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EXECUTIVE SUMMARY

PROJECT

Geysers Power Plant Units 1-12 conceptual study of two HoS abatement
systems.

STUDY SCOPE

The study is to provide a cost benefit and technical analysis of the
existing (iron/caustic/peroxide) abatement system compared to retro-
fitting Units 1-12 with surface condensers and vent gases processing
with the Stretford process.

The study is based on the understanding that both HyS abatement
system compared meet the Air Pollution Board's requirements for HsS
emissions.

COST ANALYSIS

GM cost estimates were prepared after field investigations and
manufacturers' telephone quotations for major pieces of equipment.
The GM cost is prepared in June 1979 dollars and also escalated to
appropriate times for comstruction.

The comparative analysis is presented by three methods: Level
annual revenue requirements, present worth, and constant dollars.
Various parameter sensitivity analyses were performed on the more
significant factors.

EXISTING ABATEMENT

The existing HS abatement is an iron/caustic/peroxide system. At
this time this system is not fully installed and operating om all
units 1-12. The additional capital required to install the total
system is 14.9 million dollars.

This system requires various chemicals in its operation. The chemi-
cal costs become part of the operating expenses and amount to 10.9
million dollars a year in 1979 dollars at 70 percent capacity fac-
tor.

The capacity factor for the Geysers power plant Units 1-12 has been
decreasing since the peak 81 percent in 1976. For economic evalua-
tion purposes, 70 and 60 percent capacity factors have been used for
the existing abatement study.
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ALTERNATIVE ABATEMENT

The alternative HyS abatement considered in this study is a system
using surface condensers and the Stretford process to process the
vent gas stack gases. The Units 1-12 would be retrofitted with
surface condensers and the vent gases collected and piped to econom-
ically located Stretford process plants. This study indicates four
Stretford units at different locations would be installed to take
vent gases from Units 1-12.

Capital costs estimates have been developed for work to implement
the alternative abatement system. They are in the GM form and
include all factors. The capital cost for the alternative abatement
system in 1979 dollars is estimated to be 119.1 million dollars.
The operating costs are estimated to be 2.1 million dollars per year
1979.

The capacity factor for the alternatively abated units is estimated
to be equal to or better than the 1976 peak. For economic evalua-
tion purposes, 80 and 85 percent capacity factors have been used for
the alternative abatement study capacity factors.

COST BENEFIT ANALYSIS

The benefit in the analysis is the cost difference between the
existing abatement and the alternative abatement. Sensitivity
analysis was performed on the three biggest cost items contributing
to the difference. In descending order they are: capacity factor
(iron system), chemical costs (iron system), and capital costs
(surface condenser/Stretford).

The following table presents least benefit in cost between the
existing and the alternative abatement system. All values are in
millions of 1979. The benefit is substantially in favor of imple-
menting the alternative abatement system.

COST AND BENEFIT COMPARISON
(millions of 1979 dollars)

Item ~ Case Benefit
k Existing Alternative
Lével Annual Revenue
Requirement 52.2 36.6 15.6
Present Worth 454.3 318.6 135.7

Constant Dollars 36.1 25.5 10.6
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Project timing was studied and showed an economic benefit to the
specified timing of subprojects to implement the surface condenser/
Stretford abatement. ;

Subproject Back On Line
Unit 9 and 10, and Stretford January 1982
Unit 7, 8 and 11, and Stretford January 1983
Unit 1, 2, 3, 4, 5 and 6, and Stretford January 1984
Unit 12 and Stretford January 1984

SUMMARY

It is economical to convert from the existing abatement (iron/caustic/
peroxide) to the alternative (surface condenser/Stretford) by a
substantial amount.

There is also a most economical timing sequence to accomplish the
conversion to the surface condenser/Stretford abatement. The proj-
ect if started immediately would be finished and operating by 1984.

It is felt that the surface condenser/Stretford abatement system
will ultimately meet the Air Pollution Board's requirements and
improve the capacity factor of the Geysers power plant Units 1-12.



E) B0 R R KD

)

&) B R &) &) B K R B R R R R

ROGERS ENGINEERING CO., INC.

ENGINEERS & ARCHITECTS

111 PINE STREET

SAN FRANCISCO, CALIF. 94111, TEL. (415) 986-6546 in reply refer to:

$-79007

24 August 1979

Mr. J. P. Finney

Pacific Gas and Electric Company
77 Beale Street, Room 1901

San Francisco, CA 94106

Subject: Final Reports
PGandE Geysers Retrofit Project, Units 1-12

Dear Mr. Finney:
We are transmitting to you ten copies of the reports. They are titled:

Executive Summary

Condensed Final Report

Final Report Technical Data Volume I
Final Report Technical Data Volume 2

These reports represent many weeks of conferences with you and your staff,
and discussion of materials presented in previous reports. We do feel that
this group of reports can serve your many needs.

It has been a pleasure to work with you on this phase of the project, and
we look forward to serving Pacific Gas and Electric Company on additional
assignments.

N

Yours very truly,

H. |. Rogers
Acting Project Manager
Vice President

HIR:ee

Encls. 10 sets

cc: R. P. Wischow w/encls.



B &0 B R R

A0 &) &) R0 RS D &l &)

CONDENSED
FINAL REPORT

PGandE GEYSERS RETROFIT PROJECT
UNITS 1 - 12

$-79007
August 24, 1979

ROGERS ENGINEERING CO., INC.
ENGINEERS & ARCHITECTS '
111 PINE STREET

SAN FRANCISCO, CALIF. 94111



AR R &R B B B B B B R B R R R RS

R K] K] &)

2.0

3.0

4.0

5.0

6.0

7.0

TABLE OF CONTENTS - CONDENSED REPORT

INTRODUCTION
1.1 Purpose
1.2 Scope of Study

SUMMARY AND RECOMMENDATIONS

2.1 General Economic View Point

2.2 Existing Abatement

(Iron Catalyst/Caustic/Hydrogen Peroxide)
Alternative Abatement

(Surface Condensers/Stretford)

Cost Benefit Analysis

Overall Recommendation

Engineering Services

2.

NN
AN e W

EXISTING ABATEMENT SYSTEM
3.1 Existing Conditions
3.2 Overall Process

3.3 Operations

3.4 Capital Cost

3.5 Remaining Life

ALTERNATIVE ABATEMENT

4.1 Design Conditions

4.2 Power Plant Capacity Factor
4.3 Cost Estimates

GENERAL ECONOMICS AND COST BENEFIT ANALYSIS
Economic Evaluation

Cost Estimate Accounts

Cost Estimates

Design Selection Evaluation
Installation Labor Sensitivity
Capacity Factor

Unit Energy

Operation & Maintenance

Capital Cost

.10 Replacement Energy During Construction
.11 Economic Evaluation

vohuonotohnoonnnnn
LOOONUL N

RECOMMENDATIONS

6.1 Timing Analysis Method

6.2 Timing Study Results 5

6.3 Geysers Power Plant Available Capacity

PROFESSIONAL SERVICES

APPENDIX "A"

[y
]
—

(§%] N
1 ]
e AD AD = Loy~

&~
]
LW W



1.0

1.1

1.2

CONDENSED REPORT

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 alternative 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 alternative

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 design 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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2.2

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 H,S 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 HjyS
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 3.1.3.

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 3-9.

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
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 irom 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:
Typical 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 3.1.3 and 4.2
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.
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COST TO RETROFIT WITH SURFACE CONDENSERS AND STRETFORD PROCESS

Surface Condenser Retrofit

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

Total $119,104,758 $153,121,171

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 catalyst/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 capital to retrofit the units with surface condensers and in-
stall the Stretford units.

Overall 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 operational in 1983, and
Units 1, 2, 3, 4, 5, 6 and 12 operational 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 construc-
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 time. All other units can follow
the economic timing.
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3.1.1

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 addition 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 understanding, that Units 1, 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 3-1 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.
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Unit

10

11

12

Commercial
Operation

9/25/60
3/19/63
4/28/67

11/ 2/68
12/15/71
12/15/71
8/18/72

11/23/72
10/15/73

11/30/73

5/31/75

3/1/79

TABLE 3-1

HoS HISTORIC ABATEMENT

HoS
Abatement

6/78
12/76
1/79

9/76
1/79

1/78
1/79

1/78
1/79

6/78
6/78

6/78

1/77
1/79

3/79

Remarks

None

June-Oct. Interim Time Iron Catalyst

100% Time Iron
100% Time Iron
and Hydrogen

100% Time Iron
100% Time Iron
and Hydrogen

100% Time Iron
100% Time Iron
and Hydrogen

100% Time Iron
100% Time Iron
and Hydrogen

None

Catalyst
Catalyst
Peroxide

Catalyst
Catalyst
Peroxide

Catalyst
Catalyst
Peroxide

Catalyst
Catalyst
Peroxide

with Caustic

with Caustic

with Caustic

with Caustic

June-Oct Interim Time Iron Catalyst

June-Oct Interim Time Iron Catalyst

Plus Caustic

June-Oct Interim Time Iron Catalyst

Plus Caustic

100% Time Iron

Catalyst

Hydrogen Peroxide

. 100% Time Iron Catalyst Caustlc and

100% Time Abatement Iron Catalyst and
Caustic, Hydrogen Peroxide
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3.1.3

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 intermittently using only ferric iron

Unit 3 - Using ferric iron, caustic and hydrogen peroxide-contin-
uous abatement

Unit 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 iron, 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 HyS abated units since abate-
ment has started? These are difficult questions, and it is not
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: 1least square, mean, and median. It is essential to build
confidence in a tool before it is used for predictions. The fol-
lowing Table 3-2 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
which an equal number of capacity factor values occur below and
above the calculated value.



Many calculations and combinations of calculations have been made to
study capacity factors of individual units and of the overall Geysers
plant. Tables 3-2, 3-3 and 3-4 are summaries of part of the analy-
sis. Trends have been statistically developed (least squares) from
Table 3-3 using 1975 through 1978 data and 1975 through April 1979
data. Table 3-5 (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 3-2

COMPARISON OF METHODS

ANNUAL CAPACITY FACTOR ANALYSIS

(1977)
Actuall = —eeeemee-e- Calculated-~=----~~----
Annual
Capacity Least
Unit Factor Square Mean Median
1 67.7 67.7 67 65
2 86.3 86.3 85 85
3 57.2 57.4 57 60
4 76.1 76.1 75 78.3
5 87.5 | 87.5 87 95.7
6 78.0 77.7 77 85
7 83.8 83.8 83 90
8 82.4 82.5 82 88
9 92.0 92.0 92 92.9
10 95.2 95.2 94 95
11 74.0 74.0 74 17.5
A - - 84 80.0
B - - 84 89.6
C _ - 80.0 79 85.8

lAnnual capacity factor from Operating Dept.

A Combination of Units 3, 4, 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 3-3

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 95 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 3-4

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 91.7 92.1 95.7 83.3 50.0
6 95.0 93.3 85.0 86.3 55.0
7 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 partial year data

3-6
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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

' ' '

. Unit Cooling Water or Condensate System -

' !

Slip Stream Cooling Tower
Sludge Removal Clean Out
Sludge Disposal Sludge Disposal

v
. Clean Condensate to Reinjection Well(s)

The chemical requirements for each unit are summarized in Table 3-6
and 3-7. 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 capacity factor
obtainable with this abatement system.
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TABLE 3-6

TRON CATALYST ABATEMENT CHEMICALS
(60 Percent Capacity Factor)

NaOH Hy09 Sludge
Iron #/hr. 100% #/hr. Gal./hr. yd.3/yr.
12.8 14.2 22.8 180
12.8 14.2 22.8 180
58.4 67.9 109.5 1,367
58.4 67.9 109.5 756
116.8 135.8 219 1,451
146.0 135.8 219 2,073
90.6 100.9 162.5 1,267
41.6 56.1 90.4 670
22.4 25.0 40.2 313
27.3 30.4 49.0 382
219.0 271.6 438 3,622
110.7 123.3 198.7 1,549
916.8 1,043.1 1,681.4 13,810
TABLE 3-7

IRON CATALYST ABATEMENT CHEMICALS
(70 Percent Capacity Factor)

NaOH Ho09 Sludge
Iron #hr. 100% #/hr. Gal/hr. yd.3/hr.
14.9 16.6 26.6 210
14.9 16.6 26.6 210
68.1 79.2 127.8 1,595
68.1 79.2 127.8 882
136.3 158.4 255.5 1,693
170.3 158.4 255.5 2,418
105.7 117.7 189.6 1,478
48.5 65.4 105.5 782
26.1 29.2 46.9 365
31.8 35.5 57.2 446
255.5 316.9 511.0 4,226
129.2 143.8 231.8 1,807
1,067.4 1,216.9 1,961.8 16,112
3-8
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3.4

Operations

As described in 3.2, 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 3-8

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

Capital Cost

For the purpose of this report, the actual field installation costs
were examined for the existing abatement facilities. (Units 3, 4,
5, 6, 11 and 12). These costs were then prorated and projected for
facility costs for each unit (1, 2, 7, 8, 9 and 10) which do not
have complete abatement installations. 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
estimated amount required 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 3-9 is a summary of the past and additionally required capital
costs for the iron/caustic/peroxide abatement system.
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TABLE 3-9

EXISTING HpS ABATEMENT CAPITAL COST

(Dollars x 1,000)

Additional
Unit Existing GM 1979 Total
1& 2 - 2,302 2,302
3& 4 § 4,950 - 4,950
5& 6 2,415 - 2,415
7& 8 - 6,327 6,327
9 & 10 - 6,327 6,327
11 5,794 - 5,794
12 5,79 5,7%
Totals $18,953 - $14,956 $33,909
The GM Estimate total for the additional is
follows:
Item Dollars x 1000
Direct Costs $12,391
GM Factor @ 20.7% 2,565
Sub Total (GM 1979) $14,956
Escalation @ 28.55% 4,270
Total GM Estimate $19,226

3-10

calculated
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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 pitting 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 following
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 years

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 vreplacement should be based on the use of this alloy,
which will give an additional useful life of over fifty years in
this type of HyS abatement service. This replacement has been
accounted for in this study by doubling the regular replacement
cost.

3-11



3.6

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 rumn. It is included in Table
5-3 and associated tables.

Pumps

It is assumed that all 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 parameters 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 3-10.

3 - 12
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TABLE 3-10
ALTERNATIVE 1: EXISTING ABATEMENT
Annual Annual GM Estimated O & M Cost 0 & M Cost
. Design Net Annual Annual Cost 1979 §$/yr. 1979 §/yr. Schedule
Unit Gross kW kW MWH @ 60% MWH @ 709 1979 @ 60% @ 70% (Months)
1 12,500 12,098 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 -
9 55,000 53,020 278,673 325,119 6,327,000 355,200 283,700 -
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 1,272,300 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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4.1

ALTERNATIVE ABATEMENT

This section presents the parameters involved with retrofitting the
existing Units 1-12 with surface condensers and installing various
combinations of Stretford units to process the vent gases from the
power plant units. As this is the condensed report only the results
are presented of the most significant elements.

Design Conditions

Table 4-1 is the summary of the conceptual designs. All values are
after retrofit is completed. It indicates the new design gross
kilowatt output, the net kilowatt output and the annual net outputs
at two capacity factors. The capital cost estimate total is pre-
sented in 1979 dollars. Operations and Maintenance cost differences
from the existing design is tabulated. A schedule was created for
each typical unit type in this study and the results are tabulated.
The Total Project is the time in months to provide the engineering,
procurement and construction. The total construction time and the
unit outage time are indicated. The outage time was used in the
calculation of construction outage energy.

The lower half of the Table 4-1 presents the summary information
about Stretford Processes. It was determined there was an economic
benefit for each of the combinations of Stretford units and their
locations. The shorthand notation Stretford 1-6 means a single
Stretford unit serving all Units 1-6 located near Unit 3 but not at
the Unit 3 & 4 site. .The shorthand notation Stretford 7, 8, 11
means a single Stretford unit serving units 7, 8 and 11 with it
located at Unit 11. A single Stretford unit was economic for Unit 9
& 10 as was a single Stretford unit for Unit 12. All the Stretford
costs are summarized in the table as well as the construction times.
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TABLE 4-1

ALTERNATIVE 2 - RETROFIT UNITS

Schedule (Months)

-4

GM Estimate Operation & Total Unit
Design Annual Annual Cost Maintenance Project Construction Outage
Unit Gross kW Net kW MWH @ 80% MWH @ 85% 1979 § Cost LA $/yr. (Months) (Months) (Months)

Surface Condenser Retrofit

1 11,845 11,339 79,464 84,430 2,042,712 0 28.0 9.0 8.0

2 11,974 11,495 80,557 85,592 2,042,712 0

3 26,817 25,661 179,832 191,072 3,899,308 0 28.0 9.0 8.0

4 26,817 25,661 179,832 191,072 3,899,308 0

5 54,101 52,005 364,451 387,229 6,066,641 0 30.0 10.5 9.3

6 54,101 52,005 364,451 387,229 6,066,641 0

7 54,101 51,988 364,332 387,103 6,066,641 0 30.0 10.5 9.3

8 54,101 51,988 364,332 387,103 6,066,641 0

9 54,101 52,078 364,963 387,773 6,066,641 0 30.0 10.5 9.3

10 54,101 52,078 364,963 387,773 6,066,641 0

11 108,147 103,729 726,933 772,366 12,116,789 0 32.0 12.0 11.3

12 108,147 102,801 720,429 765,456 12,116,789 0 32.0 12.0 11.3
Totals 618,353 592,828 4,154,539 4,414,198 72,517,464
Stretford

(Minus) (Minus)

1-6 X X ( 9,329) (9,329) 17,572,146 1,911,874 30.0 9.3 8.7
7, 8, 11 X X ( 9,592) (9,592) 17,464,697 1,953,136 30.0 9.3 8.7
9, 10 X X ( 1,050) ( 1,050) 5,634,310 325,046 28.0 8.3 7.7
12 X X ( 1,050) ( 1,050) 5,916,141 342,698 28.0 8.3 1.7
Totals 618,353 592,828 (21,021) (21,021) 46,587,294 4,532,754

Grand 618,353 592,828 4,133,518 4,393,177 119,104,758 4,532,754
Total
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4.2

4.3

Power Plant Capacity Factor

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 factory of existing units. This factor has been
demonstrated to be 80 percent overall and it is anticipated could
reach 85 percent in the long term. Both of these values are used in
the economic evaluations of Section 5. In Section 3.1.3 is a dis-
cussion of the existing plant capacity factors.

Cost Estimates

Cost estimates have been made for each typical power plant unit and
each Stretford installation separately. The summaries are presented
by account number. The cost estimates are typical for the units as
follows:

Estimate Typical for
Unit Each Unit
1 1 and 2
3 3 and 4
5 5, 6, 7, 8, 9, 10
11 11 and 12
4 - 3
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Unit 1 Estimate Summary

Account

54-20

" 54-30

54-70
55-30
55-60
365

TABLE 4-2

SUMMARY COST ESTIMATE - UNIT 1

Description

Condensate System
Circ. Water System
Instrumentation
Control & Power Conn.
Station Power System
Engineering & Other
Subtotals
GM Factor (20.7%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

Equip. & Mat'l

$ 690,124
264,576
16,790
3,943
19,716
281,120
$1,277,269

Labor
$282,354
80,932
18,171
17,472
16,214

0
$415,143

——m——————

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
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Unit 3 Estimate Summary

Account

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

TABLE 4-3

SUMMARY COST ESTIMATE - UNIT 3

Description
Condensate System
Circ. Water System
Instrumentation
Station Power System
Engineering & Other
Subtotals
GM Factor (20.7%)
Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

Equip. & Mat'l

$1,392,331
521,138
19,080

39,432

538,440

$2,510,422

Labor Total
$§514,200  $1,906,532
167,253 688,392
19,352 38,432
19,352 58,784

0 538,440
$720,157  $3,230,579

668,730

3,899,308

1,113,250

$5,012,558

et e s s e s e e i
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Unit 5 Estimate Summary
TABLE 4-4
SUMMARY COST ESTIMATE UNITS 5 THROUGH 10

(Each Unit)

Account Description Equip. & Mat'l Labor
51-20 Building $ 0 $ 14,910
54-20 Condensate System 2,241,646 969,926
54-30 Circ. Water System 224,508 318,696
54-70 Instrumentation 25,440 20,501
55-60 Station Power System 34,344 86,430
365 Engineering & Other 960,000 0

Subtotals $3,485,938 $1,410,463

GM Factor (23.9%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

Total
14,910
3,211,572
543,204
45,941
120,774

__960,000

$4,896,401

1,170,240

6,066,641
(1,732,026

§7,798,667
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Unit 11 Estimate Summary
There are two estimates for Unit 11 typical retrofit. The first is
to install the condensers perpendicular to the centerline of the
The second is to install the condenser parallel with the

turbine.
centerline of the turbine.
carry on work.

The least costly will be used in the
Telephone quotes indicated the two pass parallel

condenser to cost the same as the four pass perpendicular condenser.

Account

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

TABLE 4-5

SUMMARY COST ESTIMATE - UNIT 11

Description
Building

Condensate Systeﬁ
Circ. Water System
Instrumentation
Station Power System
Compressed Air System
Engineering & Other

Subtotals
GM Factor (23.0%)

Subtotal (GM 1979)
Escalation (28.55%)
Total GM Estimate

(Tube Bundle Perpendicular to Turbine Shaft)

Equip. & Mat'l

§ 11,448
4,437,245
1,107,912

34,471
67,416
2,544

1,641,841

$7,302,877

Labor Total

§ 33,547 44,995
1,557,138 5,994,383
850,322 1,958,234
41,937 76,405
37,274 104,690
27,956 30,500

0 1,641,841

$2,548,171 §$9,851,048

2,265,741

12,116,789
3,459,343
$15,576,132

D —————



TABLE 4-6
SUMMARY COST ESTIMATE - UNIT 11
(Tube Bundle Parallel to Turbine Shaft)
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Account Description Equip. & Mat'l Labor Total
51-20 Building $ 19,080 $ 147,700 § 166,780
54-20 Condensate System 4,437,245 1,557,138 5,994,383
54-30 Circ. Water System 1,102,570 838,208 1,940,778
54-40 Lube 0il System 22,642 80,140 102,782
54-70 Instrumentation 35,107 46,593 81,700
55-60 Station Power System 70,087 47,059 117,146
56-10 Compressed Air System 10,812 67,560 78,372
365 Engineering & Other 1,696,320 0 1,696,320
Subtotals $7,393,862 $2,784,398  $10,178,260

GM Factor (23.0%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

2,340,999

12,519,259
3,574,248

$16,093,507

—_—
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Stretford Unit 1-6 Estimate Summary

Account

54-29
365

TABLE 4-7

SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNITS 1-6

Description Mat'l & Equip. Labor Total Dollars
HoS Abatement 1-6  §11,872,723 $1,164,545 $13,037,269
Engineering & Other _ 1,394,520 0 1,394,520

Subtotals $13,267,243 $1,164,545 $14,431,789

GM Factor (21.76%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

3,140,357

17,572,146

5,016,847

$22,588,993
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Stretford Unit 7, 8, 11 Estimate Summary
TABLE 4-8

SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNITS 7, 8 &11

Account Description Mat'l & Equip. Labor Total Dollar

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

365 Engineering & Other 1,230,120 0 1,230,120
Subtotal $13,019,836 $1,323,707  §$14,343,543

GM Factor (21.76%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

4 - 10

3,121,154

17,464,697
4,986,170

$22,450,867
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Stretford Units 9, 10 and 12 Estimate Summary
TABLE 4-9

SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNITS 9 & 10

Account Description Mat'l & Equip. Labor
54-29 HoS Abatement $ 3,584,280 $620,703
365 Engineering & Other 422,407 -

Subtotal $ 4,006,687 $620,703
GM Factor (21.76%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

TABLE 4-10
SUMMARY COST ESTIMATE

STRETFORD UNIT FOR POWER PLANT UNIT 12

Account Description Mat'l & Equip. Labor

54-29 HoS Abatement $ 3,763,567 $651,751

365 Engineering & Other 443,536 -
Subtotal $ 4,207,103 $651,751

GM Factor (21.76%)

Subtotal (GM 1979)
Escalation (28.55%)

Total GM Estimate

4 - 11

Total Dollar

$ 4,204,983

422,407

$ 4,627,390

1,006,920

5,634,310
1,608,596

$ 7,242,906

Total Dollars

§ 4,415,318

443,536

$ 4,858,854

1,057,287

$ 5,916,141
1,689,058

$ 7,605,199
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5.1

GENERAL ECONOMICS AND COST BENEFIT ANALYSIS

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.

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 and
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.

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 plans.
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.
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5.2

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 "A" 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.

Account Description

51-20 Structures and Improvements

52-50 Main Steam Piping

54-20 Condensate System

54-29 HoS Abatement Facilities

54-30 Circulating Water System

54-40 Lube 0il System

54-70 A Instrumentation

55-30 Control and Power Connection

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

365 Engineering and Other Cost Allocationms

The detailed cost figures are in June 1979 dollars. These are
modified, due to escalation and project timing as a result of the
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5.3

5.3.1

5.3.2

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.

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.

The following items 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.
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5.3.3

5.3.4

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 Construction about contractor perfor-
mance and costs at the Geysers certain figures were developed for
use in this conceptual report. The current labor direct rates show
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 expenses. It has been estimated
that 55 percent is a good value from past Geysers' experience in
contractor bidding.

In addition to the above basic parameter discussions a twenty per-
cent contingency has been included in the direct man-hours for this
conceptual estimate. The labor man-hours 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 a
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.
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5.3.5

5.3.6

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 Development

Item ' Percent of Direct Cost

Indirects:
Indirects 0.0

General Overheads:

General Engineering & Administration 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%

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.
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5.4.1

5.4.2

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 consider two
factors:

(a) The terminal temperature difference (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 Institute recommends a lower TTD limit of 5°F.
Table 5.1 (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
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(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 5.2 (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 5.1

TYPICAL ECONOMIC ANALYSIS

MAIN CONDENSER - UNIT 1

STEAM END APPROACH (TTD)

Study Case Item A

TTD °F 7.8
Condenser Cost (1) 0

Calc. Power Output Increase 0

ECONOMIC EVALUATION

Difference in Capital (2) (Cost) 0

Difference in Energy (3) (Revenue) 0

Advantage (Capital over Energy)

(1) Capital Installed

(2) Annualized Capital Installed per 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 TTD °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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TABLE 5.2

TYPICAL ECONOMIC ANALYSIS

MAIN CONDENSER - UNIT 1

NONCONDENSABLE GAS END APPROACH

Study Case Item A B c D
- Noncondensable Gas Qutlet °F 95 105 115 119
Difference in Heat Exch. Cost (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) Steam Fuel Level Annualized Value
(3) Annualized Basis

This 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.
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5.6

5.6.1

Installation Labor Cost Semsitivity

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 conceptual 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:

Labor
. Efficiency % : Total Project Cost (per unit)
50 1.058
60 1.000
70 0.957
Labor Rate §/hr. Total Project Cost (per unit)
13.50 0.971
15.00 1.000
16.50 1.030
Labor Overhead % Total Project Cost (Per Unit)
45 0.981
S5 1.000
65 1.019

As observed these changes in total cost are small as compared with:
Escalation 1.285
Contingency 1.20

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 3.1.3.

Alternative 1 (Iron/Caustic/Peroxide System)
This system has indicated a decrease in capacity factor. There are

also many other reasons for capacity factor changes; however, at
this time it appears that the irom catalyst/caustic/peroxide system

5-10
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5.6.2

5.7

and direct contact condensers could operate at a 60 percent capacity
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 figures are used in the economic analysis.

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 provide 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 Stretford units (the vent gas processing)
are not anticipated to impact plant capacity factors.

Unit Energy (Cost 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. Alternative 2 energy is reduced from the base
kW due to the retrofit. 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 3.5, Table 5.3. 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 emergy
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.

5-11
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TABLE 5-3

ANNUAL ENERGY OUTPUT

Alternative 1

Capacity Factor 60%
Unit MWh/yr.

63,587
63,676
139,284
139,284
278,673
278,673
278,673
278,673
278,673
10 278,673

11 557,136

12 557,136
Cooling Tower -13,878
Stretford 0

O CO IOV BN

Total MWh/hr. 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

85%

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

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.
5-4, Alternative 1 - Replacement Energy and Cost,

replacement energy costs by case.

5-12

Table

summarizes the
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5.8

5.8.1

TABLE 5-4

ALTERNATIVE 1 - REPLACEMENT ENERGY AND COSTS

Alt. #1 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

Operations and Maintenance

The operations and maintenance cost must be estimated for each
alternative to form a basis for comparison. The difference between
alternatives is presented.

Alternative 1 (Defender)

The maintenance is estimated to be twice that of the base unabated
plant, Section 3.5. The maintenance is assumed for this study to be
constant 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

5-13
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5.8.2

5.9

5.9.1

5.9.2

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 capacity factors:

Capacity Factor Level Apnual $/yr.
609 20,506,700
70% 23,924,400

Alternative 2 (Challenger)

The power plant itself is estimated 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:

TABLE 5-5

STRETFORD OPERATIONS 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.

Capital Cost

The éapital costs have been estimated in Sections 3.4 and 4.3 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 3.4 and in terms of 1979 dollars the
level annual $§/year are estimated to be:

Capital ' 2,191,000 $§/year
Alternative 2 (Challenger)

The required capital expenditures are in two areas for this alterna-
tive. The first is retrofitting the power plants with surface

5- 14
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5.10

5.11

condensers, and the second is the Stretford process. These capital
costs are summarized in Section 4.3. The following is the 1979
level annual dollars per year required:

Retrofit 10,623,808 $/yr.
Stretford 6,825,038
Total Capital 17,448,846 $§/yr.

Replacement 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.

TABLE 5-6

ALTERNATIVE 2 - SUMMARY
REPLACEMENT ENERGY DURING CONSTRUCTION

Construction Level Annual
Units Qutage Months Replacement Cost §/yr.

1- 2 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
11 11.3 2,941,000
12 11.3 2,941,000
Total $14,662,815

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

5-15



5.11.1

dollars. All three give the same resultant choice; however, the
numbers are in different units or kinds of units. In this report,
the major analysis is by the level annual approach and the other
methods are touched only slightly.

The capacity factors over the long term are the most significant
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/ peroxide) at both 60 and 70 percent
capacity factors. Evaluation "B" compares Alternative 2 at 85
percent capacity factor with Alternative 1 at both 60 and 70 percent
capacity factors.

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.

5-16
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TABLE 5-7

LEVEL ANNUAL ECONOMIC EVALUATION "A"
(thousands of §/yr. 1979)

Alternative: 1 1
(5.6) Capacity Factor 60% 70%
(5.7) Energy (Replacement) $50,290 $22,402

(5.10) Energy (Replacement
During Construction) - -
(5.8) Operation & Main-

tenance 24,230 27,647
(5.9) Capital 2,191 2,191
Total $1,000/yr. § 76,711 $52,240
Comparison "Per Unit" 2.09 1.43

TABLE 5-8

LEVEL ANNUAL ECONOMIC EVALUATION "B"
(thousands of §/yr. 1979)

Alternative: 1 1
(5.6) Capacity Factor 60% 70%
(5.7) Energy (Replacement)$ 63,960 $36,073

(5.10) Energy (Replacement
During Construction - -
(5.8) Operation & Main-

tenance 24,230 27,647
(5.9) Capital 2,191 2,191
Total $1,000/yr. $ 90,381 $65,911
Comparison '"Per Unit" 2.47 1.80
H
5-17
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80%

$14,663
4,533
17,448
$36,644

1.00

2

85%

$14,663
4,533
17,448
$36,644

1.00
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Alternative 2 is observed to be the lowest level annual cost in all
four cases. The conditions and the per unit multiple cases are
summarized below. The "per unit" multiple is defined as the base
value divided into the compared value, where the base value is the
lowest cost alternative. The per unit multiple is the number of
times the most economical alternative is better than Alternative 1
for those conditionms.

TABLE 5-9
SUMMARY COMPARISON

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 5-10

CASE DIFFERENCE SUMMARY (L.A.)

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
[ 70 85 29,267,000

There is a very large difference between Alternative 2 and Alterna-
tive 1 in level annual dollars per year. The smallest of the dif-
ferences occurs in Case 3, 15,596,000 $/yr. level annual. It is
worthwhile to study the sensitivity of the difference to various
assumptions. The largest component in the evaluation is replacement
energy. Decreasing the energy cost twice by 10 percent per kWh
gives the following information.

Per Unit
Replacement Energy Cost " Level Annual Difference
1.0 22,402,000 0
0.90 20,145,100 -2,256,900
0.80 17,906,800 -4,495,200

5-18
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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 the current 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 major cost elements 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 Comparison
To make 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

5-19
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with all future expenditures 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/
peroxide) cases as stated.

5-20



TABLE 5-11

PRESENT VALUE ECONOMIC 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 5-12
PRESENT VALUE ECONOMIC EVALUATION "B"
(1979 thousands of dollars)
Alternative 1 1 2
Capacity Factor % 60 70 85
Energy Replacement § 556,174 313,678 -
Energy Replacement During
Construction $ - - 127,504
Operation & Maintenance § 210,695 240,408 39,426
Capital § 19,052 19,052 151,721
Total $ 785,921 573,138 318,651
TABLE 5-13
CASE DIFFERENCE SUMMARY (PV)
Case Alt. 1 Cap. Fac. Alt. 2 Cap. Fac. Difference 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
5 - 21
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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 general 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.

5-22
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TABLE 5-14

CONSTANT DOLLAR EVALUATION "A"

(Thousands of §/yr. 1979)

Alternative: 1 1 2
Capacity Factor % 60% 70% 80%
Energy (Replacement) §/yr. 36,383 16,207 -
Energy (Replacement During Construction) $/yr. - - 10,608
Operation & Maintenance $/yr. 16,131 18,406 3,017
Capital $/yr. 1,490 1,490 11,867
Total §/yr. 54,004 36,103 25,492
TABLE 5-15
CONSTANT DOLLAR EVALUATION "B"
(thousands of §/yr. 1979)
Alternative: 1 1 2
Capacity Factor %  60% 70% 85%
Energy (Replacement) $/yr. 46,273 26,098 -
Energy (Replacement During Construction $/yr. - - 10,608
Operation & Maintenance $/yr. 16,131 18,406 3,017
Capital §/yr. 1,490 1,490 11,867
Total §/yr. 63,894 45,994 25,492
TABLE 5-16
CONSTANT DOLLAR CASE DIFFERENCE SUMMARY
Case Alt. 1 C. F. Alt. 2 C. F. Difference Construction Dollars
1 60 80 28,512,000
2 60 85 38,402,000
3 70 80 10,611,000
4 70 85 20,502,000
5-23
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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 timing of unit retrofitting.

Retrofitting the existing Units 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 subproject to evaluate
construction timing.

Timing Analysis Method

The method has many variables 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 operational? - The factors are:

a) the chemical costs associated with the iron/caustic/peroxide's
operation;

b) the energy cost of operating‘the existing units at a lower
capacity factor than is anticipated by the retrofit;

c) the capital cost of retrofitting with surface condensers and
installing Stretford units;
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d) the replacement energy during construction of the retrofit and
Stretford units when the power plant unit is out of service;

e) the energy output increase after retrofit due to higher antici-
pated capacity factor operation;

f) the operation and maintenance costs associated with new retro-
fit units and Stretford processes.

Table 5-17 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 5.11 was on a levelized basis. Table 5-17 is not level-
ized but treats each individual cost element in the year it occurs.
Table 5-17 is a more precise look at the details 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 negative 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 5-18 shows the
construction in the 4th period and the present worth negative.
These two tables specify the period most economic for the specified
construction, between period 3 and 4.

The input information and all the variables are presented in Appendix
A since the information on power values (energy costs), escalation
rates are considered in-house management figures.
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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 alternative abatement. There are four subproj-
ects studied:

a) Power Plant Units 7, 8 and 11 with Stretford at Unit 11.

b) Power Plant Units 1, 2, 3, 4, 5 and 6 with a Stretford unit
near Unit 3.

c) Power Plant Unit 9 and 10 with a Stretford at 9 or 10.
d) Power Plant Unit 12 with a Stretford at Unit 12.

The studies showed with a 10 percent capacity factor difference 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 5-19 which indicates the economic
period to have the alternative 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 timing moves out about 4 years. Capac-
ity factor differences are again very significant and are probably
the most significent single element in the timing economics.
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Geysers Power Plant Available Capacity

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 5-20

AVAILABLE 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
1984 0 0 593 593
6 - 4



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. In 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 7-1. The timing
in Table 7-1 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 7-1, shows a coordinated 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. X

As part of the plan for organizing and arranging the accomplishment
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" (field construction costs - general con-
struction, general engineering, general office, and engineering
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 section Table 7-2 represents the time and economic
scheduled restart up of the retrofit units. It shows all units
completed by June 1984.
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COST OF CAPITAL: 11 Percent

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

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

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

POWER VALUES: (for base loaded units in mills per kilowatt hour)

Year 30 Year Level Single Value

1979 61 33

1980 65 37

1981 68 39
%1982 72 50

1983 15 55

*Data used in Report
CONSTANT DOLLAR FACTOR: To convert 1982 figures to 1979 constant dollars 0.529.
CONSTRUCTION COST:

Direct Labor Rate: 15.00 dollars per hour

Efficiency: 60 percent of hours

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

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

Engineering and Other Allocatable Costs: 20 percent on labor and

[-'JEEKQEEEEE@EEEEEEK?

equipment
GM FACTOR:
Item Percent of Direct Cost
Indirects:
Indirects 0.0
General Overheads:
General Engineering & Administration 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%
4 |8/24/79 Revised for Final "Condensed Report" -
3 |8/3/79 Revised for Final Draft "Condensed Report" —
1 6/29/79 Revised for Milestone Report #2 .
.|Date | Description Ck  R.App|C.App
MROGERS ENGINEERING CO,, INC. ECONOMIC FACTORS AND METHODS SPECIFICATION REV.
111 PINE STREET DATA SHEET ..
[JAN_FRANCISCO, CALIF. 94111 APPENDIX "A 5-00-001 =
ldos no. 57900770 Client PGandk Date ©/28/79 SHEET ! oF 3

a8 -004
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METHODS :
1. For alternative comparison, the alternatives must be equal.
All costs and their differences are compared to make a selection.
2. The costs of an installation is only the capital cost which must
be authorized in a GM.
CALCULATIONS:

1.0 LEVEL ANNUAL STEAM

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

2.0 LEVEL ANNUAL OPERATIONS AND MAINTENANCE

Note exclude electrical energy use factor of Section 3.0.
Level Annual Operations and Maintenance Factor (LAOMF) = 2.19
Operation and Maintenance Cost/yr. x LAOMF = Level Annual $/yr.

3.0 LEVEL ANNUAL ELECTRICAL ENERGY (Continuous)

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

4.0 LEVEL ANNUAL ELECTRICAL ENERGY (Construction)

Single Power Value (SPV) = 0.037 $/kWh

CRF (30, 11) Capital Recovery Factor Uniform Ser1es 30 Years at
11 Percent

kWh/yr. x SPV x CRF (30, 11) ‘Level Annual $/yr.

5.0 LEVEL ANNUAL CAPITAL COST

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

6.0 CAPITAL COST

Construction Cost x GM Factor = Capital Cost

7.0 CONVERT LEVEL ANNUAL § PER YEAR TO PRESENT VALUE

Present Value = Level Annual §/yr.
Uniform Series Capital Recovery Factor

@oc;ggs ENGINEERING CO., INC. ECONOMIC FACTORS AND METHODS SPECIFICATION REV.
111 PINE STREET DATA SHEET
~3AN FRANCISCO, CALIF. 94111 APPENDIX "A" $-00-001 AL
OB NO. o=/900/=/U PGandE 6/28/79 SHEET Z OF 3
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