ] T 1 ’ ) 0




£

| S

r -

5.3.2.1

©5.3.2.2

5.3.2.3

Instailation and Equipment Arrangement

Units 11 and 12 are identical turbine-generator units, each
housed in its own power building at two different sites.
Equipment location and other dimensions were field checked on

- June 12, 1979 and verified against Drawings SK-019 and -020.
" These draw1ngs are included herein and show the new equipment

locatlons

Main Condenser

Two conceptual arrangements were studied. First with the
condenser tubes parallel to the T-G shaft and secondly with the
condenser tubes perpendicular to the T-G shaft. The first and
second arrangements are shown on SK-017 with SK-018 and SK-019

-with SK—OZO respectively.

For elther arrangement the cooling water flow is split to allow
tube clean out while operating near one half turbine flow. The
condenser supplier's response indicated a two pass water flow
and a four pass water flow would be the probable configuration
for the first and second arrangements respectively.

For the parallel arrangement a major equlpment removal is
required involving relocation of the entire turbine lube oil
system, instrument air compressor and battery room to accommo-
date the tube pulling area. For the perpendicular arrangement
this would not be requlred For either arrangement removal of
the condensate pumps is requ1red

For either main condenser conceptual arrangement all the fol-
lowing are essentially handled in the same manner.

Intercondenser and Ejectors

The existing intercondenser and ejectors will be removed. The
new surface type intercondenser and new first stage jet ejector

will be located to minimize the vacuum piping size. New sup-
port steel w111 be required. '

‘ 'Aftercondenser and EJectprs.‘

 The existing aftercondenser and ejectors will be removed, and
. the surface type aftercondenser will be located ‘adjacent to the
: 1ntercondenser on new - supports. :

5 - 41
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5.3.2.5

5.3.3

Condensate Pumps

The four existing condensate pumps will be removed and two new
condensate pumps locatéd in the basement adjacent to the con-
denser inside the power building. The four existing 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 vortices before entering
the pump suction. After rework to satisfy additional head
requirements, the existing condensate pumps can be used as
circulating water pumps for the new circulating water system.

Cost Estimates

Section 3 of this report discusses methods and parameters

employed in preparing cost estimates for the retrofit project.
The following summary cost estimate and the backup detail on’
succeeding pages adhere to the guidelines in Section 3, and as

noted have been prepared according to typical PGandE format.

5 = 42
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TABIE 5.3-3
SUMMARY COST ESTIMATE - UNIT 11

(Tube Bundle Parallel to Turbine Shaft)

Description Equipt. & Mat'l

Project Differential Costs

Building § 19,080  § 147,700 § 166,780
Condenser System - 4,437,245 1,557,138 5,994,383
Fire Water System 1,102,570 838,208 1,940,778
Lube 0il System ‘ 22,642 80,140 102,782
Instrunentation E 35,107 46,593 81,700
© Station Pover © 70,087 47,059 117,146
Compressed Air System i ' 10,8127 67,560 78,372
Engineering & Other 1,696,320 0 1,696,320
. Subtotals §7,393,862  §2,784,398  $10,178,260
GM Factor (23.08) i 2,340,999
Subtotal (GM 1979) 12,519,250
Escalation (28.55%) 3,574,248
‘Total GM Estimate $16,093,507

The capital involved to accomplish this retrofit project using

- ~a surface condenser with tube bundle parallel to the turbine
axis will require a level annual revenue of 2. 52 mills per
' kllowatthour

The detailed backup to the summary is presented by accounts and
sub-accounts in Table 5.3-5.

R 3

 Table 5.3.4 is the summary cost estlmate for a surface con-

‘denser axis perpendicular to the turbine axis.

This cost is

slightly less than the parallel cost and is used in further
A detailed cost

analySis as recommended for Units 11 & 12.
backup is also included.

The telephone quotes for the parallel

two pass condenser were the same as the perpendlcular four pass
condenser. :

5 -43




oo ook

-

st

T £ o

P

r_

S

S

&

r .

“Account

51-20

54-20

54-30
54-70

55-60

56-10

365

TABLE 5.3-4
SUMMARY COST ESTIMATE - UNIT 11

(Tube Bundle Perpendicular to Turbine Shaft)

:Desérigtion | , Equipt. & Mat'l

GM Factor (23.0%) |
. Subtotal (GM 1979)
Escalation - (28.55%)

Total GM Estimate

Project Differential c°sts'j:,'

Labor Total
Building § 11,448  § 33,547 § 44,995
Condenser System 4,437,245 1,557,138 5,904,383
Circ. Water System 1,107,912 850,322 1,958,234
VIhstrumentation , ’ 34,471 41,937 76,405
Station Power . 67,416 37,274 104,690
 Compressed Air System 2,544 27,956 30,500
Engineering & Other 1,641,841 0 1,641,841
" Subtotals ©$7,302,877  §2,548,171 § 9,851,048

§ 2,265,741
12,116,789

3,459,343

$15,576,132

The cap1ta1 1nvolved to accompllsh this retroflt prOJect using
a surface condenser with the tube bundle perpendicular to the
turbine axis will requlre a level annual ‘revenue of 2.44 mllls
per k1lowatthour.‘ :

- The detailed backup to tﬁé'SUmmary4iswin Table 5.3-6.7”

5= 44
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COST ESTIMATE

ROGERS ENGINEERING COa.eINCa ‘ o
ESTIMATE DATE- 18 JuLY 79

dOBvNAME-UNITvll' J0B NO.-S79007 CLIENT=-P G AND F

ITEN N0, MATLREQPT INSTALL

g-£°S gVl

Lt LINA - T1V13Q 31YWIL1S3 1S0D

(137vyvd) ¥3ISNIANOD 3IViUNS

433HS

‘ON ONIMVIQO
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DE%CRIPTION MANHOURS 7 "ToOTAL
51«21=-1 RMV BLDG CONC FLAWLL 1272 18637 802. 19909.
51«21=2 RMV STR STL COLS 636 865934 2004. ] 47229.
51~21=-3 CONST L0 SUMP & RES 1272, 13978, ””"’aoi;‘”"“"”'“”fééSOlM“””“'
1 51=21~4 INSTALL BLDG STR STL 4452, " 34945, 1503 - 39397,
51=21+5 CONST TURE PULL PIT 11448, 33547« - 14834 - . 44995.
ACCOUNT TOTAL 19080 147700 6353, 166780
ITEM NO. DESCRIPTION MATLSEQPT INSTALL ~ MANHOURS 777 T1O0TAL ~ 7~
. 54=21=-1 COND PUMPS EXC & BFL 4070 - 27956 1202 32026
. 54=21=2 COND PUMPS CONC __ 35f2e  16773. 721 20335,
54-22-1 ¢ .SUP STRUCT INT/AFT/E 22896 55912, 2405. . 78808,
54=22=2 . ' RMV.SUP STR. INT/AFT-f 0 9319, 401e - o 9319, -
54«23~1 RMV CONDENSER - : 3816, 130460e ~ 5611e - . 1342764
54=23=2 R CRANE 3R160. 16308, 701, . 544868,
" 54=23=3 EQ COND M/INT/AFT/EJ 3816000« 0e 0e 3816000, 3
54=23=4 INSTALL M COND MECH 76320 8386744 3§91g:ww‘;~“M_g;4994._wmww
54-23=-5 R CRANE/EGQUIP 63600, 32615.  1403. 96215+
54 =23 =p - INSTL. INTIAFTIEJ e 2544, 46593, 2004, 49137
_54=24=1  RMV COND PUMPS "LCH LR N Y «h;;lﬁﬁélgmmwmiﬁﬂz-.ww“&m_wml§§§l9w”“ )
S4=24=2 EG CONDS PUMPS BUOTE 13Q920. 0e e 139920,
54-24=3 IMSTALL COND PUMP ME 6360, 39604, 1703, 45964,
54=-25-1 R#V_COND PIPING - 3816, 372T4. 1603, = 41090,
54-25=2 . R.CRANE o 2544, 3727, 160. 6271.
54=-25=3 ~“RMV_NC .GAS PIPING - 890, 9319, 401, . 10209.
_54-25-4 _RMV MISC SMALL PIPE. 890, . 9319, . 401s 10209,
54=25=5 NC GAS PIPING 101760, 117164 4609, 208924,
54«25=9 CONDS PIPING 89040 93186 400R. 182226
54=25-6 EQ _TURB EXH CONN 572406 . Be . O0e _ 57240.
54-25=-7 ~  INSTALL: Tuna EXH CON 1272. 60571, 2605, 61843,
54-25=-8 " R CRANE . 2544, 3727. 160 6271,
ACCOUNT TOTAL T4837245, 7 1557138. 7 66974, 5994383,
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o R TROGERS ENGINEERING CO.oINC. - COST ESTIMATE ~~ 77
' JOB NAME-UNIT 11 JOB NG.-§79007 » CLTENT-P G ‘AND E ESTIMATE DATE- 18 JULY 79
ITEM ‘ND‘. DLSCRIPTI N TMATLREQPT  INSTALL  MANHOURS “MT'OLT‘ALM
54=32-1  RMV COLD WFLL | 1272 13978, 601 15250,
54=32=2 - CONST COLDWELL 25440, 104838, 4509,  130274.
54-33-1 CW PIPING . . 188640.  S5T7T753.  "24850.  ~  1386393. 1
54~33-2 R CRANEZEQUIP . . 3816 . 4e5%.  200. o 8415,
54=34-1 EQ CW_PUMPS RFWURK =~ ' 258400. . 0a Be 254400.'MMW”
54342 INSTALL CW PUMPS WME 20352, 116483 . 5010 136835,
S54=34=-3 R CRANE  7632. 9319, 401. ' 16951
54=39-1 RE'-UC”E FHC & PIPG 1018, 11182, 481, ~ 12200.
'Accouwr TOTAL ‘;]?j_fﬁE;f;f;'ff;;;ipzé7o;;;=ka3&208, 36052. . 1940778. 1
TTEW Wo.  DESCRIPTION ~  RATLLEGPT ~INSTALL — WANAGURS ~ FOTAL "
54=41-1 COMS CONC BERM & STR . 509. 22365, 962. 22873,
54=43-1 RELGCATE LO RES & EQ_ 1272. 9319, 401. 10591. .
G4~43-2 . R CRANE . T 2544, B T3727.7  160. :y.~ 6271a
54-43-3 = HOD & EXT PIPIN’ svs 18317, ‘= 44729, 19244 63086.
:ACCOUNT ToTAL ' ———"35g45. T B0140. 3587, 10278?;W'“”'
TYITEW NO. ‘ DESCRIPTION HATLEtQP? FNSTALL . ~ MANHOURS ™~ " "7YOTAL
54-74=1  INSTR COND SYS e 19080, 18637. 802. 37717,
54-74=2  INSTR CW SYS 1526484 18637. 8024 33901,
T54-T7a-3 INSTR LUPE OIL §YS €36a 4659, 200, __5295,
_54-74 qi,; 'INSTR COMP AIR SYS ;yfﬁ;mh 127.& 4659. 200. g i 4787;’
~RCCOUNT TOTAL — ""_ 35167, ,”“ 4E5930 TTa004e CUETT00. T
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ACCOUNT TOTAL 70087 57059 2024, 117186,
ITEM NO. DESCRIPTION -MATLREQPT INSTALL —~ MANHOURS 7 7YoraL
56=11-1 CONST CONC BLK ROOM 6360, 27956 1202. 34316.
56=13=-1 RELOCATE COMP AIR EO 6364 9785. 421, 10421,
' 56-13-2 R CRANE - 12724 1864. 80, T U136,
,56 13-3' 1 LE & EXT ca PIPING.f“ 2544, 27956, 1202. - 30500,

ACCOUNT IUTAL

16963204

ACCOUNT TOTAL 10812, 67560. 2906. T T 18372
TTEM NO. “DESCRIPTION MATLREQPT TNSTALL — HANWOURS ~ ~ToTal~

365-1 CONSTRUCTION FIELD 424080 0. 0. 424080 .
365-2 GENERAL ENGINEERING 254400, 0a 0. 2544p0.
365=3° OTHER ENGINEERING 1017840, e 0. 10178404 1
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ITEM NG ' DESCRIPTION T ﬁi?LkEapf““i&sfﬁtl‘“' MANHOURS = 'TOTAL
55-64-1 COND PUMP ELECT 20352¢ . 6057 261, 26409,
55-64=2 CW PUMPS ELECT 47064a _ _  31217. 1343,  ~  78281.
55-64=3 -~ RELOCATE LO ELECT . 1526+ .  3727.° 160, 5254,
55-64-4 . RELOCATE COMP A ELEC 382. ~  2330.  100. C2711.
55'64'5 ”‘RELUCAYE BC BATY SYS ... o 163e . . 37274 . 1606 . 48491,
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CLIENT P G AND E ESTIMATE DATE- 18' JULY 79

ITEM NO.
51-21=-5

'ocscaxprxan
CGNST TUBE PULL PIT

M‘ATL&EQPT h INSTALL ~ "MANHOURS ~ CTOTALTT T
114484 33547 1443, 44995,

P N L L Ll L L L T T L L L T L I T T X W i F A

ACCOUNT TOTAL

T Tiaes

ITEM MO

“DESCRIPTION TMATLREQPT

54=21-1 COND PUMPS EXC & BFL 4070 27956 1202. 32026,
54=-21-2  COND PUMPS CONC 3562¢ - 167734  T21a 2033§1MM_W
'54-22-1. . SUP STRUCT TNT/AFT/E . | 22896.'.' 55912.  2405. 788084
54-22-2 . RMV SUP STR INT/AFT -~ ‘D - 93194 . 401. 9319,
54=23-1" © RMV CONDENSER " " 3816 130460. 5611, ‘ 134276.
54223=2 R CRANE : 38160, 16308, 701. 54468,
54=23=-3 £Q COND MZINT/ZAFT/EY 3816000. Qe " De 3816000. 3
54-23-4  INSTALL M COND MECH 76320,  B838674. 36072, | 914994:»._~
54-23-5 R CRANE/EQUIP.. T 63600. 32615, . 1403. 96215,
'54-23-6 ' INSTL. !NY/AFT/EJ . 2548,  46593. . 2008. - 49137+
§4-26-1 " RMV COND PUMPS MECH = Be ' 186374 . B02a 18637
54=-24-2 EQG CONDS PUMPS QUOTE 139@20. 0. 0. 139920.
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54=25=1 RMV COGND PIPING 3816, 37274, 1603, - 41n90._
54-25=2. . "R CRANE .. 2544, 3727 160.. 6271«
542253 [ RMV NC. GAS" PIPING . 890, - 9319.  40le 10939.3[3:4
54-265-4 . RMV MISC SMALL PIPE =~ '/ 890 -~ 93194 4014 ' 10269-;;”__
54«25=5 ~NC GAS PIPING 101760. 107164, 4609, ?089
54-25-6 EG TURB EYH CONN 57240, Da De 57240.
54=25-7 INSTALL TURB EXH _CON_ 1272,  605T1. 2605 61843.
54-25-8 - R CRANE 2 - 2564, 3727, 160. 6271,
54~ 25 9,~~j,cowo P!PING 89040, 93186 400R, 182226,
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ACCOUNT TOTAL

4437245, 1557138, 66974, 5994383, 5 °
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J08 NAME-UNT11 ?n‘. uaa“nu.-s79007 CLIENT-P G AND E

ITEM NO. “DESCRIPTTON RMETUZEGPT INSTALL

COST ESTIMATE
ESTIMATE DATF- 18 dbLY 79

MANHOURS ToTAL
54311 C W PUMP FOUNDATION 6360 23297. 1002, 29657.
54=32-1 RMV COLD MELL 1272,  13978.  601.  15250a
§4-32=2 CONST COLDWELL T25440. 7 104834, 4509, 130274,
54=33-1 Cu PIPING - G 783649.- 577753. 24850, . 1366393, ° 1
54=33=2 R CRANE AND EQUIP 3816, 4659,  200a _ B&TS.
54=34~1 EG CW PUMPS (REWORK) 254400 . 0 0e 254400,
54e34-2 "INSTALL CW PUMPS ME 20352, 116483, 5010 136835,
58=34-3 R CRANE . 71632, 9319, 401, - 16951. =
ACCDUNT TOTAL vffj =  1107912.  850322. 36573. 1958234, 1
ITEM HO- DESCRIPTION WATLEEGPT ~ INSTALL ~~ MANHOURS S 11 7.7 .
54=78=1 INSTR COND SYSTEM 19080. 18637. 802. 37717,
54=T4=2 INSTR CW SYSTEM 15264, 18637 802. 33901,
54-78-3  INSTR. COMP&AIR SYST 127,77 659, 200. TATeT.
ACCOUNT TOTAL 36471, 41934. 1804. 76495.-. 4»
ITEM NO. T BESCRIPTION TMATLEEAPT INSTALL ™~ MANHOURE 7~ TroTAaL
55641 COND PUMP ELECT 20352, 6057 261a 26409,
55w =2 CW PUMPS ELECT 270644 31217. 1343, 78281.
Accouur TOTAL _67416. _31274. 1503. M-' 1046904
ITEM NO. “DESCRIPTTON MATLREQPT TNSTALL MANHohﬁs"“m'”"'TOTAL R
56=13=3 MOD & EXT CA PIPING . 2544, 27956 1202. 30500,
“ACCOUNT TOTAL 7544, . 27956.  1202.7 7 T3psc0. T
:iifﬁ;ﬁﬁiwf”” 'Ww'btﬁéﬁ??fiuﬁ”'mmmw;'&Eftiéﬁﬁ?””EKSihLL’ “MANHOURS TOYAL
365-1 CONSTRUCTION FIELD 5104604 0. 0. 410460
365=2 GENERAL ENGINEERING 246276 0e O _ 2862TRe

365-3 TOTHER ENLINEERING R 9851084 0o 0. 9851054 E
ACCOUNT TOTAL | '*1641841?wm~; 0. 0. - 1681841. 1
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5.4.1

Hydrogen Sulfide Abatement, Units 1-12

This section is introductory to detailed discussions of the
hydrogen sulfide abatement vent gas process (Stretford) site
studies. It provides a general overview of the initial site
selection process, a discussion of Stretford capital costs,
operating and maintenance costs, and a summary of the conclu-
sions and recommendations.

~ Abatement Site Alternatives

A large number of generating unit and Stretford unit combina-
tions and Stretford unit locations could be devised to provide
HpS abatement for the Geysers Power Plant, Units 1 - 12. Due
to terrain, location and size of generating units and other
physical features at the Geysers, only a few arrangements are

~ feasible and were selected for investigation in this study.

Due to the relatively close proximity of Units 1 & 2, 3 & 4 and
5 & 6, and ease of access between these units, it was apparent

- that consideration should be given to servicing them with one

Stretford unit. These units constitute a power block of slight-

‘ly less than 200 MW gross which was felt to be of reasonable

size for grouping with one Stretford unit.

Unit 11 and Units 7 & 8 form a power block of slightly more
than 200 MW gross, and a connected series of steam lines from
the well field provides a right-of-way between these locations
along with a cleared route and the possibility of modifying
existing pipe supports to accommodate the Stretford gas linmes.

Because of these factors, consolidation of H,S abatement for

these units- also appeared logical, and the study proceeded
accordingly. ' ‘ e , . ' ‘

Unit 12 and Units 9 & 10 combined are of the same gross capac-
ity as the combination of Units 7, ‘8 and 11. -Additionally,
these units are in the same general area of the Geysers Power
Plant and thus were considered for grouping for off-gas treat-
ment by one Stretford wunit. Further study indicated that

~ considerations of terrain and communication between Units 9 & -
10 and Unit 12 render separate units at each location more
‘practical and ecomomical. :

B Develbpnieht -of Stretford Capital Costs

Quotations} for the cost of the Stretford facilities were solic-
~ited from the three Stretford process licensees, R. M. Parsons
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5.4.3

Co., J. T.’Pritchard, and Peabody Engineering. Both Parsons
and Pritchard supplied cost data for the Stretford process.

- The ‘cost includes a one time royalty payment which was not

segregated.

The information received from Parsons was used for the economic
trade-off studies for the Stretford consolidations and site
selections. Parsons provided cost estimates for complete,
installed Stretford process units. However, these costs were
not for units installed at the Geysers, but rather were based
on a "curve estimate" of composite costs for Stretford units in
many locations. Parsons' quotations include uncertainty limits
of -10% to + 30% for every Stretford unit. The highest capital
cost value (+30%) was utilized for the Stretford facilities in
this study.

To estimate the cost of a Stretford unit installed at the
Geysers, the total cost of the Stretford facility was divided
into two categories as suggested by Pritchard, installation
labor cost and material cost. The cost of the initial loading
of chemicals was added to the material category, and a use tax
charged on this material total. The labor portion is increased
by factors used to account for higher labor costs at the Geysers.
These two separate material and labor costs were added back
together to estimate the total cost of a Stretford unit in-
stalled at the -Geysers. ;

Parsons has stated that where individual -Stretford units are
located at each power plant, the scheduled outage of the power
plant is sufficient to service the Stretford facility. How-
ever, when multiple power plants are tied to a single Stretford
unit, this scheduled outage time is not available to service

" the Stretford facility. Thus, for these consolidated systems,
- the estimated cost of the Stretford unit was increased by 20%

to account for equipment redundancy necessary to approach a

'100% capac1ty factor.

Stretford Operatlng and Malntenance Costs

R. M. Parsons Co. supplled a detalled breakdown of the oper—

‘ating and maintenance costs of the Stretford abatement process.

These values were converted to a. levelized annual cost of 0 &
M, which entered into the economic comparlson of alternat1ve
Stretford un1t consolldatlons. .

5 - 46
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Parsons estimates that the maintenance cost of a Stretford
facility is 2% of the capital cost of a Stretford unit. They
also provided steam, electricity, and chemical operatmg re-
quirements for the Stretford Process as summarized in the
following table. :

5 - 47
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TABLE 5.4~1
'STRETFORD OPERATING COSTS

Unit ~ Steam Electricity Déily Chemical Cost
: (1bm7hr.) kW) o (§ - Not Levelized)

. Individual Units

1, 2 400 N. S. 72.74

3, & 1,700 N. S. 345.75

5, 6 3,200 N. S. 646.25

7, 8 2,000 N. S. 395.82

9, 10 | 800 N. S. 139.79

11 3,500 N. S. 700.40

12 1,000 N.'S. 153.49
" Conmsolidated Units

1-6 . 5,300 1,065 1064. 66

7, 8, 11 . 5,500 1,005 = 1087.89

9, 10, 12 1,500 300 S 293.20

9, 10, 12, 14~ 3,900 - N S. . 773.86
_ N. S. - Not Stated

Eleétrical Servicevat'StretfordnUnits'

Two alternatives were considered for power service to the

Stretford facilities; 1) Utilizing the power plant 480 volt

auxiliary bus, and 2) installing two independent transformers

- similar to the existing auxiliary transformers connected to one

of the power plant generators and to the 21 kV dlstrlbutlon
line now in use in some parts of the Geysers area.

The major problems Wlth using the aux1llary bus are reliabil-

ity, transformer capacity, and voltage drop. Since a single
Stretford facility serves several power plants, failure of the

power supply to the Stretford is not tolerable. Thus, the

recommended - electrical service to the Stretford facilities

- enta1ls a prlme and standby source.

The estlmated e1ectr1ca1 demands for the Streford facilities

were obtained from R. M. Parsons Co. The Stretford facilities

~ require electrical service at 480 volts. Lighting requirements



N an

r— rr— .

| G GENNEN GRS S

T KK K

are included in these Stretford loads. Parsons has stated that

- the largest motor will not exceed 200 hp.

Therélectricaldemands for the Stretford facilities are summar-
ized in Table 5.4-2 and Table 5.4-3. The kilowatt  demand,

‘estimated kVA demand based on an assumed 0.85 power factor, and

the closest standard transformer size if an independent power

- supply is provided are shown in Table 5.4-2. Table 5.4-3 shows

existing transformer capacities and station auxiliary power
demand  after retrofit plus Stretford power requirements.

The recommended électrlcal service to a Stretford facility
‘serving Units 1-6 is shown in Drawing SK-032. Likewise, Draw-

ing SK-034 diagrams the electrical service to a Stretford
facility located at Unit 11, which would receive the vent gases
from Units 7, 8 and 11. Drawmg SK-033 gives the preferred
electrical service to a local Stretford plant at Units 9 and
10. The electrical service to a local Stretford facility at

Unit 12 is shown in Draw1ng SK-035

5 - 49
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TABLE 5.4-2

Closest Standard

1yith fans at 65°C rise, 1,380 kVA w1thout fans.

'1nd1cates provision for fans

2yith fans at 65°C rise.

supplied from auxiliary transformer.

3In excess of ex1st1ng aux111ary transformer capac1ty
are requlred

5= 50

Stretford Estimated Minimum Transformer ‘Size for an 0il

Facility Demand Requirements-Stretford Insulated Transformer

Serving kW Facility, kVA kVA
Units 1 thru 6 1065 1252 1500 0Al or 1000 kVA

| O0A/FA (1288 kVA max.)?2
. Units 7, 8 and 11 1095 1288 1500 OA or 1000 kVA
. S OA/FA (1288 kVA max.)
Units 9 & 10 143 - 179 225 0A
Unit 12 157 196 225 0A
1Self cooled rating at 55°C rise. -
Ratlng with fans and if 65°C temperature rise is utlllzed
TABLE 5.4-3
Existing
Supplied Auxiliary Estimated :

Stretford From Transformer Existing Estimated Load for Total

Facility Power Max. Capacity Load Load After Stretford Load

Serving Plant kVA kVA Retrofit kVA kVA kVA
Units 1 thru 6 Unit 3 11,5461 ; 1,185 1,375 1,252 2,6273
Units 7, 8 - Unit 11  3,7502 2,327 2,382 1,288 3,670

&11 S R
Units 9 & 10  Unit 9 3,000% 1,849 1,846 | 179 2,025
Unit 12 Unit 12 3,750% 2,286 2,402 196 2,598

Single Line Diagram; Unit 3
Requlres add1t1on of fans 1f Stretford FaC111ty is

Separate transformers
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5.4.5.2

5.4.5.3

Conclusions and Recommendations

Units 1-6

"

2)

)

Units 1-6 should be served by a common Stretford facility.
This’ system results in a lower levelized annual cost than
individual ‘Stretford units located at each power plant.

The site at the Union 0il Company surplus yard near Unit
3, or another potentially available site near Units 5 and
6, should be utilized for the location of the Stretford
unit for the most economical placement. The advantages of
these sites, as opposed to the alternative area adjacent
to Unit 4, are: a) lower levelized annual cost, b) re-
duced loss of total generating capac1ty during construc-

~tion, and c) increased flexibility in the conmstruction

schedule.
Individual Gas Scrubbers

Further study is required before a definite recommendation
can be made regarding this approach. Preliminary inves-
tigation does indicate advantages for such a system(s),
and it should be studied further prior to a final selec-

‘tion of the H2S abatement system for the Geysers Power
‘Plant.

Units 7, 8, and 11

1)

2)7

A common Stretford ,faéility should be utilized to process

~ the noncondensable g_a‘ses' from Units 7, 8 and 11. The
- consolidation results in a lower levelized annual cost
‘than 1nd1V1dua1 Stretford unlts located at each power

plant

The recommended site for the Stretford faC111ty is at Unit

11, provided that the Stretford licensee is willing to
'redes:.gn the equipment plot plan to fit into the long

narrow space adjacent to the coolmg tower. The advantage

© of this Stretford location over the alternative site at
Unit 7 and 8 is a lower levelized annual cost due to

reduced noncondensable gas piping requlrements and smaller

blower energy costs.

, Un1ts 9, 10 and 12

1)

Individual Stretford fac111t1es should be located at each
power plant unit to process tht_e noncondensable gases from

5-51
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~5.5.1

Units 9, 10, and 12. This arrangement reeults in a lower
levelized annual cost than a single consolldated Stretford
un1t

2) Enlarging the Stretford facility at Unit 14 has a slight
-economic advantage over the individual Stretford units.
However, the consolidation of 330 MW of generating capac-

ity with a single Stretford unit, -and the hazardous ter-
rain and complex piping network, makes this combination
unattractive.

Vent Gas Abatement - Units 1-6

Several alternatives of Stretford facilities for removing the
hydrogen sulfide from the vent gas discharged from Units 1-6
were studied. The various alternatives considered and dis-
cussed in detail in successive sections are: 1) Processing the
vent gas from Units 1«6 at a common Stretford facility. Two
different locations for the Stretford facility were evaluated

" under this alternative; 2) installing individual Stretford

units at each power plant locatlon, 3) erecting gas absorbers
at each power plant and pumping the scrubblng solution to a
central Stretford fac111ty

Selected Desxgn Quantltles

The noncondensable gas and "HpS flow rates utilized for thlS
study are summarized in Table 5.5-1. These flow rates are
consistent with an aftercondenser exhaust gas temperature of
120°F. The gas temperature. affects the total flow rate due to
the variation in water vapor flow rate caused by the change in
partial pressure with temperature

TABLE 5. 5‘
DESIGN NONCONDENSABLE GAS FLOW RATES

| 7 Total (lbm/hr) " HoS (1bm/hr)
Units 1and 2.~ 2,839 %0
 Units 3 and 4 : 9,726 : 428
VUnlts 5 and6 17,680 - _ 800
Tnits 1-6 30,265 1,318

5 =52
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5.5.2.1

5.5.2.2

Stretford Process Variations‘

Three alternative Stretford process variations for treating the
vent gas from Units 1-6 were considered in this study; 1)
Constructing a single large Stretford facility accommodating
the gases from all six power generating units. The gases would
be pressurized with stainless steel‘gas blowers located at each
power plant and transported via stainless steel pipe to the

common Stretford facility. 2) Building three separate Stretford

units near the power plants, serving only the adjacent power
plant. 3) Locating gas scrubbers at each of the three power
plants and pumping the Stretford liquid solution to a single
large Stretford facility for solution regeneration.

Consolidated Stretford Unit with Gas Blowers»

With this Stretford process variation, gas blowers would be

located at each of the three power plants. The blowers would
provide the native force to propel the gases through stainless
steel piping to the Stretford facility. In every case, a 100%
standby blower would be installed to provide backup should the
primary blower fail. Also, sophisticated blower controls would
be required with a gas bypass loop so that the blower would
continue to operate .in. the event of a forced or scheduled
outage of one of the generating units located at each plant.

The controls would also have to shut down the blowers and power
- plant if the stainless steel pipe should rupture, spilling
‘lethal hydrogen sulfide gas.

Individﬁal Stretford Units

‘The alternative of installing an individual Stretford unit at
each of the three power plant locations was found to be sub--
‘stantially more expens1ve than  the consolidated Stretford
facility. The savings realized by eliminating the gas blowers
‘and connecting -pipeline do ‘not compensate for the penalty of -

higher Stretford unit capital costs. The approach of individ-
ual Stretford units does allow for greater flexibility im the
operat1on of the abatement facility and power plants. However,
the increased operational flexibility would not appear advan-

 tageous considering ‘the cost penalty incurred. Additional

_problems with installation of individual’ Stretford units are

-~ associated with the extensive site preparation requ1red at the
Unit 1 and 2 and the Unit 5 and 6 sites. -

5-53
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Individual Gas Scrubbers

The alternative of erécting gas absorbers at each power plant
and circulating the scrubbing solution to a central Stretford
facility was evaluated for Units 1-6.

Essentially, the concept entails relocating the gas absorber
from the large Stretford facility to the individual power
plants. The Stretford process downstream of the gas absorber
section would be unchanged Then, for the system, regenerated
Stretford solution is pumped from the central Stretford facil-

ity to the absorber at each power plant. The noncondensable
- gas is scrubbed with the solution in the absorber. The H,S

rich solution is then pumped back to the Stretford unit for
processing.

This system has some apparent advantages over the consolidated
system with high grade blowers and a stainless steel collection
network. Smaller diameter carbon steel pipe could be used for
the 11qu1d circulation system as opposed to the noncondensable
gas pipe. This savings is partially offset by the fact that
two liquid lines must run between ‘the Stretford facility and
the power plant, a supply and a return line. Another advantage

of the liquid circulation concept is that some of the pumping

energy could be recaptured from the liquid stream with a regen-
erative hydraulic turbine. The individual absorber system
would also be inherently safer for operating personnel since
there would be no dangerous HpS gas released in the event of a
pipeline break.

The levelized annual cost of the gas scrubber system was com-
pared to the costs of the alternative'gaskblower.consolidated

- system and the individual Stretford units discussed in previous

sections. The levelized annual cost associated with the gas
scrubber system is documented in Table 5. 5 5.

This analys1s 1nd1cates little dlfference in the levellzed

- annual costs of the individual gas scrubber concept and the gas

blower systems. Though the gas scrubber system cannot be
preferentially recommended at this point, the 11qu1d circula-

“tion approach does merit further 1nvest1gat10n in a final

design stage.

'Cost Comparlson of Stretford Process Var1at1ons

The three Stretford process variations are compared on an

~ economic basis in Tables 5.5-2, 5.5-4 and 5.5-5. Note that
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constructing individual Stretford units is the most expensive
alternative and can be eliminated. The gas blower and gas
scrubber approaches were both evaluated based on locating the
consolidated Stretford facility adjacent to the Unit 4 cooling

tower. The annual levelized costs for these alternative Stretford

process variations are very close. The gas scrubber approach
is economically attractive but would require further detailed

-study before it could be preferentially recommended. The gas

blower approah is considered to be the economic- approach at
this time taking all factors into account. The gas blower
approach is studied and costs developed in greater detail in
the following subsections. ' ‘
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TABLE 5.5-2

COST ITEMS ASSOCIATED WITH STRETFORD LOCATION AT UNIT 4

Consolidated Stretford Facility at Unit 4

Stretford Maintenance (2% of Capital)

Stretford Chemical Cost Including Salt Purge

Stretford Steam Cost (5,300 1bm/hr.)

Stretford Electrical Energy Cost (1,065 kW)

Noncondensable Gas Blowers Installed Cost at Units 1 & 2 and 5 & 6
Noncondensable Gas Blower Electrical Energy Cost (115 kW)
Noncondensable Gas S. S. Piping Installed Cost

Removal of Existing Abatement Equipment at Unit 4

Total Levelized Annual Cost | $3,519,698

—— o o s 4t

TABLE 5.5-3

COST ITEMS ASSOCIATED WITH STRETFORD LOCATION AT UOC SCRAP YARD

'Consolldated Stretford Facility at Union 011 Company s Scrap Yard

Stretford Maintenance (2% of Capital)

- Stretford Chemical Cost Including Salt Purge

Stretford Steam Cost (5,300 lbm/hr.)

Stretford Electrical Energy Cost (1,065 kW)

Noncondensable Gas Blowers Installed Cost at Units 1 & 2, 3&4,
and 5 & 6

Noncondensable Gas Blower Energy Cost (110 kW)

‘_Noncondensable Gas S. S. Piping Installed Cost
Decrease in Replacement Energy Cost Due to Shorter

Constructlon Schedule (Deduct)

Total Levellzed Annual Cost s $3;247,365
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TABLE 5.5-4
COST ITEMS ASSOCIATED WITH INDIVIDUAL STRETFORD UNITS

Stretford Facility at Unit 1 & 2
Stretford Facility at Unit 3 & &

. Stretford Facility at Unit 5 & 6

Total Stretford Maintenance (2% of Capital)

Total Stretford Chemical Cost Including Salt Purge
Total Stretford Steam Cost (5,300 lbm/hr.)

Total Stretford Electrical Energy Cost (1,065 kW)
Noncondensable Gas S. S. Piping Installed Cost
Removal of Existing Abatement Equipment at Unit &

Total Levelized Annual Cost $4,253,967 |

o et . et i s .

TABLE 5'5-5
. COST ITEMS ASSOCIATED WITH INDIVIDUAL GAS SCRUBBERS

S _Consolldated Stretford Fac111ty at Unit & (1ess scrubbers)
~ Scrubbers at Unit'1 & 2, Unit 3 & 4, and Unit 5 & 6

Excess Chemical Inventory in P1pe11nes
Stretford Maintenance (2% of Total Capital)
Stretford Chemical Cost Including Salt Purge
Stretford Steam Cost (5,300 lbm/hr.)

" Stretford Electrical Energy Cost (1,065 kW)
- Liquid C. S. Piping Installed Cost

Pumps Including Regenerative Turbines
Pump Net Electrical Energy Cost ~ =
Removal of Existing Abatement Equipment at Un1t 4

Total Levallzed Annual Cost S : $3,421,604

-5 =57
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. 5.5.3

5.5.3.1

5.5.3.2

‘Consolidated Stretford Sites for Units 1-6 with Gas Blowers

~ An economy of scale exists ‘_for the capital cost of the Stretford

units which results in a substantial savings for consolidating

_ the first six power plants with a central Stretford facility.

Site At Units 3 and 4 Drawing SK-006 (Alternative No. 1)

A Streford facility of the size quoted by the vendors could be
located due east of the Unit 4 cooling tower where an existing
abatement facility is currently operating. Note from Drawing
SK-006 that the dimensions of the Stretford unit would have to
be modified to allow for clearance between the Unit 4 cooling
tower and the Stretford facility. Sufficient area is available
between the existing abatement facility and the fence along the
southern border of the power plant to allow for expansion of
the Stretford process in this direction to provide the desired
open space near the cooling tower.

The existing abatement facility serves Units 3, &4, 5 and 6.
Thus, it is assumed that these power plants would have to be
shut down during the construction of the Stretford unit if the

 existing abatement system is removed. The net loss in generat-
- ing capacity is affected by the construction schedule which

influences the site selection. If the Stretford unit were
located at this site the condenser replacement at Units 3, 4, 5
and 6 would be scheduled concurrently with the Stretford con-
struction. The condensers at Units 1 and 2 would be replaced
at a later date after Units 3, 4, 5 and 6 are back on the
electrical grid. There is a cost savings associated with the
decrease in energy replacement cost with a reduced overall
electrical generation outage time which can be achieved by
locating the Stretford fac111ty other than at the existing
abat.ement area.

" Site At Union 0il Co. Surplus Equipment Yard
Drawing SK-OO'SA &B (Alterrnativerﬁor.' 2)

The 'sécond_ site consideréd for ‘the construction of a Stretford
facility is located southwest of Units 5 and 6. Union 0il
Company is currently using this parcel to store surplus equip-

- ment, thus, this site would require that the appropriate rights-

of way be secured from Union 0il Co. A second disadvantage of

this site is that the soil is geologically unstable. This
“would required more extensive site preparation and perhaps more

5-58



3 SWITCHYARD
’ UNIT 3 UNIT 4
L * & of TURMING ExHAUST
< )
//, , ‘(“ ==~ !
- A a2V ND /
| (/\b * r\\ | By —;-srweeu C.T. AND
- ' . . > 7 B ORD Sraren I CoNTROL
—— & POLYMER .
. -BUILDING CATCH| BASIN=-
' N ‘ ‘ | ' Bt
~ckm|;¥m6 ]
REA. ;
{stunlie ramgf—=F M Shiome A
C. CURB
i i
ﬁ e VTHUTY rOLE fF*T /
STRETFORD PROCESS N
11 ' AREA = 15,320 SQ. FT ]
gty pore> [
) NOTES: .
1. "STRETFORD UNIT TO BE
PLACED N INDICATED AREA-
2 AREA 15,390.5G.FT RESILTS
‘ FROM DIMENSIONS 95' % 162' AS REPORTED
~ BY PARSONS FOR STRETFORD EQUIPMENT »
' _ 3. RENOVE EXISTING EQUIPMENT :
UNIT 3 & UNIT 4 SITE|PLAN
WITH PROPOSED STRETFORD UNIT AREA

O ROGERS ENGINEERING CO,, INC. PG and E_RETROFIT STUDY __ __
O ENGINEERS - ARCHMITECTS e UNIXS t THB_U_E_ ———————

e _SITE PLAN - STRETFORD ALTERNATIVE Noy |

U %/j 1$5VED FoR MILESTONE QEPORT®3|C0 seae. ' s 20-0" pate_S- 25-79 APPROVALS » ) CONSOLIDATION.'OF UNITS |-THRU &
D] o] gm0 o mecs v ®y |kl alEd 8 - £ m@ﬁ' L3 408, RO: - '
REFERENGE DRAWINGS wEv. [zowe | oaATY REVISION o @@M_u NEA_ bW pa ETH ? DATE__ S 79007 | S K O O 6 I
v Ct

] 2 ] 3 I | ‘ | 5 I s o




: D&“{?{éuouse
N T

ALTERNATIVE ¥2 STRETFORD

SITE WITH INDICATED
PARSONS DIMENSIONS
FOR SUCH A UNIT DRAWN
IN CROSS HATCH.

60/
AT

™

i
SLOPES IN
# 200088 Baccrion |

NOTE: }

. 1A OF MAY 25, (979
PARSONS; INDICATES
"STRETFORD PROCESS
DIMENSION'S AS o5'x 162’

|
2 CROSS HA'; AREA INDICATES
. STRETFORU PROCESS WITH .
. DIMENSIONS OF 95' %162’
OR AN AREA OF |5,390 8Q.FT.

'ROGERS ENGINEERING CO., INC.

ENGINEERS - ARCHITECTS
. NIPING STRELY, SAN FRANCISCO, CALIFORMA 414}

soar ' = 200" pare_b-12-19

|  [Mfnf1ss0tD For unesTonE REMRT®S [CO

APPROVALS

e e e e S T o . D i S ) St ot i e S S S S it s o

o e et e e Tt S S i s i i} e et it i e Bk e e e e ot s’ e

- DATE

REFERENCE DRAWINGS

REVISION DR, | | Reco A"

DATE

|4 4 1

##] SK-005A]0




o€ 12.

Nores:

STRETFORD UNIT TO BE

‘PLACED IN INDICATED AREA:

AREA 15,380 54,FT. RESULTS
FROM DMENSIONS 98'x |82
AS REPORTED BY PARSONS -
FOR STRETFORD EQUIPMENT.

ROGERS ENGINEERING CO,, INC.

ENGINEERS - ARCHITRECTS

1 PINE  STREST, SAN FRANCISCO. CALIFORNIA 9411

PGond E

.RETROFIT STUDY

o v e e e e S G s e . S, i S it G S A i GV T PR Sl G W e G

ot o St i i i e i ey G S i s P

, sone ~1*=20" pare 6°27-79 APPROVALS CONSOLIDATION OF UNITS T THRU 6
155UED FOR MLESTONG REPORT'S| 0 - BATE [J0B NO, T
S EFERENCE DRAWINGS — TR = e _m.s&._meEhLmVﬁ__mﬁm DATE [§ 79007 ] S K - 005 B O
2 3 | | 4 | | ¢ | 7 '

IS




-

-

r

r

r

r

r

r

.

5.5.3.3

5.5.4

complex equipment foundations, for the construction of a Stretford

facility in this area.

The site remains attractive for the followmg reasons, however.
First, the proximity to Units 5 and 6, the largest noncondens-
able gas contributor of the three power plants, would reduce
the piping costs. The cap1ta1 cost of the blowers would par-
tially offset this savings since a blower would be required at
Units 3 and 4 to transport the gases to the Stretford unmit.
There would also be a slight savings in blower power require-
mentz due to the reduced transit d1stance from Units 1, 2, 5
and

The second reason that the scrap yard site is attractive is
that the Stretford facility would be constructed without inter-
ruptmg the operation of Units 3, 4, 5 and 6 simultaneously as
is requlred for the site at Un1t 4 where existing abatement
equipment is located. One possible construction schedule for
the scrap yard site would be to replace the condenser at Units
5 and 6 while the Stretford facility is being constructed.
After Units 5 and 6 and the Stretford unit are completed, Units

'3 and 4 would then be retrofitted. The condenser at Units 1

and 2 would be replaced after Units 3 and 4 are again gener-
atlng power. :

Site Comparison-

Two alternative sites for the location of the large Stretford
facility were considered in this study; 1) The area due east of
the Unit 4 cooling tower where the existing abatement facility
is located, and 2) between Units 3 & 4 and Units 5 & 6 where

- Union 0il Co. is currently storing' surplus equipment. -

An economic compar:.son of the two alternauve sites is con-

~ tained in Tables 5.5-2 and 5.5-3. This analysis indicates an

economical advantage of a Stretford fac111ty located at the

~ Union 011 Co.'s surplus equlpment yard
7_ Select System Cost Detall '

' Table 5.5-6 summarizes the GM cost of installing a Stretford

facility at the Union 0il Co. surplus equipment yard. This
estimate includes the 1nsta11at10n of the required gas blowers

and stainless steel p1p1ng

-5 =59
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TABLE 5.5-6
SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNITS 1-6

Account Description Equip. & Mat'l Labor Total
54-29 - HpS Abatement §11,872,723  $1,164,545 $13,037,268
365 Engineering & Other 1,394,520 0 _ 1,394,520
| Subtotals | $13,267,243  $1,164,545 $14,431,788
GM Factor (21.76%) = 3,140,357
~ Subtotal (GM 1979) §T7f§7ifiza
Escalation -(28.55%) ' 5,016,847
Total GM Estimate | $22,588,993

The detailed development of the cost estimate is presented in
- Table 5.5-7.

5 - 60



€20-90

-

| FD

il

)

.

SN S ST S S i N

[7. B ed
6lgE3
hd
 EER
2l Mmw»
o] Fg
o R

mZ
mB"‘m
: 2
vl 2
wle 2
ols o}
o-
|~ 8
Fy
=z
ol
©n
-t
b=
(1]
-
(=]
™
oo
’ [ 7]
-
S ma
X
> -
-
S
2™
20
'ﬂ\'
c>
z-
-
-f
w
[}
o
0 - !
e 4 O
m b0}
m >
- g
2
- ]
p4
o
0
T

‘A3

Jos NAME STRFD 1-6

‘ _ROGERS ENGINEFRING COasINCe
JOB NU--—QT?UO?

"IrEw NO.

MAfEEEﬁﬁf*m

CLIENT-P & AND E:

COST ESTIMATE
ESTIMATE DATF- 18 JULY 79

13037269.1~ﬁ
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54=293«2 EQ RLOWER 182 ‘ 445200 Da  Be 445204
54-293-3  INSTALL BLOWER 1399204 55912. 2405, 195832,
 53-293-4 - EQ BLOWER 384 - i~w‘»scaeu. o 0e 0 Oa 508804
58-293-5  "INSTALL BLOWFR 384 " 152640, ‘~5591ggaw;mggg§Luw,wwmm ?aassz. 0
54-293-6 EG BLOMWER 5&6 76320. O 0. 76320.
54=293~7 INSTALL BRLOWER 586 1844404 65230a 2806 249670,
54=297=1 NC GAS PIPE 1-6 534240 0e 0O, 534240,
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5.6.1

5.6.2

5.6.2.1

5.6.2.2

Vent Gas Abatement - Units 7, 8 and 11

Units 7, 8 and 11 were grouped together in this study due to the
geographic proximity of the power plants and the magnitude of their
combined generating capacity. It was thought that the physical
location of the power plants was such that a capital savings in the
cost of a large Stretford facility could offset the increased piping
costs. This is verified in later sections of this report. Two
different Stretford locations and the alternative of building indi~

vidual Stretford units are compared in Tables 5.6-2, -3, and 4.

This comparison was used to select one alternative for further

~ study.

Selected Design Quantltles :

bThe noncondensable gas and st flow rates utilized for this study

are summarized in Table 5.6-1.
'TABLE 5.6-1
DESIGN NONCONDENSABLE GAS FLOW RATES

v ‘Total (1bm/hr) H,S (1bm/hr)
Units 7 and 8 = 11,282 490
Unit 11 | 18,649 867
Unit 7, 8 and 11 29,931 1,357

Stretford Process Variations
Consolidated Stretford with Gas Blowers
The Stretford‘process variation of installlng gas blowers to

. transport the vent gases to a common Stretford facility serv1ng
~ Units- 7, 8 and 11 was evaluated - The gas blower and piping

system would be similar to the recommended installation for

: Units 1-6 d1scussed in- Sect1on 5.5. 2 1
Ind1v1dua1 Stretford Unlts ’ |

- The Stretford unit cap1ta1 costs quoted by the vendors are such
“that an overall cost advantage over individual Stretford units
can be realized by’ comblnlng Units 7, 8 and 11 with a common
Stretford facility. A comparison of 1nd1V1dual Stretford units
located at each power plant versus the single Stretford facil-
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 ity serving Units 7, 8 and 11 is included in Tables 5.6-4 and

5.6-3. Note that the consolidated Stretford facility has the
least expensive annualized cost and is the recommended vent gas
abatement installation discussed in the following section.
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. TABLE 5.6-2
COST ITEMS ASSOCIATED WITH STRETFORD LOCATION AT UNIT 8

Consolldated Stretford Facility at Unit 8
Stretford Maintenance (2% of Capital)
Stretford Chemical Cost Including Salt Purge
Stretford Steam Cost (5,500 lbm/hr.)
Stretford Electrical Energy Cost (1,095 kW)

~ Noncondensable Gas Blowers Installed Cost at Unit 11

Noncondensable Gas Blower Energy Cost (150 kW)
Noncondensable Gas S. S. Piping Installed Cost

Total Levelized Annual Cost $3,618,195

‘ TABIE 5.6-3 |
COST ITEMS ASSOCIATED WITH STRETFORD LOCATION AT UNIT 11

Consolidated Stretford Facility at Unit 11

Stretford Maintenance (2% of Capital)

Stretford Chemical Cost Including Salt Purge

Stretford Steam Cost (5,500 1bm/hr.)

Stretford Electrical Energy Cost (1;095 kW) '
Noncondensable Gas Blowers Installed Cost at Units 7 and 8

- Noncondensable Gas Blower Energy Cost (90 kW)

Noncondensable Gas S. S. Piping Installed Cost
Removal of Ex1st1ng Abatement Equipment at Unit 11

‘Total Levellzed Annual Cost $3,559,89

TABLE 3. 6 -4
COST ITEMS ASSOCIATED WITH INDIVIDUAL STRETFORD UNITS

Stretford Facility at Unit 76& 8

Stretford Facility at Unit 11

Total Stretford Maintenance (2% of Capital)

~ Total Stretford Chemical Cost Including Salt Purge

Total Stretford Steam Cost (5,500 1lbm/hr.)
Total Stretford Electrical Energy Cost (1,095 kW)

_ Noncondensable Gas S. S. Piping Installed Cost
Removal of Existing Abatement ‘Equipment at Unit 11

Total Levelized Annual Cost $3,863,323
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5.6.3.1

5.6.3.2

Consolidated Stretford Sites

Two alternative sites for the location of the Stretford facility
serving Units 7, 8 and 11 were considered.

Site at Units 7 and 8

Drawing SK-0027:ZA1ternative No. 2)

The level area located east of the Unit 8 cooling tower is an
attractive site for a Stretford facility. This site would
require a minimal amount of preparation prior to the installa-
tion of the abatement unit. This proposed site is not cur-
rently occupied by any abatement equipment and, hence, would
not adversely affect the total generating capacity outage time.

Site at Unit 11
Drawing SK-0028 (Alternative No. 1)

The proposed Stretford site at Unit 11 requires the removal of
the existing abatement equipment at this location. There is a
small cost penalty associated with the removal work. However,
gince the time required to replace the condenser at Unit 11
exceeds the construction schedule of the Stretford facility
there is not an additional penalty for lost power generation
due to the removal of the existing abatement equipment.

The physical dimensions of the Stretford unit quotéd by the
vendors are such that the abatement unit would not fit into the

-long narrow area adjacent to the cooling tower. Further inter-

action with the process licensees would be required to ascer-
tain whether the Stretford unit could be redesigned into a
longer, ' narrower: configuration. - OtherW1se, the main steam
supply line ‘and sparger pit would have to be relocated. A
small portion of the hillside would also have to be leveled to

vaccommodate a Stretford unit with the quoted dimensions.

kwThe advantage of locatlng the Stretford fac1l1ty adJacent to

Unit 11 is that the size of the pipeline from Unit 7 and 8
would be smaller for this site selection than for the alterna-

tive location. This is due to the fact that total noncondens=~

. . able gas flow rate from Unit 11 is 1.65 times the discharge
- from Units 7 and 8. A savings in blower energy cost would also
‘be realized for the site at Unit 11. .This results in a lower

levelized annual cost for the Stretford site at Unit 11. A

’ _11st1ng of the cost items associated with the two ‘alternative

sites is contained in Table 5.6-2 and Table 5.6-3.
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_Cost Estimate

The estimated GM cost for a consolidated Stretford facility

- located at Unit 11 (the recommended alternative) is given in

the following summary cost estimate Table 5.6-5. This estimate
is detailed in the computer output in Table 5.6-6. All of the
associated capital and installation costs are included in the
estimate. , -
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TABLE 5.6-5
SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNITS 7, 8§ & 11

Account Description Equip. & Mat'l Labor Total

- 54-29 HsS Abatement $11,789,716  $1,323,707 $13,113,423

365 - Engineering & Ohter 1,230,120 0 1,230,120
Subtotals $13,019,836  $1,323,707 $14,343,543
GM Factor (21.76%) $ 3,121,154

Subtotal (GM 1979) $17,464,697

Escalation (28.55%) 4,986,170

Total GM Estimate $22,450,867
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5.7.1

5.7.2

5.7.2.1

5.7.2.2

Vent Gas Abatement Units 9, 10 and 12

The geographical proximity of Units 9 and 10 to Unit 12 made it
desirable to consider combining these power plants with a
common Stretford fac111ty As with the comsolidation of Unit
7, 8 and 11, an economic trade-off study' was initiated to
determine whether the capital savings in the cost of the large
Stretford facility would offset the increased expenditure for
piping and associated costs. Two different locations for this
Stretford unit and the associated costs are compared. The
alternatives of constructing individual Stretford units, and of
enlarging the Stretford unit under construction at Un1t 14 to
accommodate the noncondensable gases from Units 9, 10 and 12
are also evaluated. :

Selected Design Quantities

The noncondensable gas and HpS flow rates utilized for this
study are summarized in Table 5.7-1.

TABLE 5‘7-1
DESIGN NONCONDENSABLE GAS FLOW RATES ;,

; , Total (1bm/hr) HoS (1bm/hr) -
Units 9 and 10 11,282 78

Unit 12 o 11,124 , .95
Units 9, 10 and 12 22,406 | 173

,Stretford Process Var13t1ons

:Consolldated Stretford with Gas Blowersb‘

The cost of,consolldatlng Un1ts;9, 10 and 12 with a 51ng1e

large Stretford facility was evaluated. This would require
‘stainless steel blowers to transport the gas to the Stretford

facility. = The blower des1gn requlrements are discussed 1n

Sectlon 5 5.2.1.

Indlvldual Stretford Units

’, ’Vendor. quotations were obtained from the Stretford process

licensees that enabled the comparison of individual Stretford

units to a single consolidated abatement facility serving Units

5 - 67
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9, 10 and 12. The items that were included in this economic

comparison and the resulting levelized annual cost are provided
in Table 5.7-4,

Note that the cost of building individual Stretford units at
each power plant is lower than the cost of consolidating Unit
9, 10 and 12 with a central Stretford unit. Thus, the recom-
mended abatement system for Units 9, 10 and 12 is to comstruct

‘individual Stretford units at each of the two power plants.

5 - 68
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c TABIE 5.7-2
COST ITEMS ASSOCIATED WITH STRETFORD LOCATION AT UNIT 9 & 10

Consolidated Stretford Facility .at Unit 9 & 10
Stretford Maintenance (2% of Capital)

Stretford Chemical Cost Including Salt Purge

Stretford Steam Cost (1,500 lbm/hr.)

- Stretford Electrical Energy Cost (300 kW) .

~ Noncondensable Gas Blowers Installed Cost at Unit 12
Noncondensable Gas Blower Electrical Energy Cost (72 kW)
Noncondensable Gas S. S. Piping Installed Cost - :

Total Levelized Annual Cost $1,932,089
TABIE 5.7-3

COST ITEMS ASSOCIATEDJWITH’STRETFORD LOCATION AT,UNiT 12

~ Consolidated Stretford Facility at Unit 12
- Stretford Maintenance (2% of Capital)
Stretford Chemical Cost Including Salt Purge
Stretford Steam Cost (1,500 lbm/hr.)
Stretford Electrical Energy Cost (300 kW) ;
- Noncondensable Gas Blowers Installed Cost at Units 9 and 10
Noncondensable Gas Blower Energy Cost (72 kW)
Noncondensable Gas S. S. Piping Installed Cost
Removal of Existing Abatement Equipment at Unit 12

Total_Levelized Annual Cost $1,954,064
. IABIE 5.7-4

€OST ITEMS ASSOCIATED WITH iNDIVIDUAL STRETFORD UNITS -

Stretford Facility at Unit 9 & 10
~ Stretford Facility at Unit 12
"Total Stretford Maintenance (2% of Capital) ,
Total Stretford Chemical Cost Including Salt Purge
Total Stretford Steam Cost (1,800 lbm/hr.)
Total Stretford Electrical Energy Cost (300 kW) .
- Noncondensable Gas S. S. Piping Installed Cost ,
- Removal of Existing Abatement Equipment at Unit 12

Totai Levelized Annual Cost | $1,726,500
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TABLE 5.7-5
COST ITEMS ASSOCIATED WITH STRETFORD ENLARGEMENT AT UNIT 14

- Cost of Enlarging Unit 14 Stretfordeaciiity

Stretford Maintenance Due to Units 9, 10 and 12

Stretford Chemical Cost

Stretford Steam Cost (1,500 lbm/hr.) :

Stretford Electrical Energy Cost (300 kW) (Incremental)
Noncondensable Gas Blowers Installed Cost at Units 9, 10 and 12

Noncondensable Gas Blower Energy Cost (145 kW)

Noncondensable S. S. Piping Installed Cost

Total Levelized Annual Cost $1,656,524
5=-170
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5.7.3.1

5.7.3.2

. 5.7.3.3

ConéolidatedVStretford Sites

'The‘feasibility of locating the Stretford abatement equipment

at either power plant locations was evaluated. This consoli-

. dated Stretford unit would serve Units 9, 10 and 12.

Site at Units 9 and 10

(Drawing SK-030)

A level area suitable for the placement of a Stretford facility
exists just north of the Unit 9 and 10 cooling tower within the
PGandE fence line. - The steam pressure relief sparger pit and
associated piping is located in this area and would need to be
relocated prior to the installation of the Stretford facility.

This site would not require the removal of existing abatement

equipment.,

The noncondensable gas flow rate from Units 9 and 10 is nearly
the same as the noncondensable gas output from Unit 12. Then
for all practical purposes there is no blower and piping cost
advantage associated with either power plant location. The
pipe size and blower capital and operating costs do not depend

on the location of the Stretford unit.

Site at Unit 12
(Drawing SK-029)

The site available for comstruction of the Stretford facility
at Unit 12 coincides with the location of the existing abate-

~ ment equipment adjacent to the cooling tower. Thus, there is a

small cost penalty associated with this site due to the cost of
removing the existing equipment. However, since the estimated
construction time for replacing the condenser in Unit 12 ex-
ceeds the time required to remove the existing abatement equip-

~ment and construct the Stretford facility, there is no addi-
tional power generation loss caused by this equipment removal.

Thus, there 'is no significant difference in the levelized

~ annual costs of the two alternative site locations. Table
. 5.7-2 and Table 5.7-3 compare these estimated costs..

,  Combining Units 9,i10,and i2 with Unitii4'

‘The possibility of enlarging the Stretford facility under
~construction at Unit 14 to accommodate the noncondensable gases

from Units 9, 10 and 12 was considered in this study. Parsons

‘has stated that the capacity of the Unit 14 Stretford unit

5-17
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5.7.4

could indeed be enlarged without increasing the physical dimen-
sions of the abatement unit. The levelized annual cost of this
consolidation along with the items that contribute to this cost
are included in Table 5.7-5.

This cost estimate indicates that the alternative of enlarging
the Stretford facility at Unit 14 would yield the lowest level-

ized annual cost of the considered Stretford arrangements.
However, the difference between the levelized cost for the
Stretford enlargement at Unit 14 ‘and individual Stretford
facilities (the closest alternative) is not large. The abate-
ment system with individual Stretford units has a number of
advantages that offset this levelized annual cost difference.

There is greater operating flexibility realized wit_h individual
Stretford units since Units 9, 10, 12 and 14 would not depend
on a single Stretford unit. A loss of generating capacity of

. 330 MW would result in the event of a forced outage of the

Stretford facility. This dependency would not exist with
individual Stretford facilities. Also, the extensive noncon-
densable piping network for Units 9, 10 and 12 down to Unit 14
would be eliminated. This pipeline 'traverses_very steep ter-

. rain and poses a safety hazard in the event of pipe breakage.

Thus, individual Stretford facilities located at each of the
power plants remalns the recommended alternat:we

Cost Estimate ‘
The GM cost of installing Stretford facilities at Units 9 and
10 and at Unit 12 are given in. the following cost estimate

summary Tables 5.7-6 and 5.7-7. Computer outputs: giving detail
on each of these estimates are also included Table 5.7-8.

5 - 72



-

N

r. .

r .

r

r r _ r

|

r—

r. . K.

S

r .

" TABLE 5.7-6
SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNITS 9 &10

Labor

Total

$620,703 $ 4,204,983

0

422,407

Account Déscription Equip't & Mat'l

54-29  HyS Abatement $ 3,584,280

365 Engineering & Other 422,407
Subtotals ~$ 4,006,687

GM Factor (21.76%)

: Subtotal
Escalation (28.55%)

Total GM Estimate

TABLE 5.7-7

SUMMARY COST ESTIMATE.

STRETFORD UNIT FOR POWER PLANT UNIT 12

Account 7 Descriptioﬁ : Mat'l & Equip.
 54-29 . HpS Abatement  § 3,763,567
365  Engineering & Other - 443,536
© Subtotal . - § 4,207,103

GM Factor (21.76%)
" Subtotal (GM 1979)
-Escalation (28.55%)

“Total GM Estimate

5 =173

$620,703 § 4,627,390

$ 1,006,920

$ 5,634,310
$ 1,608,596

$ 7,242,906

Labor Total Dollars
$651,751 $ 4,415,318
- 443,536
$651,751 $ 4,858,854

1,057,287
$ 5,916,141

1,689,058
$ 7,605,199
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5.8.2

Construction Schedule'

In order to schedule and carry out the Surface Condenser/
Stretford Process retrofit project at the Geysers Power Plant,
Units 1 through 12, a planning document will be required. In
satisfaction of this need for a planning document, four sepa-
rate and independent CPM networks have been developed that are
representative  of the various typical unit conversions and a
typical Stretford installation.

For the retrofit project, Units 1 & 2 are representative of
Units 3 & 4 in terms of schedule. Units 5 & 6 are representa-
tive of Units 7 & 8 and 9 & 10 and Unlt 11 is representative
of Unit 12.

Basic Activities

The entire retrofit construction prOJect will involve the
following basic activities.

Removal of existing condensers

Installation of surface condensers and auxiliaries at each
of Units 1 12. -

Installatlon of Stretford units at locatlons as recom=-
mended and/or determlned

Installation of gas blowers and connecting noncondensable
piping or installation of gas absorbers, pumps and con-
necting piping for regenerated liquid.

Act1V1t1es and Schedules

These CPM Networks include not ~only the construction activi- -
ties, but also all major activities associated with design and

major equipment/material procurement required prior to con-

vstruct1on."The start date of all of the above mentioned net-
- works is June 1, 1980 as a matter of convenience and is not
_ intended ‘to represent a recommended or planned start date. All

of the above CPM networks were analyzed utilizing the Boeing

~ Computer Services software. package called Project/2 and asso-

ciated Boeing computer hardware. Working schedules, sorted by
late start, and a complete network listing of activities and

~precedences have been prepared for Units 1 & 2, Units 5 & 6,

Unit 11, and a Stretford installation. The ant1c1pated un1t
outage times due to actual constructlon, removal and retrofit
activities are also indicated in the associated, K CPM Networks.
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Unit Outage Duration

The unit outage time or unit down time is indicated by the time
differences between the beginning comstruction activity which
requires the unit to be out and the plant re-start up after
retrofit. Table 5.8-1 indicates the number of the beginning
construction activity, the description of that activity, and
the  late start date as scheduled. This table also indicates
the number of the plant re-start up activity, the description
of that activity, and the late finish date as scheduled. It is
to be noted that the unit outage time is in calendar months
utilizing a 5 day work week with an 8 hour day. This unit
outage time might be reduced by the use of overtime and in-
creased manpower.

With the indicated unit outage times for the typical units, as
shown in Table 5.8-1, it may be seen that Units 1 & 2 and 3 & 4

‘have an outage time -of 8 months each, Units 5 & 6, 7 & 8 and 9

and 10, 9-1/3 months, Units 11 and 12 11 1/3 months each, and
a Stretford installation, 8-2/3'months. It should be noted the
above outage times are without regard to interfaces between

retrofit of the various power plant units and construction of
: the Stretford fac111t1es.»_

5=15
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TABIE 5.8-1
- UNIT OUTAGE TIMES FOR TYPICAL RETROFIT UNITS
SOFTWARE

AS INDICATED BY CPM NETWORKS AS ANALYZED BY PROJECT/2 COMP

Beginning Construction Activity

Activity Activity -~ Scheduled Late
Units Number ~ Description Start Date
1&2 395010  Remove CW and Con- 7 April '82
: densate Pumps , ‘
w : R
T 5&6 395005 . Remove Direct 19 Jan '82
L Contact Condensers ”
1 395030  Disconnect NC-CW 17 Feb. '82

Stretford 195005

Process

Connections to Con~-

‘densers and Steam

Connections ‘to
Turbine

RemoVeFWater Pro- 13 April '82
cessing Equipment
from Site :

Ending of Plant Re-Start Up Activity

Acﬁivity Activity Scheduled Late Unit
Number ~ Description _ Finish Date Outage Time
399005  Plant Re-Start 6 Dec. '82 8 Months

399005

399010

399010

~Up & Equip. Test

After Retrofit

Plant Re-Start 27 Oct.

Up & Equip. Test
After Retrofit

Plant Re-Start 27 Jan.

Up & Equip. Test
After Retrofit

Connection to 5 Jan.

Units 1 thru 6
(Typical)

'82

'83

'83

9 1/3 Months

11 1/3 Months

8 2/3 Months
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- 5.8.5

Activity Interrelationships

As noted in this report the Stretford installation for Units
1-6 and 9 & 10 do not require removal of existing abatement
equipment. Thus, for these units, the only scheduling inter-
face between retrofit of the power plants and installation of

the Stretford units and interconnecting piping is that a Stretford

unit should be ready for service when the first power plant
unit served by a given Stretford installation has been retro-
fitted and is ready for startup.

The Stretford installations at Unit 11 (which will also serve
Units 7 & 8) and Unit 12 require removal of existing abatement
equipment before construction of the Stretford unit can begin.
Further each unit must be taken out of service when demolition
of the existing abatement equipment begins. As noted above,
downtime to retrofit Units 11 & 12 is estimated to be 11-1/3
months  each while the scheduled time to .install a Stretford
unit is 8-2/3 months. Thus, to minimize plant downtime, the
first activity in construction of the Stretford unit (removal
of existing abatement equipment) should not begin until the
plant has been shut down to begin condenser retrofit work, but
it should begin no later than approximately 2-2/3 months after

this time.  With respect to Units 7 & 8, the only interface is
‘that the Stretford installation at Unit 11 be complete when the

first of these units is ready for startup after retrofit.
Schedule Summary '

The schedule summary relates three very important schedule
items. The total project time is from start of design right

- through restarting the units for commercial operation. The

construction time is the total time that comstruction is under-

© way, and the unit out of service time is that portion of the

construction time which the unit can't operate due to the con-
struction work. Table 5.8-2 presents the tabulations as sched-

~uled in this conceptual study.
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TABLE 5.8-2

SCHEDULE SUMMARY
(Time in Months)

Total ' Unit Out

Unit ‘ Project Construction of Service

(Surface Con~

denser Retrofit) »
& 2 | 28 9.0 8.0
& 4 : 28 9.0 8.0
& 6 30 10.5 9.3
& 8 30 10.5 9.3
& 10 30 10.5 9.3
1 32 12.0 11.3
‘12 : | 32 12.0 11.3
(Stretford
Installation)

1-6 | 30 9.3 8.7
-7, 8, 11 30 9.3 8.7
-9, 10 28 8.3 7.7

12 - . 28 8.3 7.7

The actual schedhling and sequencing of retrofitting the vari-
~ ous units and constructing the Stretford units and associated
piping is very complex and is treated in detail in Section 7.

These schedules can ptovidé the Stafting of project control to
get the overall projects done on time. ,
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6.1.1

6.1.2

COST BENEFIT ANALYSIS

The cost benefit analysis is where the alternatives are compared.
At this point it is necessary to put the alternatives on a common
basis in order for comparisons to be made. The benefits are defined
as the difference in cost between the alternatives. The existing
direct contact condenser system with the iron catalyst/caustic/
peroxide is Alternative 1 and defender. The retrofit of units with
surface condensers and the addition of Stretford units to process
the vent gases is Alternative 2 or the challenger. The study is to
show the economics of continuing with the existing defender or to
convert and implement the challenger system in terms of 1979 dollars.

Capacity Factor (CoSt‘Benefit Analysis)

Capacity factors of the units are being used to analyze the annual

electrical output from a unit. The first discussions of capacity
factor were presented in Section 4.1.3.

Alternative 1 (Iron/Caust1c/Perox1de System)

This system has indicated a decrease in capacity factor. There are
also many other reasons for capac1ty factor changes; however, at

this time it appears that the iron catalyst/caustic/peroxide system

and direct contact condensers could operate at a 60 percent capac1ty
factor or lower. With continued operating experience and improve-
ments to the system it appears a 70 percent capacity factor could
eventually be achieved for the mature system. Both 60 and 70 per-
cent will be used in comparisons. '

Alternative 2 (Surface Condensed/Stretford System
This system should have the power plants capable:of operating at

their intrinsic or natural capacity factor. This was indicated by
experience to be 80 percent and with a mature system to be 85 per-

cent. Both flgures are used in the economlc analys1s.

The capacity factors of the vent gas processing equipment (Stretford)
affects the Units capacity factor. As discussed in Section 5.4 of

. the technical data, Volume 1, the Stretford unit cost has been in-

creased from the normal to prOV1de a design that has zero forced

 ~-outages in the case of combined units and for individual units such

that they are available all the time a separate power plant unit is
available. Therefore, the $tretford units (the vent gas processing)
are not anticipated to impa¢t plant capacity factors.
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Unit Energy (Cbst Benefit Analysis)

The net kilowatt hours available for the bulk power system is of

paramount importance when making comparisons.

The design base

reference point net kWh for each unit is used for this calculation.
Alternative 1 energy is the base net kW times the hours indicated by

the capacity factors.
kW due to the retrofit.

Alternative 2 energy is reduced from the base
This new output times the hours indicated

by capacity factor is the energy from the retrofit units. The
Stretford energy is indicated at the bottom separately. . Alternative

-1 has a cooling tower deduct based upon Section 4.5, Table 6.1. The

alternative which generates the least energy has to make up the

difference for economic evaluation purposes.

The bulk power system

supplies this energy and at its 100 percent capacity factor energy
cost. This reduction in capacity factor and output is considered to
be increased forced outages and unpredictable, therefore the system
energy cost includes capacity and energy in the energy cost number.

, Cépacity Factor

Unit MWh/yr.

OO~ AAD™WN -~

12
Cooling Tower
Stretford

Total MWh/hr. -

 TABIE 6-1
ANNUAL ENERGY OUTPUT

Alternativé 1

60y

63,587

63,676
139,284
139,284
278,673
278,673
278,673

278,673

278,673
278,673
557,136
557,136
-13,878

0

3,178,263

70%

74,185
74,289
162,498
162,498
325,119
325,119
325,119
- 325,119
325,119
325,119
649,992
649,992

- =16,191

0

3,707,977

Alternative 2

80,

79,464
- 80,557
179,832
179,832
364,451

364,451
364,332

364,332
364,963
364,963
726,933
720,429

-0

-21,021

4,133,518

854

84,430
85,592
191,072
191,072
387,229
387,229
387,103
387,103
387,773
387,773
772,366
- 765,456
, 0

, 21,021

4,393,177

Alternative 1 has the lowest energy output when compared to Alterna-
tive 2. Therefore, Alternative 1 for economic comparisons must have

a replacement energy cost element.

This replacement energy need
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continues for the life of the facility and is represented by a level
annual cost. Since the replacement energy is a function of the
capacity factor of the alternative, four cases are developed. Table
5-4, Alternative 1 - Replacement Energy and Cost, summarizes the
replacement energy costs by case.

TABLE 6-2
ALTERNATIVE 1 - REPLACEMENT ENERGY AND COSTS

r

r  r L ¢ . . rC .

r

Alt. A1 Alt. {2 Level Annual
Case Capacity Factor Capacity Factor Mwh/yr. $/yr.
1 60% . 80% 955,255 50,290,144
2 , 60% - 85% 1,214,914 - 63,960,094
-3 70% 80% - 425,541 22,402,937
4 70% ‘ . 85% 685,200 36,072,888
6.3 Operations and Maintenance
The operations ahd ‘maintenance cost must be estimated for each
alternative to form a basis for comparlson The difference between
alternatives is presented. -
6.3.1 Alternative 1 (Defender)
| >The ma1ntenance is estimated to be twice that of the base unabated
plant, Section 4.5. The maintenance is assumed for this study to be
censtant for both capacity factors. From historic data projected
(FPC Form 1 year ending 1978 escalated one year), the unabated plant
- maintenance difference for Alternative 1 is estimated to be:
| Level Annual Maintenance §/yr. : 3,723,000
This alternative also has a direct operating expense for the chemi-~
cals required for the system. The level annual dollars per year are
estimated for the capaC1ty factors:
Capacity Factor % Level Annual $/yr.
60% S 20,506,700
70% - 23,924,400
6.3.2 Alternative 2 (Chalienger)f

‘The power plant itself is estlmated to require the same operations

and maintenance as the unabated base plant; however, this alterna-
tive has the vent gas processing facilities (Stretford Units).
These operations and maintenance costs are estimated to be:

6 -3
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6.4

6.4.1

6.4.2

6.5

“Capital Cost

TABLE 6-3

. STRETFORD QOPERATIONS AND MAINTENANCE
. (Level Annual §$/yr.)

Maintenance $1,217,160
Chemicals - 1,564,004
Steam 105,569
Electricity 1,646,021
Total - $4,532,754 $/yr.

The capital costs have been estimated in Sections 4.0 and 5.0 for
the ‘respective alternatives 1 and 2. For economic evaluations in
1979 dollars, the level annual dollars per year are segregated by
alternative.

Alternative 1 ( Defender)

Not all. the existing units have the full abatement. For comparison
they are all brought up to full abatement. The estimated capital
cost was presented in Section 4.4 and in terms of 1979 dollars the

level annual §/year are estimated to be: ‘ '

Capital = 2,191,000 $/yea:
Alternative 2 (Challenger)

The required capital expenditures are in two areas for this alterna-

tive. The first is retroflttlng the power plants with surface

condensers, and the second is the Stretford process. These capital

- costs ‘are given in Section 5.  The following 1s the 1979 level

annual dollars per year requ1red

Retrofit | 10,623,808 s/yr;
Stretford ' 6,825,038 »
Total Capital . 17,448,846 $/yr.

.nglacement Energy During Construction.

'Schedules for the work of Alternative 2 have been presented in
~Section 4.1. This summary table is from that data. The Unit down

time is required in the economic evaluation to account for all cost.
If a plant has two units, both are out at the same time and the
total time is the out of service time.

6 -4
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6.6

TABLE 6-4

' ALTERNATIVE 2 - SUMMARY
REPLACEMENT ENERGY DURING CONSTRUCTION

Construction k Level Annual

Units P Outage Months Replacement Cost $/yr.
- 1- 2 o 8.0 § 475,607
3- 4 8.0 1,041,062
5- 6 9.3 2,421,382
7- 8 9.3 2,421,383
9-10 9.3 2,421,383
‘1 11.3 2,941,000

12 o113 2,941,000

Total o o $14,662,815

s s i, o s o v e e

Economic Evaluation

This subsection is the main purpose of the whole report; to compare
on a cost basis the alternatives for HyS abatement. The Alternative
1 is the iron/caustic/peroxide abatement with existing direct contact
condensers. The Alternative 2 is to retrofit all units with surface
condensers and provide Stretford processes for the vent gases. The
benefit is defined as the difference in costs between alternatives.

Three types of economic evaluations have been requested. They are:
level annual revenue requirements, present worth, and constant
dollars. = All three give the same resultant choxce' however, the
numbers are in different units or kinds of units. In this report,

 _the major analysis is by the 1evel annual approach and the other
methods are touched only sllghtly :

The capac1ty factors over the long term are the most s1gn1f1cant

© factor as they affect the two biggest cost items: - replacement

energy and treatment chemicals. Evaluation "A" compares Alternative

2 (surface condenser/ Stretford) at 80 percent capacity factor with

Alternative -1 (iron/caustic/ perox1de) at both 60 and 70 percent

- capacity factors. = Evaluation "B" compares Alternative 2 at 85
- percent capacity factor w1th Alternatlve 1 at both 60 aud 70 percent

capac1ty factors
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. Level Annual Analysis

This evaluation is the summary of ‘all the costs developed in this
report. It is done by the level annual revenue requirement method.

- The dollar amounts in the table are thousands of dollars per year on

a level annual basis, and are from the report sections indicated by
the numbers in parenthesis. This evaluation is in 1979 dollars.

TABLE 6-5

LEVEL ANNUAL ECONOMIC EVALUATION "A"
(thousands of $/yr. 1979)

Alternative: 1 : 1 2
(5.6) - Capacity Factor - 60% S 70% | 80%
(5.7) Energy (Replacement) $50,290 $22,402 -
(5.10) Energy (Replacement ,

During Construction) - N - $14,663
(5.8) Operation & Main- ,

tenance - 24,230 . 27,647 4,533
(5.9) Capital 2,191 2,191 | 17,448

Total $1,000/yr.  § 76,711 §52,240 | $36, 644

 Comparison "Per Umit" 2.00  1.43 1.00
 TABIE 6-6

_LEVEL ANNUAL ECONOMIC EVALUATION "B"
(thousands of §/yr. 1979)

. Alternative: ‘v R R | : 1 = 2

(5.6) Capacity Factor ~  60% 70% 85%

(5.7) ‘Energy (Replacement)$ 63,960 $36,073 -
(5.10) Energy (Replacement - : .
- During Comstruction. - =~ - o $14,663

(5.8) Operation & Main- e L :

tenance - 24;230 : o 27,647 B 4,533

 (5.9) Capital 21091 2,191 17,448
. Total $1,000/yr. ~  § 90,381 $65,911 . $36,644
Comparison "Per Unit"  2.47 1.80 1.00

6 - 6
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Alternatlve 2 is observed to be the lowest level annual cost in all

four cases.

summarized below.
value divided into the compared value, where the base value is the

lowest cost alternative.

The

The condltlons and the per unit multiple cases are
"per unit" multiple is defined as the base

The per unit multiple is the number of

times the most economical alternative is better than Alternatlve 1

for those conditions.

TABLE 6-7

SUMMARY COMPARISON

CASE DIFFERENCE SUMMARY (L.A.)

"~ Case Alt. 1 Cap. Fac. Alt. 2 Cap. Fac.  Per Unit Multiple
1 60 80 2.09
2 60 85. 2.47
3 70 - 80 1.43
4 70 .85 1.80
TABLE 6-8 -

Case  Alt. 1 Cap. Fac. Alt. 2 Cap. Fac. Difference in §/yr. L.A.
1 60 ‘80 40,067,000
2 60 85 53,737,000
3 70 80 -~ 15,596,000
4 70 85 29,267,000

There is a very large d:.fference between Alternative 2 and Alterna-

~tive 1 in level annual dollars per year.
ferences occurs in Case 3,

15,596,000 $/yr.

The smallest of the dif- -
level annual

It is

worthwhile to study the sens1t1v:.ty of the difference to various

- assumptions.

The largest component in the evaluation is replacement

energy. Decreasing the energy cost tw1ce by 10 percent per kWh
glves the followmg mformatlon v

~Per Unit

Replacement Energy Cost

1.0

0.90
0.80

22,402,000

Leve'l’ Annual

20,145,100

- 17,906,800

-Difference

0
-2,256,900
-4,495,200
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6.6.2

Decreases in.replacement energy by significant amounts only change
the difference slightly. 15.6 million is needed to make the alter-
natives equal in cost. - :

The second largest cost is chemical requirements of the iron/caustic/
peroxide system. Both a 20 percent increase and decrease are pre-

‘sented. A negative number decreases the difference. Again the
difference for the chemical sensitivity is small compared to the

case difference of 15.6 million.

: 'Per'Unit'
Chemical Cost Level Annual Difference
1.0 27,647,000 | 0
0.8 : 22,117,000 -5,530,000
1.2 33,177,000 : +5,530,000

The third largest cost is the capital to install the surface con-
denser and the Stretford units. A 20 percent change in the capital
cost only created a difference of 3.4 million dollars for evaluation
purposes. ’ »

Per Unit ~ Level Annual

~ Capital Cost $/yr. ‘ Difference
| 1.0 17,448,000 0

0.8 13,958, 400 - -3,489,600

1.2 20,937,600 +3,489,600

Within the limits of'thevcurrent analysis, it appears that a capac-
ity factor difference between existing abatement and the alternative
abatement (surface condenser/Stretford) of 3.6 or greater justifies

- the expenditures to change the abatement method.

'If one were to take all the three méjbr cht‘élements and add the

differences stated above in the greatest way against Alternative 2
the total would amount to 13,514,000 million dollars per year. . The
difference between Alternative 2 and 1 is 15,596,000 million dollars

-per year. Therefore, Alternative 2 is solidly the most economic.

Present Value:Cohpgrisonf”b'

To maké‘comparisons with some previous"work done by others it has

- been requested to present the "present values" of the cases and the

elements. The results' are the same; however, the units of the

", quantities are~different‘,,The present values are the 1979 -dollars
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with all future expenditﬁres converted to 1979 dollars. Table 5-13

- summarizes the benefits (difference in cost) of each Alternative 2

case (surface condenser/Stretford) over Alternative 1 (iron/caustic/
perox1de) cases as stated. :

TABIE 6-9

PRESENT VALUEfECONOMIC EVALUATION "A"
(1979 thousands of dollars)

Alternative: 1 1 2
Capacity Factor % - 60 70 80
Energy Replacement § 437,303 194,800 -
Energy Replacement During - _ - .
 Construction § ‘ - - 127,504
Operation & Maintenance § 210,695 240,408 39,426
Capital § , | 19,052 19,052 151,721
Total $ | 667,050 454,261 318,651
TABLE 6-10
PRESENT VALUE ECONOMIC EVALUATION "B
- (1979 thousands of dollars)
Alternative R | - 1 2
- Capacity Factor % L 60 70 85
Energy Replacement §. - 556,174 313,678 -
Energy Replacement During - R o :
Construction § - ; - 127,504
- Operation & Malntenance $ - . 210,695 240,408 39,426
Cepitals 19,052 19,052 151,721
| Total s © 785,921 573,138 318,651
- TABLE 6-11
, , CASE DIFFERENCE SUMMARY (PV) 7
Case B Alt.yl Cap Fac ’Alt. 2 Cap. Fac. .Differénce in PV
1 60 80 $348,399,000
2 60 85 467,270,000
3 70 : : 80 135,609,000
4 70 85 254,487,000
6 -9
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Constant Dollar Analysis

' The constant dollar analysis is a useful and equivalent version of

the level annual revenue requirement method; however, in periods of

 sustained general inflation the value of current dollars declines

with time in real terms and the current dollar analysis eliminates
the effects of genmeral inflation which gives results more easily
compared to present day costs. This method does not eliminate the
effect of real price changes. :

The constant dollar factor.applied,to the escalated costs was ob-
tained from Generation-Planning and was from their latest Power
Values Memo to management dated September 12, 1978.

The constant dollar approach works from escalated dollar values.
All the previous economic comparisons did not work from escalated
costs. 1982 was used as the year to escalate all values to before

- applying the constant dollar factor for a 30 year life operation to

get 1979 constant dollars. The following tables are 1979 constant
dollars. As predicted the results are the same as the previous two
analyses. : ‘ ,

6 - 10
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TABLE 6-12

CONSTANT DOLLAR EVALUATION "A"

"(Thousands of §/yr. 1979)

Alternative: ' o S 1
Capacity Factor % | N 60%
Energy (Replacement) §$/yr. 36,383

Energy (Replacement During Comstruction) $/yr. -
- Operation & Maintenance §$/yr. 16,131
Capital $/yr. v = -1,490
Total $/yr. | 54,004

TABLE 6-13

fomt

70%
16,207

18,406
1,490

- 36,103

'CONSTANT DOLLAR EVALUATION "B"

(thousands of §/yr. 1979)

Alternative: | , B |
Capacity Faétdr % ; o 60%
Energy (Replacement) $/yr. o 46,273
Energy (Replacement During Constructlon §/yr. - :
Operation & Maintenance $/yr SRE - 16,131
Capital §/yr. | RNt ‘ 1,490
Total §/yr. | 63,894 |
TABLE 6-14

=

70%
26,098

18,406
1,490

45,994

CONSTANT DOLLAR CASE DIFFERENCE SUMMARY

85%

10,608
3,017

11,867
| 25,492

————————

k leference Constructlon Dollars

Case  Alt. 1C.F. Alt.2C.F.
1 60 80
2 60 8
3 0 80
i 0 8

6 - 11

28,512,000

38,402,000

10,611,000 -
20,502,000
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1.1

-RECOMMENDATIONS

It has been shown that there is an economic benefit to converting
~ from ‘the existing abatement to an abatement system which utilizes

surface condensers and the Stretford Process for vent gas treatment.
The economic analysis was done on an overall Geysers Power Plant

basis. Since the overall project of retrofitting Units 1-12 with

surface condensers and installing selected Stretford units was
economic is there an economic benefit to doing the individual sub-
projects in a prescribed sequence? The recommendations of this
section relate to the t1m1ng of unit retrofitting.

Retrofitting the'ex1st1ng Unlts 1-12 with surface condensers is only
part of the project. Various Stretford facilities are built as part

of the program. - The economics of power plant groupings and Stretford

unit size and groupings was presented in the Technical Data Volume
1, Section 5.4 through 5.7. As it turns out groupings of about 200
MW of power plant units had about the same vent gas processing
requirements and proved economic except for power plant Units 9-10
and 12 where 9-10 would have its own Stretford as would Unit 12. A
power plant unit retrofitted must feed the vent gas into a Stretford
unit before the power plant can operate. Therefore for timing

~economic studies each power plant unit or combination and its asso- -

ciated Stretford unit was considered as a subpro;ect to evaluate

'construct1on t1m1ng

Timing Analys1s~ﬂethod

'The method has many varlables that inter-relate to provide a rela-
tionship which gives a cost for construction timing. Most all the

variables are functions of time themselves, each varying in a dif-
ferent manner. The following factors have been combined in a speci-

fic way to address the question of how long should the existing
abatement continue operations before the retrofit surface condensers/

Stretford be- operatzonal9 The factors are:

-a)  the chemical costs assoc1ated Wlth the 1ron/caust1c/perox1de s

,*operatxon,‘

| b) the energy cost of operatmg the ex1st1ng units at a IOWer

capac1ty factor than is antxclpated by the retrofit;

c) the capltal “cost of retrofltting W1th surface condensers and

_klnstalllng Stretford un1ts°
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d) the replacement energy during comstruction of the retrofit and
‘Stretford units when the power plant unit is out of service;

| e) the energy output increase after retroflt due to higher antici-

pated capac1ty factor operation;.

f) the operation and malntenance costs associated w1th new retro-
fit units and Stretford processes.

Table 6-15 shows;all the factors described above and is the summary
of the timing analysis calculations for the alternative abatement
being constructed in period 3, 1982. Period 0 is June 1979. The
present worth is the difference in cost, in 1979 dollars, between
continuing with the existing abatement and installing and operating

' the surface condensers and the Stretford units. Previous analysis
" in Section 6.6 was on a levelized basis. Table 6-15 is not level=-

ized but treats each individual cost element in the year it occurs.
Table 6-15 is a more precise look at the deta11s for timing pur-
poses.

The method places the construction first in period 0, then period 1,

etc. The present worth starts out positive which means the alterna-

tive abatement is more expensive and decreases continually and
eventually goes negat1ve which means the existing abatement has
become more expensive. This crossover period from positive to
negative is then the economic period to have the retrofit condenser
units and the Stretford start operation. Table 6-16 shows the
construction in the &4th period and the present. ‘worth negative.
These two tables specify the period most economlc for the specified
construction, between period 3 and 4.

~ The 1nput 1nformat10n and all the variables are presented in Appendix

A since the information on power values (energy costs), escalat1on
rates are considered 1n-house management flgures. v
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Timing Study Results

The timing studies were performed using a 10 percent difference in
capacity factor between the existing abatement and the surface
condenser/Stretford alternatlve abatement. There are four subproj-
ects studied:

a) Power Plant Units 7, 8 and 11vwith Stretford at Unit 11.

v b) Power Plant Units 1, 2, 3, 4, 5 and 6 with-a Stretford unit

near Unit 3.
¢) Power Plant Unit 9 and 10 with a Stretford at 9 or 10.

d) Power Plant Unit 12 with a Stretford at Unit 12.

fThe studies showed with a 10 percent capacity factor dlfference the

subprojects should be implemented in the following order, the first
at the top of the list. The third and fourth have the same timing.

1) Power Plant Units 9 and 10 and Stretford

2)  Power Plant Units 7, 8 and 11 and Stretford

3) Power Plant Units 1, 2, 3, 4, 5 and 6 and Stretford
4) Power Plant»Unit 12 and Stretford

~ A bar graph is presented in Table 6~17 whlch indicates the economic

period to have the alternatlve abatement facilities come on the
line. :

A sensitivity analysis on the timing as it relates to capacity
factor difference between the existing and the alternative showed
very interesting results. If the capacity factor difference is as
great as 15 percent then economically the projects should be put in

as fast as possible (instantaneously) If the capacity factor

difference is 5 percent the tim1ng moves out about & years. Capac-

ity factor differences are again very significant and are probably

the most significent single elemeat in the timing economics.
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Geysers Power Plant Available vCa'pac‘ity

Economics are not the sole governing element in making a decision
nor are they in developing schedules. However, if the economics
were -followed here is a table which would approximate the available
capacity from the total Geysers' plant. Only Units 1-12 are con-
sidered. '

TABLE 7-1

' AVATIABIE CAPACITY DURING CONSTRUCTION
(Units 1-12 only)

Net MW : Net MW Available
Year = Before = Under Construction MW After MW
1979 607 0 , 0 607
1980 501 106 0 501
- 1981 501 0 104 605
1982 - 289 212 104 393
1983 0 289 312 - 312

198 0 0 | 593 593
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PROFESSIONAL SERVICES

A format for proceeding with the retrofitting of the existing power
plant Units 1-12 with surface condensers and Stretford vent gas
processing units is described here. 1In previous sections details of
the overall objective have been discussed. This section brings the
schedules for engineering, procurement and construction together
with the economic timing of each sub-project, Table 8-1. The timing
in Table 8-1 for the sub-project Units 9 & 10 and Stretford is
deferred one year past the first economic year because engineering,
equipment delivery and construction times are too great starting in .
June 1979 to get it accomplished for January 1981 start up.

This bar graph schedule Table 8-1, shows a coordlnated effort and
logical progression of accomplishing the projects. It also shows
procurement as a very significant element in the overall plan. We
feel this schedule can be maintained as the preliminary details
indicated in Section 5.8 and Appendices A, B, C and D of the Final
Report Technical volumes.

As part of the plan for crganlzlng and afrang1ng the accompllshment
of the overall project, it is important to realize that in preparing
the cost estimate for the project the estimates were so done to

- include the full GM costs. That is Account 365 "Engineering and
Other Allocatable Costs" (fleld construction costs - general con-

struction, general englneerlng, general office, and englneerlng

~ other-professional services by consultant) are included in the

direct costs and then the GM factor for general and administration

has been added. The plan, governed by timing and costs, shows that

the project should get underway very soon.

“To culminate this sectlon ‘Table 8-2 represents the time. and economic

scheduled restart up of the retrof:.t units. It shows all units

' completed by June 1984.
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