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LEGAL NOTICE

Neither the United States, nor the U. S. Department of

Interior or the U. S. Atomic Energy Commission, nor The

Metropolitan Water District of Southern California, nor

any person acting on behalf of these entities or agencies:

A. Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this re-

port, or that the use of any information, equipment,
apparatus, method, or process disclosed in this report

may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or

for damages resulting from the use of any information,
equipment, apparatus, method, or process disclosed in

this report.

As used in the above, "person acting on behalf of these

entities or agencies" includes any employee or contractor

of these entities or agencies, to the extent that such em -

ployee or contractor prepares, disseminates, or provides

access to, any information pursuant to his employment or

contract with the respective entities or agencies, or his em-

ployment with such contractor.

The data and conclusions given in this report are essen-

tially those of the Bechtel Corporation and are not endorsed

by the contracting entities or agencies.

This report has been reproduced directly from the best
available copy.

Printed in USA. Price $4.00. Available from the Clearing-
house for Federal Scientific and Technical Information, Na-
tional Bureau of Standards, U. S. Department of Commerce,
Springfield, Virginia 22151.

'ni (_ D, ~ ~ ,f T,- h-,.,i t.1 .......... I~ ' d,,, ie eseP



June 23, 1965

The Metropolitan Water District
of Southern California

Post Office Box 54153

Los Angeles 54, California

Attention: Mr. R. A. Skinner,

General Manager and Chief Engineer

Gentlemen:

We are pleased to submit our report on Phase I and II of the

Engineering and Economic Feasibility Study For a Combination Nu-

clear Power-Desalting Plant, pursuant to the terms of the subcontract

between The Metropolitan Water District of Southern California and

Bechtel Corporation dated December 15, 1964.

Your attention is particularly invited to the principal conclusions

and recommendations contained in Chapter Two of this report, which

show that:

1. The production of 150 million gallons per day of desalted

water at a seacoast location within reasonable range of

the Robert B. Diemer Filtration Plant is technically

feasible .

2. The cost of desalted water at the seacoast plant site

is 22 to 30 cents per 1, 000 gallons ($70 to $96. 5/AF),

depending on the power plant size. Cost of conveying

the product water to the Diemer Plant is slightly less

than five cents per 1,000 gallons ($15/AF).

3. The Electric Utilities Task Force proposal of a two-

unit nuclear power plant in combination with the

District's desalting plant offers the opportunity for

the lowest cost water and minimum capital investment

for the District and should be carried into Phase III.

KECK REFERENCE ROOM (138-78)
136 \W. : K LAROATORY

Caifria &at2 o[ Technology
Pasadena, California 91125 U.S.A.



Page Two

The Metropolitan Water District

of Southern California

June 23, 1965

4. Based on engineering feasibility and the results of the

analysis of comparative costs of the alternate sites,

the artificial island site, offshore from Sunset Beach,

is recommended for carrying forward into Phase III of the
Study.

5. In addition to the recommended artificial island site,
land sites at Irvine Ranch and Dana Point are technically

feasible for location of a nuclear power-desalting plant.

6. In order to produce desalted water in the year 1970,

it would be necessary to initiate preliminary engineering

and preparation of specifications by December, 1965.

Bechtel has been privileged to participate with the District,

the Office of Saline Water of the Department of the Interior, and the

Atomic Energy Commission, on this vital study. We are continuing

on Phase III, preliminary engineering and detailed analysis and

anticipate completion of the work on schedule.

Very truly yours,

BECHTEL CORPORATION

W. Kenneth Davis

Vice President

WKD:jkv



TID-22330 (Vol.I)
REACTOR TECHNOLOGY

(TID-4500, 46th Ed.)

ENGINEERING AND ECONOMIC FEASIBILITY STUDY

PHASES I AND II

for a combination

NUCLEAR POWER - DESALTING PLANT

December 1965

sponsored jointly by
THE METROPOLITAN WATER DISTRICT

OF SOUTHERN CALIFORNIA

UNITED STATES
DEPARTMENT OF INTERIOR
OFFICE OF SALINE WATER

UNITED STATES
ATOMIC ENERGY

COMMISSION

prepared by
BECHTEL CORPORATION
San Francisco, California



PREFACE

Certain practices were established during the organization and preparation of this report
to aid the reader. Briefly, these practices are as follows:

Tables, figures, and plates are numbered consecutively as they are mentioned in the text.
Tables and figures appear as close to their first mention as possible. Plates are arranged in
numerical order at the end of each chapter.

References are denoted at the end of applicable sentences by a superior (elevated) arabic
numeral and itemized for each chapter in the Reference Chapter of this report.

Each of the chapters, the reference chapter to the main report, and the appendices are in-
troduced by title pages that are edge marked. These markings are to help the reader find the
different sections of the report.

Appendices to the report are associated with specific chapters as follows:

Appendix A . . . .Chapter Three
Appendix B . . . .Chapter Seven
Appendix C . . . .Chapter Eight
Appendix D . . . .Chapter Eleven

A table of contents for the appendices is included following the title page introducing the
Appendices.
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CHAPTER ONE
INTRODUCTION

AUTHORIZATION

In its quest for additional sources of water to supply the ever increasing

population in Southern California, The Metropolitan Water District of
Southern California has taken an active interest since the late 1950's in the
technological developments being made in the conversion of sea water as a

possible source for augmenting its imported water supply. This interest

led to the negotiation of a contract between the District and the United

States, represented jointly by the Office of Saline Water of the Department

of the Interior and the Atomic Energy Commission, for a joint study to

determine the engineering and economic feasibility and preliminary design

of a combination power and desalting plant in the size range of 50 to 150

million gallons per day (mgd) and 150 to 750 megawatts (Mw) of electric
power production. The contract was signed on August 18, 1964.

To accomplish the work to be performed under its contract with the Govern-

ment, the District was required to secure the services of a qualified

architect-engineer organization as a subcontractor, with the District being

responsible for the supervision and administration of the subcontract. The

contract further provided that the District and the two Government Agencies

would each pay one-third of the cost of the work to be performed by the

subcontractor, with the District defraying incurred costs in the adminis-

tration of the subcontract.

Invitations for proposals from qualified engineering firms were issued by

the District on November 2, 1964 and, on December 15, 1964, the District

awarded Bechtel Corporation a subcontract to perform the study. Under

the terms of the subcontract Bechtel was required to perform the work in

three phases, with completion of Phases I and II due June 15, 1965. A
final report on Phases I, II, and III is required to be submitted not later

than December 15, 1965.

Subsequent to the award of subcontract, Bechtel submitted a Project

Detailed Work Plan identifying the major efforts to be undertaken and

presented an over-all schedule of the work to be performed to assure

completion of the work within the time schedule set forth in the District-

Government contract. The work plan submitted by Bechtel provided for

advancing the completion of the study to October 24, 1965. This date was

accepted and approved by the District and Government.
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DISTRICT'S OBJECTIVES

The stated objectives of the District in entering into the salt water

conversion field at this time are:

- If the results of the study should be sufficiently favorable in regard to

the economic feasibility of a desalting plant on the basis of present-

day technology, there would be a number of significant advantages to

the District in undertaking its construction.

- The period prior to initial delivery of State Project Water in the
District's service area may become critical in regard to the sufficiency

of available Colorado River Water to meet maximum demands.

- Should there be any delay in the time schedule for construction of the

necessary State and District facilities, an auxiliary source of appreci-

able magnitude would be of great value.

- The District's service area is now supplied with imported water through

two long aqueducts- the District's aqueduct from the Colorado River

and the City of Los Angeles aqueduct from the Owens River on the east

side of the Sierras. With the completion of the State Water Project,

there will be a third long aqueduct supplying water to the area from a

still more remote source. Each of the three aqueducts crosses the

San Andreas Fault and a number of other rifts of various degrees of

potential activity and, should there be an earthquake of great magni-

tude, an interruption of service from any one or all three of the

aqueducts could occur. An emergency supply during the outage, such

as a desalting plant, would assume critical importance.

- The availability of an appreciable quantity of distilled water from a
desalting plant delivered to the Robert B. Diemer Filtration Plant
would eliminate the need for softening equipment presently authorized

for installation when this plant is enlarged to its full capacity of

400 mgd. This would result in a savings in capital cost of approxi-
mately $16 million and annual operating expenses of approximately

$1 million.

- Operation over an extended time period of a desalting plant of sub-

stantial capacity would provide dependable cost data of extreme value

to the District in evaluating the various regional plans for augmenting

the water supply in the Pacific Southwest.

1-2



SCOPE OF THE STUDY

As defined by the subcontract, Bechtel's responsibility is to determine
the engineering and economic feasibility and preliminary design of a
combination power and desalting plant using a nuclear energy heat source,
which plant shall be deemed suitable for operation by the District by the
year 1970. The study is to include analysis of combination plants, with
outputs of 50 to 150 million gallons of water per day and 150, 000 to
750, 000 kilowatts of electric power.

The scope also provided for conducting the study in three phases.

Phase I

The first phase consists of a preliminary survey of possible sites for
producing desalted water and means for introducing such desalted water

into the District's system and the economic feasibility thereof; collection

and analysis of water, power, and economic data necessary to establish

valid bases for subsequent work; and a survey of the potential market for

sale or exchange of the electric power excess to the District's needs for

its system, including its needs arising in connection with the production

and distribution of the product of the desalting plant.

Phase II

The second phase, utilizing data from Phase I, consists of a detailed

investigation, including: an evaluation of nuclear hazards, of not more

than three specific sites to be designated by the subcontractor with

approval of the District and the Government; determination of power-water

production ratios, operating flexibility, and other plant parameters based

on system requirements; conceptual design of sea water intake; an analysis

of nuclear reactor systems applicable to the plant requirements; total

system optimization, including nuclear steam supply and distillation process

systems (i. e., coupling parameters); optimization of evaporator design; a

comparison of the costs of energy from nuclear and fossil fuels; a break-

down of capital and operating costs of producing water and power at the

site or sites selected for further study under this Phase II; and a recom-

mendation of the most desirable site and combination plant outputs based

on economic and engineering feasibility.
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Phase III

The third phase consists of preliminary design and detailed analysis of
one combination nuclear plant most applicable to the District's system
requirements and will include preliminary design and functional specifi-
cations; a detailed construction cost estimate based on vendor quotations;
detailed breakdown of costs of producing water and power at the selected
site as designated by the District and delivery of water to a point in the
District's system designated by it; and proposed arrangements for dispo-

sition of electric power excess to the District's needs.

Subsequent to the award of the subcontract and as the study progressed, it

became evident that certain modifications were necessary to be made in

the direction of the study as originally conceived so that emphasis could

be placed on the type and capacity of a combination plant best suited to

meet the District's needs.

SPECIFIC OBJECTIVES OF PHASES I AND II

The two primary objectives to be obtained in Phases I and II of a study

were: (1) to locate a suitable site upon which a combination power-desalting

plant could be constructed economically; and (2) to recommend a combin-

ation power-desalting plant arrangement which would best meet the

District's objective of producing lowest cost water at the least capital

cost. Other problems requiring attention concerned the desalting plant

capacity; where and how best to introduce desalted water into the District's

system; the results of such blending; and the choice of fossil versus nuclear

fuel. Conclusions and recommendations resulting from the background

studies, analytical investigations, conceptual designs, and estimates of

cost are presented in other chapters of this report.

During Phase II of the study, the Electric Utilities Task Force made up

of representatives of the City of Los Angeles Department of Water and

Power, and possibly the Cities of Burbank, Glendale, and Pasadena; and

the Southern California Edison Company and San Diego Gas & Electric

Company jointly submitted a proposal to the District offering to participate

in the proposed dual-purpose power and desalting plant project. The

District acknowledged the Task Force Proposal and directed Bechtel to

evaluate the proposal as an additional alternative under the study. This

required an amendment of the contract between the District and Govern-

ment and some redirection of study effort on the part of Bechtel.

Essentially, the Task Force offered to construct two large-capacity

nuclear power plants to generate electric and supply prime steam to the

District for the generation of electricity in a back pressure turbine

exhausting to the desalting plant.
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REPORT OF PHASES I AND II

This report presents the results of the work performed by Bechtel in

Phases I and II of the study and reflects the understandings reached with
the District and Government in the performance of the work. The report

also presents Bechtels findings and conclusions on the most desirable site
and combination of nuclear power and desalting plant to be carried through
Phase III of the study.
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CHAPTER TWO
CONCLUSIONS

GENERAL

The findings and conclusions to date of the engineering and economic
feasibility studies of a combination power and desalting plant suitable
for operation by the District in 1970 are summarized in this chapter.
The summary follows the report outline to assist the reader in finding
chapters containing detailed results of particular interest.

EFFECT OF BLENDING AT DIEMER PLANT

An analysis was made of the effect of blending 150 mgd of desalted water
with other water at the Robert B. Diemer Filtration Plant. Present and

expected future quality of the water from the Colorado River and State Project
sources were considered. Results of the analysis showed that a reduction

in hardness and total dissolved solids of at least 50 percent would result
from blending at the Diemer Plant in the early years before State Project
water is available. Other studies made by the District show a scheme for

introducing and blending State Project water into the Diemer Plant.

PRODUCT CONVEYANCE AND BLENDING FACILITIES

The conceptual design studies of facilities for conveying product water to

the Diemer Plant have established basic pipe sizes, materials of construc-
tion compatible with the distilled water, number and type of pump stations,

and pumping horsepower. Estimated cost of conveying 150 mgd of desalted

water to Diemer Plant from Irvine Ranch and Artificial Island Sites is 4. 6

per 1, 000 gallons, or $14. 90 per acre-foot. Estimated cost from the Dana

Point Site is 5. 6 per 1, 000 gallons ($18. 25 per acre-foot) due to the
increased pipeline length of approximately 10 miles.

CONCEPTUAL DESIGNS OF SEA WATER SYSTEM

The large quantities of sea water required for the dual-purpose plant

necessitated particular appraisal of the sea water intake and discharge

facilities. Primary considerations are offshore conditions, such as sea

water temperature, kelp, and sand movement. Various conceptual designs

were developed and analyzed with regard to beach erosion, safety to navi-

gation, and preservation of sea life. The Artificial Island Site, which

does not require long circulating water lines extending into the ocean,

offers opportunities for a low cost sea water intake and discharge system.
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NUCLEAR SITE SAFETY ANALYSIS

A nuclear site safety analysis was made to establish the feasibility of

locating a major nuclear facility at the Irvine Ranch, the Dana Point, or

the Artificial Island Sites. Consultants in the fields of meteorology, ocean-

ography, seismology, and marine engineering provided data on the general

area and specific sites considered. Population densities and other site

criteria were considered in the nuclear site analysis.

Based on the results of the analysis and on judgment, it is concluded that

nuclear plants incorporating proven types of reactors designed to meet

specified safeguards criteria present no undue risk to public health and

safety if located at the Irvine Ranch, the Dana Point, or the Artificial

Island Sites. The basic engineered safeguards required are a shielded

containment vessel with a limited leakage rate. An iodine filtration

system is desirable, but not essential.

SITE SELECTION

Early decisions on the desalting plant capacity of 150 mgd, and the intro-

duction of this quantity of desalted water at the Diemer Plant limited

plant site investigation to the Orange County coastline. The Irvine Ranch

Site, the Dana Point Site, and an Artificial Island Site offshore from

Sunset Beach are feasible for the location of a large combination nuclear

power -desalting plant.

Site sensitive factors influencing the costs of desalted water were investi-

gated. These included: (1) land; (2) site preparation; (3) length and

arrangement of marine lines; (4) product water conveyance; and (5) other

differential construction and operating costs. The site comparative costs

show the Artificial Island Site to be the most economical. When compared

with location on the Artificial Island Site, development of the Irvine Ranch

Site is estimated to increase costs approximately $13 million, and at the

Dana Point Site approximately $33 million.

FOSSIL-VERSUS NUCLEAR-FUELED, DUAL-PURPOSE PLANTS

To permit an early determination of the type of power plant that would

produce the lowest cost water, a comparative analysis was made using

nuclear and fossil fuels. The desalted water cost comparison was based

on plant designs and costs of nuclear and gas-oil fired power plants in

the Southern California area and was adjusted to the District's economic

factors.

The nuclear power plant, with a commercial light water cooled and

moderated nuclear steam supply system of 617 Mwe (net), was compared
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with a modern oil-gas fired unit of the same net rating. The Irvine Ranch
Site was used to establish site cost features and as the basis for the com-
parative costs.

The results showed that costs of both power and water were lower in the
nuclear plant by a substantial margin. The cost of power and water from
the nuclear power and desalting plant is estimated at 3. 05 mills per
kilowatt-hour and 26. 5c per 1, 000 gallons. By comparison, the estimated
costs from the fossil-fired plant are 4. 05 mills per killowatt-hour and
33c per 1, 000 gallons.

OPTIMIZATION OF DUAL-PURPOSE PLANTS

Optimization studies of the dual-purpose plants were performed to provide
information for the selection of power and multistage flash evaporator
desalting plant parameters that would provide minimum overall cost of
water. Steam costs as a function of pressure and volume of flow from the

back pressure turbines were estimated and balanced against the capital
and operating cost of the desalting plant.

The results show that the cost of water is only a minor function of the

maximum brine temperature between 175 and 250 F. In Case A, discussed

in the following chapter the recirculating brine is heated to 250 F to obtain
more efficient use of the higher cost steam. Scale control is by acid addi-

tion. In Cases C and E a maximum brine temperature of 200 F was

selected in order to permit operation of the plant with polyphosphate
chemical treatment with resultant cost savings or with provisions for

addition of acid treatment should future experience show this to be desir-

able. Results of the optimization were also used to develop conceptual

designs of the desalting plants.

CONCEPTUAL PLANT DESCRIPTIONS

Three nuclear power and 150 mgd desalting plant conceptual designs were

evaluated for determination of the most favorable arrangement to meet the

District's basic objectives. In addition, two power-only plant concepts
were developed for the purpose of establishing the reference capital and
operating costs for generating power, and for establishing a base to calcu-

late the cost of producing desalted water from the dual-purpose plants.

The five conceptual designs studied were as follows:

Case A - MWD Minimum Dual-Purpose Plant

A dual-purpose plant owned and operated by the District for the production

of water and 200 Mw(gross)of power to supply the plant and MWD system

requirements.
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Case B - MWD Maximum Power-Only Plant

An 800 Mw (gross) power-only plant used to establish reference capital

and operating cost to be compared with Case C.

Case C - MWD Maximum Dual-Purpose Plant

A desalting and 880 Mw (gross) power plant, producing 650 Mw power in

excess of Metr6politan needs.

Case D - Task Force Proposal Power-Only Plant

A 1, 600 Mw (gross) power-only plant used as a reference for the Case E

plant.

Case E - Task Force Proposal Dual-Purpose Plant

A desalting and 1, 800 Mw (gross) power plant owned and operated by

agreement between the Metropolitan Water District and the Electric

Utilities Task Force.

Each of the five plant concepts are considered technically feasible, repre-

senting equipment of proven types and of sizes being considered for

installation in 1970. The Irvine Ranch Site was used as a base for the

cost estimates.

PLANT CAPITAL COST ESTIMATES

The estimated capital cost, including District distributable costs, for the

five concepts, are shown below in millions of dollars:

MWD Min. MWD Maximum Task Force

Dual- Power - Dual- Power - Dual-
Purpose Only Purpose Only Purpose

Case A Case B Case C Case D Case E

Power Plant $ 48. 3 $ 84. 1 $105. 4 $159. 5 $185. 5

Desalting Plant 97. 6 --- 92. 4 --- 92. 4

Other Facilities 14. 0 14. 2 27. 6 26. 4 38. 5

Land Cost 16.8 17.9 17.9 17.9 17. 9

Total Capital Cost $176. 7 $116. 2 $243. 3 $203. 8 $334. 3
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The estimates are present day costs, excluding future changes in prices
and wages. The construction schedule in chapter twelve shows that it is
necessary to initiate preparation of specifications for the nuclear steam
supply system in December, 1965, in order to commence operation in 1970.

The estimated capital investment required by MWD is minimum for the
Task Force concept, as follows:

Concept

Case A

Case C

Case E

District Capital Investment

$176, 700, 000

$243, 300, 000

$130, 500, 000

For the Task Force Proposal, Case E, on the Artificial Island Site, the
District's capital investment will be less than $130. 5 million and will be
determined in Phase III.

COST OF WATER

Based on the appropriate economic factors established for this study, the

calculated costs of desalted water for the three dual-purpose plants are
as follows:

Irvine Ranch

$/1,000
Gallons

Delivery to Diemer
I IL

$ Per
Acre-Foot

S/1, 000
Gallons

$ Per

Acre-Foot

Case A - MWD Minimum 29.8 97. 1 34.5 112.0

Case C - MWD Maximum 23.4 76.1 28.1 91. 8

Case E - Task Force Proposal 21. 4 70. 0 26. 0 84. 9

The Task Force concept offers a dual-purpose plant combination that not

only produces the lowest cost water but results in the minimum capital

investment for the District.
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RECOMMENDATIONS

Principal recommendations resulting from this Phase I and II Study concern

the size power plant and the location as follows:

- The Task Force proposal dual-purpose plant results in the lowest cost
water and minimum capital investment for the District and is recom-
mended for study in Phase III.

- Based on technical feasibility and the analysis of comparative costs,
it is recommended that the Artificial Island Site, offshore from
Sunset Beach, be selected for the Phase III Study.

- It is recommended that the following information be obtained by the
District, with the assistance of Bechtel, to permit the final location
and preliminary design: (1) offshore bottom and core samples to
determine the underlying geology, and (2) detailed oceanographic data.

In addition, continuing discussions with the Task Force utilities are required
to further define the proposal conditions. Similarly, continuing discussions
with the U. S. Corps of Engineers, and local and State officials are re-
quired to assure that the island concept is compatible with the evolving
plans for the projected Sunset Harbor Marina.
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CHAPTER THREE
BACKGROUND INFORMATION

GENERAL

Background information is presented in this report on Phases I and II to

identify subject areas where the combined experience and judgment of the

District, Department of the Interior, Atomic Energy Commission, and

Bechtel were used to define and categorize the economic criteria used in

the study. This information is presented below under these headings:

- METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA

- AGREEMENTS AND DECISIONS

-- DISTRICT ECONOMIC FACTORS

- STUDY DEVELOPED ECONOMIC FACTORS

- AEC REACTOR AND NUCLEAR FUEL DATA

METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA

The Metropolitan Water District of Southern California (District) is a public

corporation of the State of California, organized and existing under and

pursuant to the Metropolitan Water District Act, Chapter 429, California

Statutes 1927, as amended. The District was organized for the purpose of

supplying the area within its boundaries with water from the Colorado River,

its present sole source of supply, for domestic, industrial, and other

beneficial uses.

As of January 1, 1965, the District supplied Colorado River water to 13

cities, 12 municipal water districts, and 1 county water authority. These

agencies are situated in the six Southern California Counties of Los Angeles,

Orange, Riverside, San Bernardino, San Diego, and Ventura. The area

served by the member agencies is approximately 4400 square miles with a

population of approximately 9. 1 million and assessed valuation of about

$17. 1 billion. Delivery of water to the constituent agencies from the

Colorado River for the fiscal year ending June 30, 1964, amounted to

1, 064, 184 acre feet.

The District's maximum annual entitlement of State Project Water is two

million acre feet, deliveries of which are expected to start early in the

1970's. Based on the projected population increase in the service areas of
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the constituent agencies of the District, the available Colorado River and

State Project Water is expected to meet the water needs of this expanding

population until at least the year 1990.

AGREEMENTS AND DECISIONS

Certain agreements and decisions are based on the contract documents;

discussions held with representatives of the District, Government, and

other interested parties; and on decisions and agreements reached in

monthly meetings with representatives of the District and Government.

Principal criteria and study objectives agreed upon are as follows:

- Emphasis to be placed on producing 150 mgd of desalted water using a

multistage flash type of desalting plant.

- Primary consideration to be given to introducing and blending the 150

mgd of desalted water with imported water at the Robert B. Diemer

Filtration Plant, near Yorba Linda, a distance of approximately 22

miles from the Orange County coast. Secondary consideration was to

be given to the introduction of 50 mgd of desalted water at other points

in the District system, including Ventura and San Diego Counties.

- The MWD nuclear steam supply system to be of the light water cooled

and moderated BWR or PWR types, with a proven capability for scale-

up in size to supply the steam requirements of a 150 mgd desalting

plant and the selected capacity of power generation.

- Provision to be made for 100 percent future expansion of the plants

at the sites under consideration.

- The in-service date of the combination plant is considered as

September 1, 1970.

MWD Plant Capacities

The MWD desalting plant is to have a capacity of 150 mgd with an approx-

imate minimum or maximum power generating capacity, as follows:

MWD Minimum Size Nuclear Plant

This combination nuclear and desalting plant is to consist of a single unit

nuclear steam supply system and facilities capable of producing 150 mgd

of product water and the generation of approximately 200 Mwe power to
supply:
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- Auxiliary loads of the nuclear and desalting plants.

-- Power required to pump product water to the Diemer Filtration Plant.

- About 100 Mw of capacity and energy for exchange of approximately 800
million kilowatt-hours of energy now being purchased annually for the

District's Colorado River Aqueduct Pumping Plants.

- No excess power for sale.

MWD Maximum Size Nuclear Plant

The maximum size nuclear plant is to consist of a single nuclear steam

supply system and facilities to produce 150 mgd of product water, generate

power for auxiliary loads and pumping requirements to Diemer, and 750

Mwe of excess generating capacity for sale or exchange to public or private

utilities in the area.

Electric Utilities Task Force Proposal

Following the announcement that the District and Government had entered

into a contract to study the economic feasibility of a nuclear-fueled power

and desalting plan, the electric utilities in Southern California joined forces

in an offer to provide a nuclear steam supply system and other facilities

for the proposed desalting plant. Bechtel was required under the sub-

contract to survey the potential market for the sale or exchange of the

electric power excess to the District's needs for its system. The need

for a marketing survey was obviated when the Electric Utilities Task

Force representing the electric utilities in Southern California, proposed

an ownership arrangement whereby the District would have an entitlement

to the necessary steam and power for the District's needs.

Electric utilities participating in this joint offer are the City of Los Angeles

Department of Water & Power and possibly the Cities of Burbank, Glendale,

and Pasadena, representing the public power interests,and the Southern

California Edison and San Diego Gas & Electric Company representing the

investor-owned interests. The participating electric utilities each

appointed a representative to serve on a committee designated as the

Electric Utilities Task Force to develop and formulate the principles and

manner in which the utilities could participate in the dual-purpose plant.

A number of meetings were held with the Task Force group by the District

and Bechtel to discuss the principles of participation.

On April 8, 1965, the three electric utilities directed a letter to the

District expressing their interest in participating in the project and offered

for the consideration of the District, the Principles for Joint Participation



in a Dual-Purpose Power-Desalting Plant. The District replied by letter

dated April 23, 1965, stating that the District-Government contract would

require an amendment to include the utilities proposal as an additional

alternative in the study, but in the meantime representatives of the utilities

and the District assisted by Bechtel should work toward implementation of

the proposed plan. Copies of the Task Force Proposal and letters of

correspondence are included in appendix A. The salient points of the

Task Force Proposal are:

- Two large capacity, commercially available nuclear power generating
plants with a main condensing turbine -generator would be constructed.

One to be owned by the public power interests and one by the investor-

owned interests .

- A 150 mgd desalting plant including a back pressure turbine-generator
sized to supply steam to the desalting plant would be owned by the

District.

- MWD would be entitled to electrical capacity and energy produced by
the back pressure turbine-generator in the amount required to supply
auxiliary power for the desalting plant, power for pumping product

water to Diemer, and 100 Mw of exchange power for Colorado River
pumping.

- The Cities and Edison-San Diego (Gas & Electric Companies) would
each be entitled to the net electrical capacity of their respective main

turbine-generators plus one-half of the unused capacity by the District
in the back pressure turbine. The total dual-purpose installation to be
sized such that the Cities' and Edison-San Diego's net generating

capacity would be not less than 600 Mw nor more than 750 Mw each.

- The capital investment allocable to the Cities and Edison-San Diego
in the dual-purpose plant would be equal to the capital cost of a single-
purpose, two unit nuclear plant of the same type , at the same site, and

equal to the sum of their capacity entitlements . The remaining capital
costs of the dual-purpose plant would be allocable to MWD.

- MWD would provide nuclear fuel for the production of steam to operate

the back pressure turbine and desalting plant for the portion of steam
taken by the District for the generation of its entitlement of power in
the back pressure turbine and the steam used in the desalting plant.

- The desalting plant to be operated, insofar as practicable , to permit
full operation of the back pressure turbine.

- All electric energy produced in the back pressure turbine excess to the

District's needs will be taken by the Cities and Edison-San Diego.
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- The costs of operation and maintenance for the benefit of more than
one party will be shared by the parties using such facilities.

The net cost of the nuclear fuel cycle will be shared by all parties on
the basis of scheduled steam deliveries to the facilities owned by each
party except that the District's share shall be decreased to the extent

that electrical energy from the back pressure turbine is delivered to

the Cities and Edison-San Diego.

Subsequent to the exchange of letters mentioned above, a meeting was held

by the Task Force with representatives of the District and Bechtel to review

the basis for ownership of facilities common to the power and desalting

plant so that estimates of costs of desalted water produced under the Task

Force Proposal could be made by Bechtel in Phase II of the study. Agree-

ment was reached on all major points of ownership for the purpose of

developing plant concepts and estimating the cost of water.

For the purpose of evaluating the Task Force Proposal dual-purpose plant

ownership arrangement where the District would have an entitlement to the

necessary steam and power for the desalting plant, the Task Force invest-

ment, operating cost, and fuel cost would be equivalent to a single-purpose

power plant of the same net generating capacity. Since the annual cost of

water is determined by the difference between the annual cost of the dual-

purpose and single-purpose plants of the same net generating capacity, it

was necessary to determine this difference using MWD economic factors.

Therefore, Bechtel was requested by the District and Government to
compute the Task Force Proposal cost of water based only on MWD economic

factors since it was not necessary to determine the Task Force members

distributable costs or annual operating costs to evaluate the proposal's

merits.

DISTRICT ECONOMIC FACTORS

For the purposes of the Phases I and II economic studies, it was agreed

that consideration should be given to existing District policies and that

capital and operating costs should conform as closely as possible to
District economic factors. The District has supplied the following infor-

mation concerning their policies and financing. The District, as a public

corporation of the State of California, is exempt from paying certain taxes

as hereinafter set forth.
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Ownership and Operation

The District will finance, own, and operate the selected MWD minimum

and maximum combination power and desalting plant. In the case of the

Task Force Proposal, the District would own and operate the desalting

plant, back pressure turbine, land, and certain other facilities common

to the power and desalting plant as hereinbefore stated under the Task

Force Proposal.

Financing and Cost of Money

The District will finance the combination plant out of the proceeds and as

part of a longterm bond issue to be submitted to the voters in 1966 for

financing the expansion of the District's aqueduct system for the transport

and delivery of State Project Water. The rate of interest to be paid on

these longterm bonds is estimated by the District at 3. 5 percent per annum;

therefore, for the purpose of this study, it is assumed that the cost of

money for financing a District-owned, dual-purpose power and desalting

plant will be 3. 5 percent per annum.

Property Taxes

As a public agency the District is exempt from paying ad valorem taxes on

the land and capital improvements lying within District boundaries made

subsequent to the acquisition of real properties. The only ad valorem

taxes paid by the District are those assessed on land and improvements at

the time of acquisition, following which the properties are removed from

the assessment rolls and no further taxes paid.

For the purpose of this study, the ad valorem taxes assessed at the time

of acquisition will be included and capitalized in the cost of land.

California Sales and Use Taxes

The California sales tax of three percent and local sales or use tax of one

percent, for a total of four percent, will be included as a tax on materials

and equipment purchased for construction.

Income Taxes

As a public agency the District is exempt from all Federal, State, and

local income taxes.

Taxes Foregone

As directed by the District, no consideration will be given to taxes foregone.
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Land Cost and Acquisition

The District will acquire all land for the combination plant and exclusion
area, including all easements and/or rights-of-way for the product water
conveyance line and intermediate pumping station from the desalting plant
to the Diemer Filtration Plant. In the case of the Electric Utilities Task
Force Proposal, the costs of land allocable to the electric utilities is
equivalent to that of a single purpose power plant of the same entitlement

capacity and type'at the same site.

Cost of land will be based on the best information available to Bechtel and
appraisals authorized by the District.

The District's costs associated with the acquisition of land, including
severance damages, if any, land appraisals, cost of condemnation, court

costs, surveys, soils and site development investigations, etc. , will be

charged and included in the cost of land.

In the case of the Sunset Harbor Island, costs incurred in obtaining

necessary Federal, State, and County permits for use of offshore land

for both the island and the island-to-shore trestle will be included in the
cost of the island.

Property Damage and Public Liability Insurance (Non-Nuclear)

The District self-insures on District property losses and commercially

insures for public liability to a total of $20 million.

For the purpose of this study, it is assumed that the District self-insurance

on property losses and public liability will be extended to cover the com-

bination power and desalting plant, product water line, and pumping stations

at a minimal increase in annual costs. The increase in costs will not be

included in the annual fixed charges of the desalting plant.

Engineering and Construction of the Product Water Line

The District will perform all engineering and design with its own forces and

prepare specifications for the procurement of all pipe, equipment, mate-

rials, construction contracts, and other services required for the con-

struction of the product water line, intermediate reservoir, and pumping

stations, including the connection of the product water line to the Diemer

Filtration Plant for mixing.

Estimates of cost prepared by Bechtel for the product water line and pump-

ing plant will be based on May 1965 prices, including an allowance for
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District costs of 35 percent for engineering, procurement, inspection,

contingencies, interest during construction, and other District costs.

STUDY-DEVELOPED ECONOMIC FACTORS

During the course of the Phases I and II Studies, other economic factors

have been jointly developed and agreed upon by the District and Bechtel.

These economic factors have been summarized below for reference.

Exchange and Sale of Excess Power

The exchange and sale of excess power is assumed to be on the following

basis.

- MWD Minimum Plant (200 Mw)

The 100 Mw of exchange power for Colorado River Aqueduct pumping will
be delivered to the Southern California Edison Company at a step-up sub-
station to be owned, operated, and maintained by the District at the power

plant site. Power and energy delivered is assumed to be exchanged on a

kilowatt-hour for kilowatt-hour basis.

Cost of the 100 Mw of exchange power will be considered as revenue and

credited to the cost of producing desalted water, at 4. 0 mills per kilowatt-

hour. It is also assumed that any small amounts of energy generated in

excess of the 100 Mw exchanged for the District's use will be purchased by

the electric utilities at the cost of power generated in the MWD maximum

plant.

- MWD Maximum Plant (880 Mw)

It is also assumed that the exchange power of 100 Mw for pumping

Colorado River water will be credited to the cost of producing desalted

water at the same rate of 4. 0 mills per kilowatt-hour, as that set forth

above for the MWD minimum plant.

In view of the lack of a free market for disposal of 650 Mw of excess

power produced by the MWD maximum plant, it is assumed, for the pur-

pose of evaluating the cost of water produced by the MWD maximum

dual-purpose plant, that the value of excess power for sale to a franchised

electric utility serving the area would be that of the cost to produce the

power by the District in an equivalent single-purpose power generating

plant. It is assumed that the purchasing utility would own, operate, and

maintain the step-up transformers and sending station.
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Electric Utilities Task Force (1,800 Mw)

It is also assumed that the exchange power of 100 Mw for Colorado River
pumping will be credited to the cost of producing desalted water at the
same rate of 4. 0 mills per kilowatt-hour as for the MWD minimum and
maximum plants.

Plant Lifetimes and Depreciation

The combined power and desalting plant, product water line, and pumping

equipment are specified to have estimated economic lifetimes as follows:

Economic Lifetimes

Years

A. Nuclear Power Plant and Appurtenances

B. Desalting Plant and Appurtenances

C. Brine Heater and Condenser Tubes

D. Product Water Line:

1. Pipeline

2. Intermediate Reservoir

3. Pumping Plants and Equipment

30

30

75

75

50

* Tube life will be based on the material selection

and service conditions expected of the selected plant.

Facility Depreciation

Depreciation will be computed on the plant and facility service lifetimes

shown above, using the sinking fund method based on a cost of money of

3. 5 percent per annum.
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Annual Plant Factors

For the purposes of the study, it is assumed that the desalting and power

plant concepts in Phase II will be based on a 90 percent plant factor,

representative of the early years of plant operation. In later years, how-

ever, this plant factor may decrease.

Nuclear Insurance

Annual premiums for nuclear insurance will be computed as follows:

- Commercial coverage of public liability insurance in the total amount

of $60 million @ $3 per $1 thousand of coverage, or $180 thousand per

year. Southern California Edison advises that, based on conversations

with the insurance carriers, the premium for a two-reactor site would

be intermediate between that for one and two separate plants and that

a factor of 1. 5 is reasonable.

- Government indemnification up to $500 million at $30 per annum per

megawatt thermal. This will be computed for each study case.

- Property damage insurance for nuclear hazards to the power plant

will be assumed at $4. 70 per $1 thousand for 80 percent of the power

plant investment less land. This will be computed for each study case.

Engineering and Construction Cost Estimates

The engineering and construction cost estimate will be based on:

- Engineering and construction for the dual-purpose plants to be

performed under an engineering-management type contract.

- Capital costs to be based on constant May 1, 1965, dollars, with

no allowance for escalation.

- Interest during construction to be based on the total cost of

facilities computed at a rate of 3. 5 percent per annum over one-half

of the construction time schedule.

Interest on Investment in Land

Interest on the money paid by the District for land and land rights, from

the time of acquisition to September 1, 1970, will be capitalized and

charged to the cost of land at 3. 5 percent per annum.
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For the purpose of computing interest charges, it has been assumed that
land and land rights for the onshore plant and product water line will be
acquired by October 1, 1966.

In the case of the Sunset Harbor Island it has been assumed that construc-
tion of the island will be completed by June 1, 1967.

Annual Fixed Charges

Annual fixed charges are estimated as follows:

Depreciable

Capital (Plant)
Non-Depreciable

Capital (Land)

Economic Lifetime 30 Yez

Cost of Money 3. 50%

Sinking Fund Depreciation 1. 94

TOTAL 5.44%

ar 50 Year 75 Year

3. 50% 3. 50%

0.76 0.29

4.26% 3.79%

Power Plant Annual Operating and Maintenance Expense

Annual 0 & M expenses, including 30 percent payroll additives, 25 percent

general and administrative expense, labor, materials, and operating

supplies are estimated as follows:

Type of Plant Number of Men Annual Cost

Fossil-Fueled Plant

MWD Maximum Nuclear Plant

Task Force Nuclear Plant

0 & M Materials and Supplies

43

58

76

$ 540, 000 per yr

$ 780, 000 per yr

$1, 010, 000 per yr

1. 0% of Power
Plant Capital

Cost
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Desalting Plant Annual Operating and Maintenance Expense

Annual 0 & M expenses, including 25 percent payroll additives, 25 percent

general and administrative expense, labor, materials, and operating

supplies are estimated as follows:

Type of Plant Number of Men Annual Cost

150 mgd Multistage Flash 39 $456, 000

0 & M Materials and Supplies 1% of Desalting
Plant Capital

Cost

Cost of Treating Chemicals

Cost of 98 percent commercial grade sulfuric acid delivered to the site

in tank trucks has been quoted in May, 1965, at $27. 90 per ton. The

treatment rate for sulfuric acid is 125 ppm on the feed.

Cost of polyphosphate anti-scaling compound, delivered in 400-pound

drums in car load lots, trans-shipped to the site, is $0. 25 per pound

based on advice from Aqua-Chem, Inc. Treatment rate of polyphosphate

is 4 ppm on the feed.

Working Capital

No provision has been incorporated for this capital cost, due to the

inconsequential amount of working capital required by the District for

normal plant operation, exclusive of nuclear fuel. The interest on work-

ing capital for nuclear fuel has been incorporated directly into the nuclear

fuel cost.

District Distributable Costs

The District distributable costs include District expenses incurred during

engineering and construction. The following percentages are added to

construction costs to give the total capital investment.
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Plant Facilities

Interest During Construction

Miscellaneous Construction Costs

Engineering

Nuclear Insurance

Spare Parts, Etc.

Contingency

Acquisition Costs

TOTAL

The District's distributable costs on product
all engineering is 35 percent.

5. 0%

0. 3

1.0

0. 2

0. 5

2. 0

0

9. 0%

14. 0% (4 yrs. )

0

0

0

0

0

3. 0

17. 0%

conveyance facilities including

AEC REACTOR AND NUCLEAR FUEL DATA

During the first monthly meeting of representatives of the District, AEC,
Department of the Interior, and Bechtel, on January 8, 1965, the AEC

offered to transmit to the District and to Bechtel the available AEC light

water cooled and moderated BWR and PWR nuclear steam supply system
and nuclear fuel data, which could readily be adjusted by Bechtel to the
study ground rules.

The AEC subsequently transmitted this information, under cover of the

letter from A. Giambusso to R. A. Skinner, February 1, 1965, a copy of

which is shown in appendix A. This information, as well as Bechtel' s

nuclear experience and information obtained from commercial BWR and

PWR nuclear steam supply system vendors, was used to develop nuclear

design and cost data and nuclear fuel costs in this report.
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CHAPTER FOUR
EFFECT OF BLENDING AT THE DIEMER PLANT

GENERAL

Principal purpose of this investigation was to determine feasibility and prob-
able effects of introducing 150 mgd of desalted water into the MWD system
at the Robert B. Diemer Filtration Plant. This information was developed
and reviewed in cooperation with the District. In addition to the 150 mgd of

desalted water, secondary consideration was given to the introduction of
50 mgd of desalted water at various alternate points in the MWD system.
As agreed upon in conferences with the District, however, the studies were
directed primarily toward the introduction of 150 mgd of desalted water at
the Diemer Plant. This plant is located near Yorba Linda, about 25 miles
north of Newport Beach.

Blending distilled water with other District imported waters would result
in a product of some intermediate quality. Product quality depends upon
respective qualities of the water that are mixed and the proportions in which

they are mixed. This section discusses:

-- Water supplies available for blending at Diemer

- Present and expected future quality of the water from each source

-- Existing and future facilities necessary to implement any scheme to

blend at Diemer

-- Blending and expected results at Diemer, based upon the Bechtel and
MWD studies

-- Alternative blending schemes

Results of the report by James M. Montgomery, Inc. , on points of intro-
duction for 50 mgd into the District system, have been incorporated in this

study. 1

WATER SUPPLY

The Colorado River is the only source of water to the District at the pres-

ent time. Member Agencies of the District may also use local and other

imported supplies, but the Colorado River will continue to be a significant

source of the District's supply into the future. However, as a result of a

decree issued by the U. S. Supreme Court on March 9, 1964, in Arizona vs.

4-1



California, and a 1931 agreement known as the Seven-Party Water Agree-

ment between Palo Verde Irrigation District, Imperial Irrigation District,

Coachella Valley County Water District, City of Los Angeles, City of San

Diego, County of San Diego, and MWD, the water available to MWD from

this source could be progressively reduced in the future.

The decree limits the total of California's consumptive uses (diversions

minus returns to the Colorado River) to 4, 400, 000 acre-feet in any year

that no more than 7, 500, 000 acre-feet are available for use in Arizona

California, and Nevada. In years that more is available, California would

be allotted half the excess, but as other holding rights to the waters of the

Colorado and its tributaries develop, such surpluses will be rare. Under

the Seven-Party Agreement, although the District supplies water for

domestic purposes primarily, MWD has only fourth and fifth priorities for

550, 000 acre-feet per year and 662, 000 acre-feet per year, respectively.

Priority Four water is included in the 4, 400, 000 acre-feet per year allotted

to California under the Supreme Court Decree and is therefore firm, but

Priority Five applies to surplus water. Thus, taken with the decree of

March 9, 1964, it would be expected that MWD's supply from the Colorado

River would be progressively reduced to about 550, 000 acre-feet in the future.

Waters to be developed by the California State. Project and delivered from
the California Aqueduct will be another source of District supply in the near

future. First deliveries to the District from this source are scheduled for

1972. MWD's demands on this source are expected to increase gradually

to the full contract entitlement of 2, 000, 000 acre-feet by 1990.

Projected water deliveries to the District from the Colorado River and

California Aqueducts are shown in table 4. 1. These projections were

adopted and used for this study. A possible additional source of future

water supply to the District is the combination nuclear power desalting

plant being evaluated in this investigation. The desalting plant, with a

desalted product water capacity of 150 mgd, would come on-stream in

early 1971.

WATER QUALITY

General

Quality is determined by the bacteriological, physical, chemical, and
aesthetic characteristics of the waters as related to their intended use.

For municipal purposes, the bacteriological and most physical and chemical
qualities of raw water supply are generally and economically controlled by

ordinary water treatment methods. Taste and odor, and color to a lesser

degree, are important factors in municipal water quality with reference

to consumer acceptance. The chemical quality of a water supply rarely
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TABLE 4.1
PROJECTED WATER DELIVERIES TO MWD

COLORADO RIVER* AND CALIFORNIA AQUEDUCTS**
(Values in 1000's acre-ft)

Fiscal Colorado River California

Year Aqueduct Aqueduct Total

1971 1,212 0 1,212

1972 1, 212 373 1, 585

1973 1, 212 436 1, 648

1974 1, 212 502 1,714

1975 1,212 563 1,775

1976 1, 168 669 1, 837

1977 1, 124 772 1, 896

1978 1, 080 876 1,956

1979 1, 036 975 2,011

1980 991 1, 073 2,064

1981 947 1, 173 2, 120

1982 903 1., 274 2, 177

1983 859 1, 374 2, 233

1984 815 1, 473 2,288

1985 770 1, 571 2, 341

1986 726 1, 669 2, 395

1987 682 1, 764 2, 466

1988 638 1, 859 2, 497

1989 594 1, 952 2, 546

1990 550 2, 000 2, 550

-From MWD Report No. 818, p. 10

**From MWD Supplement to Report No. 817, Supp. Table 4
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prevents its use for municipal purposes, except for excessive concentra-

tions of certain mineral constituents which are found in some natural

waters and certain elements which are toxic. Raw waters with a mineral

quality adequate for municipal use are, with few exceptions, suitable for
irrigation.

Where municipal water supplies are concerned, hardness and corrosiveness

are the principal chemical quality factors of economic concern. Hardness
is the suds-inhibiting and soap-consuming property of waters containing
ions of calcium, niagnesium, iron and/or aluminum. Iron and aluminum
are generally not present in sufficient concentrations in raw water supplies

to be included in hardness determinations, which are reported in chemical
analyses as parts -per -million-parts of water (ppm), by weight, of calcium
carbonate.

Corrosion in water systems is a complex process but the principal factors

pertinent to this study are that, (1) oxygen is necessary for corrosion and,

if other factors do not change, the rate is almost proportional to the dis-

solved oxygen concentration, (2) the lower the pH (i. e the more acidic

the water), the more rapid is the corrosion, and (3) up to a point, corro-

sion rate increases as salinity or total dissolved solids increase. The
effects of corrosion are well-known and need not be discussed here.

Benefits from a reduction in the water hardness of a municipal system
accrue to the domestic and industrial user and the municipal system itself.
For the domestic user, reduced hardness results in the following benefits:

-- Reduced consumption of soap and detergents used for bathing and
laundering. Where soap is used, water hardness must be reduced
to approximately 40 ppm by chemical combination of the soap with
calcium and magnesium ions before suds will form.

- Reduced consumption of fuel for water-heating due to reduced scaling

(deposition of calcium and/or magnesium salts) in the boiler with
resultant better heat transfer.

-- Reduced plumbing maintenance and replacement costs.

- Reduced fabric wear, since less washing is required for a clean wash.

- Better cooking possibilities. Soft water allows better retention of

natural color, appearance, and taste of cooked food.

-- Better skin care. Soft water allows thorough rinsing while hard

water leaves particles of scum which could irritate sensitive skin.

-- Less work expended for cleaning bathtubs and washing dishes, cook-

ing utensils, laundry, etc. , with better results from such work.
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-- Where evaporative coolers are used, reduced maintenance and
replacement costs.

The industrial consumer uses water for processing, cooling, sanitation,
hot-water or steam production, and air-conditioning. Quality requirements

for processing water depend upon the intended use. Table 4. 2, presents
representative hardness tolerances for some industrial and commercial
uses.

TABLE 4.2
REPRESENTATIVE HARDNESS LIMITS

FOR INDUSTRIAL AND COMMERCIAL USES*

Use Hardness, in ppm Ca CO3

Canning legumes 25 -7 5

Carbonated beverages 250
Cooling 50
Textiles 20
Tanning 50-135
Laundering 50

* Manual on Industrial Water and Industrial Waste Water, 2nd Ed. ,
ASTM Special Technical Publication No. 148-D: 1959

Water quality for industrial boilers and coolers must be quite high to pre-

vent scaling and corrosion problems. This is especially true for boiler

feed water since boilers are operated at high temperatures and pressures

with associated scale problems. Additional treatment of the municipal

supply by the user to remove hardness is generally required for this pur-

pose.

Reduced hardness results in less scaling in municipal distribution systems.
Thus, if other conditions are favorable, the lines more nearly maintain

their original capacities with a minimum of maintenance work. It is not
desirable, however, to reduce the hardness of a water without regard to

its other chemical properties. The water in the system must be in chem-

ical equilibrium or it will tend either to deposit scales or to cause corro-

sion.

When dealing with municipal waters, the equilibrium of interest involves

calcium, carbonate, bicarbonate, and carbon dioxide equilibria, which
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are interrelated with the pH. The effect of pH on the solubility of calcium

carbonate can be expressed as follows:

pHs = 9. 30 + log (Ks/K2 ) - log (A) - log (Ca++) + S

pHs = equilibrium pH

Ks = solubility product of calcium carbonate

K2 = ionization constant of bicarbonate

(A) = ppm alkalinity as calcium carbonate

(Ca++) = ppm calcium concentration

S = salinity term

The above expression of pHs is valid for pH values less than 9. 5. Alka-
linity is assumed due only to bicarbonate, carbonate, and hydroxide ions

in the water. The salinity term is a function of the ionic strength and when

the dissolved solids concentration is less than 500 ppm, S can be approx-

imated as:
-5 1/2

2(2.5x 10 T)

S=1+(2.5x 10- T) 1/2

where T = ppm dissolved solids concentration

When the pH of the water is equal to the pHs, the water is in equilibrium

with respect to the normal carbonates, bicarbonates, and carbon dioxide

held in solution and will neither precipitate nor dissolve calcium carbon-

ate. The difference between the measured pH of a water and the calcul-

ated pHs is called the Langelier Index or Saturation Index. A positive

index (pH> pHs) indicates a tendency to precipitate calcium carbonate, a

condition inhibiting corrosion, while a negative value indicates that corro-
sion is more likely to occur.

The prevalent water supply practice is to maintain a residual hardness
large enough to give a positive index sufficient to deposit a thin scale-

coating to protect the system against corrosion. In past experience, the

residual hardness has been about 125 ppm for the MWD-supplied munici-

pal systems.

For irrigation, bacteriological quality is satisfactory throughout the

United States, generally, and silt content is usually the only physical

property of concern in that it might decrease the porosity of soils if

deposited on farmland. Sodium percentage (%Na), which is the ratio of

sodium ion concentration to the total concentration of metallic ions,

together with the chloride, boron, and total dissolved solids concentration

(tds), is an important indicator of the suitability of a water for irrigation.
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Heavier applications of water for leaching the soil and better drainage are
required where waters high in either %Na or tds or both are used, in order
to keep salt concentration in the root zone of plants from reaching harmful
levels. High %Na also results in the breakdown of soil aggregates and con-
sequent filling of soil pores, making it extremely difficult for water or
roots to penetrate the soil. Percent sodium of 0 percent to 60 percent is
suitable for most plants under common farmland conditions; 60 percent to
75 percent is harmful to some plants under certain conditions. Boron con-

centrations in excess of 2 ppm and chloride concentrations over 355 ppm

are generally harmful to most crops, and lesser concentrations of these

constituents in the applied water can also be injurious depending on the

type of plant and soil. 2

Present

Colorado River water is more highly mineralized than is desirable, espe-

cially during drought periods, and is "very hard", averaging about 350 ppm
total hardness at Parker Dam. The sodium percentage has averaged about

38 percent. The present quality of Colorado River water available to the

District is indicated by the chemical analyses shown in table 4. 3.

A part of the State Water Plan, the South Bay Aqueduct, is now operative.

The intake for this aqueduct is near the site of the California Aqueduct

intake. Based upon analyses of water at this existing intake, the present

quality of State Project waters is indicated by the total dissolved solids
concentrations in table 4. 4.

Future

The future qualities of water from the available sources are more pertin-

ent to this study than are past qualities. The U. S. Geological Survey
(USGS) and the U. S. Bureau of Reclamation (USBR) have made a joint study
of the probable future quality of water in the Colorado River mainstream,

taking into consideration the effects of all existing, authorized, and pro-

spective future developments. In their report on this joint investigation,

it is indicated that progressive depletions of the water supply by diversions

and use, together with return flows of poor quality water from upstream

farms and municipalities, will increase the average tds concentration at

Parker Dam from the present 670 ppm to approximately 866 ppm. 3 A

study of the report indicated that for all practical purposes, calcium, mag-

nesium, and sodium concentrations will increase in proportion to the

increase in tds. 4 Figure 4. 1 presents the projected average quality of

Colorado River water that would be available to the District in terms of

tds, chlorides, hardness and percent sodium.
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TABLE 4.3
ANALYSIS OF RAW COLORADO RIVER WATER*
AVERAGE FOR YEAR ENDING JUNE 30, 1964

Constituents Symbol Concentration, ppm

Silica SiO2  9. 3
Iron Fe Trace

Calcium Ca 83

Magne sium Mg 28

Sodium Na 96
Potassium K 5

Carbonate CO 3  0

Bicarbonate HCO3  139

Sulfate SO4  290

Chloride Cl 86

Nitrate NO 3  1.0

Boron B 0. 12

Fluoride F 0.4

Total Dissolved Solids 668

Hardness, as Calcium Carbonate

Total 322

Carbonate 114

Noncarbonate 208

Free carbon dioxide CO21

Hydrogen ion concentration pH 8. 3

Electrical conductivity ECx 106 1055

*At F. E. Weymouth Water Treatment Plant (Virtually identical to water

at Whitsett Intake, just upstream from Parker Dam)
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TABLE 4.4
TOTAL DISSOLVED SOLIDS CONCENTRATION IN RAW WATER

AT SOUTH BAY AQUEDUCT INTAKE FOR STATE PROJECT WATER

Year Month Weighted Average,
Parts per Million

1963 January 438

February 475

March 409

April 420

May 327

June 158

July 154

August 195

September 285

October 322

November 280

December 282

1964 January 290

February 352
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It is possible that in the future there will be diversions from tributaries of
the Columbia River into the Colorado River Basin. If this were to occur,
it would probably be necessary for millions of acre-feet to be diverted
annually to make the scheme economically feasible. Present diversions
out of the Colorado Basin are relatively small. Large diversions from
the Columbia into the Colorado should significantly improve the quality of
water in the mainstream Colorado, since the waters of the Columbia trib-
utaries are generally low in mineral concentrations. They contain about
half the tds concentration, one-fourth to one-third the percent sodium,

and are higher in bicarbonates than in sulfates, which is the opposite of
Colorado River water. However, study of the results of such a possibility
is beyond the scope of this report.

In May, 1957, the Department of Water Resources (DWR) of California
issued Bulletin No. 3, The California Water Plan, in which is presented
the water quality objectives adopted by the DWR for water to be pumped
into the California Aqueduct at the proposed Sacramento-San Joaquin Delta
Intake. (table 8, p. 34). The December, 1955, Bechtel review of the
earlier February, 1955, DWR report, Program for Financing and Con-
structing the Feather River Project as the Initial Unit of the California
Water Plan, revealed no reasons why these objectives could not be met
without affecting the feasibility of the Feather River Project. It is still
maintained that these objectives are valid. They are presented in Table
4. 5, Water Quality Objectives for State Project Water, Sacramento-San
Joaquin Delta Intake.

TABLE 4.5
WATER QUALITY OBJECTIVES FOR STATE PROJECT WATER

SACRAMENTO-SAN JOAQUIN DELTA INTAKE*

Item Limit

Total dissolved solids concentration, ppm 400

Total hardness, as ppm of Calcium Carbonate 160
Sulfate concentration, ppm 100

Chloride concentration, ppm 100
Electrical conductivity, EC x 106 600
Percent sodium 50

Hydrogen ion concentration, pH 7. 0 to 8. 5

* From Table 8, p. 34, Bulletin 3 of State Dept. of Water

Resources, The California Water Plan, 5/57
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How much the actual average quality of water delivered to Southern Calif.-

ornia would fall below the objectives set forth in table 4. 5 depends upon
the deterioration of quality as development proceeds in the Sacramento and
San Joaquin Valleys and upon the method adopted for transporting water

through or around the Delta to the California Aqueduct intake. The present
plan favored by DWR is a peripheral canal around the east side of the Delta
to avoid comingling the good quality Sacramento River water with the poor
quality waters in the Delta. If this plan is carried out, objectives shown
in table 4. 5 would probably be too high. Assuming that the peripheral
canal will insure delivery of better quality water, MWD estimated 5 that
the delivered State Project water would be of 300 ppm tds, 125 ppm hard-
ness and 60 ppm Na based on the weighted average quality of Delta-Mendota
Canal water as reported in DWR Bulletin 65-69.

Quality of the water that would be produced by the desalting plant during
its useful life would be virtually the same as deaerated, distilled water.
Temperature of the product water would be controlled so that the blend
with Colorado River and State Project water would not exceed 80 F.
Depending on results of the final plant design, construction materials used,
and the method of scale deposition control employed, it is most likely that
the product water will contain only a few ppm of total dissolved solids.
For the purposes of blending calculations, the product water is assumed
to contain no dissolved solids.

Based on the above complex water quality considerations and consistent
with previous MWD studies 5 of blending at the R. B. Diemer plant, sim-
plified representative water qualities in the early years of plant operation
will be used in subsequent blending analyses as shown in table 4. 6.

TABLE 4.6
REPRESENTATIVE WATER QUALITIES 5

Concentration, in p m
Water Supply tds Total Hardness Sodium

Desalting Plant Nil Nil Nil
Colorado River 710 340 105
State Project 300 125 60

Requirements For A Uniform Quality Blend

The combination power-desalting plant operates most economically at a
high uniform load factor. The production of desalted water thus will not
normally follow the water demand pattern of the local service area, and
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variations in demand will have to be absorbed elsewhere in the water supply
system. Also to be considered is the availability, for blending, of both

Colorado and State Project waters, which have a different mineral content.

If the delivery to consumers of a water of fluctuating mineral quality is to
be avoided, then controlled proportionate blending or substantial storage

capacity must be provided.

From the standpoint of the homeowner, varying water hardness imposes a

direct expense because of uncertainty as to the required amount of washing

materials (soap, detergents, etc. ), and the probable result is that the max-

imum is used most of the time. There may be a problem with differing
physiologic reaction, particularly in the case of infants and small children,

and the annoyance of using water which varies in apparent properties, such

as hardness or taste, from day to day.

Of perhaps greater economic significance is the problem faced by commer-

cial establishments (laundries, bottling plants, or film-processing labora-

tories, for example) or by industrial water users. Many of these users

are faced with very stringent requirements for water quality. They nor-
mally treat even high quality domestic water to meet specialized needs.
Treatment processes may become more complicated, and the possibility

of an unsatisfactory product greatly increases if quality of incoming water

varies over a short period.

To serve a uniform quality water, the percentage of minerals in the blend

would have to be nearly constant when considering the relative merits of

storage capacity to the proportionate blending of the desalted water with

varying amounts of both Colorado and State Project waters. Quality fluc-

tuations could be minimized by increasing the blend ratio of natural waters

to desalted water, but this would defeat a major MWD purpose of blending
for the improvement of quality.

Therefore, to keep the proportions of natural and desalted waters constant,

or nearly so, would require that demand variations of the local service area

be met from other facilities in the MWD system.

PERTINENT MWD FACILITIES

Present

Existing principal facilities of the District pertinent to this study are the

F. E. Weymouth and R. B. Diemer Water Treatment Plants served by

the Upper and Lower feeders, respectively, from Lake Mathews, terminal

reservoir of the Colorado River Aqueduct. Design capacity of the Upper

feeder to Weymouth plant is 750 cfs (485 mgd) and the Lower feeder to
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Diemer plant is 720 cfs (465 mgd). The Weymouth plant is near La Verne,
and the Diemer plant near Yorba Linda. The present MWD system and
plant locations are shown on the map that follows.

At the Weymouth plant, water is filtered and softened. Softening is accom-
plished by cation-exchange process. Present filtration capacity of the
plant is 400 mgd. Softening facilities are sufficient now to treat about 200
mgd of filtered Colorado River water from a total hardness of 300-400 ppm
to give a blended water of about 125 ppm hardness. At the Diemer plant,
water is filtered but not softened. Present capacity of the plant is 200 mgd.

Future

MWD facilities pertinent to this study and which are to be constructed in
the near future are the proposed Foothill Feeder with branches to the
Weymouth and Diemer plants. Initially, the Foothill Feeder will extend
from Castaic Reservoir, terminal reservoir for the West Branch of the

California Aqueduct, to the Weymouth Plant. Later, it will be extended
to Rialto, near Riverside, to connect with a feeder constructed to Rialto
from the East Branch of the California Aqueduct. Its capacity would vary
from 3500 cfs (2260 mgd) just below Castaic Reservoir to 750 cfs (485 mgd)
at Rialto, with 600 cfs (390 mgd) branches to Weymouth and Diemer, and
a 1250 cfs (810 mgd) branch to the Balboa Plant near the west end of the
San Fernando Valley. There would be other minor turnouts and branches

along its route.

The nominal capacities of the distribution facilities leaving the Weymouth
and Diemer plants will be as follows after the Second Lower Feeder becomes
available:

Weymouth Plant Nominal Capacities

Upper Feeder 510 cfs 330 mgd
Middle Feeder 250 160
Orange County Feeder 60 40

Pomona-Rowland-Walnut Feeder 140 90

960 cfs 620 mgd

Diemer Plant

Lower Feeder 400 cfs 260 mgd
Second Lower Feeder 300 190

East Orange County Feeder No. 2 310 200
1010 cfs 650 mgd
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Design is under way to increase the softened water capacity of Weymouth
Plant to 400 mgd of 125 ppm hardness blended water. The present MWD

schedule calls for expansion of Diemer Plant to 400 mgd by 1967. It is
reported that there is no space at the Diemer site for any subsequent expan-

sion. MWD has stated that when demands of Diemer service area approach

the ultimate 400 mgd plant capacity it will be possible to operate at full
capacity ("base-loaded"), with fluctuating demands met from Weymouth
Plant or other facilities in their system.

Scaling and corroding properties of the blends of Colorado River and State
Project waters are not within the experience of MWD, nor can these be
reliably predicted under the present status of plans for the Delta Facilities
of the State Project. It is recognized that the minimum desirable residual

hardness for blended waters might be more or less than 125 ppm.

BLENDING AT DIEMER FILTRATION PLANT

Bases for Selection of Diemer

For some time, the District has been studying introduction of desalted

water into the MWD system. Diemer plant was suggested by the District

and selected by Bechtel for primary blending for the following reasons.

Although improved quality water could result from blending at secondary

points in the treated water distribution feeder system, substantial storage

facilities would be required to avoid quality fluctuations in the blended
water, as discussed in the section on Water Quality. Since Diemer Plant

could be base-loaded and fluctuating demands could be met from Weymouth

Plant or other MWD facilities, a uniform-quality blended water could be

produced at Diemer without the expensive additional storage required for

blending at any other secondary point within reasonable distance of the

proposed desalting plant sites.

Diemer is a major distribution center for treated water in the MWD system.

Introduction of desalted water at this facility would result in spreading

among a large population the desalting plant benefits of significant reduc-

tions in hardness and total dissolved solids. The reduction in hardness

that would result from blending at Diemer would possibly obviate the need

for water softening facilities at the plant.

MAP OF SOUTHERN CALIFORNIA DATED APRIL 1965 WILL
BE FOUND IN POCKET AT END OF BOOK
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Demands

Projections of future average annual demands on Diemer were made by the

District for the period Fiscal Year (FY) 1964-65 through FY 1978-79.

These projections include estimates of quantities to be supplied from the

Colorado River Aqueduct and the California Aqueduct. The projections are
given in Table 4. 7, Projected Demands for Colorado and State Water,

Robert B. Diemer Filtration Plant.

Table 4. 7 shows demand reductions for FY 1969-70 and 1971-72. These

reductions are predicted on the premise that demands on Diemer will be
less when the second barrel of the Los Angeles Aqueduct is completed in

1968 and the West Branch California Aqueduct is completed in 1971-72.

The MWD projection was extended by Bechtel to 550 mgd in 1980. The 550
mgd is the sum of the planned 400 mgd design capacity of Diemer and that
of the 150 mgd desalting plant.

Since the District is not planning further increases above 400 mgd at
Diemer, it was assumed that deliveries of blended water from Diemer
would remain at 550 mgd after 1980. Although it is possible that the
desalting plant output might progressively decrease due to obsolescence,
it was assumed for the purposes of the blending study that the desalted
water production rate was constant. Fluctuations of output rate would
occur, of course, due to seasonal changes in the temperature of seawater

and to scheduled maintenance outages of the evaporators and/or convey-
ance system. Fluctuations due to the first cause would possibly be no
more than 14 mgd; thus plant output might range from 143 to 157 mgd.
Scheduled maintenance and other outages of the units and/or conveyance
system would be for short durations aggregating perhaps 30 days per year
of curtailed production.

Table 4. 8 presents MWD's projected demands on the Weymouth Plant
from FY 1969-70 through 1988-89.

Information in tables 4. 7 and 4. 8 does not include the effect of the avail-

ability at Diemer of 150 mgd of desalted water, nor does it reflect any

attempt to meet specific blended water quality objectives.
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TABLE 4.7
PROJECTED DEMANDS FOR COLORADO AND STATE WATER

ROBERT B. DIEMER FILTRATION PLANT*

Fiscal Colorado River State Project Total Ratio

Year Water Water State/Colorado

cfs mgd cfs mgd cfs mgd Percent

1965 280 181 0 0 280 181 --

1966 342 221 0 0 342 221 --

1967 404 261 0 0 404 261 --

1968 481 311 0 0 481 311 --

1969 528 341 0 0 528 341 --

1970 471 304 0 0 471* 304 --
1971 537 348 0 0 537 348 --
1972 490 317 0 0 490** 317 --

1973 490 317 35 23 525 340 7.2
1974 490 317 69 45 559 362 14. 1
1975 490 317 102 66 592 383 20.8
1976 490 317 137 89 627 406 28.0
1977 490 317 170 110 660 427 34.7

1978 490 317 204 132 694 449 41.6

1979 490 317 260 168 750 485 53.0

*From data given by the District on January 15, 1965.

**Drop from 1968-69 expected upon completion of 2nd barrel of Los Angeles Aqueduct in 1968.

***Drop from 1970-71 predicted due to expected initial deliveries of State Project water.
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TABLE 4.8
PROJECTED DEMANDS FOR COLORADO RIVER AND STATE WATER

F. E. WEYMOUTH WATER TREATMENT PLANT*

Fiscal Year

1970
1971
1972
1973

1974
1975
1976
1977
1978
1979

Avg. Demand

cfs

693
718
688
715
743
750
750
750
806
831

Fiscal Year

mgd

448
464
445
462
481
485
485
485
522
538

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Avg. Demand

cfs

853
873
891
910
919
924
928
933

937
938

mgd

552
565
576
589
594
598
600
603
606
607

*Date from MWD, March 5, 1965.

Blending Analysis

Three principal objectives have been stated by MWD with respect to the
quality of the blended waters. These are:

-- To maintain, insofar as possible, a reasonably uniform quality
of water in all parts of the distribution system where the District
will deliver treated water.

-- To approach a hardness of about 125 ppm for the effluent from all
treatment plants.

-- To maintain the total dissolved solids content of all treated waters,

regardless of source, below 500 ppm.

In the preparation of District report No. 818, a brief analysis was made of

the question of blending different types of water, as follows: In year 1990

for the Weymouth treatment plant, the total capacity was set at 5/4 of 750

cfs (485 mgd), or 938 cfs (607 mgd). This corresponds (with allowance
for summer peaking of 132 percent of uniform annual flow) to delivery of

about 515, 000 acre-feet (459 mgd) per year. Of this amount, about

100, 000 acre-feet (89 mgd) would be Colorado River water and about
415, 000 acre-feet (370 mgd) would be State Project water. Using values
of water quality from table 4. 6, the blended unsoftened water at the

Weymouth plant would have about 380 ppm of total dissolved solids.
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In year 1990, for the Diemer plant, the peak treatment capacity was
assumed to be 750 cfs (485 mgd) with a uniform annual flow delivery of
about 411, 000 acre-feet (366 mgd) per year. Of this amount, about
158, 000 acre-feet (141 mgd) would be Colorado River water and 253, 000
acre-feet (225 mgd) would be State Project water. The District assumed
that 100, 000 acre-feet (89 mgd at 0. 9 load factor) of desalted sea water
would be added at Diemer to these amounts to total 511, 000 acre-feet

(455 mgd). Using values of water quality from table 4. 6 the resulting

blend of unsoftened water would have about 370 ppm of total dissolved
solids, so that under the conditions postulated the total dissolved solids

at both the Weymouth and Diemer plants would be about the same.

The 150 mgd desalting plant, operating at 0. 9 load factor, would produce
approximately 150, 000 acre-feet of water per year. Assuming the desalted

water is blended at Diemer plant, which has a treatment capacity of 411, 000
acre-feet per year (366 mgd) the total amount of blended water to be dis-

tributed would be 561, 000 acre-feet (500 mgd). If 179, 000 acre-feet
(160 mgd) of this amount is Colorado River water and 232, 000 acre-feet
(206 mgd) is State Project water, the resulting blend of unsoftened water

would have about 350 ppm tds. At the Weymouth plant, a blend of about

64, 000 acre-feet (57 mgd) of Colorado River water and 451, 000 acre-feet
(402 mgd) of State Project water would meet the total demand of 515, 000

acre-feet (459 mgd). This water would also have about 350 ppm tds.

Using values of hardness for Colorado River, State Project, and desalted

water as given in table 4. 6, the blended water at Diemer plant would have

a total hardness of about 161 ppm, and the blended water at the Weymouth

plant would have a total hardness of about 152 ppm, without the use of

softeners. These values are close to the average hardness of the softened

Colorado River water delivered from Weymouth plant in recent years.

State water delivered from the future Balboa, Arroya Seco, and Riverside

treatment plants would have a total dissolved solids of 300 ppm, and a

total hardness of 125 ppm. These assumed values, and the values for

blended water delivered from Weymouth and Diemer plants, are in close

enough agreement so that it probably could be considered that the three

principal objectives stated above have been met on a practical basis.

Blending 150 mgd of desalted water with Colorado River water in the

1970-71 period would result in a reduction in hardness, tds, dissolved

oxygen, and chloride concentration to about half that of Colorado River

water alone. It would be possible to meet projected demands on Diemer

during 1970-71 with hardness reduced to the 170-190 ppm range.

Quantities of Colorado River water available to the District are expected

to be progressively less each year from 1975 to 1990, and the quantities

of State Project water are expected to increase each year after 1971, see
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table 4. 1, so that it will not be possible to maintain fixed ratios in all

years for blending the various types of water to be available at the treat-

ment plants. Presumably, conditions would change year by year from
these 1970-71 initial conditions to the final 1990 conditions indicated above.

A full analysis of blending possibilities would require examination of the
scheduling of water deliveries to and from each of the MWD water treat-
ment plants, and a rescheduling of the timing of construction of the var-
ious units of treatment capacity at each plant. In the absence of such a
complete study, certain approximations can be made with respect to the

Diemer Plant. First, it is assumed that desalted water will be available
on a substantially continuous basis throughout the year and that the Diemer
Plant also will operate at a constant annual level. Second, a preliminary
schedule of deliveries of the different types of water to Diemer Plant can

be established, taking account of anticipated changes in the total amounts
of each. Such a schedule must be considered to be only illustrative at
this time. Table 4. 9, Illustrative Water Delivery Schedule and Values of
Water Quality at Diemer Treatment Plant, shows the amounts of each type
of water that might be used each year and the resulting values of water

quality. 5 Water quality estimates are those set forth in table 4. 6. Water

quantity estimates are on a different basis than those shown in table 4. 7
and these differences are illustrative of the complexity of considering the

Diemer Plant individually from the entire District system.

A factor of primary importance in achieving a schedule of operation, such
as that shown in table 4. 9, would be the total amount of Colorado River
water available to the District in any year. If more water is available from
the river than was assumed in table 4. 1, and in the preparation of tables
4. 7 and 4. 8, such water would be used in preference to State Project water
because of its lower cost. This increase in the amount of Colorado River
water delivered to Diemer Plant, with the corresponding decrease in the

quantity of State water delivered there, would result in a blended effluent
water with higher values of total dissolved solids and hardness than shown
in table 4. 9. Under such conditions a small amount of softening capacity
may be desirable at Diemer Plant.

Conclusions

Results of the blending analysis show that a reduction in hardness and
total dissolved solids of at least 50 per cent would result from blending
150 mgd of desalted water with Colorado River water at the Robert B.

Diemer Filtration Plant in the early years before State Project water is
available. Blending of Colorado River, State Project, and desalted water
in the 1990's at the Diemer Plant, with consideration for water delivered
from the Weymouth plant and other proposed MWD treatment plants, can

meet the three principal objectives of (1) maintaining a reasonably uniform
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TABLE 4.9
ILLUSTRATIVE WATER DELIVERY SCHEDULE AND VALUES OF

WATER QUALITY AT THE DIEMER TREATMENT PLANT 5

Supply of Water to the Total
_Diemer Treatment Plant, m d j Dissolved Total

Fiscal Colorado State Desalted j Total Solids, Hardness,
Year River Project Sea Supply ppm ppm

1967-68

1968-69

1969-70

1970-71

1971-72

1972-73

1973-74

1974-75

1975-76

1976-77

1977-78

and
following

367

367

367

367

345

322

300

266

233

200

173

173

0

0

0

0

22

45

67

101

134

167

194

194

0

0

0

150

150

150

150

150

150

150

150

150

367

367

367

517

517

517

517

517

517

517

517

517

710

710

710

517

486

469

451

424

398

372

350

350

340

340

340

241

232

223

213

199

186

172

161

161
N)

L I I I ______________________



quality of water in all parts of the MWD system, (2) approaching a hard-
ness of about 125 ppm for the effluents from all plants, and (3) maintaining
the total dissolved solids below 500 ppm of all treated waters.

ALTERNATIVES

Bechtel Studies

For these studies, several alternates to introduction at Diemer were con-

sidered for blending the 50 mgd to 150 mgd of desalted water with natural,
local, or imported water supplies or with reclaimed waste water. These

alternates were:

- Introduction of desalted water into the nearest feeder line or

terminal reservoir in the MWD system

- Blending with high salinity groundwater pumped from an area near

the desalting plant and subsequent introduction into the nearest MWD

distribution facility

- Blending with high salinity irrigation drainage water (return flows)

near the desalting plant and subsequent introduction into the nearest

MWD distribution facility

- Blending with reclaimed waste water from either the Hyperion

Treatment Plant of the City of Los Angeles or the Los Angeles

County Sanitation District's plant near San Pedro

-- Blending with effluent from the proposed Balboa Water Treatment
Plant.

The first alternative was quickly eliminated from further consideration

because adequate mixing and uniform blending could not be achieved in
such a scheme, without substantial storage capacity. The result would

be that those nearest the introduction point would receive very soft water,

perhaps even distilled water at times, while those far removed would

receive little or no benefit. Furthermore, unprotected ferrous pipes near

the introduction point would rapidly corrode, and mortar linings would be
dissolved.

The second alternative was eliminated from this study because coastal

aquifers, which would otherwise be ideal for a pumped groundwater-

desalted water blending scheme, are either experiencing sea-water

intrusion or being recharged with fresh water to prevent such encroach-

ment. 6, 7, 8, 9
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Initially, it appeared that it might be possible to reuse poor quality irri-
gation return flows from areas near the desalting plant by blending them
with the desalted water to obtain a quality equal to that of either State
Project water or softened Colorado River water. The blended water could
then be introduced into the nearest MWD facility, such as a feeder line or
a terminal reservoir. The only coastal areas in Southern California

between the Santa Barbara-Ventura County line and the Mexican border
that have such waters in required quantities are the Oxnard Plain in
Ventura County and the Coastal Plain in Los Angeles and Orange Counties.
The irrigation return flows from these areas could not be tapped, however,
without extensive drainage systems and a means for filtration and bacter-
iological control for the drainage water.

A large part of the 40, 000-acre net irrigated area on the Oxnard Plain is
tile-drained, but the return flows are subject to contamination in open,

interceptor drains and will, therefore, require filtration and chlorination
before blending with the desalted water. 10 The Coastal Plain is not tile-
drained and would require the installation of tens of thousands of shallow
wells on about 60, 000 of its approximately 240, 000 acre net irrigated area
to capture the return flow for blending with desalted water. 11

The cost of these tube wells and the necessary collector systems would be

as prohibitive as the cost of installing tile underdrains on the same acreage.

Furthermore, due to the progressive changeover in this area from farm-
land to urban land, there would be no assurance that such a system would
continue to supply sufficient quantities of make-up water to allow long-
term functioning of the scheme. The quality of return flow that would be

obtained would also be uncertain, both chemically and bacteriologically.
Therefore, no further studies were made on this alternative.

Blending desalted water with additionally treated waste water from the
Hyperion or Los Angeles County sewage treatment plants was not given

more than cursory consideration. From many past studies by the State

Department of Water Resources, Los Angeles County Flood Control Dis-

trict, and others, it would probably have a high benefit-cost ratio and would
result in a reliable emergency supply in the event of a prolonged outage on
either or both the Colorado River and California aqueducts. 1Z, 13, 14, 15

The quantity of blended waste and desalted water would be such that it would
completely replace approximately one-half of the capacity of the Colorado

River Aqueduct. However, public opposition to such a scheme would prob-
ably be insurmountable, except in an emergency situation. Also, a few
authorities are still of the opinion that the state of knowledge regarding
waste-water reclamation is insufficient to allow use of such water with

absolute confidence in its safety. 16
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The blending of desalted water with the effluent from the proposed Balboa

Plant was considered but was not studied because the Balboa Plant is not

scheduled to be operative until 1972.

Other Blending Studies

The firm of J. M. Montgomery Inc. , briefly studied possible points for

and methods of introduction of 50 mgd of distilled water in the MWD ser-
vice area. 1 Among these were points in Ventura, Orange, and San Diego
counties. Based primarily upon water quality and distribution consider-
ations, Montgomery recommended that "exclusive of considerations of
plant site, electric power marketing, and operational matters. . .
a 50 mgd desalting plant be located in Ventura County. "
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CHAPTER FIVE
PRODUCT CONVEYANCE AND BLENDING FACILITIES

GENERAL

The product conveyance system set forth herein is sized to transport 150

mgd of product water from the desalting plant to the Robert B. Diemer

Filtration Plant, located near Yorba Linda in Orange County, where the

product water will be introduced and blended with imported water.

Conceptual designs were prepared for a conveyance system from each of

the following desalting plant sites:

- Irvine Ranch

- Dana Point

- San Juan Creek

- Sunset Beach Island

These sites and tentative routes of the conveyance system are shown on

Plate 5. 1, Location Map.

Based on these conceptual designs, estimates of capital and annual

operating costs were prepared of the conveyance system from each site

for the purpose of establishing, as one of the components of site differential

costs, the selection of the lowest cost desalting plant site. In addition, a

calculated cost of water conveyance has been prepared.

DESCRIPTION OF ALTERNATIVE FACILITIES

Each of the systems can be divided into basic components that are similar

in function. In the direction of water flow these components are:

Product Water Sump

Pumping Plant 1
Transmission Pipe 1

Intermediate Reservoir
Pumping Plant 2
Transmission Pipe 2
Blending Structure

With the exception of pumping plant 1 and part of transmission pipe 1,

these components are identical in detail, as well as in function. For

this reason, it is convenient to describe the systems in terms of their
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components, pointing out differences between the systems as they are
encountered in the component descriptions, which follow. Reasons for
the various selections are discussed later on in this chapter under Bases
of Conceptual Design.

Product Water

The sump receives product water from the desalting plant and serves as

a pumping pool for pumping plant 1. Connections to the desalting plant

and to the pumping plant are gated. The sump is a steel pipe, 10 feet in

diameter, 500 feet long, and laid horizontally adjacent to the product

discharge end of the desalting plant with its invert approximately at

ground surface. The pipe is set on concrete cradles with anchorage pro-

visions. Internal and external painting will be subject to future study.

For cost purposes, a four-coat vinyl paint is assumed inside and

conventional aluminum paint outside. As stated before, this facility is

identical for all four sites.

Sump pipe plan and sections are shown on Plates 5. 2, Pumping Plant 1

Plan and 5. 3, Pumping Plant 1 Sections.

Pumping Plant 1

Pumping plant 1 receives product water from the sump and delivers it to

transmission pipe 1 at sufficient pressure to transmit water to the

intermediate reservoir. Connections, both to the sump and to trans-

mission pipe 1, are gated. For this study, the pumping plants are

considered to be of the outdoor type. Pumps are of the vertical turbine

type, multistage, mounted in suction casings set in concrete backfilled

pits. Motors are vertical shaft, induction type with weatherproof

enclosures, mounted on the pump discharge heads. Eight pumping units

are contemplated at each site, all set in line parallel to the sump; a gantry

crane is provided for servicing.

At the Irvine Ranch Site, the pump suction casings are long enough for

eight turbine stages and one propeller stage; the motors are 3, 000 hp,

700 rpm, to be capable of driving the pumps. However, it is expected

that six turbine stages plus one propeller stage will be adequate for the
initial installation. Units at the Island site will be nearly identical with

these units.

At the Dana Point Site, the pump suction casings are long enough for 10

turbine stages plus 1 propeller stage; motors are 4, 000 hp, 700 rpm.

Expected initial pump installation will be 7 turbine stages plus 1 propeller
stage. Units at the San Juan site will be nearly identical with these units.
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At all sites pump suction valves are tentatively selected as 36-inch

butterfly valves, and pump discharge valves are to be 30-inch spherical

valves, with throttling type controls governed by sump water levels.

Conceptual plan and sections of pumping plant 1 for all sites are shown on

plates 2 and 3.

Transmission Pipe 1

Transmission pipe 1 starts at the manifold into which the pumps of pump-
ing plant 1 discharge. From the Irvine Ranch Site, the pipeline runs

cross-country 12, 000 feet to the alignment of MWD Orange County feeder;

after 24, 000 feet along this feeder it runs 11, 000 feet along Red Hill
Avenue (projected southwesterly) to the alignment of MWD East Orange

County feeder 2; and after 71, 000 feet along this feeder it discharges into

the intermediate reservoir. Total length of this line is approximately

118, 000 feet. From the Dana Point Site, the pipeline runs cross-country

84, 000 feet to the alignment of MWD East Orange County feeder 2, which

it follows for 89, 000 feet and discharges into the same intermediate

reservoir. Total length of this line is approximately 173, 000 feet. The

Irvine Ranch and Dana Point alignments are shown in general on plate 5. 1,

and in more detail on Plates 5. 4, Irvine Ranch Site to Barranca Road and

Red Hill Avenue, Plan and Profile, and 5. 5,Barranca Road and Red Hill
Avenue to Diemer Plant, Plan and Profile, for the Irvine-Diemer line

and on Plates 5. 6, Dana Point Site to Barranca Road and Red Hill Avenue,

Plan and Profile, and 5. 5 for the Dana Point-Diemer line.

From the San Juan Site, transmission pipe 1 runs cross-country for

approximately 16, 000 feet to the alignment of the Dana Point line, at a

point 6000 feet from the start of that line. It then follows the Dana Point-

Diemer alignment described above to the intermediate reservoir. Total

length of this line is about 183, 000 feet. From the Island Site, the pipeline

runs about 2500 feet along a causeway to the shore at Los Patos, then

follows Warner Avenue for 44, 000 feet to the Santa Ana River Flood

Channel, and follows this alignment (on the west bank) for 61, 000 feet to

the alignment of the East Orange County feeder 2 southerly of Atwood.

The pipeline then follows the East Orange County feeder 2 right-of-way

to the intermediate reservoir, a distance of 13, 000 feet. Total length of

this line is approximately 121, 000 feet.

The pipe is considered to be of steel, 72-inch ID, lined with hot-applied
coal tar enamel, coated with cement mortar. Installation is underground

throughout. An intermediate strength steel is assumed, and steel thick-

ness varies with head pressure from 4/16 inch to 8/16 inch for the pipe

from the Irvine Ranch Site and from 4/ 16 inch to 11/ 16 inch for the pipe
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from the Data Point Site. Tentative steel thicknesses for these two lines
are shown on plates 5.4 to 5.6. Steel thickne-ss varies from 4/16
inch to 11/16 inch for the pipe from the San Juan Site, and from 4/16 inch
to 9/16 inch for the pipe from the Island Site.

For the line from the Irvine Ranch Site, surge and waterhammer
pressure reduction is provided by a surge pipe, starting about a mile
from the desalting plant and rising to an adjacent hilltop from which, if
necessary, it can spill into San Joaquin Reservoir, which is operated by
MWD. The topographical situations for the lines from the other sites are
not as convenient. Accordingly, without further study, it is assumed

that adequate results can be secured by another means at no greater cost.

Intermediate Reservoir

This reservoir is assumed to be adjacent to East Orange County feeder 2

at a point approximately two miles from the Robert B. Diemer Filtration

Plant, on ground near elevation 300. Its capacity is 25 million gallons,
at a water depth of 25 feet. Construction is of reinforced concrete, earth-

covered. Water-contact surfaces are protected by a lining assumed, for

cost purposes only, to be Amercoat Amer-plate T-Lok. A division wall
for maintenance purposes is provided to separate the reservoir into two

equal parts. As explained in the discussion on pumping plant 2 below,

this division wall might be eliminated. This structure is identical for

all systems and is shown on Plate 7, Intermediate Reservoir, Plan and

Sections.

Pumping Plant 2

This pumping plant is also the same for all systems. Its foundation is a
sump structure, either adjacent to, or a part of, the intermediate

reservoir. This structure is of reinforced concrete, lined as is the

reservoir. The pumps and motors are supported by the roof of the sump

structure. Pumps are similar to those of pumping plant 1, differing only

in that no suction casing or propeller stage is required and because it is

expected that only six turbine stages will ever be required. Motors are

2, 500 hp and 700 rpm, induction type with weatherproof enclosures.

Discharge valves are 30-inch spherical valves. Suction valves are not

provided. However, if the division wall in the reservoir is retained, the

openings between reservoir and sump will be gated.

For the Island Site, a study should be made to determine whether location

at a lower elevation is more economical.

Preliminary plan and section of pumping plant 2 are shown on Plate 5. 8,

Pumping Plant 2, Plan and Sections.
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Transmission Pipe 2

Transmission pipe 2 starts at the manifold into which the pumps of pumping

plant 2 discharge. It continues along the alignment of East Orange County

feeder 2 to the Diemer Plant, a total distance of about 11, 000 feet. The

pipe is 72-inches ID, designed and constructed according to the same

principles as transmission pipe 1. Steel thickness varies with head

pressure from 4/16 inch to 7/16 inch. More detail as to location and

construction are shown on plates 1 and 5.

A summary of total length of transmission pipe lines 1 and 2 for the four

sites is:

Total Length

Site (Miles)

Irvine Ranch 24.4

Dana Point 34. 8

San Juan 36.7

Island 25.0

Blending Structure

Product water is delivered by transmission pipe 2 directly into one or

more of the existing connections provided at the Diemer Plant for the

future introduction of softened water into the effluent conduit at the dividing

weir. Arrangements of these facilities are shown on Plate 5. 9, Blending

Facilities at Diemer Plant, Plan and Sections.

BASES OF CONCEPTUAL DESIGN

To estimate comparative costs for each of these systems, it was necessary

to prepare conceptual designs. Bases of these designs are outlined below.

As the study progresses, these bases will be revised where necessary

for preliminary design for inclusion in the Phase III report.

Sump

As previously stated, the sump receives product water from the desalting

plant and serves as a suction pool for pumping plant 1. As a suction pool

it is necessary that the sump have a free water surface and that there be

sufficient storage in a reasonable range of water level variation to permit
proper governing of pump discharge. Since product water, at a short

distance above ground surface, is under vacuum at 1. 5 inches Hg abs,

5-5



this sump must either be below sea level or be a vessel, under vacuum,
at ground surface. The latter alternative was chosen for this study because
it simplifies installation and maintenance. Consistent with this choice,
structural economy indicates that a pipe should be used for the vacuum
condition.

Review of the profile of transmission pipe 1 indicates that a pump discharge
valve operating time of about one minute may be adequate to keep pressure
rises due to waterhammer within reasonable bounds. This sets the mini-
mum sump storage capacity in the water level operating range as being

one minute of maximum water production rate. Accordingly, a sump was

selected that is ten feet inside diameter and 500 feet in length for water

depths varying from four to eight feet, to provide the necessary storage

capacity.

The pipe for use as a sump is of steel plate, 7/16 inch thick, stiffened by

ring girders to withstand external atmospheric pressure. Four coats of

vinyl paint were considered adequate interior corrosion protection, and

conventional aluminum paint was considered adequate for exterior corro-

sion protection.

The sump is connected to the desalting plant by six underground steel pipes

for water conveyance and three small overhead steel pipes for vacuum

maintenance. These pipes are all gated near the sump. A single valve

was used on each line to permit one desalting unit to shut down without

shutting down the other units. It was assumed that scheduled dual-purpose

plant shutdowns would be sufficient to permit valve maintenance adequate

to eliminate danger of operating valve failure. For the Task Force pro-

posal, each of these valves should be provided with a suitable guard valve

because it is improbable that both nuclear plants will be shut down

simultaneously.

Valves between sump and pumps will be considered below under Pumping

Plant 1.

Pumping Plants - General

The first consideration in designing pumping plants is to determine the
number of lifts. Inspection of the pipe profile, Irvine Ranch to Diemer,

showed that the first 22 miles of pipe could easily be kept below elevation

300, and that the last 2 miles rises in a relatively even slope to the delivery

point at elevation 815. This means that, by using a two-lift system instead

of a single-lift system, with the second plant about 2 miles from Diemer,

500 feet of internal pressure (about 215 psi) could be eliminated from the

first 22 miles of pipe. It is estimated that, including engineering, contin-

gencies, and other client costs, use of the two-lift system will reduce

5-6



installed pipeline costs at least $6 million below those for a single-lift

system. An additional cost reduction will accrue from the reduction in

waterhammer problems if the transmission pipe is separated at this point.

The storage reservoir, desirable in any case to give MWD flexibility in

its blending control, could be located at the second pumping plant without

detriment to MWD operations, thus forming an adequate suction pool for

the pumping plant. Additional costs due to the second plant will probably

not exceed $700, 000. As a result, using a two-lift system instead of a

single-lift system will provide a total overall saving of at least $5, 300, 000

if either the Irvine Ranch Site or the Island Site is adopted and there will

be a still greater saving if either the Dana Point Site or the San Juan Site

is adopted.

The second consideration in pumping plant design is type of pump. A

major factor in this consideration is that, for pumping plant 1, much of

the pumping head is pipe friction. Even for new pipe, this factor cannot

be estimated with precision. Furthermore, as pipe ages, its friction

loss usually increases - sometimes to a considerable extent. Moreover,

under some conditions, as much as 165 mgd of water might be produced.

Accordingly, the range of pumping heads contemplated for pumping plant 1

at Irvine Ranch is from 490 feet, under best pipe conditions at 150 mgd,

to 700 feet, under poor pipe conditions at 165 mgd. This corresponds to

a variation in Hazen-Williams "C" of from 165 to 115. Heads at the Island

Site will vary slightly more; those at Dana Point and San Juan will vary

appreciably more. To meet this condition, it must be possible to adjust

the pumps to these head changes, without significant change in efficiency.

A vertical turbine pump is amenable to such changes. Stages can be

readily added or subtracted, impellers can be trimmed, or a trimmed

impeller can be replaced by a full-sized impeller, all to the end of keep-

ing pump operation at the most efficient point. This pump type requires

a relatively small submergence, which can be reduced still more by

adding a propeller stage at the bottom of the assembly. Also, it can be

mounted in a suction casing. With such an arrangement, the pump can

actually operate under some vacuum, and installation can be in a pit to

keep excavation to a minimum. This, of course, requires that the suction

casing be sealed at the top and vented to the sump. Inspection of available

data showed that the use of eight Johnston 36 CC pumps (one spare) makes

it possible to keep pump efficiency, for reasonable operating conditions,

in the range between 89 percent and 90 percent. Furthermore, it is

possible to use pumps that are identical, except as to number of stages

and trimming of impellers, at both pumping plants. However, other types,

other manufacturers, and other numbers of units will be considered in

later studies. It is not expected that the resulting cost change will be

significant.
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Pumping Plant 1 - Irvine Ranch Site

As previously stated, pumping heads at this plant can vary from 490 feet
at 150 mgd to 710 feet at 165 mgd. Probable value for this range, when

the pipe is new, would be from 520 feet to 560 feet. Using the eight

pumps contemplated (one spare, seven operating), eight turbine stages

would handle the maximum probable head of 700 feet when the pipe is
older, and six turbine stages would handle the expected head when the
pipe is new. Depending upon final arrangement, a propeller stage may

or may not be needed. For this study, it was assumed that the pumps

would be furnished with seven turbine stages and one propeller stage and

a suction casing adequate for an additional turbine stage. The seventh

turbine stage probably will become a spare after pipeline conditions are

determined. In fact, it may also be desirable to trim impellers to

improve efficiency. In order to drive the pump when the eighth stage is

added, a 3, 000 hp electric motor is necessary.

The pump suction valve is used for maintenance purposes only and is a

36-inch butterfly valve. The pump discharge valve is a 30-inch spherical

type. Aside from its use for maintenance purposes, this valve currently

is considered to be a throttling valve to adjust flow to product water quantity

variations as indicated by sump water level variation. However, economic

evaluation may indicate other means of flow control to be preferable. One

alternative is the use of a wound-rotor electric motor and liquid rheostat.

For the conceptual method of flow control selected, the pump motor is

considered to be an induction motor. The use of synchronous motors

might also be considered. In either case, a weatherproof enclosure will

be provided so that the entire pumping plant can be of the outdoor type.

Pumping plant 1, Island Site, will closely resemble this pumping plant.

Pumping Plant 1 - Dana Point Site

Pumping heads at this plant can vary from 575 feet at 150 mgd to 890 feet

at 165 mgd. When pipe is new, estimated head range is from 610 feet to

670 feet. Therefore, it is contemplated to use the same number and type

of pump as at Irvine Ranch, to supply suction casings long enough for a

possible ultimate ten stages, and to purchase eight stages initially, but to

actually use seven stages, when pipe is new, with 4, 000 hp motors. In

all other respects, except that design head for the discharge valves must

be greater, criteria remain the same as for pumping plant 1, Irvine

Ranch Site.

Pumping plant 1, San Juan Site, closely resembles this pumping plant.
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Pumping Plant 2

Criteria for and location of pumping plant 2 are identical for all systems.

Due to the short length of transmission pipe 2, pipe friction is but a small

factor. Maximum head variation at full flow is from 525 feet to 545 feet.

It is contemplated to use the same type of pump as was used at pumping

plant 1 to permit interchangeability of spare parts. Accordingly, six

stage pumps are adequate for the full range of pumping heads. It will be

desirable to trim impellers, when pipe is new, to keep operation in the

best efficiency range. It is planned to mount these pumps in a sump,

extending below reservoir bottom, so as to make suction casings and the

propeller stage unnecessary. A 2, 500 hp motor is adequate to drive each

pump under all probable conditions.

If there is sufficient scheduled downtime, the sump can be merely a deepen-

ing of a small area of the reservoir, the pumps can be roof supported, and

suction valves will not be necessary to permit reservoir maintenance.

Pumps can be lifted out bodily for maintenance, without interfering with

other operations. For the Task Force proposal or continuous pumping, the

reservoir should be divided into two parts; the sump should be separate

from both but connected to the two parts of the reservoir by gated openings.

This will permit shutting down the reservoir, half at a time, for inspection

and maintenance.

Pump discharge valves will be required for pump maintenance purposes.

They may also be used for throttling purposes, but this is subject to further

study of projected operation of the Diemer Plant. With this in mind, spher-

ical valves have been tentatively selected, subject to further evaluation.

It has been assumed that pumping plant 2 will also be the outdoor type.

Future district consideration of aesthetics appropriate to the location may

make an indoor type plant desirable.

Transmission Pipes - General

The first consideration in the selection of transmission pipes is that of

size. To make an economic selection, cost of pipe must be added to the

cost of pumping to determine the lowest total cost. For accuracy, a "cut-

and-try" solution is necessary. For this conceptual study, it was only

necessary to make the first trial determination.

Cost of pipe per foot, for several different sizes of pipe, was first esti-

mated by making a plot of pipeline costs, using data available in MWD

Annual Reports. Friction loss per foot was then estimated for each of

these sizes using several different friction loss determination methods

and factors. Value of one foot of head was determined very roughly as
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the total of - pumping power cost (power at 4 mills per kw-hr, pumpage
150 mgd 95 percent of the year), present-worthed by approximation at
3-1/2 percent for 75 years; annual operation, maintenance, and replacement

costs of pumping plant, similarly present-worthed; an allowance for costs

of pumping plants and incremental pipeline costs. Friction loss per foot
was then evaluated, using this value of one foot of head and added to pipe-

line cost per foot. This approximate analysis indicated that pipe sizes from

70 inches to 80 inches were most economical, depending upon friction

factor. The 72 inch size was selected for tentative use to keep construction

costs to a reasonable minimum and in the belief that good maintenance will

keep friction losses to the lower values.

Steel pipe was used for this study for reasons of economy and because

steel pipe can be lined adequately to resist the corrosive effects of

desalted water. Hot-applied coal tar lining was selected as being reason-

ably representative of the cost of such a lining. This type of lining was

selected to allow probable realization of the 75 year economic life. This
lining and an outside cement mortar coating were selected as being consis-

tent with MWD practice. Because most of the pipe is in areas which are,

or will be, semi-urban, it is located underground throughout at depths of

cover consistent with MWD practice for the area.

The theoretical thickness of steel in the walls of the pipe were determined

as the greater value of either: t = d in inches divided by 288, to provide

for handling stresses; or t = 2. 6 HD divided by ft (H = head in feet, D =
diameter in feet, ft = allowable tensile stress in psi) to provide for internal

water pressure. H was taken as the maximum hydraulic gradient (based

on Hazen-Williams "C" = 115) increased by 10 percent to allow for surges,

a welding efficiency of 100 percent was assumed, and no corrosion allow-

ance was made. Steel was assumed to be Lukens Penstock Steel, Class B,

with an allowable tensile stress of 23, 300 psi (one third of ultimate tensile

stress), since this is less than the value 33, 300 psi (two-thirds of minimum

yield strength).

A value of 75-year economic lifetime was taken for the transmission pipe.

This is consistent with District practice for feeder lines and allows for

the possibility that a future desalting plant may be constructed and also

use this line or that MWD may wish to have future flow as a feeder line

from the Diemer Plant. However, if the latter choice is made, any

additional cost is not properly chargeable to the cost of the desalting

plant product water convergence facilities. It is noted that the economic

lifetime of the desalting plant has been determined as 30 years.

Transmission Pipe 1 - Irvine Ranch System

This pipeline was designed in accordance with criteria in the preceding

section. No waterhammer analysis was made. However, alignment is
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such that it is possible to install a surge pipe starting about one mile from

the desalting plant and running up a nearby hill to a high point from which

it is possible to discharge overflow into San Joaquin Reservoir, operated

by MWD. It may be optimistic to assume that this surge pipe will keep

waterhammer within economic limits, but it is believed that its cost is a

reasonably conservative measure of the cost of appropriate means of

accomplishing the desired results.

Transmission Pipe 1 - Other Systems

These pipelines were also designed in accordance with criteria defined

under Transmission Pipes - General, without waterhammer analysis.

Surge pipe provisions similar to those for the Irvine Ranch system are

not economical. However, it is believed to be possible to provide appro-

priate pressure rise reduction at the same cost that was allowed for the

Irvine Ranch system.

Transmission Pipe 2

This pipeline is used for both systems and was designed to the same

criteria as were the other lines without waterhammer analysis. This line

is so short that it is believed possible to provide waterhammer protection

at minimal cost.

Intermediate Reservoir

It is considered appropriate to provide, at some point in each system,

desalted water storage provisions ample to permit blending control to

follow production variations at the Diemer Plant. The quantity of storage

has been tentatively selected as 25 million gallons. This is equivalent to

four hour flow at design capacity. This storage will permit daily variations

in flow of as much as plus and minus 50 mgd, thus allowing considerable

latitude in operation of the associated pumping plant. As discussed in

Chapter Four, the most likely mode of blending at the Diemer Plant will be a

"base-load" operation with fluctuations in demand taken elsewhere in the

District system. If it is not desired to blend water to a precise formula,

this storage would permit pump operation without throttling, thus minimiz-

ing power costs. Full utilization would also be made of the existing 25

million gallons filtered water reservoir at Diemer.

To accomplish the desired control of the desalting plant operation and

blending results, this storage must be coordinated between the desalting

plant control and Diemer Plant. The pumping plant would be remote-

controlled from the Diemer Plant. It could be located at the Diemer

Plant, but due to the limited site area at Diemer the location as a suction
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pool for pumping plant 2 accomplishes essentially the same result and
eliminates the need for an additional structure.

This reservoir was not structurally designed. Concrete quantities are
based on experience with similar structures, and assumes construction

similar to that of the filtered water reservoir at the Diemer Plant, except

that maximum average water depth is 25 feet. To protect the concrete
from the solution effects of desalted water, it is necessary to protect all
wetted concrete surfaces. Costs of lining are based upon the use of

Amercoat T-Lok Amerplate.

Blending Facilities

It is planned to introduce product water into the Diemer Plant at one or

more of the existing connections provided for the future introduction of

softened water at the main overflow weir. Normal turbulence of water

at this weir and in the subsequent channel, supplemented by circulating

flows in the filtered water reservoir, should be adequate in mixing effect

to give uniform blending.

COMPARATIVE CONSTRUCTION COST ESTIMATES

The estimated comparative construction costs of alternative schemes

from the four sites to the Diemer Plant considered herein are summarized

as:

Desalting Construction Costs

Plant Site (Thousands of Dollars)

Irvine Ranch $35, 400

Dana Point $45, 200

San Juan $47, 400

Island $33, 500

The above total estimated comparative construction costs are based upon

1965 prices and include an allowance of 35 percent for engineering, con-

tingencies, interest during construction, and other District costs. However,
no allowance is included for land costs or rights-of-way. With this excep-
tion, because construction schedules for the schemes are identical, these

figures are directly comparable without further analysi .
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Comparative construction costs are presented in detail in Table 5. 1,

Estimated Comparative Construction Costs.

TABLE 5.1
ESTIMATED COMPARATIVE CONSTRUCTION COSTS

(Thousands of Dollars)

Desalting Plant Site

Construction Item Irvine Ranch Dana Point San Juan Island

Pumping Plants $ 3, 100 $ 3, 400 $ 3, 400 $ 3, 100

Transmission Pipe Lines 21, 000 28, 000 29, 600 19, 600

Reservoir 2, 100 2, 100 2, 100 2, 100

Sub-Total 26, 200 33, 500 35, 100 24, 800

Engineering, Interest

during Construction,

Contingencies, other
District Costs at 35% 9, 200 11, 700 12, 300 8, 700

Total $35, 400 $45, 200 $47, 400 $33, 500

COMPARATIVE WATER CONVEYANCE COST

Estimated costs of water conveyance, from the product sump at the desalt-

ing plant to the blending weir at the Diemer Plant, exclusive of land or

rights-of-way, is summarized below.

Estimated Cost of Water Conveyance

MWD Minimum and Maximum Task Force Case E

Desalting Plant Site S /M gal $/AF /M gal $/AF

Irvine Ranch 4. 6 14. 9 4. 6 14. 9

Dana Point 5. 7 18.6 5. 6 18. 3

San Juan Creek 5.9 19.2 5.8 18.9

Island 4.5 14.7 4.4 14.3
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These costs are presented in detail in Table 5. 2, Water Conveyance Costs.
The cost of water conveyance is the sum of the estimated total annual
operating costs divided by the amount of desalted water transported annually.
Study economic ground rules as shown in Chapter 3 were followed.

TABLE 5.2
WATER CONVEYANCE COSTS

(Thousands of Dollars)

Irvine Dana Point San Juan Island

1. Annual Fixed Charges $1, 362 $1, 735 $1, 818 $1, 289

2: Operating, Maintenance

and Replacement-Annual.
Pumping Plant 248 296 296 248
Pipe-Reservoir 109 142 150 103

Sub-Total $1,719 $2, 173 $2,264 $1,640

3. Pumping Power

Cases A & C 566 616 625 568

Total $2, 285 $2, 789 $2, 889 $2, 208

Case E 532 579 587 534

Total $2,251 $2,752 $2, 851 $2, 174

Unit Cost of Water

Cases A & C, /M gal 4.6 5.7 5.9 4. 5

Cases A & C, $/Acre-ft $ 15. 1 $ 18.6 $ 19.2 $ 14.7

Case E, '/M gal 4.6 5. 6 5. 8 4.4}

Case E, $/Acre-ft $ 14. 9 $ 18. 3 $ 18. 9 $ 14. 3
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In table 5. 2, the annual fixed charges were calculated from the estimated

capital costs, as shown in the previous section. Since the pumping plants

have an economic life of 50 years, as compared to a 75-year life for the

transmission pipe and the reservoir, it was necessary to add to the cost

of each item, its proportionate share of engineering, interest during con-

struction, contingencies, and other MWD costs. To these sums, the

appropriate fixed charge rate was applied; 4.26 percent per year for 50

years and 3. 79 percent per year for 75 years, based on 3- 1/2 percent

interest rate. This is summarized below.

Estimated Capital Cost - $1000
Irvine Dana Point San Juan Island

Pumping Plants $ 4, 200 $ 4, 600 $ 4, 600 $ 4, 200
Pipe-Reservoir 31,200 40, 600 42, 800 29, 300

Total $35, 400 $45, 200 $47, 200 $33, 500

Estimated Annual Fixed Charges - $1000

Pumping Plants $ 179 $ 196 $ 196 $ 179
Pipe-Reservoir 1, 183 1, 539 1, 622 1, 110

Total $ 1, 362 $ 1, 735 $ 1, 818 $ 1,289

Pumping plant operating and maintenance costs are based upon Federal

Power Commission recommendations for similar-sized hydroelectric

plants operating in Southern California. Replacement costs are based

upon MWD experience. These bases are presumably applicable only to

pumping plants utilizing single-stage, single-suction pumps. The pumps

contemplated are multistage, which might require higher maintenance and

replacement costs. For this study, it was assumed that a compensating

cost reduction might be available for these plants in that attendance would

be a part-time duty of personnel otherwise occupied during remaining

working hours. Pumping plant 2 would be remote-controlled from the

Diemer Plant. The rate for annual operation, maintenance and replace-

ment for the pumping plants is $8 per kilowatt per year. This is applied

to the total nameplate rating of the pump motors, which are 31 Mw, 37 Mw,

37 Mw, and 31 Mw, respectively, for the Irvine Ranch, Dana Point, San

Juan Creek, and Island sites.

The total rate for annual operation, maintenance, and replacement for the

transmission pipe and reservoir is 0. 35 percent of construction cost per

year.
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Pumping power costs for Cases A and C are based on the derived electricity,
costs of 2. 86 mills per kilowatt hour and for Case E on the derived elec-
tricity cost of 2. 69 mills per kilowatt hour. These electricity, costs are
discussed in Chapter 13. These electricity costs are applied to the probable
annual average kilowatts consumed, taking into account product flow of
150 mgd, plant factor of 0. 9, and assumed equipment efficiencies of

98 percent for the transformers, 95 percent for the motors, and 88 percent
for the pumps. The transformer efficiency includes an allowance of

1 percent for auxiliaries, and the pump expected average efficiency is

reduced 1- 1/2 percent to allow for throttling. These equipment efficiencies

result in an overall system pumping efficiency of 82 percent. The resultant

probable average kilowatts for pumping are 25, 100 for the Irvine Ranch

Site, 27, 300 for Dana Point, 27, 700 for San Juan Creek, and 25, 200 for

the Island Site.

5-16





DownSyToDER SAN' BERNAR IN6
La Ha r- ROBT.T.D EMER -eman

rook Lyn s IA6+ r ' ! <s ,E .ere FILTRATION PLANT - - N Ose
H ollydle l , I" I seloFood Conro *dv/ . ",,C ~1

K ECAN AR MATH-EWS Aphna

2 ,/ 1. 3JIMrd. >'~H\ I ~1-
1 PUMPING L D GUN .o .9f H29 L f e. .

Par moun C~lo r Ip , 0'On a PLANT No.z 2 ""91G ,rden :4 gu w M N

-ry v n ParkAn2 RNE Bc r 
e

B_,7nd -_ _

D-EMR PIELINMATHEWS cNATONA

MG NA (p rp

2 2

- R 00d n iLt lnd -9l ad 'v ( u-

_II -- He

R -A a6nun E rya z 9 LEI u r. > I s Parv .N Panu r I'

U S NVAL e tJin>'r GrPve

Beach L 7, LaentnGAVEllas

Beach i IRVNE"""O PAN

oronBaBYt-" t 1 GElO 7 T'.9 t ,>AA (E*N E*579 rre*

" " nur A,' adn""-5Msek

--. , ,, -e-EarDO.>,Ba 
( / '

Sunst Bechf s -- -- ---RdS~

PP LET2**FCLT DA A IT \K i' 4 * spr. PS \IPs (-/

-Cba. R C rNA iONAL

Sout ag na Sa ua

~el- - -AN JUANCREEK STE E si
-- c E DalER A9- PLATEES.

Q J.

s 66 o . Trawo f -- ,y 111,-
Hiltington NTANAN - p r.

2ZUBe_- a ch C% , '" Pe4 t yJ W/EFUGEe :

ppfrn /a oMldwa City

CC/* ^/ sp p ~1 y I .,Vrl

ISLADRSTENEa"R AlNCH SITEEMEFORESTN
'04,c 

*-_P s 

A. z , g " NA I N L

RRV-DP - *

L_ o, Pk)yLRock z

00ueas Me4ia

r PP 3\ SoutheLdgVillage'Juan

"Mar CapTtrao f

IRVINEANAJUANSCREEK FOTE

LaDana Paint Lake

LEGEND

5-17



I



TURN NG

l--

AREA

ACCESS ROAD

193-0"

Bo'-o BERM

- DRAINA GE- ---- ----- - ~TT ~
- - -- _- -- -r- ------ - - - - --- --- - |- 7-- - - - ~ _ _ _ _ _ _FLOW _ I I

--------------- - 75- -- - - - --- - - - --
/ ., - f -/ I , / I I IL !

DRAI N
SUMP

LOAD - UNLOAD

AREA

FLOWCONTINUED_
BELOW

PRODUCT WATER

z
a

0 VACUUM

To SUMP

__________ ___ __________________ ]I~N-.LI ~ f-4-~

U AMP -

uI.Ir -
s 'O"

- -rYPICAL

+i

- PIPE SUPPORT

EI 
I I 

IIi
nIII Ii

7,,"14

I I
II1,

1I1I1I 'I'

hrI
500=0" lU/L. I

II C

01

ICI I . i.

01

Jii

-JA500'-0"

LI-i

.v
PIPE SUPPORT-PIPE SUPPORT

VACUUM

FLOW CONTINUED
ABOVE

it
VALVE

,IIii
W
a~
0
VI

TYPICAL

PRODUCT WATER VA PRAVOT
LINE. FROM

.VAPORATORS

A'2

VALVE

i S hllll lii" II

TYPICAL
PRODUCT WATER
LINES FROM
EVAPORATORS

PLAN
NOT TO SCARF

PLATE 5.2
PUMPING PLANT 1

PLAN

5-18

1

-REMOVABLE

GRATING

+

DRAINAGE

-t
0

1] I (/NITS I47 0

-

PIPE SUPPORT

I I I I' -

Cl

-- I4 -

--G

-_L -
~{

I

' 
I_ 1I

-- +C --.. +

/ W 11 LL -1

QR AINA_

I 11c

I I I I I I II I I i i iJ

' 
I II i I I

I I I I ,

r+; i.

SL

L+'

.1-1 - -,".

11 1 i 1 1i i 1. 0 1-11 ui

NI L 1 1 1 i

II II Il

I

4--,,I
-- e--

IL ,

I I I I I, hi.

I_
L

-





EVAPORATORS,
LAST 3 STAGES VACUU

To EVAPO

ZO'CLEAR

S- GROUND EL. 20't

PRODUCT WATER LINES-
FROM EVAPORATOR

> I

IM VENTS
RATOR OL

AX- WS E'- Z3'
EL.20'

DRAINAGE DITCH

EL. 122'

SECTION A -A
NOT TO SCALE

EVAPORATORS.
LAST 3 STAGES

/ Q
41

20' CLEAR j S

MAX. WS EL.23't

PRODUCT WATER LINES
FROM EVAPORATORS-

E L. 12'!

SECTION B - B
NOT TO SCALE

EVAPOR ATORS

1-
20' CL

j GROUND E

j o;;

W

:i 3 A v

EAR W ~

L. 20

EL. 12'i

5 0 .P.(SUc

20 TON CRANE

Z WI

It <
st7
J I

4I

wN

WI 't

ACTION CASING ' o$O.D. (sORE HOLE)

MIN. SUMERG. LEVEI

ELt.U-IO't

SECTION C - C
NOT TO SCALE

PLATE 5.3
PUMPING PLANT

SECTIONS

Q-

DRANAGE DITCH

EL. 23'

CL. 20

EL. 14'*

1

5-19

I

N'11cl)""W\ 7Z/ I

III

it



I



2~ x

' "'

IRVINE
RAG

- SAN JOQ NRSERVOIR--

1 
l-

,0 2 3 4 5

600 MA- S 3. FT/000FT Q-- 65 M D -600

150'

500 . 7/ 6 R. 8 " & 7/ 16 _3 00m o Z17, 00 38"00

MEN\EALVEz0IR I

310 1...3 0

ALN RDHLL VZ L N

fat u .ii Fq 'm'"

0- MEAN SEA LEVEL w 7RVoN

r t 1 2 b 8 2 2 4 2 8 0 3 4 6 3 0 42T O B R A N A R

D-TNE\R MPUPN PAIN ,0' ETALN A RHRBLDAO GRDHl VPLA N

PROFIE

-LATE 5.4
E RANCH SITE
AD AND RED HILL AVENUE
AND PROFILE

5-20





4T

CFO--- - _ -

r 9

a -r

.A/
,- .-

-(?

5200' of 3/8" PL

K,
m 0 ~

n

r _
,TT,

I 1W1/ 
/

:r

g ,

a^

_ F
.

1 ..

'
AST O

-DES

* >

10,800' of 5/16" PL

.

. . ....

, I''

L -_

-1 a

a

MAX- S =3.3 FT/1D000FT = 6MG

MIN. S = .5 FT/1000 FT Q = 100MGD >< ~^ I> 3

ALONGNREDNHFLL AVE-

60 62 64 66 68 70 72 74 76 78 8082 84 86 88 90

PROFILE

TUNNEL

2200'

0 -

ALOG-RCHFELDRD

ALONG RICHFIELD RD.

92 94 96 98 100 102 104 106 108 110 112 114 116 118 120 122

{500

400

L 300

200

100

0

124 126 128

DISTANCE FROM IRVINE RANCH PUMPING PLANT IN 1,000's FEET

LL
z

0
N

800 -

700

600

500

400

300

200

100

z

z
0

z

Q

40 50 52 5456 58

NOTES: All pipe 72" I. D. coal tar lined, mortar coated steel.

PLATE 5.5
BARRANCA ROAD AND RED HILL AVENUE

TO DIEMER PLANT
PLAN AND PROFILE

5-21

'VIr- .L I- -

"al / "-

" I.. .

---..-----
'- 

' -- _.r _-- -- T , T -, -r

I

I

F

-4
SA

0

_ _ _. _. ...o ...... ..........-

no (

.-

a A"

PLAN M _" a IN S eiL,;r Nr4 ,;
"F/IO-T =-00MG--80

E HSNDO OF -FEET --- -- 7

RANGE COUNTY FEEDER NoG2------DER -

ACTING PLANT TO DIEMER PIPELINE

- ~NTERMEDIATE RESERVOIR &-.

------ PUMPINGPA 
TN .2-

- -- 0--

55,700 F/4 ST.FL.M000 N.3000 2=.5FE00 00

THL3ULANFILTRATFEELT600

c a 
_ . . J r . 1Pp . EG ,NNJNGvE. ORANGE CO. FEEDER No.2 55,70.0' of /4" ST.",P-,. L8I0', 3000 2200' , , 23it0'

...- ,, - i - _ _...-.-. _ , i . k .. =: JS ̂' '" !' -- - , ;\ i ,; -- _ p1 . 7/( 6"' _PL 3/8" PL. 5/t ,. / 6" PL-
Y JP. - 0

__





PUMPING PLANT No. I''0 ' ~I

a: o f

-'--i li'

r - .. 1 ; 3 t..\," : / il 4. ^^ ,.., - I 'f "f

7h0/N

PLA

800 -MAX. S = 3.3 FT./1000 FT 
Q65 MOD

700

600 Z a L

500 -- 1700'
/2"PL. 4000' 7/16" PL. 5100' OF 3/8" R_

400 
...-- - -- }

300-

100

MEAN SEA LEVEL

0

T
z
z

20,400' OF 7/16" PL. 040-F /"8 330' F /1" F /44

MIN. S - .5 FT./100 FT 'Q = 100 MGD

ALONG SULPHUR CREEK ALONG ALISO CREEK

2200'
3300' OF 5/16" R.I 14" R

ALONG ALSO CREEK

28 30 32 34 36 38 40 42

j

/, 
/ 

f

ti- ".

Q -

y ' J 
-

-l- Ir--, yr, -

/ ;
- %

a 1
( n '\ 2

e

y +i
F ..

to m -

o?. l

0 I 2 3 4 5

THOUSANDS OF FEET

0

MAXGD

S- - -
MAS=3.3 FT/IS00OFT a=6 O

600

1800 -500 1200'
1/4 " IR 3500' 5/6" R 1/4" R 2600' 3/16" RI

O
00

K100

44 46 48 50 52 54 56 58 60 62 64 66 68

DISTANCE FROM PUMPING PLANT, L000'S OF FEET

PROFILE

42,200' OF 3/8" PL.

MIN. S= .5 FT/1000 FT Q= 100 MGD

cl
0 III

>1
Z QI o

Ji Q

O

w 

W 

K

/ U W J
LL
W 

U

ALONG SAN DIEGO CREEK

ALONG BARRANCA ROAD

70 72 74 76 788 80 82 84 P6 88 - - -- -- -- 9---0
90 92 94 96 98 100 102

-900

800

-700

-600

NOTES:
ALL PIPE 72" 1.D.

-EL. 337

- 300

-200

-100 PLATE 5
DANA POIr

TO BARRANCE ROAD AN
PLAN AND I

-0

2 4 6 8 10 12 14 16 1820 22 24 26

0

0

w

Q

rJ

'_---- 
-

T- -T- T-

I

0 \ T" & 0" ao U , 
/i n U " y. //

J ce ' p / 0C y_ / /(f/ t

y ._ A~q \9 4 /

& 0 Y

PO/T ", a S \/ / - of 

/ss
/LINE~

Ike-~ -

8400' OF 3/8" R
f'-_ ------ - _--





I--.-'

A
L,

SECTION B-B
NOT TO SCALE

DRAU TO 4ATVRFALC.HAIJ 1EL

COVERED DESALTED WATER RESERVOIR COLUMNS
-- 25 MG ICAPACITYV

- - I --

PLAA__T__2

7 -

INFLOW FROMRCHFELD

DEALING PLANT 51T

PLAlJ
JOT TO SCALE

SECTIO J A-A
MOT TO SCALE

PLATE 5.7
INTERMEDIATE RESERVOIR

PLAN AND SECTIONS

5-23

I-
2

Z~

0

J
4
2
V_

DIRT

A

-MMM9

./

. k -
"'1

77

ROAb

LLL=



I



"!a @-! a -0 {

DISCHARGE -
TO FLOW

OIEMER

'Itl
UN 1 TS

T --- -- FL OW INFLOW
2OTONCRANE yFRoM DESALTING.

-(-J'PLANT SITE

---- 7 w

'I V

DRAIN

ARE

8 UNITS 10'-9"CC, 86'-O _ RESERVOIR WALL

COVERED PUMP PIT

SLUICE GATES:'RESERVOIR ROOF

LOWEST PART OF LOWEST PART o
RESERVOIR RESERVOIR --

20 TONI 
AN .

RESERVOIR ROOF

SECTION A -A
" NOT TO SCALE

P LAN

320

310

305

300

295

-290

285

-280

-t75

ID RAIN

FTOBVALVEB

DRAIN

SECTION B - B--

PLATE 5.8
PUMPING PLANT 2

PLAN AND SECTIONS

ti

0

NOT TO

MAX. WS.EL.300

& HOIST

I/N. OPERArTINO

W....i.jjf'

A/R VENT

I...,

5-24

-- -

i i i I1

~o, a A Erv -- IL NOT T CL

8e o I 25'O" _L 7/-O" .!

I II II II I I +Y II II

r=

SCALE

}--DRAIN

- -- -. 1



I



EXI

U

OUT LET
STRUCTURE

FILT

FILbTE FFLUEWT

DIVIDING WEIR-

A A

-111VIRINE

RSRVOI R FI LET
STRUCTURE E

ERED WATER RESERVOIR.

ROBT. B. DIEMER FILTRATION PLANT

P LAN
NOT TO SCALE

t

GROUUO LEVEL

AIR VENT

SL/DE GATE CHGCK VALVE

- -
...o

SECTION A-A
NOT TO SCALE

L72"ID. DESALTED WATER LINE

F-

z~

PLATE 5.9
BLENDING FACILITIES AT DIEMER PLANT

PLAN AND SECTIONS

5-25

571i MG Uf- PASS CONDUIT

--i

II e a memon m.

.I"III

L



I



CONCEPTUAL DESIGNS OF

SEA WATER SYSTEM



CHAPTER SIX
CONCEPTUAL DESIGNS OF SEA WATER SYSTEM

CONTENTS

Page

GENERAL 6-1

DESIGN CRITERIA AND CONSIDERATIONS 6-2

Sea Water Temperature 6-2
Kelp 6-2
Sand Movement 6-3
Hydraulics 6-4
Marine Fouling 6-5
Sea Water Pumping Requirements 6-6

DESIGN CONCEPTS 6-6

Sea Lines 6-6
Screen and Pumpwell Structure 6-8
Control of Marine Growth 6-8
Warm Brine Discharge 6-9
Construction Problems 6-9
Corrosion Control 6-10

DESIGN CONCEPT ALTERNATIVE 6-10

ARTIFICIAL ISLAND CONCEPT 6-10

TABLES

6.1 Sea Water Pumping Requirements 6-7

PLATES

6.1 Screen and Pumpwell Structure, Irvine Ranch Site 6-12

6.2 Breakwater Concept, Dana Point Site 6-13



CHAPTER SIX
CONCEPTUAL DESIGNS OF SEA WATER SYSTEM

GENERAL

The control and handling of the large quantity of sea water required for
operation of a dual-purpose power and desalting plant is an important
design consideration. The water requirements for the proposed plant are
such that economic operation cannot be realized unless the plant is located

adjacent to an abundant supply of water that can be used for both cooling
and desalting. Coastal sites, or areas connected to the ocean by inlets,
afford the ideal condition for location with respect to intake and discharge.
A minimum of pumping head is desirable, which is directly related to plant
elevation above sea level as well as the length of intake and discharge con-
duits. Adequate protection from wave action and tidal effects must be
considered, since reliability of plant output is important.

Sufficient experience has been acquired in the development of large coastal

power plants at numerous California sites so that design features that

apply to site peculiarities can be utilized in this study. Primary con-

siderations that must be investigated for any particular site are offshore
conditions relating to sea water temperature, kelp, sand movement,

slope of ocean floor, and bottom characteristics. The effect of dis-
charging warm water and brine into the ocean must be considered in

relation to plant and marine life as well as to the effect on coastal recrea-
tional areas.

Since public agencies at the Federal, State, and local levels are concerned
with coastal facilities relating to the effect on beach erosion, safety to
navigation, and the preservation of the existing material, physical, and

aesthetic benefits, a full cooperative effort has been made during the con-
ceptual design phase to seek out and comply with known or anticipated
requirements.

Various conceptual designs for sea water intake and discharge systems at
each site were developed during the study. Analysis of capital and operating
costs generally showed one system to be most favorable. Use of underwater
pipe conduits for intake and discharge of sea water has been favored for
plants located near the beach. This was done mainly to avoid or minimize
hazards to navigation and to avoid interference with recreational use of

beaches. The seaward distance to which these lines extend is determined
by depth of water and the proximity to major kelp beds.

Alternates to underwater pipes for intake and discharge of sea water that
may be preferable under certain conditions include breakwater and canals,
offshore jetties, and combinations of these with pipes.
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Offshore jetty and breakwater schemes for sea water intake concepts
included in this study are potentially limited by the distance to required

intake depth, the presence of significant kelp beds, and other factors.

Studies of the Dana Point and Irvine Ranch Sites indicate that breakwater

schemes utilizing canal intakes might interfere with kelp beds. In any

case, warm water and brine would be discharged by pipeline at a sufficient

distance seaward to avoid recirculation and possible destructive influence

on the kelp beds.

The concept of island construction proposed in this study appears to offer

attractive features for construction of a sea water intake and discharge

system. This concept, in effect, takes the plant to the water and elimin-

ates the necessity of long sea lines, which would be required to bring the
water to the plant. A much simpler intake structure can be used because

head losses will be minimized and the discharge structure can be separate
from the intake structure.

DESIGN CRITERIA AND CONSIDERATIONS

Sea Water Temperature

The U. S. Coast and Geodetic Survey has made long range observations of
surface water temperatures in the ocean along the Southern California

coast. Seasonal variations, ranging from a mean of 65 F during the

summer months to a mean of 59 F in the winter months, have been recorded
in the coastal areas included in this study. Bottom temperatures in the -30

foot mllw zone are about 3 F lower than surface temperature during the

warm summer months but do not significantly differ from surface tempera-

tures in the winter months. A further discussion of ocean water tempera-
ture by Marine Advisers, Inc. , consulting oceanographers, appears in
appendix B.

Uniform water temperature can be practically assured by locating the ocean
intake at a sufficient depth to utilize the cooler subsurface water which has

not significantly mixed with the warmer surface water. An ocean water
intake at a depth of approximately - 15 mllw will satisfy temperature

requirements and provide suitable clearance for navigation.

Kelp

Kelp is a large, coarse, brown seaweed that grows offshore at depths
from 2 to 10 fathoms. According to the U. S. Coast and Geodetic Survey
maps, the Dana Point Site has kelp beds extending over a band about 2, 000
feet wide and 10, 000 feet long, reaching from Dana Point to Mussel Cove.
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This is a commercial bed and, in addition, provides extensive shelter and

food for marine life. The Irvine Ranch Site also lies within the northern
part of an extensive kelp bed that has not been harvested commercially,
but serves as a habitat for game fish. Significantly, kelp growth stems
from rocky surfaces and is not evident in the area of interest for locating

the artificial island, due to the sandy bottom.

The preservation of kelp beds is a responsibility of the California Depart-
ment of Fish and Game; permission to harvest kelp is granted to commer-
cial interests on the basis of limited cutting of the upper four feet of growth.
Storm conditions cause a considerable number of kelp plants to break or

become detached from the bottom and, as a result, float to the surface and

move about by water motion.

Intake sea lines should extend to a point outside the kelp beds to minimize

the influx of detached material as well as fish and shell types of marine
life that abound in the beds. Experience has shown that large amounts of
kelp entering the screenwell of the intake structure can cause plugging of
the screens and mechanical failure or overloading of the trash removal
equipment. Considerable time and effort are required to dispose of the
accumulation and special handling equipment is required in areas where

kelp is abundant.

Discharged warm water and brine should be carried past the beds to avoid
a sudden change in the bed environment, which might result in depletion

of growth.

As a result, sea lines at the Dana Point and Irvine Ranch Sites would be
extended beyond otherwise normal distances to provide protection of the
kelp beds and to avoid the inherent problem of excessive screenwell
contamination. Appendix B contains a further discussion of this subject.

Sand Movement

Littoral processes along the coast account for the along-shore movement

of a considerable volume of sand. The direction of movement and the

volume of sand transported varies with currents and tidal effects. Seasonal
changes may cause reversal of drift. Estimates by the U. S. Corps of
Engineers and coastal engineering consultants place the annual volume of
sand transported in the near-shore zone along the Orange County coast

between 150, 000 and 200, 000 cubic yards.

Sand transport occurs in the offshore zone, extending to a water depth of

approximately 60 feet. It is within this zone that water is drawn for the

intake system. Since littoral drift of sand occurs mostly along the ocean

bottom and movement is accomplished by the action of ocean currents
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and wave action, some provision must be made to avoid taking water from

the lower zone, which might result in excessive sand being inducted.

Therefore, the intake tower opening is located at a suitable level above

the ocean bottom. Further discussion of this subject is contained in

appendix B.

Hydraulics

The hydraulics of flow in the intake system determines the size of sea

lines required. This, in turn, is directly related to the head loss between

the ocean intake and the pumping structure. Experience has shown that a

mean water velocity of seven feet per second in the pipes allows selection

of an economical diameter and does not cause excessive head loss at the

intake structure. Since pumping costs are a function of pumping head, it

is desirable to balance capitalized costs of pipe investment and pump
operating costs for minimum annual costs as far as possible. Maximum

velocity used in the study is seven feet per second.

Pump manufacturers are concerned with pumpwell configuration and

submergence of the vertical pumps to obtain optimum pump performance.

Submergence requirements of pumps are dictated by the pump manufacturer;

with this criteria and the pumpwell water level established by design, the
depth of structure is determined.

Overall size of the intake structure is determined by the distance and

width required for non-turbulent flow to the pumps, width and length

required for screen installation, and the gate arrangement to provide for

recirculation during thermal shock for control of marine growth. In

addition to other losses, an allowance for friction head loss in the ocean

conduits due to marine fouling of the pipe walls is made in the calculations

to arrive at a hydraulic gradient for the system.

Within the past two years, hydraulic model studies of sea water screening
and pumping structures have been made for Southern California projects in

order to optimize flow conditions and structure size. These studies have
resulted in reduced costs for subsequent designs of intake structures,

partly due to the newly developed concept of traveling fine screens used

in series with traveling bar screens. This concept permits higher design
water velocities through the screens than were used in previous designs.

Formerly, with the traveling screens installed behind stationary trash bars,
a limiting velocity of about 1. 75 feet per second was imposed on water

traveling through the screens. This rate was the largest net velocity that

equipment manufacturers would permit under the conditions of sea water

service and the possibility of overloading because of fairly large solids
passing the bar racks. By replacing the stationary bar racks with traveling

bar screens, which greatly reduce the loading in the fine screens, the
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latter may be designed to permit higher net water velocities. Present
designs are based on using a net water velocity of 3. 5 feet per second.

This results in a smaller structural width than with previous designs,
and allows the use of half the number of fine screens. Overall, the cost
of the combination of fine screens and bar screens is less than on previous

designs, using only fine screens with trash racks. A substantial saving

is also realized in the amount of structural concrete required due to the
reduced width of the structure.

Operation of the flow-reversing and heat treating gates, to regulate
temperature rise rate, is a delicate operation that must be controlled by
one operator from pushbutton contact during the heat treating cycle so

that surge is minimized.

Marine Fouling

Impediment of the circulating water system by sedentary marine growth
attached to the inner pipe walls and structural surfaces is a problem
associated with ocean environment. Marine fouling occurs in the form of

attached shell animals such as mussels, scallops, barnacles, and sea
squirts, as well as other sedentary forms such as sponges and hydroids.

Experiments by Scripps Institution of Oceanography biologists, have shown

that there are two feasible ways to control the growth of marine fouling

organisms - thermal shock or general toxin.

The practical details of using either or both of these methods depend on
the species of organisms and their location in the system. Toxic organic
compounds can be used effectively, but if used in sufficient concentrations

to secure acceptable results in a reasonable time, they can produce a

serious mortality of fish and marine animals in the adjacent marine
environment. Chlorine can be used effectively in the parts of the system
extending from the main pumps through the condensers to control algae

without a buildup to concentrations lethal to adjacent marine animals.
Chlorine concentrations sufficient to control fouling by contact with

sedentary animal forms would be corrosive to exposed metal surfaces

and would also be prohibitive in cost.

Thermal shock of marine animals offers an economical and practical
method of control without jeopardizing the life of ocean inhabitants and

does not require storage of large volumes of chemicals or elaborate

control equipment.

6-5



Sea Water Pumping Requirements

Sea water pumping requirements are based on condenser ratings supplied

by manufacturers, desalting plant heat rejection requirements, and make-

up demand for product water replacement, as well as small amounts of

sea water for heat exchanger cooling and screen wash. The number of

pumps and sizes are based on the feasibility of manufacture and the

requirements for flexibility in the system. In the Task Force concept,

Case E, three pumps, each rated at 280, 000 gpm, are required for the

desalting plant and four pumps, each rated at 206, 000 gpm, are required

for the power plant. The annual sea water pumping requirement for the

Task Force concept, Case E, is 2, 700, 000 acre-feet. Byron Jackson

Company has indicated that these large pump sizes are feasible and can

be manufactured. As a comparison, the San Onofre Nuclear Power Plant

is provided with two circulating water pumps rated at 176, 000 gpm each.

In addition to the circulating water and makeup pumps, smaller sea water

pumps are required for cooling water and traveling screen wash.

Conceptual designs for sea water pumping are based on the use of vertical

shaft axial or mixed flow pumps for the larger sizes and vertical turbine

pumps in the smaller size range. Table 6. 1, Sea Water Pump Require-

ments, is a tabulation of pumping requirements for alternate schemes

identified in column headings.

DESIGN CONCEPTS

Sea Lines

Design concepts at both the Irvine Ranch Site and the Dana Point Site use

concrete pipe sea lines for both intake and discharge water. Pipe diameters

required are large, up to 18 feet inside diameter for the Task Force dual-

purpose alternate, and will require special design and handling considera-

tions. Concrete pipe with an inside diameter of 14 feet was successfully

installed at the Huntington Beach Steam Station. Though precast concrete

pipe with an inside diameter of 14 feet is the largest size known to have

been used in a design to date, American Pipe and Construction Company

has assured us of the feasibility of precasting diameter sizes up to 18 feet.

The ocean floor falls off more rapidly at the Irvine Ranch and the Dana

Point Sites than at Huntington Beach and other up-coast sites. If it were

not for the kelp in these locations, the sea lines could be of relatively

short length in reaching an optimum depth of approximately -30 mllw.

Design concepts in this study for the Irvine Ranch and Dana Point Sites

carried the intake sea lines beyond the kelp beds, or a distance from

shore of 2, 500 feet at Irvine Ranch and 4, 000 feet at Dana Point. This

placed the terminal ends in approximately 70 feet of water for both sites.

Working in water depths of 70 feet is difficult and expensive, but is possible.
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TABLE 6.1
SEA WATER PUMPING

REQUIREMENTS

A B C D E*

Case/Item MWD Minimum MWD Maximum MWD Maximum Task Force Task Force
Dual-Purpose Power-Only Dual-Purpose Power-Only Dual-Purpose

1. Flows (gpm)

Intake

Desalting Plant 549, 000 --- 798, 000 --- 798, 000
Power Plant --- 540, 000 250, 000 1, 080, 000 824, 000

Cooling Water 10, 000 10, 000 5, 000 20, 000 15, 000
Screen Wash 3, 000 3, 000 6, 000 6, 000 10, 000

Outfall
Desalting Plant 422, 000 --- 694, 000 --- 694, 000
Power Plant --- 540, 000 250, 000 1, 080, 000 824, 000
Cooling Water 10, 000 10, 000 5, 000 20, 000 15, 000
Screen Wash 3, 000 3, 000 6, 000 6, 000 10, 000

2. Pumps (No. /gpm)

Desalting Plant 3 @ 194, 000 --- 3 @ 280, 000 --- 3 @ 280, 000

Power Plant --- 3 @ 180, 000 2 @ 125, 000 6 @ 180, 000 4 @ 206, 000
Cooling Water 2 @ 5, 000 2 @ 5, 000 2 @ 2, 500 4 @ 10, 000 3 @ 5, 000
Screen Wash 2 @ 1, 500 2 @ 1, 500 2 @ 3, 000 2 @ 3, 000 4 @ 2, 500

3. Sea Lines (No., Diameter & Length)

Intake 1-14. 75'@2, 500' 1-15'@2, 500' 2-14. 5'@2, 500' 2-15'@2, 500' 2-18'@2, 500'
Outfall 1-13.5 '@2, 000' 1-15'@2,000' 2-14. 0'@2, 000' 2-15'@2, 000' 2-18'@2, 000'

4. Traveling Screens

Fine Screens, ea. 3 3 5 6 7

Bar Screens, ea. 3 3 5 6 7

Effective Depth, ft 10 10 12 10 12

Net Width, ea. 10 11 10 11 11

=Items 1, 2, and 4 also apply to the Island concept.



Intake and discharge towers are separated horizontally by a minimum

distance of 500 feet to avoid recirulation. This distance has proved

successful at other Southern California coastal installations.

Terminal ends of the intake and discharge pipes turn up much like the

bowl of a smokers pipe, to place the entry and discharge approximately
15 feet above the local ocean bottom. This is necessary to minimize sand

intake and interference from other foreign matter during operation.

A cap or umbrella, called a velocity cap, is placed above the intake tower

to give the incoming water a horizontal velocity prior to vertical movement

down the inlet tower. This controls the influx of fish. Most fish can

detect and escape horizontal water motion but are confused and trapped by

a vertical motion. This was proved by a model test for Edison's Huntington

Beach Steam Station; experience at the El Segundo Plant has shown that
using this principle reduced fish entrapment by a factor of 10 or more.

Screen and Pumpwell Structure

The sea lines terminate at the screen and pumpwell structure where the
mechanical trash bars, traveling water screens, pumps, and control gates
are located. This structure should be as near as practicable to the main
plant so it is readily accessible to the plant operators. Our design concepts
for all alternates, except Case E, Task Force Plan, have used a single
structure for both the desalting plant and the power plant. Two separate
structures were used for Case E because of the large flows required at
both the power and desalting plants, the requirement for larger pump
discharge lines, and the enormity of a single structure. Plot plan drawings
accompanying this report show the location and number of pumpwell struc-
tures and sea line dimensions for each case considered. A typical screen
and pumpwell structure design for sea water intake is shown on Plate 6. 1,

Screen and Pumpwell Structure, Irvine Ranch Site.

Control of Marine Growth

The circulating water system for each case is designed to control marine

animal colonization and growth on interior surfaces by utilizing thermal

heat shock. This is accomplished with motor controlled gates to recirculate
warm discharge water within the system at a rate which results in a system

temperature rise to 105 F. Upon attainment of this temperature, flow in

the sea lines is reversed under reduced load for about two hours. A heat

shock cycle, with flow reversal and return to normal, is scheduled about

every four weeks, depending on seasonal conditions of marine growth. This

requires from six to eight hours of controlled operation, usually on weekends

during offpeak periods of power demand. The open well of the pump struc-

ture is used as a surge chamber during flow reversal operations. Experience
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shows that with sufficiently intense and frequent heating of the circulating
water, invasions of larval forms of marine life can be controlled before
reaching maturity in the nutritional environment furnished by the moving

water. Serious plugging of screens and condenser tubes can result from
large numbers of adult marine life forms and shells detached from the
walls of pipes and structures. This also eliminates the need for periodic

dewatering of the system and scraping to remove accumulated growths.

During normal plant operation, the circulating water temperature rise is
about 18 F. The discharge temperature of 77 F to 85 F (Summer) is
sufficiently high to prevent marine growth in the outfall conduits.

Warm Brine Discharge

Sea water concentration discharged from the desalting plant depends on
design of the plant considered and whether or not concentrated discharge

water is combined with power plant cooling water before reaching ocean
outfall. The desalting plant discharge in Case A, MWD dual plant, is not
combined with other flows since there is no condensing unit at the power
plant. In this case, the outfall concentration is increased 24 percent. In

Case C, MWD dual plant, the outfall concentration is increased approxi-
mately 11 percent. However, in Case E, the Task Force Plan, although

total sea water intake is greater, the separate intake and discharge lines

for each plant increases sea water concentration differential in the desalt-
ing plant discharge to 15 percent. The effect, of increasing ocean water

brine concentration, on marine growth is not well known. However, the

expected discharge concentrations are comparable to concentrations in
major bodies of water such as the Mediterranean Sea. In order to obtain

conservative results, discharge lines at Dana Point and Irvine Ranch were

extended 500 feet past the known extent of the kelp beds to minimize any
influence on the natural environment. With regard to the island concept,

where there is no kelp, the warm brine is discharged 500 feet from the
intake to avoid recirculation.

Construction Problems

The laying of sea lines requires trestle construction and a traveling gantry
to handle heavy concrete pipe sections. The pipes, out to a depth of 30

feet, are normally laid in a bedded trench and back-filled with sand to
provide a five foot cover. Deeper laying operations require working from

a sea-going barge. Joints are of a rubber-gasketed, slip-on type and are
made up by cable pull or take-up lugs. Divers are required for manipula-
tion of take-up lug s. In construction of the pumpwell structure, involving

deep excavations below water level, an elaborate system of dewatering

will be required. This can be accomplished with well points or submersible

pumps in well casings. Large pipe sizes may require units to be cast on

or near the jobsite to minimize transportation and handling problems.

6-9



Corrosion Control

Concrete which will be exposed to the direct action of sea water, will be

carefully controlled during placement to provide a dense, uniform,

structurally sound section. A minimum of three inches of cover for

reinforcing steel would be specified on all submerged structural concrete.

Pipe reinforcing can be adequately protected by specifying high-strength
concrete cast in special forms and vibrated to produce a dense, water-

tight section.

Exposed metal components and assemblies submerged in sea water, or

present in the splash zone, should be stainless steel, bronze, monel, or

coated alloy products. Cathodic protection supplements the corrosion
resistant materials where studies indicate the necessity for this type of
protection.

DESIGN CONCEPT ALTERNATIVE

Consideration was given to constructing a shore-connected, rubble-mound

breakwater extending offshore to about the 30-foot depth and filling the
intervening space with excavated material from adjacent land. The

resulting land mass, extending seaward, would present a concave front

to wave action. Intake of sea water would be through a protected opening
in the breakwater directly from the open sea. A canal through the site

would convey water to a screen structure and then to pump structures at

the power plant and water plant. Discharged water from the power and
water plants would be conducted seaward by pipes past the breakwater for
a sufficient distance to avoid recirculation. This concept was developed

for the Dana Point Site only, since the Irvine Ranch Site would be very
similar in concept, but would not have the economic incentive. The San

Juan Site could not be feasibly adapted to a breakwater concept. A typical
breakwater is shown on Plate 6. 2, Breakwater Concept, Dana Point Site.

ARTIFICIAL ISLAND SITE CONCEPT

Sea water intakes for the island concept consist of open-front screen and

pumpwell structures on the leeward sides of the island. Separate intakes

for the power plants and water plant may be used, due to the distance

between each unit in the plant arrangement. Structures may not be as

deep as in other concepts because the elimination of sea lines minimizes
hydraulic head losses.

Discharge of warm brine and condenser cooling water would be directly
to the ocean side of the island. Heat shock to control marine growth,

would be accomplished by a gate-equipped junction structure permitting
back-flow and recirculation of warm water through one idled pump at
reduced power plant load.
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Water intake velocities, at the intake structures, would be held to less than

one foot per second by sizing the opening in accordance with available depth.

Trash and debris handling equipment, as well as traveling fine screens,

would be provided. Further refinement of cooling water systems for the
island will be made during preliminary design.

Plate 8. 8 shows a concept of the island development.
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CHAPTER SEVEN
NUCLEAR SITE SAFETY ANALYSIS

GENERAL

Results of preliminary site investigations, as described in chapter eight,
showedthat three sites along the Orange County coast warranted consid-
eration as possible locations for the proposed dual-purpose plant. Among

the factors evaluated before final site selection are those associated with
operation of a nuclear power plant. For this reason, nuclear site analyses
have been conducted for Site H (Irvine Ranch), Site J (Dana Point), and
Site S (Artificial Island). Because of the extent and importance of the

nuclear site safety analyses, the results are presented in this separate
chapter.

NUCLEAR SITE ANALYSIS

The selected sites were investigated and analyzed with respect to nuclear

siting criteria, site features, and major plant safeguards necessary for
locating a nuclear reactor of the BWR or PWR type, having a thermal

rating required to supply a 150 mgd dual-purpose power and desalting

plant.

A number of resources were utilized to accomplish the analysis. Con-

sultants in the fields of meteorology, oceanography, and seismology were

engaged to provide preliminary data on the general area and the specific
sites being considered. Among these consultants were: Dr. Morris M.

Neiburger, Professor, University of California at Los Angeles, meteor-

ology; Marine Advisers, Inc. , La Jolla, California, oceanography;
Dr. George W. Housner, Professor, California Institute of Technology,
and Dr. Hugo Benioff, seismology. Copies of preliminary reports pre-
pared by the consultants appear in appendix B. Discussions pertinent to

construction of an artificial island were also held with representatives of
the U. S. Corps of Engineers, Orange County Harbor District, and
several breakwater contractors, all with long experience in construction
of breakwaters, piers, and oil drilling island platforms.

GENERAL SITE DESCRIPTION

Sites H, J, and S are located along the Orange County coastline (see
Plate 7. 1, Site Location Plan), between Seal Beach and Dana Point. The
coastline, in general, lies in a southeasterly direction from Seal Beach to

Dana Point.
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Dominant factors controlling meteorological conditions are the semiper-
manent anticyclone over the subtropical Pacific Ocean and the temperature

contrast between land and sea. The anticyclone protects the area from

cyclonic storms and gives rise to a persistent subsidence inversion at an

average height of about 1, 000 feet above the ground, particularly during
the warmer half of the year. Temperature contrast between land and

ocean causes a diurnal wind variation; there is also a seasonal tendency
for onshore airflow in summer, and seaward or offshore airflow in winter.

Storms are infrequent in this area, occurring only occasionally in the
colder half of the year. In the absence of storms, winds are light to

moderate. Temperatures are generally mild.

Temperatures and precipitation for Sites H, J, and S are believed to be
similar to those at Newport Beach, which is about six miles northwest of

the Irvine Ranch Site. At Newport Beach, average daily maximum tem-
perature ranges from the low sixties in winter to about 75 F in summer.

On a few days, temperatures may reach into the nineties. Such days are

rare, and are to be expected mainly in September and October. Average
daily minimum temperature varies from the midforties in winter to the
low sixties in summer. Temperatures in the upper thirties occur
occasionally in winter, but subfreezing temperatures are rare.

Precipitation occurs mainly in the colder half of the year, and is normally
heaviest in December, January, and February. The average annual rain-

fall total is about 12 inches, but the total varies widely from year to year,

with some years as low as 5 inches and others as high as 30 inches.

Topography of this section of the Orange County coast is characterized by

low lying alluvial areas from Seal Beach to the Santa Ana River; ancient
marine terrace formations, extending downcoast from Newport Beach; and
by pocket beaches along the shoreline. Below Newport Beach, cliffs rise
from the shoreline to elevations varying from 60 to 160 feet at the edge of

the marine terrace. A gradual slope upward toward the Pacific Coast
Highway from the cliff's edge is generally evident.

Earthquake faults in the Orange County area are shown in Plate 7. 2, Fault
Map. The nearest known active fault zone is the Newport-Inglewood. This

fault zone is generally parallel to the coastline and passes about 1-1/2

miles north of the Artificial Island (Site S) and disappears northwest of the

Irvine Ranch Site (Site H). Other, but more distant, active faults in the

area are the Elsinore Fault, about 25 miles inland; the San Jacinto, 48

miles to the northeast; and the San Andreas, about 54 miles from and

generally parallel to the coast. The San ClementeFault is approximately

50 miles offshore from the Orange County coast.
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IRVINE RANCH SITE

Location

The Irvine Ranch Site is approximately 38 air miles from downtown
Los Angeles and 6 miles downcoast from the City of Newport Beach.
Adjacent communities are Cameo Shores, a residential area adjoining

the site on the westerly property line, and Crystal Cove, a small trailer
park on the south property line. The Pacific Coast Highway is northeast
of the plant area; southwest side of the plant area faces the Pacific Ocean.
Exact location of the site is known as Pelican Point and is shown on plate
7. 1. The site topography, as obtained from available USGS maps is shown

in figure 7. 1, Irvine Ranch Site Contour Features Only. Supplementary
topographic information was obtained from recent aerial photographs and
field inspections.

Land Use

The site is part of a largely undeveloped land holding of approximately
90, 000 acres owned by the Irvine Company. A portion of the site is now
leased as a boarding and riding stable. Projected land use for the site and

surrounding area is included in a long range plan to develop the entire 90, 000
acres and is presently shown by the Orange County Planning Department

(Figure 7. 2, South Irvine Ranch General Plan) as being zoned for medium
high density residential units surrounded by low density residential areas.

Population

Figures available for current or projected population distribution contiguous
to the site have been gathered and some general data have been published by

the Orange County Associated Chambers of Commerce and the Orange County
Board of Supervisors. 1, 2 These datawere used to develop the estimated

population distribution shown in Plate 7. 3, 1960 Census - 1970 Estimate.

Figure 7. 3, Estimated Population Increase, shows the projected growth of

Orange County to the year 2000. District Water Supply Report No. 818,
whichprovided forecasts based on population growth in Orange County, and
data from Orange County publications were used to develop the graph.

Meteorology

Currently, the nearest populated areas (Newport Beach and Corona del

Mar) to the Irvine Ranch Site are to the northwest. Analysis of available

wind data from Los Alamitos Naval Air Station, Huntington Beach, and

Newport Harbor indicate that winds passing over the site from all directions,
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except the southeast, will carry any plant effluents over sectors unpopulated
for considerable distances. Indications are that early morning summer
winds at Newport Beach Harbor blow from this direction (southeast) about

one-eighth of the time. At Los Alamitos Naval Air Station, the winds for

the whole day, on an annual basis, come from the southeast about five per-

cent of the time. The Irvine Ranch Site is sufficiently close to Newport

and Los Alamitos Naval Air Station to assume that wind frequencies will be

comparable.

In summer, the subtropical inversion is present at an average altitude of

over 1, 000 feet and the southeast flow is accompanied by rapid mixing up-

ward to that height. In the winter, however, there is a ground inversion

most mornings and the flow toward Newport Beach (while less frequent) has

little vertical mixing associated with it.

No direct evaluation of the durations of light winds and calms is available
for Newport Beach, but indications are that they are similar to those at

other coastal stations in the area.

Oceanography

Nearshore Hydrography

In the coastal area near Pelican Point the offshore slope is relatively flat.

According to the United States Coast and Geodetic Survey (USC&GS) Hydro-
graphic Study No. 5602, conducted in June-July 1934, the two to four-fathom

contour, mean lower low water (mllw), is approximately 950 feet from

shore and drops to eight fathoms 1, 500 feet offshore. The 20-fathom contour

is found about 2, 000 feet from shore.

It is estimated that beach sand extends only out to a depth of about 10 feet

mllw; from there, the bottom is assumed to be rock out to about the seven-

fathom depth, where fine sand occurs.

Kelp

According to the current California Department of Fish and Game Official

Kelp Beds Map, a narrow kelp bed, designated as Kelp Bed No. 10, extends

from north of Pelican Point to Laguna Beach. USC&GS Hydrographic

Survey No. 5602, shows a 500-foot wide kelp bed along the coast between

the 2 and 8-fathom contours. Apparently the bed has always been small
and relatively unimportant for direct commercial harvest. The main value

of kelp in this area is indirect, serving as a habitat for marine life.
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Hydrology

Rainfall runoff from the coastal hills near the proposed site is collected

in ephemeral or intermittent streams and discharged into the ocean at

several locations along the beach.

Runoff from a 250-acre drainage area is discharged through culverts under

the Pacific Coast Highway embankment above the proposed plant site. These
culverts discharge into barrancas that cross the site. It is estimated that

this drainage could produce a flood of about 400 cubic feet per second, with
a probability of once in 100 years. No problem is anticipated in controlling

this flow at the plant site.

There is no apparent ground water storage in the vicinity of the plant; it

is believed that subsurface flows on the bench adjacent to the shoreline

near the plant will be seaward.

Water supplied to communities adjacent to the site, by the Orange County

Water District, is obtained from the Metropolitan Water District System.

Geology

This site is approximately centered on Pelican Point, about one mile south
of Corona del Mar. A steep cliff rises from the shore to elevation 60 at

the edge of a marine terrace that slopes gently up to Pacific Coast Highway
at elevation 140. Outcrops of thin-bedded sandstone and siltstone are

exposed in the sea cliff and in narrow gullies that cut the terrace. Gener-

ally, the rock dips into the cliff at about 100; one reversal of dip is evident
in exposures along the beach. During low tide, a flat rock shelf can be

seen extending outward from the base of the cliff. It has not been deter-
mined to what distance this rock continues seaward, as soundings have not

been taken recently.

Bedrock below mean low tide appears to be more competent than that

exposed in the face of the terrace. The rock at sea level is a medium-

hard sandstone and siltstone from which weathered material is constantly

removed by wave action. Excavation in this material will require drilling

and light shooting.

Sandstone and siltstone above sea level are thinly bedded, moderately to

highly jointed, and relatively soft. Occasional sandstone beds from 1. 0 to

1. 5 feet thick are exposed in the cliff wall. Excavation will be common,

but ripping may be required. Excavation for intake and outfall conduits

will require light blasting and must be done as an underwater operation.
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Seismology

Seismology of the site has been reviewed by Drs. Housner and Benioff

(See Appendix B). Available data does not disclose any major active earth-
quake faults near the site. The 1933 Long Beach earthquake was the only
earthquake of a magnitude greater than 6. 0 in the general vicinity. It is
not unlikely that an earthquake similar to the Long Beach earthquake will
occur in this vicinity. An earthquake of magnitude 8. 0 or greater is not
expected for the Newport-Inglewood Fault but may be expected to occur on

a great fault such as the San Andreas or possibly the San Jacinto. Approxi-
mate distances to the San Andreas and San Jacinto Faults are 54 and 48

miles, respectively.

Relationship of the proposed site to known faults in the general vicinity is

shown on plate 7. 2.

DANA POINT SITE

Location

The Dana Point Site, shown in plate 7. 1, is approximately 49 air miles
from downtown Los Angeles and is nearly 7 miles up the coast from
San Clemente and 6 miles down the coast from Laguna Beach. The

nearest incorporated community is San Juan Capistrano, approximately

four miles to the northeast. The community of Dana Point is 1- 1/2 miles

to the east-southeast and the Dana Strand Club, a group of semi-permanent

house trailers, is located southeast on the property adjacent to this pro-

posed 217-acre site. The site topography, as obtained from available
USGS maps, is shown in figure 7. 4, Dana Point Site. Supplementary topo-

graphic information was obtained from recent aerial photographs and field

inspections.

Land Use

Use of the contiguous land has historically been for crops and pasture.
Currently, there is very little evidence of cultivation or irrigation in

4
the local area.

The nearby community of Dana Point is undergoing gradual development.

The area to the southeast has been subdivided for residential units. No

known master plan has been adopted for this area, however, the section

of coast between Dana Cove and Doheny State Beach has been master

planned as a small craft refuge harbor and recreational area by the Orange
County Harbor District. Initial construction is planned for 1966 and will

ultimately provide aquatic and recreational facilities and slips for 2, 100

small craft.
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Population

Population distribution data are not readily available for Dana Point
because unincorporated cities are not reported separately in Orange
County census figures. An estimate of 1, 000 for the population of Dana

Point appears to be reasonable, based on site visits, survey of aerial

photographs, and the Orange County 1960 Official Census data. The pop-
ulation of San Juan Capistrano is currently estimated to be 1, 700 persons.
Additional population data and estimates for Dana Point and surrounding

areas are presented in plate 7. 3.

Meteorology

Although the general wind pattern at Dana Point is expected to be similar
to that at the Newport Beach weather station, there may be slight differences

due to topography. For instance, the bend of the coast at Dana Point to the

south of the site, and the presence of hills, primarily to the northeast,

suggest that the sea breeze might have a tendency to be more southerly,

probably southwest, instead of west-southwest to west-northwest. This

would reduce the likelihood, already small, that the nearby town of Dana
Point to the east-southeast would be exposed to effluents from the proposed

site. San Juan Capistrano, somewhat more distant, is in the direction of

fairly frequent flow; when the wind flows toward it from the site, the inver-

sion layer is aloft or absent, and upward diffusion of pollutants will be
rapid.

Alongshore flow from the proposed Dana Point Site to the town of Laguna

Beach is subject to the same comment as for airflow from the Irvine

Ranch Site to Newport Beach, except that Laguna Beach is further from

Dana Point and thus diffusion will have more time to take place. Along-

shore flow southeastward, toward San- Clemente, is very infrequent.

Oceanography

Nearshore Hydrography

Dana Point and the rocky headland that form the south side of Mussel

Cove are the southerly and northerly limits of this section of the beach.

Although sand exists on the upper beach, the bottom in this area, at depths

of 2 to 10 fathoms mllw, is reported as hard (presumably rock or shale)

by USC&GS Hydrography Survey No. 5603, performed in June-July, 1934.
Fine, gray sand prevails on the bottom beyond the 12-fathom contour.

Approximate distances from shore, for specific contours, are 600 feet

for 2 fathoms, 1, 100 feet for 4 fathoms, 2, 400 feet for 8 fathoms, and
3, 400 feet for 12 fathoms. In comparison with the Irvine Ranch Site, the
slope is much flatter to depths of 12 fathoms.
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Kelp

The California Department of Fish and Game Official Kelp Bed Map shows

a kelp bed, designated as Kelp Bed No. 9, extending from Mussel Cove,
along the coast to San Clemente.

The USC&GS Hydrographic Survey No. 5603 shows a continuous band of

kelp about 2, 000 feet wide and 10, 000 feet long, reaching from Dana Point

toward Mussel Cove, in water depths of 2 to 10 fathoms, parallel to the

coast. Bed No. 9 is harvested commercially, with an estimated annual

yield average of 2, 500 to 3, 000 tons per square mile. While this bed
deteriorated quite badly in 1958, presumably because of warmer ocean

temperatures, recovery has been slowly progressing. In a healthy con-

dition, Bed No. 9 provides extensive food and shelter for many species of

marine life.

Hydrology

Rainfall runoff from coastal hills near the proposed plant site is collected

in ephemeral or intermittent streams and discharged into the ocean at the

north edge of the site. There is no apparent ground water storage near

the proposed site; it is believed that subsurface flows along the bench

adjacent to the shoreline in the area of the site will be seaward.

Runoff from the drainage area inland from the site is collected into a

single watercourse before reaching the site and is carried by a large cul-

vert under the Pacific Coast Highway. An extension of the existing culvert

will be required to carry expected flood flows away from the proposed

plant structure. No problem is anticipated in controlling flood flows

resulting from abnormal rainfall. Water supply for Dana Point and adja-

centcommunities is provided by the Orange County Water District, obtained

from the MWD system.

Geology

Topography at the Dana Point Site is characterized by a prominent sea

cliff rising to elevation 160 and then flattens out as an ancient marine

terrace. The site is bordered on the northeast by the Pacific Coast High-

way and on the southwest by the ocean.

From sea level to approximate elevation 100, foundation material consists

of highly contorted and folded, thin-bedded siltstones and sandstones of

the Capistrano formation. Dips change radically within short distances

and close jointing is prevalent throughout. On the southern end of the

area, the Monterey shale, which weathers white, can be seen in synclinal
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contact with the overlying Capistrano. No surface faults were evident.
From elevation 100 to the top of the terrace, a deposit of fine to medium-
grained sand of the Palos Verdes formation rests uncomformably on bed-
rock. Thickness varies considerably due to erosion, which has partially
dissected the terrace surface.

Seismology

Seismology of the site has been reviewed by Drs. Housner and Benioff
(See Appendix B). Seismic characteristics of this proposed site are
expected to be similar to those described for the Irvine Ranch Site.

ARTIFICIAL ISLAND SITE

Location

Planned location for the Artificial Island site is approximately 26 miles from

Los Angeles Civic Center and 2 miles south-southeast of Seal Beach. It
is identified as Site S on plate 7. 1.

The shoreside of the site is parallel to the coastline and approximately
2, 000 feet from the shore. The nearest adjacent inhabited areas are
Sunset Beach and Huntington Harbour. Sunset Beach is about 4, 500 feet

north-northwest and Huntington Harbour 1, 500 feet further inland in the

same direction.

Land Use

As shown inEFgure 7. 5, Artificial Island Site, the mainland area to the
east is unoccupied and used primarily for oil drilling and pumping. Bolsa
Chica State Beach is state owned and maintained, but is not yet developed.
No parking areas are available and only limited picnic facilities are
evident. This beach is used mostly for surfing.

The U. S. Naval Weapons Station is north of the site and is largely
unoccupied. Bulk of the land use in this area is devoted to storage for
net floats and naval ammunition bunkers.

The City of Seal Beach is a residential area and beach-side community,

with some light industrial activity.
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Population

Population of Seal Beach is currently estimated at 17, 300.1 Aggregate
population of Sunset Beach and Huntington Harbour is estimated to be
about 3, 000. Sunset Beach was reported in the 1960 census as having
about 1, 000 residents. Huntington Harbour has only recently been devel-
oped and no official figures are available.

The Los Angeles County boundary is at the westerly edge of Seal Beach.
The City of Long Beach, with an estimated population of 500, 000, is
approximately seven miles northwest of the island site.

Meteorology

Meteorological conditions are expected to be almost the same as those
reported for Los Alamitos Naval Air Station in appendix B. However, the

frequency of winds, three knots or greater, is expected to be slightly
higher at the site because of the coastal location and flat topographic

features inland. 5

Oceanography

Hydrographic data available for this area show that the offshore contours
are very flat out to the 10-fathom contour, a distance of nearly 10, 000

feet seaward of the island edge. Bottom conditions are sand out to this
depth and as a result no kelp is found in the vicinity of the site.

Geology

Proposed Artificial Island Site would be about 4, 000 feet offshore at Sunset
Beach, in a water depth of about-30 feet mllw. Regional geological map-
ping shows that this area is part of a broad coastal shelf bordering the

mainland.

K. O. Emery in his book entitled The Sea Off Southern California, states

that the predominant types of materials found on the continental shelves

are detrital and relict sediments contributed to the ocean mostly by rivers

and sea cliffs. 6 These sediments are a continuation of the beaches and

consist mostly of quartz and feldspar sand.

A report of soils investigation made by Dames and Moore, consultants in

applied earth sciences, for the offshore island, Esther, under construction

by Standard Oil Company, approximately 2-1/2 miles upcoast from the
proposed site, gives pertinent data on the exploration of subsurface con-
ditions in this area. 7
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In general, the Dames and Moore report states that soils to a depth of -96
feet mllw were found to be fine to medium sand. Occasional very thin

lenses of clayey silts encountered at depths of -41 feet and -60 feet mllw,
were considered random. The sandy soils were considered sufficiently
strong to provide a stable foundation for support of the island. No indica-

tion of bedrock was encountered in these core drillings. Dames and Moore

calculated a total settlement of one foot, with most of the settlement

occurring during construction of the island. The Standard Oil island is a
rubble filled structure placed directly on the ocean floor, approximately
8, 000 feet offshore in 36 feet of water. Armor rock for protection against

wave action forms the island periphery. The island is fully exposed to the
open sea and will be used for oil drilling operations. Top of the island is
approximately 150 feet square and 22 feet above mllw.

As pointed out in discussions with local harbor and breakwater contractors,
marine engineers, oil company consultants, and the Los Angeles District,

U. S. Corps of Engineers' office, the concept of dike-filled and rubble
mound construction as proposed is a recognized and frequently used method.

Contacts were made with Connolly-Pacific Co. ; Omar Lillivang, engineering
consultant; W. J. Herron, Jr. of the U. S. Corps of Engineers and Mr. Eugene

Davis, oil geologist.

From preliminary investigations of the site geology, it appears that the

selected site exhibits suitable engineering requirements for construction.

It is assumed that underwater site conditions are similar to those at the

Esther island site, as reported by Dames and Moore. However, detailed

geological investigations by qualified consultants in applied earth sciences
should be undertaken prior to design in order to assure a sound structural

basis.

Seismology

Seismology of the site has been reviewed by Drs. Housner and Benioff
(see appendix B) and their conclusions have been very favorable.
Dr. Benioff in his report states that the site is as good or better than
either of the contemplated onshore sites.

PLANT CONCEPTS

The complete plant consists of three major items:

- Nuclear steam generating unit

- Electric power generation unit

- Multistage flash evaporator unit for desalting

Site safety analysis is concerned only with the first item, which comprises
the nuclear reactor, reactor auxiliary systems, and reactor containment.
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Proven types of light water reactors in the range of 1, 000 to approximately

3, 000 Mwt are under consideration in conjunction with containment and

other engineered safeguards. For example, pressure suppression contain-

ment for a boiling water reactor (BWR) or pressure containment for a

pressurized water reactor (PWR) may be utilized.

Nuclear fuel will be in the form of slightly enriched uranium oxide pellets

enclosed within zirconium alloy tubes. An orderly array of these fuel tubes

constitutes the reactor core, which itself is situated inside the reactor

vessel, a large, thick-walled steel pressure vessel.

Light water is used as the reactor moderator and as a coolant to absorb

and transfer the heat generated by the reactor core during operation.

Steam is generated either by direct boiling of the reactor coolant or by

transfer of the heat from the reactor coolant through a heat exchanger,

generating steam for use in a secondary system.

Auxiliary Systems

Reactor auxiliary systems include the coolant makeup system, coolant

purification system, new fuel storage, spent fuel storage, control systems,

decay heat removal system, and a safety injection, or core spray system.

The core spray system cools the core by injecting water into the reactor

vessel. This water contains neutron-absorbing materials to keep the

reactor in a safe condition.

Containment

The entire nuclear steam generating system will be housed inside a mild

steel lined concrete containment structure. This containment is designed

to contain the instantaneous primary coolant release in the unlikely event

of primary loop pipe severance with or without pressure suppression.

Containment structure also provides radiation shielding to the environment

outside the containment vessel. Containment systems include provision

for post-incident heat removal and post-incident iodine removal.

Radwaste System

During normal plant operation, radioactive wastes will be collected,

processed, measured, and discharged to the environment at such rates

and times that the resultant offsite radioactive doses would be equal to

or less than that allowed by applicable AEC Regulations, as stated in 10
CFR 20, or shipped offsite for disposal. 8
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Radioactive gases from normal operations will be routinely monitored and

discharged through the plant stack after suitable holdup for decay.

Liquid wastes will be processed through demineralizers to permit discharge

with the plant circulating water. Liquid wastes that cannot be processed

and discharged to the sea, because of the contained radiation, will be

suitably processed for shipment offsite for disposal.

Solid wastes will be compressed into bales or encased in concrete-filled

drums. These wastes will remain on site until arrangements are made

for offsite disposal.

Radioactive waste facilities will be comparable to those for other water-

cooled nuclear power plants in the United States. Releases to the

environment from similar operating plants have generally been insignifi-

cant fractions of the maximum permissible concentrations (mpc) allowed

by AEC regulations. Disposal of higher level wastes, prepared by various

means for shipment offsite, has proved to be a workable and efficient

process once the initial procedures have been developed.

NUCLEAR ANALYSIS

Approach

A primary objective in nuclear reactor plant design and siting is to provide

reasonable assurance of low risk of public exposure in the unlikely event of

a nuclear incident. To meet this objective, the Atomic Energy Commission

has established guidelines relating to nuclear plant safety and siting. Title

10 Code of Federal Regulations, Part 100 (10 CFR 100), Reactor Site

Criteria, sets forth the following: 9

Section 100. 3, Definitions,

''As used in this part: (a) 'Exclusion area' means that area surrounding

the reactor, in which the reactor licensee has the authority to determine

all activities including exclusion or removal of personnel and property

from the area. This area may be traversed by a highway, railroad, or

waterway, provided these are not so close to the facility as to interfere

with normal operations of the facility and provided appropriate and effective

arrangements are made to control traffic on the highway, railroad, or water,

in case of emergency, to protect the public health and safety. Residence

within the exclusion area shall normally be prohibited. In any event,
residents shall be subject to ready removal in case of necessity. Activities

unrelated to operation of the reactor may be permitted in an exclusion area

under appropriate limitations, provided that no significant hazards to

public health and safety will result. " 10 CFR 100 also states that an

individual located at any point on the boundary of the exclusion area for
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two hours immediately following onset of the postulated fission product

release should not receive a total radiation dose to the whole body in

excess of 25 rem or a total radiation dose in excess of 300 rem to the

thyroid from iodine exposure. 10

"(b) 'Low Population Zone' means the area immediately surrounding the

exclusion area which contains residents, the total number and density of
which are such that there is a reasonable probability that appropriate

protective measures could be taken in their behalf in the event of a serious

accident. These guides do not specify a permissible population density or

total population within this zone because the situation may vary from case
to case. Whether a specific number of people can, for example, be

evacuated from a specific area, or instructed to take shelter, on a timely
basis will depend on many factors such as location, number and size of

highways, scope and extent of advance planning, and actual distribution of
residents within the area. " 10 CFR 100 further states that an individual

located at any point on the outer boundary of the low population zone

exposed to the radioactive cloud during the entire period of its passage,
should not receive a total radiation dose to the whole body in excess of 25
rem or a total radiation dose in excess of 300 rem to the thyroid from

iodine exposure.

"(c) 'Population Cente r Distance' means the distance from the reactor to

the nearest boundary of a densely populated center containing more than
about 25, 000 residents. "

For multiple unit plants, the site may be evaluated on the basis of the

largest reactor on the site, provided that an accident in one unit cannot
induce an accident in another nuclear unit.

It can be seen that the exclusion area, low population zone, and population
center distance area, by definition, are based on the physical features of

the proposed plant site. The values derived from calculations for

evaluating the proposed plants at the sites under consideration are depen-
dent on the plant concept; postulated initiating accident; and assumptions
related to the plant and the site, at the time of the postulated release.

The approach used for the site safety analysis was to determine the low

population zone and population center distance, using AEC definitions;
define the initiating accident and related assumptions; evaluate the proposed

sites; and establish preliminary engineered safeguards criteria that maybe
necessary to ensure that no undue risk to health and safety of the public

will result from operation of the proposed plants.
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Postulated Accident and Assumptions

Assumptions concerning the postulated accidents and the conditions

necessary to calculate the resulting environmental consequences are set

forth below. Not only are the assumptions considered to be individually
pessimistic but, when combined, predict results that have an extremely
low probability of occurrence.

- A massive rupture of the primary coolant system is assumed. Loss
of coolant is assumed to cause partial melting of the core and subse-
quently the release of fission products to the containment. Analyses,
by light water reactor designers, have shown that fission product
release from loss of coolant accidents could range from the equivalent
of zero to 10 percent of the core melting, depending on the assumptions

used. These calculations are sensitive to size of the assumed primary

system rupture, as well as size and capacity of plant equipment. For
this reason, until the reactor system is selected and some design work
completed, the radioactive source released to the containment is
assumed to be equivalent to melting of 20 percent of the reactor core.

- The core fission product inventory is assumed to be that resulting
from reactor operation, at full power, for one year. After one year

of operation, the fission products significant to these analyses have
reached equilibrium.

- Although there will be some time delay between release of activity
from the fuel and complete mixing in the containment, instantaneous
mixing of radioactivity with the containment atmosphere has been
assumed.

- It is assumed that radioactive release from the core amounts to 100

percent of the noble gases, 50 percent of the halogens, and 1 percent
of the solids fission products contained in the portion of the core which

melts.

- Fifty percent of the iodine released from the core is assumed to be

retained on the surface of the plant internals, piping, etc.

- Leakage of radioactivity from the containment shell is assumed to

be constant at 0. 1 percent of the containment volume per 24 hours for

the entire course of the accident. The leak rate will, of course,

decrease following the accident, since provisions will be made to

cool the containment atmosphere after an accident to reduce the

pressure.

- Atmospheric dilution factors utilized in the dose calculations for

locations downwind from the containment have been estimated using
the methods and data given by F. A. Gifford in Nuclear Safety and
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available site meteorological data. 11 For the zero to two-hour dose

(exclusion zone), Gifford's condition E was used, representing slightly

stable atmospheric conditions, with a wind speed of three miles per
hour. Wind data in appendix B indicates that winds three knots
(3. 45 mph) or greater occur at the site 79 percent of the time. The

zero to infinity dose calculations are based on slightly unstable
atmospheric conditions (Gifford's condition C) and a wind speed of
eight mph. Dilution assumptions are conservative because they

assume that wind blows in one direction for the entire period of

exposure and reflect cloud centerline ground concentrations.

-- Dilution near the containment is influenced by turbulence from wind

flowing around the building. This effect was discussed by F. A. Gifford
in Nuclear Safety. 12 For this study, it was assumed that turbulence
around the containment causes any leakage from the containment to be

rapidly dispersed into a volume that is approximately equal to the

containment vessel vertical cross-sectional area above ground, multi-

plied by the wind speed. The resultant atmospheric dilution curve is
given in figure 7. 6.

- Thyroid doses are based on inhalation rates and dose to the thyroid
from each iodine isotope given in TID- 14844. 13

- No credit was taken either for radioactive decay or for depletion of

plume fission products due to fallout or rainout during transport

from the containment.

- For calculation of the whole body gamma dose from fission products

retained inside the containment, a point isotropic source was

assumed. A shielding factor of 0. 67 was included to account for the
portion of the internal plant structures that provide shadow shielding.

-- The containment atmosphere recirculating cooling system will have

filters that can be used after an incident to remove iodine from the

containment atmosphere. This system will provide a removal rate

of 4 x 10~4 fraction per second of the free iodine in the containment

atmosphere. However, recent tests have shown that a small fraction

(several percent) of the iodine released may be in a chemical form,

which is difficult to filter. Very recent tests have shown that the

fraction of iodine that is difficult to filter is principally methyl iodide,
with some ethyl and longer chain iodides. Thus, the calculations

conservatively assume that 5 percent of the iodine released cannot be

removed by the filter and remain available for leakage from the con-

tainment. Further, it is assumed that biological damage will be as

high as for free iodine, although, from the chemical form it is likely

that the dose per curie of methyl iodide inhaled might be significantly

less.
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Analyses

General

For purposes of these analyses, the exclusion area, low population zone,
and population center distance, as defined in 10 CFR 100, Section 100. 3,
were established as follows:

Reference Distances - Feet

Minimum Distance to Irvine Dana Artificial
Boundary Of: Ranch Site Point Site Island

Exclusion Area (Assumed) 1, 000 1, 000 1, 000

Low Population Zone 6, 000 15, 000 6, 000

Population Center 6, 000 66, 000 13, 000
(12. 5 Miles)

These distances are approximate minimums for each site and may vary

slightly, depending on the exact location of the nuclear steam supply sys-
tem on the site.

Figure 7. 7 gives the 0-2 hour, and 0-infinity thyroid doses calculated,

using the assumption given above for 1, 000 Mwt and 3, 000 Mwt reactors.

For all locations, the whole body gamma dose from fission products

leaking from the containment is of less significance than the thyroid dose.

Reference Analysis

Exclusion Area - 10 CFR 100 indicates reference doses for evaluating the

reference distance to the site boundary are: the whole body dose be less

than 25 rem and the thyroid dose be less than 300 rem for the first two

hours following a postulated nuclear accident. Calculations were made to

determine doses at the referenced distances.

The integrated thyroid dose for the 3, 000 Mwt reactor at 1, 000 feet

(see figure 7. 7) is only about 30 rem, a factor of 10 less than the AEC's

guidelines.

The whole body gamma dose at the exclusion boundary depends on the

thickness of containment shielding. The whole body dose as a function of

containment concrete thickness and distance from the containment is

shown in figure 7. 8 for the 20 percent core meltdown case, in a 3, 000 Mwt
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reactor. This figure shows that less than one foot of concrete would be

adequate to reduce the whole body gamma dose to the reference value at

1, 000 feet. A greater concrete thickness will probably be required for

structural reasons.

Low Population Zone - The AEC guidelines also include reference doses

of 25 rem to the whole body and 300 rem to the thyroid at the edge of the

low population zone, during the entire period of accidental radioactive

release.

The integrated thyroid doses, as shown in figure 7. 7 are less than the

reference dose limit of 300 rem for the 3, 000 Mwt plant at all locations

beyond the nominal exclusion area.

Figure 7. 9 shows the effect of concrete containment shielding on the whole

body direct radiation dose.

Evaluation of Factors

In the dose calculations, a number of conservative assumptions were

made to represent events that have a very low probability of occurring.

Since, in many cases, the degree of conservatism can only be assessed

by subjective judgment, it is of interest to determine sensitivity of results

to different assumptions. Assumptions to be evaluated on different bases

in this case are the fraction of core meltdown and filtration system

operation.

Percent of Core Meltdown

Figure 7. 10 shows the 0-2 hour and 0-infinity thyroid doses for the

release of fission products from the theoretically impossible situation of

immediate 100 percent core meltdown. Figure 7. 10 indicates that, for

the 3, 000 Mwt plant, the 0-2 hour thyroid dose at 1, 000 feet would

increase from approximately 30 rem (for the 20 percent meltdown case)
to 135 rem. The 135 rem dose is still more than a factor of two below

the AEC's reference dose limit.

Iodine Removal System

The iodine filtration system will be designed specifically to operate under

the accident conditions. The previous analyses show that it is extremely

effective in limiting the consequences of accidents. However, calculations

have also been made for comparison, in the event this system is not

included in the plant design. Resulting doses are shown in figures 7. 11

and 7. 12.
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Figure 7. 12 shows that with 20 percent meltdown and 3, 000 Mwt, the 0-2

hour thyroid dose is below 300 rem at all distances from the containment

and the 0-infinity thyroid dose reaches 300 rem 2, 000 feet from the

reactor.

PLANT SAFEGUARDS CRITERIA

Although specific design of detailed safeguards for the plant cannot be

established until the nuclear steam supply system is selected and the

plant design is developed, it is possible to designate general design

criteria appropriate for light water systems at the sites being considered.
The following basic safeguards criteria will be applied in development of

the proposed nuclear plant.

- The proven BWR and PWR nuclear steam supply system will have

safeguards, objectives, and features similar to reactors that have

recently been approved for construction (with the same low probability

of accidental release of fission products).

- The nuclear steam supply system will be enclosed in a containment
structure with a maximum leakage rate at design pressure of 0. 1

percent of the contained volume per 24 hours. The new fuel storage
area, spent fuel pit, and turbine will be outside this containment

structure.

- A containment atmosphere cooling system will be provided to reduce
and control the containment atmosphere temperature and pressure

after postulated coolant release accidents.

- Shielding will be provided as part of the containment so that the total

whole body radiation dose at the property boundary from fission
products inside the containment for 0-2 hours is less than 25 rem.

- The fuel handling system will be designed to minimize the possibility
of loss of coolant, mechanical damage, or accidental criticality.

- The electrical power system will be designed to permit safe and
continuous operation. A multiple power supply source will be provided

to assure plant operations and orderly shutdown when required.

-- The reactor plant water supply and storage system will provide reliable
sources for emergency cooling. Separate plant water storage for fire

fighting requirements will also be provided.

- Critical instrumentation and control systems for reactor and power

generating plant control will be provided with sufficient redundancy
to permit safe plant operation and shutdown.
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- For multiple nuclear units on the site, each unit will be designed so

that an accident in one unit cannot induce an accident in another unit.

Should the AEC apply more restrictive criteria to this plant than anticipated,
there are additional engineered safeguards that could be added, at additional
cost, to reduce the radioactive leakage and dose. Examples of additional
engineered safeguards are increased iodine filtration system capacity,
double seals on all penetrations, collection of leakage through tall stacks
or, as an extreme, complete double containment. It should be emphasized

that these are examples of additional measures that could be taken to
satisfy unusual safety criteria by the AEC in order to utilize the three
sites. They are not considered necessary to adequately protect the public
or to satisfy any known AEC criteria.

CONCLUSIONS

Based on results of the analyses and on judgment, it is concluded that
nuclear plants designed to meet the safeguards criteria would present no
undue risk to public health and safety if located at the Irvine Ranch, Dana
Point, or Artificial Island sites. The basic engineered safeguards required
are a concrete shielded containment and a containment leakage rate of 0. 1
percent or less of the contained volume per day at design pressure. An
iodine filtration system is desirable but not essential.
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CHAPTER EIGHT
SITE SELECTION

GENERAL

Siting a nuclear fired, large capacity, desalting plant along the Southern
California coastline presents three principal problems:

- The siting of a nuclear plant in an area with ever increasing population

The economic distance of transporting the desalted water to the

Metropolitan Water District of Southern California (MWD) supply

system

- Utilization of the desalted water by blending with imported water to

obtain the highest beneficial use of the product water

To achieve these objectives, three possible plant location areas were

considered:

- The Oxnard Coastal Area

- The Orange County Coast

- The San Diego County Coast

Water supplied by MWD to fulfill the Oxnard and San Diego County areas'
requirements would be limited to blending about 50 million gallons per
day of desalted water at the time a large capacity desalting plant could be
placed into operation in 1970. The Robert B. Diemer Filtration Plant
near Yorba Linda, is approximately 22 miles inland from the nearest

point of the Orange County coastline. The Diemer Filtration plant has

a present capacity of 200 mgd, with an ultimate capacity of 400 mgd and
provision for installation of cation-exchange water softening equipment

when enlarged to its full capacity. MWD estimates the capital cost of
softening units at Diemer, together with salt unloading facilities and a

waste water disposal pipeline to the ocean, will be in the order of $16 mil-

lion. Annual operating expenses for salt and other chemicals are estimated

at about $1 million. Softening equipment capital cost and operating expenses

could be obviated if product water from a large capacity desalting plant
could be produced and delivered to the Diemer Plant.

Based upon these considerations, the District indicated that the primary

emphasis in this study be placed on a desalting plant with a product water

capacity of 150 mgd introduced at the Diemer plant. Subsequent studies

on the utilization of product water, set forth in chapter four, validated the
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desirability of this conclusion. Moreover, because of the pipeline cost of
approximately one million dollars per mile, to convey this quantity of
desalted water to the Diemer plant, serious investigation of nuclear sites
for the dual-purpose power and desalting plant was limited to plant sites
along the Orange County coastline.

Of the Orange County plant locations investigated, three were selected as
superior from nuclear site safety considerations. The nuclear site safety
analyses, presented in chapter seven, led to the conclusion that each of these

three sites were acceptable for the location of a nuclear facility.

The various site sensitive factors that would influence the costs of designing,

constructing, and operating a nuclear power and desalting facility at each

of the sites were identified and investigated.

Conceptual design layouts of a dual-purpose plant, incorporating two nuclear

reactors, three turbine-generators, and a three-line desalting plant, in

conformance with the Task Force plant concepts covered later in this re-

port, were developed at the Irvine Ranch Site, at the Dana Point Site, and
for an artificial island offshore of Sunset Beach. Design concepts for
construction of the artificial island were also developed. Consideration
of site conditions established the technical feasibility of constructing a

plant at each of these three sites.

The costs of these site sensitive items were estimated, based upon appraised

land values, cost estimates of island construction and site preparation, cost

estimates of circulating water marine lines, and other differential construction

costs, as well as the costs of product water transmission facilities from each

of these three sites to the Robert B. Diemer Filtration Plant.

The conclusion of these site comparative cost studies is that design and

construction of the facility on an artificial island would be the superior

economical choice. The capital and present-worth operating costs to

MWD for constructing a facility at the Irvine Ranch Site would be approxi-

mately $13 million higher, and at Dana Point approximately $33 million
higher than on the artificial island.

SITING REQUIREMENTS

Physical Siting Requirements

Specifications were developed for site features necessary to accommodate

plants of the types proposed.
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Considerations applicable to these specifications were:

Coastal Location
To provide plant circulating water and product water makeup, with

minimum length marine supply lines.

- Acreage

Sufficient to accommodate physical plant, plant construction, and
100 percent future plant expansion as requested by the District.

- Land Use

Current and projected land use of plant site and contiguous areas to

determine economy of construction and acquisition.

- Site Preparation

Required earth work and grading to economically prepare site for

plant construction.

Marine Circulating Water Lines

Compatible offshore profile for economical marine conduit installation
and operation.

- Product Water Transmission

Terrain features and available or potential pipeline rights of way for

delivery of product water to points of introduction.

- Seismology

Proximity to active seismic faults for determination of plant construction

and safeguard features.

Geology, Hydrology, Meteorology, and Oceanography
Environmental characteristics of the plant site to estimate plant design,
construction, and safeguard features.

- Population

Proximity to population centers and areas of current or projected

population concentrations to estimate plant safeguards, public reaction,

and labor markets.

Regulatory Requirements

From the standpoints of natural resource conservation, pollution of air

and water, recreation, public safety, and noise level, a number of local,

State, and Federal agencies are concerned with the location and design of

industrial facilities, especially those incorporating a nuclear power plant.
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Major State agencies with an interest in such a facility are the Resources

Agency of California, Department of Parks and Recreation, and the Depart-
ment of Fish and Game. Specifically, preservation of offshore kelp beds
and game fishing areas and development of new public parks are directly

related to certain aspects of situating a coastal nuclear and desalting plant.

Principal interests at the County level are control of pollution and the use

of contiguous agricultural areas. At the local level, interests are in zoning,

acoustical effect of plant operation, and compatibility of a new facility

with nearby structures.

The Federal Government is concerned with all aspects of protection against

radiation exposure. Navigation obstructions and possible upsetting of beach

stability during and after plant construction are also concerns of Federal

agencies.

SITES INVESTIGATED

Areas Considered

Geographic limits of Metropolitan Water District service areas along the

coast include Ventura, Los Angeles, Orange, and San Diego Counties.

Possible plant locations within these limits were reviewed and attractive

sites selected for further investigation. A total of 15 sites have been

investigated within this area.

Potential sites are divided by geographic location into three distinct groups:

Oxnard coastal area, Orange County coast, and San Diego County coast.

Sites in the three areas are identified on Plate 8. 1, Site Location Plan,

Ventura, Orange, and San Diego Counties. Table 8. 1, Summary of Invest-

igated Sites, identifies each site, points out salient features of siting

considerations, and provides a basis for site comparison.

Oxnard Coastal Area

Two sites within this area are on coastal plains (Oxnard-Ventura and Mugu),

and one is in a coastal canyon of the Santa Monica Mountains (Big Sycamore).

Product water from plants in this area could be lifted over the coastal range

and introduced into the MWD system at a distance east of the sites. Perhaps

certain quantities could be distributed locally.

Orange County Coast

This area has five sites northwest (upcoast) and three southeast (downcoast)

of Newport Beach. See figure 7. 1. Sites upcoast of Newport Beach (Navy

Depot, Gun Club, Bolsa Bay, and Huntington Beach) are typically low elevation
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TABLE 8.1

SUMMARY OF INVESTIGATED SITES

Approximate

Population Distance to Proximity to Design

Coastal Density MWD System Seismic Faults

Area Site Location (5 Miles Rad.) (Miles) (Air Miles)

>M o <

OO

0

0

0

0

0UU

A

B

C

D

E

F

G

H

J

K

S

L

M

N

P

4 miles NW of Oxnard

Point Mugu

Big Sycamore Canyon

(2- 1/2 miles SE of Point Mugu)

Anaheim Bay

(U. S. Navy Depot)

Gun Club

Bolsa Bay

(2 miles NW of Htg. Beach)

Huntington Beach

Irvine Ranch

Dana Point

San Juan Creek

Light

Light

Light

Heavy

Medium

Heavy

Heavy

Medium

Light

Light

Medium

Light

Light

Light

Medium

55
(Wheeler Ridge)

55

(Wheeler Ridge)

55
(Wheeler Ridge)

25
(Diemer)

24
(Diemer)

24
(Diemer)

22
(Diemer)

24
(Diemer)

35
(Diemer)

38
(Diemer)

25
(Diemer)

Not Determined

Not Determined

Not Determined

Not Determined

LI__

50 - San Andreas Fault

50 - San Andreas Fault

Requires Additional Study

Contiguous to Newport-

Inglewood Fault Zone

Contiguous to Newport-

Inglewood Fault Zone

Contiguous to Newport-

Inglewood Fault Zone

Contiguous to Newport-

Inglewood Fault Zone

48 - San Jacinto Fault

48 - San Jacinto Fault

48 - San Jacinto Fault

48 - San Jacinto Fault

28 - Elsinore Fault

30 - Elsinore Fault

30 - Elsinore Fault

50 - Elsinore Fault

Island

Camp Pendleton

Agua Hedionda

Bataquitos Lagoon

Tijuana River



swampy sites, situated on the inland side of the Pacific Coast Highway and
underlain by saturated alluvium material. The artificial island is located
about 4, 000 feet offshore in 30 feet of water. The ocean floor consists of
a sand layer 100 or more feet thick. Two of the sites downcoast from
Newport Beach (Irvine Ranch and Dana Point) are between the Pacific
Coast Highway and the ocean, in areas of coastal bluffs. Another site
is adjacent to San Juan Creek, east of the Dana Point Site. This plant
would be inland, approximately one-fourth mile north of the Pacific Coast
Highway. Water from any of the Orange County sites could be introduced
into the MWD system at the Diemer plant.

San Diego County Coast

Four potential sites in this area vary geologically from coastal terrace

formations to low lying marginal areas adjacent to Batiquitos and Agua
Hedionda Lagoons and the Tijuana River. Other possible sites, on the
coastal terrace formations, in San Diego County are between the shore-

line and Highway 101, in the Camp Pendleton Marine Reservation.

Because of water transmission and pumping costs, water produced at these

locations would probably be introduced into the District system at locations
south of the Diemer plant for consumption in San Diego County.

Selection of Sites for Further Evaluation

During early discussions with the District, Bechtel was advised that plant

location investigation emphasis should be directed toward selecting a site

that would accommodate a 150 mgd water plant, with delivery of product
water to the Robert B. Diemer plant near Yorba Linda. A review of the

site location map and available topographic maps showed that sites in the

Orange County area presented the shortest and most practical pipeline

routes to the Diemer plant, therefore, a concentrated effort was made to

qualify sites in that area, to best meet the needs of the District by 1970.

Eight Orange County sites were carefully considered from the standpoint

of the location of a nuclear facility. Of the eight Orange County sites

investigated, sites D, E, F, and G were considered inferior because of

anticipated public reaction to siting a nuclear facility within the Newport-

Inglewood fault zone. Study emphasis was then placed on siting the

dual-purpose plant at sites H, J, or K. Further investigation of site

sensitive items indicated Site K (San Juan Creek) was less desirable

because of unfavorable meteorological and topographical conditions, and

the cost of marine lines for the circulating water systems.
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Subsequently, cost studies for the Irvine Ranch and Dana Point Sites

showed that, because of inordinately high land values and high costs of

development of onshore sites, it would be prudent to give serious con-

sideration to development of an artificial island. Accordingly, Irvine

Ranch, Dana Point, and the Artificial Island (Sites H, J, and S) were

selected for intensive technical and economic evaluation. Table 8. 2,

Data on Preferred Sites, summarizes pertinent information about each

of these three sites.

IRVINE RANCH SITE

Real Estate

Approximately 192 acres between the Pacific Coast Highway and the shore-

line will provide adequate plant area for construction, parking, and capacity
for future expansion. While the 192 acres represents the minimum real

estate necessary, on the basis of preliminary plant layouts and nuclear

siting analysis, an additional 25 acres are included to provide for contin-

gencies arising from final plant layouts and future reactor plants with

higher thermal ratings. Accordingly, a total of 217 acres is recommended

to guard against increased costs of land acquisition at a future time.

Sufficient acreage at the site is currently available around the coastal

promontory identified as Pelican Point, shown in Plate 8. 2, Irvine Ranch

Site.

Site Preparation

The site rises sharply from the shoreline to an approximate elevation of

60 feet and slopes gradually upward to an elevation of 200 feet at the inland

edge of the site.

The marine terrace formation is composed of siltstone and shale founded

on bedrock at approximately sea level. It is intended that this site will
be excavated from existing grade to form a bench at an elevation of + 20

feet mllw. It is estimated that about 5. 8 million cubic yards of material

must be removed to form a bench prior to start of plant construction.

Discussions with the U. S. Corps of Engineers indicate that this material

is unsatisfactory for ocean disposal and that inland disposal will be neces-

sary. It is expected that common excavation methods can be used with

some ripping required.
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TABLE 8.2
DATA ON PREFERRED SITES

Site Evaluation Item Irvine Ranch Dana Point Artificial Island

1. Real Estate

Owne r
Acres Required

Zoning

2. Site Preparation

Geology

Existing Elevation

Final Elevation

Grading
Rock & Sand Fill

R. R. Available

3. Circulating Water

Intake 2 - 18 Ft 0
Outfall 2 - 18 Ft 0

4. Structures

Containment

Foundations

Irvine Company

2 17
R-1

Siltstone & Shale

60 - 120 Ft
20 Ft

5, 800, 000 Cu Yd

No

Sea Lines

2, 500 L. F.
2, 000 L. F.

Single
Spread

5. Product Water Line
Pipeline Miles to Diemer 24. 4

Mrs. G.

2 17
H. Capron

R-1

Siltstone, Sand-

stone & Shale

120 - 160 Ft
20 Ft
8, 000, 000 Cu Yd

No

Sea Lines

4, 000 L. F.
3, 500 L. F.

Single
Spread

34. 8

State of California
60,*

Ocean Floor

(Deep Consolidated Sand)

Minus 30 Ft

20 Ft

3, 700,
1, 500,
No

000 Cu Yd (Sand)
000 Tons (Rock)

Offshore

Single
Mat & Spread

25. 0

*In addition, 10 acres are required on shore for the switchyard

00

00



Marine Circulating Water Lines

Extensive circulating water design studies conducted during Phase II

indicate that four marine conduits, 18 feet in diameter, will be neces-
sary to supply and discharge plant circulating water. The length of the
marine lines were determined by considering two factors: distance from

shore to reach a depth of -30 feet mllw for the intake lines, and protection
of existing kelp beds from deleterious effect of warm discharge water or
disturbance from intake flow velocities. Kelp Bed No. 10 is described in
appendix B, Marine Advisors Letter, and shown on Plate 8. 3, Irvine

Ranch Site. To avoid damage to the bed, it is desirable to extend the
discharge lines a distance of 2, 000 feet from the circulating water pump
structure. To prevent thermal cross circulation of intake and discharge

water, the two intake lines extend 500 feet further seaward. The depth

at this point is greater than -30 feet mllw.

Plant Features

Plant features described in Chapter Eleven, Conceptual Plant Descriptions,
are based on the Irvine Site. Consequently, plant construction costs for the
Irvine Site are considered as the basis for comparison. No railroads are
nearby and as a result plant access would be by roads and highways.

Product Water Lines

On the basis of preliminary evaluation of product water conveyance,

described in chapter five, it has been determined that about 129, 000 feet

(24. 4 miles) of 72-inch diameter steel pipe will be required to transport

product water to the Robert B. Diemer Filtration Plant. Two pumping

plants will be utilized, one pumping station located at the site and another
located at the intermediate reservoir near the Diemer plant.

DANA POINT SITE

Real Estate

The Dana Point Site, shown on plate 8. 4, is part of an 800-acre area owned

by Mrs. G. H. Capron. One hundred and sixty-seven acres of land between

the Pacific Coast Highway and the shoreline are sufficient to construct and

operate a dual-purpose plant of Task Force size, including provisions

for future expansion. However, because of the narrow configuration of

this coastal area, and based on plant layout studies, additional real estate

is required on the inland side of the Pacific Coast Highway for the switch-

yard. As was the case at Irvine Ranch, additional property should be
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allocated to provide a margin for future expansion and as a defense against

increasing land costs. It is recommended that a site area of 217 acres be

considered.

Site Preparation

The Dana Point Site is on a somewhat higher marine terrace formation

than is found at the Irvine Ranch location. From sea level to approximately

elevation 100 the foundation material consists of thinly bedded sandstone

and siltstones. From elevation 100 to the top of the terrace, a deposit

of fine to medium grained sand rests on bedrock. Thickness varies

considerably due to erosion which has partially disected the terrace.

An estimated eight million cubic yards of material would be removed and

disposed of in order to establish plant grade at +20 feet mllw. It is expected

that common excavation methods can be utilized, with only minor ripping

required. Because of the broken nature of the bedrock and considerable

variance in dip and strike, cut slopes should be one to one (1:1). It is

expected that some excavated material can be disposed of in draws on the

coastal side of Pacific Coast Highway, but the major portion of this

material would be placed in draws inland of the highway.

Marine Circulating Water Lines

The intake structure and circulating water system at this site is similar

to that proposed for the Irvine Ranch Site. The primary difference is

that because of a more extensive kelp bed, the sea lines must be extended

further from shore. The north part of Kelp Bed No. 9, which has been

harvested commercially, as discussed in appendix B, is depicted in

Plate 8. 5, Plant Features, Dana Point Site. As a result, the length

of the marine lines should be approximately 4, 000 feet for the intake and

3, 500 feet for the discharge, compared to 2, 500 and 2, 000 feet at the

Irvine Ranch Site.

Plant Features

The plant features at Dana Point and Irvine Ranch can be considered

identical. Slightly higher construction costs can be anticipated at Dana

Point because of the longer equipment hauls and construction labor

differentials. No railroads traverse the site, but they will not be neces-

sary for plant construction or operation. Road access would be provided

for both construction and routine plant operations.
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Product Water Line

Product water conveyance studies described in chapter five show that

approximately 184, 000 feet (34. 8 miles) of 72-inch diameter steel pipe
will be required to transport product water to the intermediate reservoir
near the Diemer plant. Provisions for two pumping stations, one at Dana

Point and one at the intermediate reservoir, are incorporated in the

preliminary design.

ARTIFICIAL ISLAND SITE

General

Inspection of hydrographic data shows that a relatively flat and wide sandy
shelf extends from Seal Beach to Huntington Beach. Distances from the
shore to the five fathom contour are 6, 000 feet at Seal Beach, 4, 000 feet
at Sunset Beach, and 3, 600 feet at Huntington Beach. Downcoast of the
Santa Ana River the sandy shelf is narrower with a steeper slope.

With respect to site development, contiguous land use, geology, and plant

requirements, the area between Seal Beach and Huntington Beach is

suitable for economical construction of an artificial island.

The island would be built up, as indicated in Plate 8. 6, Island Plant and

Sections, in progressive steps of rubble-mound construction, with locally
dredged sand fill placed between dikes of suitable quarry material. Rubble
and armor rock would be supplied by barge from quarries, such as the one

on nearby Catalina Island.

The island would be connected to the mainland by an extension of Warner

Avenue, a trestle causeway serving as a two-lane access road and providing

support for the product water conveyance line and 230-kv electrical trans-

mission cables.

Discussions with representatives of the U. S. Army Corps of Engineers

and Orange County Harbor District regarding island construction revealed

that a harbor and marina development, designated as Sunset Harbor, is

being planned in the vicinity selected for the island site. 1 The Corps of

Engineers and Orange County Harbor District have expressed great

interest in incorporating the island as part of the harbor development.

The schedule for funding and development of the proposed harbor does not

coincide with the schedule for the artificial island. For this reason the

island concept has been developed to accommodate the Task Force pro-

posal dual-purpose plant initally as an independent item, but is compatable

with a plan proposed for Sunset Harbor. As shown in Plate 8. 7, Island Site
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Map. Sunset Harbor and Marina will be built with a breakwater paral-
leling the coast approximately 4, 000 feet offshore, extending from
Anaheim Bay to Warner Avenue. Within the breakwater, harbor land
fill development will create about 130 acres of new public land and berthing
facilities for 3, 500 boats. An alternate marina design, with a separate

breakwater seaward of the land fill, is also being considered by the Orange
County Harbor District. The island concept is compatable with this alter-
nate scheme. An artist's rendering of the completed project with the

island incorporated is shown in plate 8. 8.

Real Estate

The island would be located on 60 acres of tidelands owned by the State

of California. Either a lease from the State Lands Commission or a
grant by the State Legislature would be required.

The only mainland real estate to be obtained would be for the plant switch-

yard. Approximately 10 acres near the junction of Pacific Coast Highway
and Warner Avenue will be adequate for the immediate requirements of

two power units and the eventual expansion to four power units.

The property northeast of this intersection is owned by the Bolsa Mesa

Company and is undeveloped except for the La Bolsa Chica Gun Club.

Site Preparation

The initial useful acreage required for the proposed plant is approximately
50 acres. This would be developed by placing quarry material dikes
around the perimeter of the island and filling the island core with dredged
sand. Successive lifts of diking and sand filling would bring the island
from about -30 feet, mllw, to +20 feet, mllw. An estimated 1. 5 million

tons of quarry material and 3. 7 million cubic yards of sand fill would be
required to construct the site. Plate 8. 6 shows a plot plan and typical
sections for the proposed island.

Marine Circulating Water Lines

The design of the dual-purpose plant on the island site does not require

marine lines beyond the island perimeter for the circulating water system.
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Plant Features

As a basis for preliminary cost estimates of the Task Force dual-purpose,

desalting and power plant for the island site, the following plant features
have been conservatively adopted for Phase II of the study. Refinement

and opportunities for cost reductions are evident.

Separate intake structures are utilized for the desalting plant and power

plant. A separate outfall structure on the seaward edge of the island,

to serve the combined effluents of the power and desalting units, is

also planned.

Conduits between intake and outfall structures and the respective

plants will vary between nine and twelve feet in diameter. The three

14 ft 6 in. diameter outfall conduits will be of the type used for normal
marine line service. The intake, outfall, and thermal shock structures

and outfall conduits will require sheet piling and dewatering operations

during installation.

- Heavy structures, such as the containment structure and turbine-generator

pedestals, will be founded on mat footings. The use of piling may be
required. The balance of plant structures will utilize spread or mat

footings for structural support. Pile support will be used for the

trestle causeway to the mainland and the wharf at the mainland edge

of the island.

- A seawall, projecting above the plant grade to an elevation of +30 feet

mllw, is provided at the island perimeter around the power plant area

to prevent over-topping by storm waves.

Electric power is carried to the onshore switchyard by 220-ky, oil-filled

cables. Two cables are routed from each of the three step-up transformers.

- It is intended that a tunnel with sleepers, for the 230-kv electrical cable,
be provided under Pacific Coast Highway from the island causeway to the
plant switchyard.

Product Water Lines

Product water Transmission Pipe Number 1, described in chapter five,

will be approximately 132, 000 feet (25 miles) in length.
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ECONOMIC EVALUATION OF PREFERRED SITES

An economic evaluation was conducted to determine the differential costs
to MWD of engineering, constructing, and operating a desalting plant on
each of the three preferred sites. One plant concept, reflecting the Task
Force proposal utilizing two nuclear reactors and three turbine-generators

described in Chapter Eleven, Conceptual Plant Descriptions, was used as
the basis for the primary economic evaluation. The influence of site
location on plant features and the associated capital costs and operating
costs are discussed below.

Capital Costs Basis

The capital costs shown in Table 8. 3, Site Comparative Costs, and dis-
cussed below are May 27, 1965, construction and procurement costs with
no provisions for future escalation.

Costs are based on conceptual designs, with the scope restricted to those

items affecting site differential costs.

Costs include normal engineering and construction contingencies; no

special allowances were made for unanticipated delays due to difficulties
in land acquisition or issuance of permits.

Costs for the Artificial Island include an allowance for limited storm

damage from one major storm during construction; no other allowance is

made for extensive use of premium labor or other costs which might

result from any substantial departure from the normal construction

schedule.

Land Acquisition

The present land ownership and tax base were determined by examination
of the Orange County Assessor's records. In order to determine an

estimate of the costs of land acquisition, a certified land appraiser in

Orange County, Mr. Cedric White, Jr. , was engaged at the direction of
the District; his report appears in appendix C. Using his estimates of

the land costs for the Irvine and Dana properties and the acquisition of

land shown in plates 8. 2 and 8. 4, the land acquisition costs are as

follows:
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TABLE 8.3
SITE COMPARATIVE COSTS

Task Force Proposal
Case E

1,600 Mwe Net and 150 mgd

Island Irvine Ranch Dana Point

Capital Costs Sea Lines Sea Lines

Land Acquisition $ 350, 000 $17, 900, 000 $11,700,000

Site Preparation 14, 200, 000 8, 700, 000 14, 200, 000

Marine Lines --- 14, 400, 000 2 1, 600, 000

Other Differential

Construction 16, 900, 000 1, 100, 000 1, 700, 000

Product Water Conveyance 33, 500, 000 35, 400, 000 45, 200, 000

Total Capital Costs $64, 950, 000 $77, 500, 000 $94, 400, 000

Differential Capital Costs
Sub-total Base $12, 550, 000 $29, 450, 000

Comparative Operating Costs*

Circulating Water Pumping Base $ 500, 000 $ 800, 000

Product Water Pumping Base Nil 2, 400, 000

Sub-total Base $ 500, 000 $ 3,200, 000

Total Comparative Costs Base $13, 050, 000 $32, 650, 000

*Present worth of 30-year operating costs
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Irvine Ranch Dana Point

Price of Land $15, 300, 000 $10, 000, 000
Client Distributable Costs 2, 600, 000 1, 700, 000

TOTAL $17,900,000 $11,700,000

In regard to the artificial island, sufficient land must be acquired to
locate the electrical switchyard. The estimated cost of acquiring 10
acres of land, sufficient for the ultimate development of four power plants

and including the client distributable costs, is $350, 000.

Site Preparation

The cost of site preparation at each of the three sites has been carefully
considered. Both the Irvine Ranch and Dana Point Sites require large
amounts of dirt excavation to prepare the site for plant construction. The

cost of earth removal and the cost for disposing of this material, at

appropriate distances from the site, have led to the estimates shown in

table 8. 3. The costs of building the artificial island, including hauling
and placing of the rock and dredging of the sand fill are included in the

total cost shown.

Marine Lines

Extensive marine lines are required for the offshore intake and discharge

of ocean cooling water for both the Irvine Ranch and Dana Point Sites.

The bases for these costs are consistent with the expenses of other

power plants constructed in Southern California. No marine lines extending

into the ocean are required for the artificial island.

Other Differential Construction Costs

Other differential construction costs peculiar to the three sites were

considered, excluding the basic cost of constructing the dual-purpose

nuclear power and desalting facilities. Construction costs unique to the

Irvine Ranch and Dana Point Sites include access roads and differential

labor rates.

This category includes a number of items associated with the construction

of structures on an artificial island, including an access trestle to the

island; special dewatering equipment for circulating water and other

subsurface structures; a seawall; a barge dock for unloading equipment

during construction, and a wharf for handling heavy shipments during
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operation. Also included is an allowance for piles that may be necessary
under foundations for heavy plant structures; an allowance for the 230-kv

electrical cables to transmit electricity from the plant to the onshore

switchyard, and for the 69-kv cables for auxiliary power requirements.

Product Water Conveyance Facilities

Product water conveyance facilities are a major site sensitive item as

discussed in chapter five.

Operating Costs

Comparative operating costs, that affect costs to MWD over the 30-year

life of the plant, have been calculated. Significant items are the cost of

pumping product water an incremental distance from the site to the Diemer

plant and the cost differences of pumping cooling water through different
lengths of marine lines.

Cost Comparison

Differential site comparative costs are summarized in table 8. 3.

The results show that the costs of the Irvine Ranch and Dana Point sites,

when compared by differential capital costs, exceed the cost of the Island

Site by more than $13 million and $32 million, respectively. Furthermore,
when comparative operating costs are included, total comparative costs

exceed the Island Site costs by $13, 050, 000 for the Irvine Ranch Site, and
$32, 650, 000 for the Dana Point Site.

In addition, site comparative costs have been analyzed for the MWD

maximum dual-purpose plant producing 750 Mw net with 150 mgd desalted

water; these results show a similar relative economic rating.

Conclusions

Based upon these factors, Bechtel recommends that the artificial island,

approximately 4, 000 feet offshore from Sunset Beach, be selected for

the Phase III study as the future construction site, contingent upon ex-

peditious confirmation of acceptance and feasibility from the Task Force,

Orange County Harbor District, U. S. Army Corps of Engineers, State

of California Division of Lands, and other State and Federal Regulatory

Agencies, including the Atomic Energy Commission Licensing Staff. Bechtel

further recommends that steps be undertaken to obtain offshore bottom and

core samples and detailed oceanographic data in order to validate the proposed

site.
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Bechtel also recommends, that until such time as the artificial island is
formally accepted by the District and Task Force as the future construction
site, that it is desirable to continue consideration of the Irvine Ranch

property as the alternate construction site. It is recommended that the
District obtain an additional appraisal of the Irvine Ranch property to
more accurately define the magnitude of the site's comparative costs.
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CHAPTER NINE
FOSSIL-VERSUS NUCLEAR-FUELED DUAL-PURPOSE PLANTS

GENERAL

As a part of the study assignment in Phase II of Bechtel's subcontract,

Bechtel analyzed and evaluated the costs of producing electic power

and desalted water in dual-purpose plants utilizing fossil and nuclear

fuels. The propose of this analysis was to determine, at an early stage

in the study, which of the two plants produced the lowest-cost desalted

water so that, when once this had been determined and a clear-cut

decision reached, study effort could then be centered, throughout the

remaining portion of the study, on the type of plant best suited to meet

the District's needs.

The comparative analysis was based on cost records maintained by Bechtel

in the engineering and construction of large capacity, single-purpose power-

only fossil- and nuclear-fueled plants and in studies by Bechtel of dual-

purpose power and desalting plants. These costs were adjusted to reflect

the constructed cost of power-only and dual-purpose plants at the Irvine

Ranch Site and economic criteria established by the District.

Based on these data, a multistage flash evaporator desalting plant, made up

of three modules of 50 mgd each, for a total of 150 mgd of desalted water,

with steam conditions at the turbine exhaust of the power generating units

of 25 psia and 240 F, and steam flow of 4. 26-million pounds per hour, was

selected as the design criteria for the desalting plant. These steam con-

ditions dictated the amount of power that would be generated in a back-

pressure turbine for both the fossil- and nuclear-fueled plants. In the

case of the fossil-fueled, dual-purpose plant, a steam condition at the

throttle of 3500 psia 1000/ 1000 F was chosen as being near optimum for

power and water production This produced 710 Mw of gross power gen-

eration with all steam passing through a back pressure turbine to the

desalting plant. The net generation was 617 Mw, after deducting station

auxiliary power and product water pumping power to the Diemer Filtration

Plant. With this established as the base plant for power and water pro-

duction, the nuclear-fueled, dual-purpose turbine-generators were sized

to produce the same amount of net power and steam to the desalting plant.

Because of turbine size limitations and lower steam pressures and tem-

peratures of the nuclear steam supply system, two turbine-generators were

required; a back pressure turbine of 360 Mwe gross exhausting to the water

plant and a condensing turbine of 370 Mwe gross for the production of power

only. Net generation of these two units, after deducting station auxiliary

power and pumping power for transporting desalted water to the Diemer

Filtration Plant, was 617 Mwe, the same as that of the fossil-fueled
dual-purpose plant.
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To determine the cost of producing desalted water in a dual-purpose plant,

it was first necessary to establish a reference power cost. This was

determined by computing the annual costs of producing power in the fossil

and nuclear-fueled power-only plants with the same net generating capacity

and operating at the same annual plant capacity factor as those of the dual-

purpose plants. The annual costs thus derived were then deducted from the

total annual costs of producing power and water in the dual-purpose plants

using the same fuel. This difference in annual costs between the dual-

purpose and single-purpose plants is the cost of producing desalted water.

The annual cost of water was then divided by the total annual production of

desalted water to obtain the unit cost per thousand gallons at the plant site.

The fuel used in the fossil-fueled plants was based on an annual use of 75

percent natural gas and 25 percent fuel oil. Fuel used in the nuclear-

fueled plants was slightly enriched uranium dioxide. The bases for pricing

these fuels are given later in this chapter.

Studies were also made to determine the effect on the cost of desalted water

produced in the fossil fueled plant if fossil fuel prices decreased below the

35. 4 cents per million Btu used in this study. Study showed that the break-

even price of fossil fuels must decrease to 23 cents per million Btu to be

competitive with the nuclear fuel price of 14 cents per million Btu used in

this phase of the study. This price of nuclear fuels is considered conservative

over the expected plant life.

SUMMARY

Cost of desalted water produced by the dual-purpose fossil- and nuclear-

fueled plants, and the cost of power generated by the power-only plants using

like fuels, are shown in the following table:

Fos sil-Fueled Plants Nuclear-Fueled Plants

Power- Dual- Power- Dual-

Only Purpose Only Purpose

Annual Plant Factor, % 90 90 90 90

Water Production, mgd 0 150 0 150

Power Production, net Mwe 617 617 617 617
Capital Cost, million $ 65. 9 167. 4 95. 2 207
Fuel Cost, p per 106 Btu 35.4 35.4 14. 0 14. 0
Cost of Power, mills/kwh 4. 05 4. 05'* 3. 05 3. 05
Cost of Water, per 1000 gal. 0 33. 0'* * 0 26. 5

* Cost of power from power-only plant used to derive the cost of desalted

water in a dual-purpose plant.

** Cost of desalted water at the plant site.
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It will be noted that the difference in cost of producing desalted water in the

fossil-fueled plant over that of the nuclear-fueled plant is 6. 5 cents per

1000 gallons which, on an annual basis, amounts to a difference in cost

favoring the nuclear-fueled plant of $3, 210, 000.

CONCLUSION S

Based on the analysis made of fossil-versus nuclear-fueled plants in this

section of the report, it was concluded that in this size range the nuclear-

fueled, dual-purpose plants produce the lowest cost desalted water. There-

fore, it was recommended by Bechtel, and the District and Government

representatives concurred, that no further consideration be given to fossil-

fueled plants in the remaining portion of Phases II and III of the study.

Accordingly, all study emphasis has been placed on nuclear-fueled, dual-

purpose power and desalting plants.

Supporting data for the conclusions reached in this phase of the study are set

forth in the succeeding paragraphs of this chapter, together with a diagram,

Figure 9. 1, Dual-Purpose Plants, showing the configuration of the dual-

purpose plants.

DESCRIPTION OF POWER PLANTS

General

A description of the four representative cases of fossil- and nuclear-fueled

power generating and steam supply systems studied are presented in this

chapter of the report. A description of the desalting plant, which is identical

in design and capacity for both the fossil- and nuclear-fueled, dual-purpose

plants, is presented later in this chapter.

The f our plants were:

Capacity Mw

Case Description Fuel Gross Net

1 Power-only Fossil 629 617
2 Dual-purpose Fossil 710 617

3 Power-only Nuclear 650 617

4 Dual-purpose Nuclear 730 617

A detailed enumeration of the basic capacities and demands for all four

cases is shown in Table 9. 1, Basic Capacities and Demands. Fuel for

the fossil fueled plants was based on a fuel ratio of 75 percent natural
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gas to 25 percent oil on an annual basis of use at the composite price set
forth in Basis for Economic Comparison of this chapter. Coal was not
considered as an acceptable fuel for steam power plants in the southern
California Coastal area.

The nuclear fuel is slightly enriched uranium dioxide currently being used

in light water reactor systems.

Approximately 192 acres between the ocean and highway are assumed

required for the nuclear-fueled, power-only or dual-purpose plant, with
an additional 164 acres for nuclear exclusion area, on the opposite side of

the highway. The fossil-fueled, power-only, and dual-purpose plants are

assumed to require 192 and 260 acres, respectively, between the ocean

and highway. Final graded elevation of the site would be approximately

20 feet. Site grading would require the excavation of 5. 5 million cubic

yards of material. The circulating water intake would extend 1, 500 feet

offshore and the outfall would extend about 1, 000 feet. Soil conditions

indicate that spread footing foundations might be adequate. There are no

known active earthquake faults in close proximity to the site. The sur-
rounding population density is medium and land is zoned R-1.

Plant Site

The Irvine Ranch Site was selected as representative of a coastal location
for the comparative analysis of single and dual-purpose plants. This site
is located along the lower Orange County coastline about one mile south of
Corona del Mar. The site is between the Pacific Coast Highway and the
ocean, in areas of coastal bluffs varying from 80 to 120 feet in elevation.
The bluffs are marine terrace deposits and appear to be firmly bedded. The
Diemer Filtration Plant is approximately 24 pipeline miles north of the site;
the nearest electric utility 220-kv substation is approximately 7 miles north-
east.

Fossil-Fueled Plants

The design of these plants follows the general concepts of outdoor steam
power plants constructed in the Los Angeles area. The turbine-generator
is the outdoor type and is located on an operating deck above the ground
floor. The high pressure feedwater heaters, main boiler feed pumps, and
control room are on the operating floor with the turbine-generator.
Generally, the remaining plant auxiliaries are on the ground floor and
beneath the turbine deck.

The steam-generator is of the supercritical type with throttle conditions of
3, 500 psig and 1, 000 F and reheat to 1, 000 F.
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TABLE 9.1
BASIC CAPACITIES AND DEMANDS

Fossil-Fueled Nuclear-Fueled
Plant Plant

1 2 3 4
Power- Dual- Power- Dual-

Only Purpose Only Purpose

I. Capacity

Nuclear Reactor, Mwt - - - - 1, 950 2, 800

Max. Electrical Production

Capability, Gross Mwe 629 710 650 730
Max. Electrical Production

Capability, Net Mwe 617 617 617 617
Annual Generation, Net

Salable kwhr (0. 9 pf) (109) 4. 87 4. 87 4. 87 4. 87
Annual Steam Delivery

(25 psia sat.) lb (0.9 pf) (10 9 ) 0 33.6 0 33.6
Fuel Cost, /i106 Btu 35.4 35.4 14. 14.

II. Demands

Auxiliary Loads Megawatts

Power Plant 12 13 33 33
Water Plant - - 50 - - 50

Water Pumping Plant - - 30 - - 30

III. Annual Usage

Million kwhr Per Year
Water Plant (0.9 pf) -- 395 -- 395
Water Pumping Plant (0. 9 pf) -- 236 -- 236

Total Power Consumption -- 631 -- 631
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The boiler is designed to burn both natural gas and high viscosity fuel oil,
or a combination of both.

Case 1: Power-Only, Fossil-Fueled Plant - 629 Mw Gross/617 Mw Net

The power-only, fossil-fueled plant has a maximum rating of 629 Mw

gross capability, and a net salable output of 617 Mw, after deducting 12
Mw for plant auxiliary power. The cross-compound turbine utilizes
supercritical steam at 3500 psig, 1000 F/ 1000 F. The high pressure
(3600 rpm) and the low pressure (1800 rpm) generator capacities are

50-50, with each generator rated at 350 Mva at 0. 9 pf.

The steam generator is of supercritical pressure type, with steam capacity

to meet the turbine-generator requirements.

The plant cycle has eight feedwater heating points, with the deaerating
heater located at the fifth point. Final feedwater temperature is 545 F.
The first and second point heaters are high pressure heaters; third and

fourth point heaters are intermediate pressure heaters. Two half-capacity,
auxiliary turbine-driven, boiler feed pumps are placed between the
second and third point heaters. Three half-capacity, motor-driven booster

pumps take suction from the deaerator and discharge to the boiler feed

pumps through the third and fourth point heaters.

The first, second, third, and fourth point heaters are twin-string, while

the sixth and seventh point heaters are single-string. The eighth point

heaters are twin-string and are located at the condenser necks.

Two main condensers serve two low pressure turbines. The condenser is

designed for operation at 1. 5 in. of Hg abs. Two sea water circulating

pumps, each of 150, 000-gmp capacity at 30 feet head, supply water to the

condensers.

An auxiliary steam generator, rated at 80, 000 lb per hour at 500 psig and

600 F, is installed for plant startup service.

Fuel oil storage is set at 630, 000 barrels.

Case 2: Dual-Purpose, Fossil-Fueled Plant - 710 Mw Gross/617 Mw Net

The dual-purpose, fossil-fueledplant has a maximum rating of 710 Mw

gross capability and a net salable output of 617 Mw, after deducting 13 Mw

for power plant auxiliary power, 50 Mw for desalting plant power, and

30 Mw for product water pumping power.



The turbine is of the back pressure type, tandem-compound, with 25 psia
exhaust pressure. Throttle steam condition is 3500 psig, 1000 F/1000 F.
The generator is rated at 790 Mva at 0. 9 pf.

The steam generator is of supercritical pressure type, gas- and oil-fired,

with steam capacity to meet the turbine generator requirement, with

4. 26 x 106 lb per hour of turbine exhaust steam for the desalting process
requirement. The turbine exhaust steam is desuperheated to yield 25 psia
saturated steam to the desalting plant.

The plant cycle has five feedwater heating points, with the deaerating heater

located at the fifth point. Heaters and pumps are arranged in the same
manner as are the first five heaters of the single-purpose plant cycle.

Condensate is returned from the desalting plant to a condensate cooler

and a condensate demineralizer and sent directly into the deaerator.
Final feedwater temperature is 545 F.

Since no main condenser is required for this plant, seawater for the plant

cooling water heat exchanger is taken from the desalting plant sea water
pumps.

An auxiliary boiler, rated at 100, 000 lb per hour at 500 psig and 600 F,

is installed for plant startup service. Fuel oil storage is set at 800, 000

barrels.

Nuclear-Fueled Plants

The nuclear-fueled plant design and cost estimate are based on a light-

water reactor system of the BWR and PWR types. The fuel is slightly

enriched uranium dioxide. The containment design is based on the free

volume required to contain the vaporized primary coolant with sufficient

shielding and reactor safeguards in accordance with current industry

practices.

Case 3: Power-Only Nuclear-Fueled Plant - 650 Mwe Gross/617 Mwe Net

The power-only, light water reactor, nuclear plant has a maximum rating

of 650 Mwe gross capability and a net salable output of 617 Mwe, after

deducting 33 Mwe for plant auxiliary power.

The turbine is of the tandem-compound type. Steam condition at the

throttle is 965 psia at 539. 7 F. The turbine is of the non-reheat type.

The generator is rated at 725 Mva at 0. 9 pf.

Nuclear steam supply is sized to meet the maximum turbine generator

requirement.
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The turbine cycle has four stages of feedwater heating. The first point

heater is under feed pump pressure. Final feedwater temperature is

315 F. There is no deaerating heater in the cycle. The condenser is

designed for 1. 5 in. of Hg abs.

There are four sea water circulating pumps, each of 130, 000-gpm capacity
at 30 feet head.

Case 4: Dual-Purpose Nuclear-Fueled Plant ... 730 Mwe Gross/617 Mwe Net

The dual-purpose, light water reactor, nuclear plant has a maximum rating

of 730 Mwe gross capability. The net salable output is 617 after deduct-

ing 33 Mwe for power plant auxiliary power, 50 Mwe for desalting plant

power, and 30 Mwe for product water pumping power. Steam condition

at the throttle is 965 psia at 539. 7 F. The generator rating is 813 Mva at

0. 9 pf.

There are two turbines in this dual-purpose plant. The back pressure

turbine has a maximum gross output of 360 Mwe, and a 25 psia exhaust

steam capacity of 4. 26 x 106 lb per hour to supply the desalting plant.
The condensing turbine has a maximum gross output of 370 Mwe.

The condensing turbine cycle is arranged in the same manner as the

single-purpose nuclear plant. The back pressure turbine has two stages

of feedwater heating. The first point heater is under feed pump pressure.

The final feedwater temperature is 315 F for both turbine cycles.

There are two sea water circulating pumps, each of 150, 000-gpm capacity

at 30 feet head.

Net Heat Rate

Net heat rates for the above cases are as follows:

- Case 1 - Power-Only, Fossil-Fueled Plant: Net heat rate is

8, 630 Btu/kwhr (with boiler efficiency prorated for 75 percent gas

and 25 percent oil-firing).

- Case 2 - Dual-Purpose, Fossil-Fueled Plant: Net heat rate is

12, 900 Btu/kwhr (with boiler efficiency prorated for 75 percent gas

and 25 percent oil-firing).

- Case 3 - Power-Only, Nuclear-Fueled Plant: Net heat rate is
10, 740 Btu/kwhr.
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- Case 4 - Dual-Purpose, Nuclear-Fueled Plant: Net heat rate is
15, 420 Btu/kwhr.

DESCRIPTION OF THE DESALTING PLANT

For this study, a multistage flash evaporator design was adopted from a
recent Bechtel design study. The specific design had been developed for
a California Coastal site, generally similar to the site of the present

study. Ocean water composition and design temperature were identical.

Coastal topography and site soil conditions were similar so that intake and
outfall design and bearing loads for foundations could be assumed to be

comparable.

The plant has a nominal capacity of 50 million gallons per day. The

required capacity of 150 mgd was met by providing three modules of

50 mgd each of identical design. Adjustments in pricing applied, how-

ever, to reflect the discount in purchasing three times the number of

individual pieces of equipment.

Other characteristics of the design are: (per 50 mgd unit)

General Specifications of Desalting Plant

Type
Capacity, million gallons per day

Sea Water Temperature, F

Brine Heater Outlet Temperature, F

Sea Water Composition, % salts

Brine Concentration Factor

Number of Stages:

Heat Recovery

Heat Rejection

Multistage Flash
50
60
230
3. 5 by wt
2. 0

35
3

Number of Evaporator Shells:

Heat Recovery

Heat Rejection

Terminal Temperature Difference, F

Performance Ratio, lb per lb

Condensing Surface, (per unit) ft2

Fouling Factor

7 (5 stages each)

1 (3 stages)

4. 6

12. 2

5. 3 x 106
0. 0002 at 60 F to
0. 0007 at 230 F
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Recycle Brine Circulation Rate,

M lbs per hr

Cooling Water Circulation Rage

M lbs per hr

Flashing Brine Depth, ft

Flashing Brine - Velocity, ft per sec

Brine Velocity in Condenser Tubes,
approx. ft per sec

Brine Velocity in Brine Heater,

ft per sec

Overall Heat Transfer Coefficient,

Btu per ft 2 hr f, range

Metallurgy:

Evaporator Shells
Condenser Tubes

Brine Heater Tubes

Pumps (Brine Service)

Steam Condition at Turbine Exhaust

Steam Condition at Brine Heater

Steam Quantity, lb per hr

Foundations

Sea Water Treatment and Rate

Size of Evaporators:

Heat Recovery

Heat Rejection

Demisters (Monel)

Number of Brine Heaters

128, 000

123, 000
1

2 1/2

5. 5

7. 0

458 - 547

Welded Steel, Coated

5/8 x 18 ga Al-Brass
90/10 Cu-Ni
316 S. S. Impellers,

Ni-Resist Cases

25 psia
23. 7 psia, 240 F

1. 42 x 106

Spread Footings

H2 SO4, 125 ppm on feed
Cl 2 once per day for
one hour

250 ft x 60 ft x 10 ft
250 ft x 44 ft x 10 ft

in all stages

4

The incoming raw sea water, from the feed pumps, is treated with

sulfuric acid (metered at a rate of 125 ppm) and then delivered to a

degassing tank open to the atmosphere. Carbon dioxide from carbonates

and bicarbonates decomposed by the acid are allowed to escape during

water flow through the tank. Vertical baffles, open alternately at the

bottom and top of the tank, allow the gas to escape at each rise in the flow

of the water over the open weir formed by the top-opening baffle. Treated

water is then sucked through the heat rejection section tubes and sprayed

into the deaerator section in the coolest heat rejection stage. The treated

feed combines here with recycling brine, which is then pumped through the
condenser tubes of the heat recovery section.
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The deaerated fresh feed and recycling brine mixture then continues to

the tubeside of the brine heaters where it receives its final heating to
230 F. The brine is then conveyed back to the evaporators where it

starts a series of flashings as it moves anti-parallel to the recycling

brine in the condenser tubes. Flow is conventional in all respects
from this point, including collection and flashing of the product until

the end of the heat recovery section.

The flashing brine continues to the heat rejection section in the conventional

way. Product water is withdrawn from the coolest recovery stage and

conveyed to a vacuum-well through a seal. With 60 F cooling water, it
has been determined that the product is already sufficiently cooled; further

recovery of heat does not justify the added cost of condenser surface.
The small volume of product obtained from the rejection stages is also

conveyed to the same vacuum-well, where it is picked up by the product

pumps and delivered to the line to the Diemer filtration plant.

For the purpose of this portion of the study, the same desalting plant

design was used for the fossil and nuclear-fueled plants. This design

is not optimum for either one; it is somewhat under optimum in

efficiency for the fossil-fueled plant and somewhat above optimum for

the nuclear-fueled plant (with its cheaper steam). This fact tends to

make the product a little more expensive than would be obtained from

optimum plants designed for the most efficient recovery from each.

Based on our experience, the error so introduced would not change the

results to an extent that would alter the conclusions of this part of the

study.

BASIS FOR ECONOMIC COMPARISON

In order to compare electricity and steam costs of the dual-purpose,

fossil-fueled plant with the dual-purpose, nuclear-fueled plant, basic

electricity production costs for both the power-only plants were established.

After deducting basic electricity production cost from the total operating

cost of the dual-purpose plant the remainder was assigned as the cost of

supplying steam and electricity to the desalting plant.

Criteria used in developing the various cost items are outlined on the

following page.
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Land Costs

The following land acreages were conservatively established for these
preliminary feasibility studies:

Power- Dual-

Only Purpose

Nuclear Plants 356 356
Gas (and Oil) Plants 192 260

Assumed cost for purchase of the first 192 acres is $20, 000 per acre,

with the remainder costing $10, 000 per acre. An additonal 18. 5 percent

for District distributable costs is included for interest and ad valorem
taxes during construction.

Land cost for the power-only, fossil-fueled plant is therefore taken to be
$4. 5 million; the dual.-purpose, fossil-fueled plant, $5. 3 million; the
nuclear-fueled plants, $6. 5 million.

Plant Equipment Lifetimes

Plant equipment lifetimes are assumed as follows:

Power Plant

Desalting Plant

Tubing Bundles

30 years

30 years

15 years

Plant Capacity Factor

The District's requirement for a base-load of 150 mgd of desalted water

established the desalting plant capacity factor at the highest reasonable
level, or approximately 0. 9 for the purposes of this study. Therefore,

the power plants also operate at a 0. 9 capacity factor.

Annual Carrying Charges

Annual carrying charges of these categories are assumed as follows:

Plant Land Fuel

Cost of Bonds 3. 50% 3. 50% 3. 50%
Sinking Fund Depreciation 1. 94 0 0
Ad Valorem Taxes 0 1. 70 0

insurance 0.10 0 0
Total 5. 54% 5. 20% 3. 50%
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Annual Operation and Maintenance

Annual operation and maintenance, including labor and supplies, for the
power plant are assumed to be as follows:

- Operation and Maintenance Labor

(including payroll additives)

Fossil-Fueled Plant - 43 men total

Nuclear-Fueled Plant - 64 men total

$540, 000 per yr
$810, 000 per yr

- Maintenance materials and operating supplies

1 percent of total plant capital costs

District Distributable Costs

The District distributable costs include District expenses incurred during

engineering and construction. These are added to the construction costs

to give the total capital investment. Table 9. 2, District Distributable

Costs, itemizes these expenses.

TABLE 9.2
DISTRICT DISTRIBUTABLE COSTS

(Percent of Capital Cost)

Fossil

Plant

Desalting Nuclear

Plant Plant Land

Interest During Construction 3. 5% 4. 9% 14. 0%

Ad Valorem Taxes - - 4. 5

Miscellaneous Construction Costs 0. 3 0. 3 -

Engineering 0.5 1.0 -

Nuclear Insurance - 0. 3 -

Spare Parts, Etc. 0. 5 0. 5 -

Contingency 2. 0 2. 0 -

Total 6. 8% 9. 0% 18. 5%
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Fuel Cost

The assumed costs of fossil and nuclear fuels are:

Fossil Fuel

A fuel ratio of 75 percent natural gas to 25 percent fuel oil was used
on an annual basis in the analysis of cost for the fossil fueled plants.

This was based on the historical annual use experienced by the

Southern California Edison Company in burning natural gas and fuel

oil at its Huntington Beach Steam Plant in Orange County. This ratio
of use is determined at the time of burning on the price of gas and

fuel oil, gas availability, and smog control restrictions.

Fuel Oil - 32. 4c per million Btu, rising linearly to 35. 4c per million
Btu in 30 years

Fuel Gas - 36. 3 per million Btu, rising linearly to 46. 3' per million
Btu in 30 years

The composite fuel cost used in this study was 35. 4 per one million
Btu, corresponding to a 75 percent gas to 25 percent oil burning ratio

in the initial year of plant operation.

- Nuclear Fuel

The nuclear fuel cycle costs were developed for typical light water

reactor systems in the range of 1, 500 Mwt to 3, 100 Mwt, based on

recent BWR and PWR information. The cost estimate includes

fabrication cost, burnup Pu credit, chemical processing, and carrying

charge. The forecasted nuclear fuel costs supplied by the AEC were

as follows:

Year U 3 08 $/lb Pu $/gm

1968 - 1971 5 9.00
1972 - 1973 6 9. 10
1974 - 1975 7 9. 60

1976 - On 8 10. 00

Fuel costs for a 3, 100 Mwt reactor, on the above basis are approximately

16. 3' per million Btu for the first core and approximately 15. 6c per

million Btu for the equilibrium core at a plant factor of 0. 90. In addition,

nuclear fuel cycle costs were evaluated using a constant value of $5 per

lb U 3 08 and $9 per gm Pu which gave fuel cost of 14. 3 per million Btu
for the equilibrium core.

9-15



The analyses are believed to be conservative since they are based on current

technology and price levels. The costs of fabrication, reprocessing, and

re-enrichment may decrease by as much as one-third in the future due to

improved technology and increased production, resulting in calculated

fuel costs for the equilibrium core as low as 11. 5' per million Btu. Based

on these analyses, a fuel cost of 14 per million Btu was selected for use

in the Phase II comparative evaluations of conceptual plant designs.

PLANT CAPITAL COST ESTIMATE

The power plant and desalting plant capital cost estimate is based on the

plant features previously described. The desalting plant estimate is

based on a plant designed to receive 25 psia saturated steam from the

turbine exhaust, sufficient to produce 150 mgd desalted water. Table

9. 3 shows the capital cost summary.

These capital cost estimates have been taken from information available

in Bechtel files and adjusted to January 1965 conditions by using con-
struction cost indices. They are not based on recent quotations and

may be adjusted later in this study as more recent information is developed.

COST OF STEAM

Table 9. 4 provides a summary of the annual operating costs of the fossil-

and nuclear-fueled power-only and dual-purpose plants. These are

carried forward into Table 9. 5, Electricity and Steam Costs, where the

costs have been combined, according to the principle outlined below, to

arrive at the cost of steam.

The underlying principle has been:

(a) Develop total operating cost of a power-only plant of the same general

type as the dual-purpose plant producing the same net salable power

output. This net output was established as 617 Mwe in all cases.

(b) Develop total operating cost of a dual-purpose plant supplying 4. 26
million pounds per hour of 25 psia saturated steam to the 150 mgd

desalting plant, plus a total auxiliary electric power load of 80 Mwe

for desalting plant internal use and for pumping product water to

Diemer.

Subtracting (a) from (b) develops the cost of steam and electric power

supplied to desalting plant.
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TABLE 9.3
CAPITAL COST SUMMARY

(Millions of Dollars)

Fossil-Fueled Nuclear-Fueled

Plant Plant

1 2 3 4

Power- Dual- Power- Dual-

Only Purpose Only Purpose

I. Power Plant Cost

Basic Plant Cost $ 50.0 $ 58.0 $ 74.0 $ 91.0

Site Adaptive Features 7. 5 14. 6 7. 4 15. 3

Sub-Total $ 57.5 $ 72.6 $ 81.4 $106.3

Client Distributable

Cost and Contingencies* 3.9 4.9 7. 3 9.6

Total Power Plant Cost $ 61.4 $ 77.5 $ 88.7 $115.9

II. Land $ 4.5 $ 5.3 $ 6.5 $ 6.5

III. Sub-Total, Power Plant and Land $ 65.9 $ 82.8 $ 95.2 $122.4

IV. Desalting Plant

Basic Plant Cost -- $ 79.2 -- $ 79.2

Client Distributable

Cost and Contingencies* -- 5.4 -- 5.4

Total Desalting Plant Cost - - $ 84. 6 - - $ 84. 6

V. Total Capital Cost
(I, II and III) $ 65.9 $167.4 $ 95.2 $207.0

*See table 9. 2
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TABLE 9.4
ANNUAL COSTS SUMMARY
(Millions of Dollars Per Year)

Fossil-Fueled Nuclear-Fueled

Plant Plant
1 2 3 4

Power- Dual- Power- Dual-

Only Purpose Only Purpose

I. Power Plant

A. Carrying Charges
Power Plant at 5. 54% $ 3.4 $ 4.3 $ 4.9 $ 6.4
Land at 5. 20% 0.2 0.3 0.3 0.3

Total Carrying Charges $ 3. 6 $ 4. 6 $ 5. 2 $ 6. 7

B. Operation & Maintenance

O & M $ 1.2 $ 1.3 $ 1.7 $ 2.0
Nuclear Insurance -- -- 0. 6 0. 6

Total O & M $ 1.2 $ 1.3 $ 2.3 $ 2.6

C. Fuel $ 14.9 $ 22.2 $ 7.3 $ 10.5

Total Annual Power Plant Costs $ 19. 7 $ 28. 1 $ 14. 8 $ 19. 8

II. Water Plant

A. Carrying Charges
Exc. Bundles, at 5. 54% $ 2. 7 $ 2. 7
Bundles, 15-year life 2.9 2.9

Total Carrying Charges $ 5.6 $ 5.6

B. Operation & Maintenance

Sulfuric Acid $ 1.3 $ 1.3
Maintenance Materials 0.9 0. 9

Maintenance Labor 0. 5 0. 5

Operating Labor 0. 3 0. 3

G & A 0.2 0.2

Total 0 & M $ 3.2 $ 3. 2

III. Total Annual Costs (I + II A + II B) $ 19.7 $ 36.9 $ 14.8 $ 28.6
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TABLE 9.5
ELECTRICITY AND STEAM COSTS

Fossil-Fueled Nuclear-Fueled

Plant Plant

1 2 3 4
Power- Dual- Power- Dual-

Only Purpose Only Purpose

Power Plant

Annual Generation, Net

Salable, Billion kwh (Table 9. 1) 4. 87 4. 87 4. 87 4. 87

Annual Steam Delivery

(25 psia sat. ) (Table 9. 1) Billion lb 0 33. 6 0 33. 6

Total Annual Cost,

Million Dollars (Table 9.4) 19. 7 28. 1 14. 8 19. 8

Difference - Cost of Power

& Steam to Water Plant,

Million $ Per Year 8.4 5.0
Cost of Electricity

Mill s/kwhr 4.05 3.05

Water Plant Power (See Table 9. 1)

Internal, Million $/Yr 1.6 1.21
Product Pumping, Million $/Yr 0. 96 0. 72

Total 2.56 1.93

Cost of Steam, by Difference:
Million $/Yr 5.84 3.07
Cents/1000 lb 17.4 9.1

9-19



The costs developed in (a) can be used to compute a value for electric
power at the plant. This is calculated on a unit basis in mills per kwhr,
and is applied to electric power consumed by the desalting plant. Subtracting
the cost of power thus obtained from the cost of steam and power leaves the

steam cost by difference.

When the above principle is applied to the fossil-fueled plant (table 9. 5,
columns 1 & 2), the cost of fossil steam is 17. 4 cents per 1000 lb; with

nuclear fueling (table 9. 5, columns 3 & 4), the comparable cost is 9. 1
cents per 1000 lb.

WATER PLANT COSTS

Table 9. 6, Breakdown of Water Costs, shows the comparative costs of
water for the cases analyzed. The explantion of the results follows.

Steam and Electric Power

Steam cost to the desalting plant and the cost of power for driving the various
pumps in the plant were based on incremental costs of the dual-purpose plant

installation compared with a power-only plant, as discussed previously, and

as shown in table 9. 5. From this total, the cost of internal desalting plant

power and product water pumping is subtracted, to yield the total annual cost

for steam to the desalting plant. The cost of steam from the nuclear power

plant for the desalting plant is 9. 1 per 1000 lb and power is 3. 05 mills per
kwhr, equivalent to 10. 1 per 1000 gallons of product water. The cost of
steam from the fossil-fueled power plant is 17. 4S per 1000 lb and power

is 4. 05 mills per kwhr, equivalent to 17. 1 per 1000 gallons of product
water.

Acid for Feedwater Treatment

Sulfuric acid is used to control scale formation on evaporator and brine

heater tubes in this plant. A quantity equivalent to 125 ppm is injected

into the feed stream just ahead of an atmospheric degassing tank. With

an hourly requirement of about 13, 000 pounds, and a delivered cost of

$26. 50 per ton, the cost for acid is 2. 7 per 1000 gallons of distillate.

Maintenance Materials and Stores

Maintenance materials cost was estimated at $75, 000 monthly. This is

equivalent to 1. 8' per 1000 gallons.
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TABLE 9.6
BREAKDOWN OF WATER COSTS

Capacity
Million Gallons Per Day
Acre Feet Per Year (0. 9 pf)

Billion Gallons Per Year (0. 9 pf)

Plant Life, Years

Condenser and Brine Heater Bundles

Rest of Plant

Estimated Capital Cost, Million Dollars
Condenser and Brine Heater Bundles

Rest of Plant

150

150, 000
49. 3

15

30

35. 5
49. 1

Total 84.6

Fossil Fuel Plant Nuclear Fuel Plant

Million $ Cents Per Million $ Cents Per

Per Year 1000 Gal Per Year 1000 Gal
1 2 3 4

Steam & Power (Table 9. 5) $ 8.4 17. 1 $ 5. 0 10. 1
Acid (Table 9.4) 1. 3 2.6 1. 3 2.6
Maint. Matl. (Table 9. 4) 0.9 1.8 0.9 1.8
Maint. Labor (Table 9. 4) 0. 5 1. 0 0. 5 1.0
Oper. Labor (Table 9. 4) 0. 3 0. 6 0. 3 0.6
G & A Overhead (Table 9.4) 0.2 0.4 0.2 0.4
Carrying Charge, Bundles 2.9 5.9 2.9 5.9

(Table 9. 4)
Carrying Charge Remainder 2. 7 5. 5 2. 7 5. 5

(Table 9. 4)

$17.2 34.9 $13.8 28.0

Less:

Product Pumping $ 0. 96 1.9 $ 0.72 1. 5
(Table 9. 5)

Net Cost At Plant $16.24 33.0 $13. 18 26. 5
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Maintenance Labor

A sum of $40, 000 per month, or $480, 000 per year, has been estimated as
a tentative cost for maintenance labor. This includes periodic and emergency
contract labor and the permanent maintenance crew assigned to the desalting
plant. These figures result in a cost of maintenance labor of about l per
1000 gallons.

Operating Labor

Operating labor is assigned as follows:

1 Plant Superintendent

1 Foreman for each shift

1 Control Operator for each shift

1 Assistant Control Operator for each shift

1 Plant Equipment Operator for each shift

The plant's maintenance labor requirement is in addition to the operating

labor, with supervision by the plant superintendent.

Operating labor cost is estimated at $300, 000 per year, or 0. 6 cents per

1000 gallons.

General and Administrative Overhead

This cost was allocated for the time spent by the District central office to

oversee the operations of the desalting plant. The cost was calculated as

25 percent of the total labor; or 0. 4 cents per 1000 gallons.

Annual Amortization Charge on Tube Bundles

Average life of the heat transfer bundles in the evaporator vessels and

brine heaters has been estimated at 15 years in this phase of the study.

Additional data are being compiled as the study progresses to verify this

value.

Total weight of the bundles is about 34. 5 million pounds. Assuming half the

weight remains after 15 years, the salvage value at 20' per lb is about $3. 5

million. Total first cost has been estimated to be $35. 5 million, including the

4 percent sales or use tax. The cost to be depreciated is the first cost less

salvage value, or $32 million.
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Using the capital recovery method, the annual amortization rate, at 3. 5

percent, is 8. 68 percent per annum. To this is added 0. 10 percent per
annum for insurance. The combined amortization rate is the sum, or

8. 78 percent per annum. To this is added an inventory charge equal to

the salvage value at the interest rate of 3. 5 percent plus 0. 1 percent

insurance fee. The annual cost is 5. 9P per 1000 gallons.

Annual Amortization Charge on the Desalting Plant

Remainder of the plant has been assumed to have a 30 year life. This
includes all of the water plant except the tubes. Initial investment for
the desalting plant was estimated to be $84. 6 million. Deducting $35. 5
million tube bundle cost from this yields an adjusted cost of $49. 1 million
for the remainder of the desalting plant facilities. The annual amortization
charge for the desalting plant, exclusive of condenser bundles, is $2. 7
million per year, as shown in table 9. 4.

COMPARATIVE COSTS OF WATER AND POWER

The cost of electricity from the power-only, nuclear-fueled power plant,

rated at 617 Mwe net output, is 3. 05 mills per kwhr. The cost of electricity

from comparable fossil-fueled power plant is 4. 05 mills per kwhr.

The dual-purpose, nuclear-fueled plant will produce desalted water at

26. 5' per 1000 gallons and 617 Mwe of net salable power at 3. 05 mills
per kwhr. The comparable fossil-fueled, dual-purpose plant will produce
desalted water at 33. 0 per 1000 gallons and power at 4. 05 mills per
kwhr.

Results of this comparison are summarized in Table 9. 5, Electricity and
Steam Cost Comparison and in Table 9. 6, Breakdown of Water Costs.

It is concluded that costs of electricity, steam, and product water from

the dual-purpose, nuclear-fueled plant are significantly lower than the

cost of these products from a comparable fossil-fueled plant. In order for

the fossil-fueled plant to attain the same production costs, the fossil fuel

price must be 23S per million Btu, or lower.
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CHAPTER TEN
OPTIMIZATION OF DUAL-PURPOSE PLANTS

GENERAL

Optimization of dual-purpose power and sea water desalting plants is

intended to select the power and desalting plant configuration that will
provide minimum overall operating cost. Since two products, electric

power and water are involved, the separation of production costs requires

establishing the value of one of these products. In general, the value of

a product is the price at which it can be sold; costs include expenditures
for process, sales, and distribution.

In this study, the value of electric power is established as the cost of

generation in a single-purpose station of a size representative of the
most modern and economical units in a local electric utility system. All

costs associated with generation of power up to the generator bus are

included. It is assumed that the step-up transformers, transmission

substation, and transmission line will be charged to transmission cost.

The cost of electric power determined, as above, will be deducted from

the total cost of production in the dual-purpose facility. The remaining
cost will be assigned to production of water. It is the cost of the water

that is being minimized.

The above principle is more fully detailed in the ensuing pages of this
chapter. It has been applied in determining the cost of power and back
pressure steam in the large, dual-purpose power plants coupled to the
150-mgd water plant (Cases C and E).

It cannot be applied in the case of the minimum power plant, because
this unit will be designed to produce only 100 Mw of net power for
exchange. In this case, however, the District's current purchases of

power for Colorado aqueduct pumping will be exchanged for power pro-

duced in the minimum plant. Therefore, the District's current

expenditures for power, adjusted as necessary by the negotiated terms

governing the exchange, can be deducted from the total operating cost

of the combined power and water plant, to arrive at the cost of producing
water. The credit for this exchange power has been set at 4. 0 mills per
kwhr (chapter three).
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DUAL-PLANT SYSTEM REQUIREMENTS

In the generation of primary steam, costs are associated with boiler
operation and comprise the cost of fuel, capital charges for equipment,
facilities and site preparation, cost of makeup water and its treatment,
operating and maintenance labor, and materials. These elements are
also involved in calculating the value of exhaust steam but, in addition,
one must consider the costs, both capital and operating, of other elements,
such as the turbine system, coolant system, power generation system,

and a means for crediting the operation with the value of the electric
power product.

In this study exhaust steam is used in every case under consideration.

To arrive at a cost of exhaust steam from a dual-purpose power plant,
one may proceed two ways, differing in technique but with the same

basic philosophy.

1. Develop all cost elements in a dual-purpose power plant producing

power and exhaust steam, and allocate to the cost of power those

portions of the total cost that are directly associated with power
generation, and to exhaust steam, all the remaining costs.

2. Develop the total cost of operating a dual-purpose plant producing

power and exhaust steam, and deduct from this the cost of operating
a single-purpose power generating plant that produces no exhaust
steam but generates the same amount of power at the same site and

load factor.

Procedure 1 seems to invariably require some arbitrary decisions in

allocation of costs, particularly where the total cost is made up of size-

able contributions from both the exhaust steam and power. Examples of

such costs, which are shared and need to be separated, are major items,
such as fuel, capital charges on the boiler (or reactor), piping, coolant,
and common facilities.

Procedure 2 avoids this difficulty and should result in an objective and

unbiased cost of steam, provided the single-purpose power-only plant is

of a size, efficiency, and unit capital cost representative of the generat-

ing stations in the operating system that receives power from the plant.

Procedure 1, if correctly carried out, should give the same result as

procedure 2, and has the advantage of providing more detailed informa-

tion. For this study, such detailed information is not considered

necessary. Accordingly, procedure 2 has been followed in this study,

since it is more certain to give correct results.
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COST OF POWER AND STEAM

A description of the step-by-step procedure used in arriving at the cost
of operating an 880 Mwe gross, single-purpose power plant follows; this
cost is needed to obtain the cost of steam in the dual-purpose plant. The
numerical values obtained in the example given below are based on Bechtel
correlations of capital costs of the individual items. These were used
only to arrive at an initial cost of exhaust steam as a function of its satur-

ation temperature, a relationship required in optimization. The costs of
steam and power are nearly, but not exactly, equal to the costs developed

as a result of later, more refined estimates, but they are sufficiently
accurate for the purpose of optimization.

Procedures for Establishing Values

1. Reactor Capacity (Megawatts, thermal)

Mwt = 880 x (Heat Rate) (1)
3413

(Heat Rate) = Btu/kwhr (gross)

The heat rate was obtained by use of a Bechtel computer program.
In this case, a value of 9790 Btu per kwhr was calculated. Substi-
tuting this value gives

880 x 9790 = 2524 Mwt
3413

as the capacity of the reactor.

2. Reactor Capital Cost = $43. 8 x 106 (correlated with thermal rating)

3. Condensing Turbine Island Cost = $43. 3 x 106 (correlated with gross
generation)

4. Marine Line Cost = $6. 5 x 106 (correlated with water flow)

5. Cost of Common Facilities = $2. 0 x 106 (correlated with gross

power)

Definition of Cost Breakdown

A. Cost of Single-Purpose Nuclear Plant
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A = 2+ 3+4+5
= (43.8 + 43. 3 + 6. 5 + 2.0) x 106
= $95. 6 x 106 (2)

B. Site Adaptive Cost

B = $7. 4 x 106 (3)

The site adaptive cost is independent of plant size.

C. Client Distributable Costs

Client Distributables = 0. 09 (A + B)
C = 0. 09 x (95. 6 + 7. 4) x 106

= $9.3 x 106 (4)

D. Cost of Land

D = $6. 5 x 106 (assumed prior to appraisal) (5)

E. Total Cost Including Land

E = A+B+C+D
= (95.6 + 7.4+ 9. 3 + 6. 5) x 106
= $118. 8 x 106 (6)

F. Annual Fixed Charges on Plant

F = 0.0544 x (A + B + C)
= 0. 0544 x (95.6 + 7. 4 + 9. 3) x 106
= $6. 11 x 10 6 /yr (7)

G. Annual Charges on Land

G = 0.035xD
= 0.035x 6 .5x 106
= $0. 23 x 10 6 /yr (8)

H. Annual Fixed Charges on Plant and Land

H = F +G

= (6. 11 + 0.23) x 106
= $6. 34 x 10 6 /yr (9)
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I. Annual Operating and Maintenance Cost

I = (0.01 x (A + B +C) +0.84x 10 6

= (1. 123+0.84)x 10
= $1.96 x 10 6 /yr (10)

J. Annual Nuclear Insurance Cost

J = $0.616 x 10 6 /yr (11)

K. Annual 0 & M and Nuclear Insurance

K = I + J

= (1.96 + 0.616) x106

= $2. 58 x 10 6 /yr (12)

L. Annual Fuel Costs, at $0. 14/ 106 Btu

L = (Mwt) x 103 x 3413 x 8760 x pf x 0. 14 x 10-6

= 2524 x 103 x 3413 x 8760 x 0. 90 x 0. 14 x 10-6

= $9.51 x 10 6 /yr (13)

M. Total Annual Power Costs

M = H +K + L
= (6 .34+2.58+9.51) x 106
= $18. 43 x 10 6 /yr (14)

N. Annual Gross Generation (90% Plant Factor)

N = (Mwe) x 103 x 8760 x 0.90
= 6. 94 x 109 kwhr (gross)/yr (15)

0. Annual Net Generation (5% Power Recycle)

O = 0. 95N
= 6. 59 x 109 kwhr (net)/yr (16)

P. Cost of Electricity

P (gross) M=

18. 43 x 106
7.94xh10 = $0. 00266/kwhr(gross)

= 2.66 mills /kwhr(gros s) (17)
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P (net) = M

18. 43 x 106_18. 43Yx106 - $0. 00280/kwhr(net)
6. 59 x 109

= 2. 80 mills/kwhr(net) (18)

Costing Procedure for Dual-Purpose Plant

Total cost of a dual-purpose power-steam plant was arrived at in the
following manner.

Heat rates were calculated, using the computer program, for steam

expanded through a turbine to a series of back pressures, with the results

shown in Table 10. 1, Heat Rate Data.

TABLE 10.1
HEAT RATE DATA

Back Pressure Heat Rate. Differential Heat Rate

(psia) Btu/kwhr (gross) Btu/kwhr

41.4 15,975 6, 185
21.9 13,952 4, 162
9.29 12, 407 2, 617
4.69 11,643 1,853

Condensing 9, 790 -

Total operating costs were calculated in

pressure steam flows:

Steam Pressure (psia)

essentially the same way for back

Steam Flow (106 lb/hr)

41.4
21.9

9.29
4.69

3.0, 3.5, 4.0, and 4.5
4. 0, 4. 6, and 5. 0

5.22, 6.0, and 6.5
6.5, 7.0, and 7.58

In each case, gross power generation from the back pressure turbine was

computed and the balance to make up a total gross generation rate of

880 Mwe, was taken from a condensing turbine (9790 Btu per kwhr heat

rate).
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Total heat demand from the reactor was determined by taking the sum of

the back pressure turbine times its heat rate, plus the condensing turbine

times its heat rate. Table 10. 2, Gross Electrical Output, gives the gross

electrical output for the back pressure and condensing turbines in each

case.

TABLE 10.2
GROSS ELECTRICAL OUTPUT

Reactor

Steam Generator Gross Power Thermal
Pressure Flow Back Pressure Condensing Total Rating

(psia) (106 lb/hr) (Mwe) (Mwe) (Mwe) (Mwt)

41.4 3.0 224 656 880 2923
3.5 261 619 880 3022
4.0 298 582 880 3100
4.5 336 544 880 3138

21.9 4.0 356 524 880 2963
4.6 410 470 880 3018
5.0 445 435 880 3065

9.29 5.22 550 330 880 2949
6.0 630 250 880 3000
6.5 683 197 880 3045

4.69 6.5 750 130 880 2928
7.0 810 70 880 2960
7.58 880 0 880 3000

Reactor costs

given in table

were determined from the total reactor thermal ratings

10. 2, using Bechtel in-house correlations.

Condensing turbine island costs were also obtained from the gross power

generation given for the condensing turbine in the table, using the same
correlation as for the single-purpose plant.

For the back pressure turbine island, capital cost estimates were obtained
from manufacturers and adjusted to include installation costs.

All other items were obtained in the same way as for the single-purpose
plant. The following items are to be noted:
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-- Cost of land and site preparation do not include any allowance for the
water plant. Site preparation cost will be increased when a water

plant is added, but this increase is charged to the water plant.

-- Cost of marine lines for condensing turbine circulating water does

not include the cost of water plant cooling sea water. The incremental

cost incurred when the water plant is added is also charged to the

water plant.

Final results are given in Table 10.3, Steam Costs. Costs of steam are

given as cents per million Btu of available latent heat of condensation;

after correcting for the percentage of moisture or superheat.

TABLE 10.3
STEAM COSTS

Steam Condition & Quantity

Steam

Pressure Temperature Flow Cost

(psia) (Degrees F) (106 lb/hr) (Cents/10 6 Btu)

41.4 269.3 3.0 11.97

3.5 11.51
4.0 11.14

4.5 10.83

21.9 230.3 4.0 9.82
4.6 8.99
5.0 8.77

9.29 189.8 5.22 6.67
6.0 6.25
6.5 6.00

4.69 159.3 6.5 4.69
7.0 4.37
7.58 3.96

When these data are plotted with cost as a function of saturation tempera-

ture, it is evident that a straight line can be passed through the points

corresponding to the middle of the volume range (see Figure 10. 1, Cost

of Steam vs. Saturation Temperature). These mid-range volumes were

originally selected on the basis of preliminary calculations of optimum
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steam requirements at each temperature. Therefore, the connecting
line has significance as being close to the optimum path. The best line
through these points is given by the following equation:

C = 0. 0647 (t-92) (19)

where C = cost in cents per million Btu

t = saturation temperature of steam, F

The average error over the range is only 0. 7 percent.

This equation indicates that 92 F steam would have a value of zero; this

value is reasonable since the value of steam at condensing temperature

should be slightly negative.

This equation will be used to calculate the cost of steam in the optimiza-

tion.

OPTIMIZATION PROCEDURE

Fixed, Independent, and Dependent Variables

Variables to be studied in the optimization may be divided into three sets
- independent, dependent, and those fixed by design criteria. Classifi-

cation of variables into independent and dependent groups is generally

done on the basis of mathematical convenience; they can be interchanged.

Fixed variables are those that are agreed upon as a basis for design;

they will be discussed first.

Fixed Variables

Fixed variables are provisionally set at:

Sea water temperature

Water production

Plant elevation above mllw

Concentration of sea water

Concentration of reject brine

from recycle plant

60 F

150 mgd

20 ft

34, 000 ppm tds

68, 000 ppm tds
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Fuel cost

Fossil

Nuclear

Power generation

Case C plant, gross

Case C plant, net

Case Aplant, gross

Case Aplant, net

35. 4S /10 6 Btu

14/106 Btu

880 Mwe

750 Mwe

200 Mwe

100 Mwe

Independent Variables

The following have been selected as independent variables, in the sense

that they will be set at fixed values during any single iteration in order

to calculate the value of the dependent variables. Some of the independent

variables will subsequently be altered in a systematic way to arrive at the

optimum plant.

Power Plant

Primary steam condition: Temperature and Pressure

Turbine cycle

Feedwater preheat cycle

Exhaust steam condition: Pressure

Plant factor

Annual fixed charges on investment

Water Plant

Cost of steam (dependent variable in power plant)

Cost of power (dependent variable in power plant)

Number of stages
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Maximum brine heater temperature
(consistent with steam pressure)

Terminal temperature difference

Tubeside recycle brine velocity

Tube metallurgy and size

Cost of condenser surface

Cost of brine heater surface

Pump cost as function of pumping power

Sea water intake and brine outfall cost as function
of water flow

Plant life, years

Plant factor

Stage dimensions

Cost of adding a stage

Annual fixed charges on investment

Dependent Variables

Dependent variables are calculated from appropriate energy and material

balances, using fixed and independent variables as specified. Important
dependent variables are:

Power Plant

Cost of power (single-purpose plant)

Cost of exhaust steam (dual-purpose plant)

Water Plant

Quantity of steam

Recycle brine flow
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Production of water per stage

Flashing brine flow in each stage

Pressures and temperatures in each stage

Heat transfer coefficients and LMTD for

each stage

Condenser surface in each stage

Number of tubes and length of tubes per stage

Pumping power

Recycle brine

Cooling water

Fresh feed

Boiling point rise, F

Volumetric vapor flow

in each stage

Volumetric vapor flow

in each stage

from flashed brine

from flashed product

Total heat transferred in each stage

Relative water cost

Relative water cost, the dependent variable to be minimized by the
optimization, is the sum of all the fixed and operating costs subject to

variation by changes in the independent variables.

OPTIMIZATION STRATEGY

A complex optimization involving all of the independent variables would

be an enormous task, even using the fastest computers. Such a complete

optimization is not worth the cost and is not necessary. Moreover,

certain factors, such as tube metallurgy, can be fixed. In addition, for

any single case to be optimized, the following can also be fixed:
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Cost of steam

Cost of power

Tube size

Cost of condenser surface

Cost of brine heater surface

Pump cost as function of pumping

power

Sea water intake and brine outfall
cost as function of water flow

Plant life, years

Plant factor

Cost of adding a stage

Stage dimensions

Annual fixed charges on investment

The remaining independent variables to be optimized are:

Maximum brine temperature

Temperature of steam and

corresponding cost

Number of stages

Terminal temperature difference

Tubeside recycle brine velocity

Optimization is started by selecting a maximum brine temperature,

usually the highest to be investigated. The remaining variables to be

optimized are then assigned a set of discrete values, generally equi-

distant. These remaining variables are:

N = number of stages

TTD = terminal temperature difference at

the hot end of the evaporator

10-14



V = tubeside recycle brine velocity at the

hot end

Tst = temperature of steam and corresponding
cost

An approximate relationship helps to set a good starting point for N.

This relationship is:

T max - Tw - 10
Ncalc = 4(20)

where Tmax = maximum brine temperature

(brine heater outlet)

Tw = sea water temperature

This formula assumes a flashing brine temperature drop of 4 F per stage

and a temperature rise of 10 F in the brine heater. The nearest integer

value of N is used as the mid-range value.

Range of values of N, T TD, and V may be as follows:

Units

N = Ncalc 4 n (n = 0, 1, 2) stages

TTD = 3. 5 + 0. 5 m (m = 0, 1, 2, 3) deg F

V = 5 + p (p = 0, 1, 2, 3, 4) fps

Result is a 5 x 4 x 5 matrix, a total of 100 cases, the maximum number

that can be conveniently accommodated in one run on the computer. For

each case, the heat and power requirements are calculated.

A relationship has been derived between the cost of steam, cost of brine

heater surface, temperature rise of brine in the brine heater, and the

optimum terminal temperature difference in the brine heater. This

relationship is:

- ATb + 4 ATb2 + 2. 55 x 105
Ub

(TTD)OPt = 2 (21)
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where

(TTD)opt = optimum terminal temperature difference at

the brine heater, F

ATb = temperature rise of brine in brine heater, F

Ub = overall heat transfer coefficient in brine

heater, Btu/hr/ft 2 /F

This equation is based on a brine heater capital cost of $5. 00 per square
foot, a 30-year life, and 6. 44 percent annual charges, including an allow-

ance of 1 percent per annum for maintenance (labor and material). It

also includes the equation of the steam cost curve.

From the optimum brine heater TTD obtained from this equation, the

optimum steam temperature is calculated directly

Tst = (TTD)opt + Tmax (22)

where Tst = steam temperature, F

(TTD)opt = optimum brine heater terminal temperature

difference, F

Tmax = maximum brine temperature (one of the

independent variables to be optimized,

whose value is set to a fixed value

during each iteration), F

The unit cost of steam is then calculated by equation 19, and the total

cost of steam follows directly. The unit cost of power is fixed (2. 86

mills per kwhr in this case); the total cost for power can also be calcu-

lated directly. In addition, input information to the computer program

includes:

Unit cost of condenser surface, $ per sq ft

Incremental cost of adding a stage, $ per stage

Unit cost of evaporator vessels, $ per ft length

Unit cost of pumps, $ per hp

Unit cost of sea water lines, $ per gpm

Plant factor

Fixed charges, 6. 44 percent of capital cost

per annum (including 1 percent for maintenance

labor and material)

Reject brine concentration, 68, 000 ppm tds

10-16



All items that do not change with the efficiency of the plant are not con-

sidered in the optimization. Examples are operating labor and supplies,
chemicals (in recycle plants), product water pumping (for fixed capacity),
and total area for flashing.

With the above information, the variable cost of water is calculated in

each of the cases scanned in the 100 case (5 x 4 x 5) matrix. The mini-
mum is determined by inspection. It may happen that the range of values
for TTD, N, and V are such that the optimum lies outside of the range
provided. In such a case, the minimum case will be at one of the limits

of the matrix; if this occurs, it is necessary to change the range of the
variable or variables to include a minimum variable cost of water within
the permitted range.

Because of the relatively large steps taken in the values of the independ-
ent variables, the minimum may not be the real optimum for the maximum

brine temperature being considered.

Rather than determine the optimum more accurately at this point, it is

generally better to investigate the effect of varying maximum brine

temperature, and find if this has a larger effect than the variables that
have been systematically investigated above.

Maximum brine temperature is therefore set at a new value, and the

minimum cost case compared to the first minimum. This is continued

until the effect of changing brine heater temperature shows an effect on

cost equal to or less than the strongest variable in the 3-dimensioned

matrix (TTD, N, and V).

At this point, maximum brine temperature is fixed again, and the

following cases, using reduced increments of TTD, N, and V, are

calculated

TTD = TTImin + 0. 10 n (n = 1, 2, 3, 4)

N = Nmin 1 m (m = 1, 2, 3)

V = Vmin 0.5

Each matrix with reduced increments has dimensions of 8 x 6 x 2, a

total of 96 cases, and serves to define the optimum for each maximum

brine temperature with sufficient precision. The systematic decrease

of maximum brine temperature is resumed again until a change shows

an increase in cost of water. When this occurs, the direction change in

maximum brine heater temperature is reversed and smaller increments

taken until the final optimum is reached.
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At this point, configuration of the optimum plant is defined by the follow-
ing parameters:

Maximum brine temperature
Terminal temperature differences in brine

heater and hottest stage

Number of stages

Velocity of recycle brine

Condenser surface
Brine heater surface
Length of stages (width is a function of

plant size)

Pump power and flow rate for recycle brine

coolant sea water

Temperature of steam to brine heater

Quantity of steam to brine heater

Condenser tube size was not varied in the optimization procedure.

Because of the effect on pumping power, condenser tube size can have

a major effect on the optimum parameters, particularly on steam

requirements and pump power. However, these compensate for each

other so that the effect on the cost of water is small. If it is desired

to investigate this effect, the above procedure will have to be repeated

with a different tube size.

Previous sections of this chapter describe the approach to optimization

of multistage flash plants by taking exhaust steam from a power plant,

and it has been noted that the optimized parameters quite fully specify

the water plant. It should also be noted that the quantity of steam

required for the optimum case sets the balance between back pressure

and condensing turbine capacities in the power plant.

The method of optimization outlined above can generally be concluded

in about one hour on the IBM 7094. Automatic optimum seeking methods,

such as the method of steepest descent, have been successfully used in

the past. These methods save computer time. However, they have two

drawbacks, particularly in exploratory work.

- They do not provide the user with any insight into the effects of the

various independent variables on the cost of water.

- If it is ever desired to change the unit cost of condenser tubing, pumps,

or flash stages, it can be done at a very small cost if the matrix tapes

are saved. With automatic optimization the whole problem must be

rerun.
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OPTIMIZATION RESULTS

Maximum Brine Temperature

In a dual-purpose facility, the operating condition of perhaps the

greatest importance to the power plant and the desalting plant is the

temperature of brine leaving the heaters. Principal manufacturers

of flash evaporators were contacted to ascertain their views on pre-

ferred upper and lower limits of brine temperature from the heaters.

All agreed that in a commercial plant designed to the present state-of-

the-art, brine temperature should be somewhere between 185 F and

250 F. Optimization was restricted to this range.

Furthermore, a dividing line was established at 200 F, below which

scale would be prevented with a polyphosphate, and above which, pH
control with sulfuric acid would be used.

Many preliminary computer runs were made to evaluate the shape of

the cost of water curve, plotted against brine temperature. In the final

runs, four temperatures were selected for closer examination; i. e.

185 F, 200 F, 225 F, and 250 F.

Brine Velocity

The heater transfer coefficient in the condensing region of the flash

evaporator stages is partly dependent on the velocity of the brine flow-

ing in the tubes. A high velocity tends to increase heat transfer rate; too
low a velocity will not only result in lower heat transfer with clean tubes,

but will permit accelerated fouling of the inner tube surface. On the

other hand, too high a velocity may lead to erosion of the tube walls.
While a high velocity produces a high heat transfer coefficient and, as

a result, lowers the area requirement for an evaporating plant of a

given size, the power requirements for pumping brine will increase with

increased velocity. The limits of velocity applicable to the metal
selected, iron-modified 70-30 cupronickel, have been set at a minimum

of 5 fps and a maximum of 10 fps.

Preliminary hand calculations indicated that the optimum brine velocity

would fall between 5 and 7 fps. Computer optimization revealed that

no significant difference in cost existed between 6. 0 and 6. 5 fps at the

low electric power costs prevailing in Cases C and E. The higher

figure was chosen as the better velocity, because scaling and fouling

may be slightly less at this rate of flow.
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Typical Computer Run

During the final phases of desalting plant optimization, computer runs
were made at the four temperatures previously selected: 185 F, 200 F,
225 F, and 250 F.

The following input data were the same in all four cases:

Product, lb/hr 52, 050, 000
Sea Temperature, deg F 60
Concentration Ratio 2. 0
Minimum TTD, deg F 5. 4

Tube OD, inches 0. 750
Recovery Section Tube Wall Thickness, inches 0. 042
Rejection Section and Heater Wall Thickness, inches 0. 049
Metal Conductivity, Btu/hr/sq ft/deg/in, (70-30 Cu-Ni) 200

Number of Rejection Stages 3
Tubeside Brine Velocity in Evaporators, fps 6. 5

Tubeside Brine Velocity in Brine Heaters, fps 7. 0
Cold Fouling Factor, 1/hr 0. 0002
Brine Line Loss, psi 4. 0

Total Dissolved Solids in Sea Water, ppm 34, 000

Flooding Coefficient in Bundles, % 40
Maximum TTD, deg F 6. 6
Smallest Increment on TTD, deg F 0. 1

Stages per Vessel 4
Power Cost, mills/kwhr 2. 86

Cost of Tube Surface in Evaporators, $/sq ft 2. 70
Cost of Tube Surface in Brine Heaters, $/sq ft 5. 00
Plant Life, years 30

Annual Fixed Charge (including 1% maintenance) 0. 0644
Plant Factor 0. 90

Circ. Pump Fixed Head, psi 12. 0
Pump Efficiency, % 88

Motor Efficiency, % 94

Other input data varied as follows:

Item 250 F 225SF 200 F 185 F

Steam Temp, deg F 257 232 207 192

Minimum Stages 39 35 31 27
Hot Fouling Factor . 0007 . 00063 . 00057 . 00053
Maximum Stages 51 43 39 35

Steam Cost, $/106 Btu 0. 1062 0.0905 0.0742 0. 0647

Cost of Adding Stage, $ 70, 000 80, 000 90, 000 100, 000
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The last item listed, it should be emphasized, is not the average stage

cost but rather the cost of a curtain wall between stages, it being assumed

that the total flashing area required in a plant operating with a fixed top

brine temperature varies only slightly with the number of stages. Aver-

age cost of a stage would actually be several times the incremental value

listed.

As will be recalled, only those costs that change with changes in the

pertinent parameters are introduced into the program. Fixed costs, or

costs that vary only insignificantly, are considered after optimization
is complete, and the total cost of water is desired.

The computer does, however, evaluate effects of the costs that vary

and tabulates a print-out of comparative values.

Typical of such a tabulation is the following (for Case C):

200 F Brine Plant at 35 Stages

(Annual Costs, millions of dollars)

TTD Steam Power

2.
3.

3.
3.

3.

3.

97
00
06
15
23
31

1.
1.
1.
1.
1.
1.

Fixed

Charge

27
26
24
21
19
17

200 F Brine

2.
2.
2.
2.
2.
2.

99
96
92
86
81
75

Scale

Prevention Total Variable

0. 85
0. 85
0. 85
0. 85
0. 85
0. 85

8. 08
8. 07
8. 07
8. 07
8. 08
8. 08

Plant at TTD = 5. 5

(Annual Costs, millions of dollars)

Stages Steam Power

31

35
39

3. 12

3. 00

2. 91

1.24

1.26
1.28

Fixed

Charge

2. 90
2. 96
3.04

Scale
Prevention

0. 85

0. 85
0. 85

Total Variable

8. 11

8. 07
8. 08

5.4
5. 5
5. 7

6. 0
6. 3
6. 6



In a similar manner, economic summaries at the other three brine

temperatures were printed out for the final analyses. The comparison
of optimum plants at each of the four temperatures appears below. The
costs shown are annual partial (variable only) costs of producing water
from a 150 mgd desalting facility.

185 F - $8. 14 million
200 F - 8.07 and 8. 57

225F - 8.51
250 F - 8. 58

Two values are shown for 200 F; the lower figure represents operation
with polyphosphate treatment only, while the higher figure shows what
the cost would be if the plant used sulfuric acid exclusively for scale
control. In the opinion of the vendors, and based on experience in
flash plants at various locations, periodic use of acid will be required

to supplement the phosphate treatment. This requirement adds approxi-
mately $60, 000 annually to the cost of operation, giving the adjusted
partial costs as:

185 F - $8, 200, 000
200 F - 8, 130, 000
225 F - 8, 510, 000

250 F - 8, 580, 000

The optimum plant is one with a maximum brine temperature of 200 F.

When the invariable charges of $3, 340, 000 are added to the $8, 130, 000,
a total annual cost of producing 150 mgd of water of $11, 470, 000 is
obtained on the basis of the costs available at this stage of the study.

Three sets of curves depicting the annual cost are included. In Figure
10. 2, Optimum Annual Costs of Producing Water vs. Maximum Brine

Temperature, Cases C and E, the cost from the optimum water plant
at each of four temperatures is shown. Figure 10. 3, Optimum Annual

Costs of Producing Water vs. Terminal Temperature Difference, Cases

C and E, shows costs corresponding to 35-stage flash plants, in which

the condensing area has been varied to provide TTD's of 5. 4 to 6. 6 F.
In Figure 10. 4, Optimum Annual Costs of Producing Water vs. Number of

Stages, Cases C and E, the effect of varying the number of stages has

been shown at a TTD of 5. 5 F.

It is readily seen that the results of the optimization show that the costs

are rather insensitive to the variation in number of stages and the

terminal temperature difference. For this reason, the same desalting

plant was taken to be optimum for Cases C and E.

Copies of the computer printout for three cases are shown on Figure 10. 5,

Computer Printout for Case A, and Figure 10. 6, Computer Printout for
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BECHTEL CORPORATION

SCIENT IFIC DEVELOPMENT HFPT.

301 MISSION STREET, SAN FRANCISCO CALIFORNIA

SALINE WATER CONVERSION PLANT OPTIMIZATIuN

MWC MIN CASE A 250 F KIRINt 2 JUNE 65

PRODUCTION= 5'O0'00. L1S/HR. RI CYCLE R AT IIi= 6.57 LH/L H PRiI)IECT

CONCENTRATION RATIO= 2.00, TOTAL NUMBER OfS TAGES 11 45
TEMPERATURE OF FLASHING BRINE FROM iRINI HAIIR Is 250.00 'E F.

SEA WATFR TEMPERAIURE IS 60.00 DP- F.

RECYCLE PRODUCTION
BRINE.MLB/HR M LU/HR

344763. 1181.
344763. 1191.
344763. 1191.
344765. 1181.
344763. 1181.
344763. 1181.
344761. 1181.
344763. 1181.
344763. 1191.
344765. 1181.
3144765. 1191.
344763. 1191.
344763. 1191.
344765. 1181.
344763. 1191.
344765. 1181.
344763. 1191.
344763. 1191.
344763. 1191.
344763. 1181.
344765. 1191.
344763. 1191.
344763. 1191.
344763. 1131.
344765. 1181.
3144765. 1181.
344763. 1181.
344763. 1131.
344763. 1181.
344763. 1191.
344763. 1151.
344763. 1181.
344765. 1191.
344764. 1181.

344761. 1181.

344763. 1181.
344761. 1181.
311763. 1181.
344763. 1191.

344763. 1181.
144765. 1181.
344765. 1191.

RAW SEA WATER
2@0961. 962.
280961. 962.
280961. 962.

OISTILLATI FLASHING
PROD MLJ/HR BRINE.ML/NR

1181. 545582.
2363. 542401.
3,344. 541219.
472S. 340058.
5906. 338857.
7088. 337676.
8269. 336494.

91650. 335313.
1063?. 3341132.

11815. 332950.
12994. 351769.
14175. 350588.
15557. ?9407.
16558. 328225.
17719. 320044.
19901. 325u63.
2U0.?. 524682.
21263. 323500.
22444. 522319.
23626. 321138.
24507. 319956.
25998. 1 1 75.
27169. 517594.
29351. 516413.
29;37. 315231.
30713. ;14050.

31895. 312869.
33076. I1687.
34257. 310506.
35438. 509325.
36620. 308144.
37d01. 306962.
38982. 305781.
10164. 304600.
41345. 303416.
42526. 402237.
43707. 301056.
44889. 299875.
46070. '98693.
47?51. 297512.
18433. 296351.

49614. 2951149.
HEAT REJECTION SECTION

STAGE
N0.

1

2
3
4
S
6
7

99
10
11
12
13
14
15
16
17
18
19

20
21
?22
23
24
25
26
27
28
29
30
31
32
35
34
35
36
37
38
39
40
41
42

43
44
45

294187.
293225.
792263.

P6 55U46
PSI A
26.71::7
?).1201

:'5.5950
22.13(1
10.144 8
19.416)
18.15:6
16.9457
1,.80u0
14.7120
14.6799
1..7021
11.7(71
10.90?6
1I.0117
9.3005
8.5692
7.8872
?.2377
..6341
A.0697
S .514 8
5.0519
4.5951
14.1712
.. 7713
5.4148

.0794
/. 7C5

2.4865
2.2261
1.9879
1.7704
1.5725
1.3927
1.2299
1.0328
0.9504
0.9514
0.1249
0.6299
C.5453

Ni I VAPOR FLIRw

CUL FI/SIC
5149.05
5449.04
5772.5.)
o 12'. I
6500.0)
6909.31
73 .2.97
7854.615
8358.2)
892H.31
9549.85

1J)' 9.1d'
10910.58
117F3.8>-
12675.6-)
136"5.71
14734.47
159"3.99
172 53.0?
186)2.26
20304.76 5
22096.25
24090.60
?715.3)
28402.57
1589.21

347 18.45
38240.60
42214.59
467C9.50
51806.65
57602.0?
64209.21
717x3. 19
80424.71
90385.99

101877.66
115177.30
130620.52
149614.20
169654.02
194345.99

0.4680 182855.91
0.4134 205570.435
1.3641 231728.10

1311lIN; PINT
ELI V. DtG F.

."{194
.:09?
.7998
.71u 1
.7772
.7662
.7 .16
.1453
.7516
.7190

2.704
.6949
.S82 5

-. 65946
'.6562
.6429

/.6295

2.5 155
2.6014

.5871
'.5726
2.N579

'.1429

:'.'277
2.5 122
.. 4966
2.3607
/.4645
1.4482
/.4316
'.4144
?.5978
2.15906
2. 5632
2.455
2.5276
2.4096
).?91 3
?.'1729
/.'542

'.2353
1./163

?. 1 452
.1793

2.1635

FIGURE 10.5
COMPUTER PRINTOUT FOR CASE A

(Sheet 1 of 3)
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AIPROXIMATu TT)1= 4.10 utG F.

962.
1924.
2586.

STA1L LENGrH
F t' T
1?.54
12.59
12.5 3
12.67
12.72
12.77
12.9?
12.97

12.99
1i.35
15.11
1 5.111
15.25
15.3
15.40
13.4-1
15.57
1 3.66
1 3.75
13.95
13.95
14.36
14.17
14.50
14.42
14.56
14.70
14.85
11.01
15.17
15.35
15.54
15.75
15.97
16.20
16.45
16.72
17.00
17.32
17.65
18.02

14.26
14.57
14.90



TEMP FLASHING TERMINAL TEMP LOG MEAN T MP HEAT TRANSFER 8VrRALL 11
BRINE. DES F DIFFERENCE,

246.59 4.9000
243.15 4.9165
239.o9 4.9328
236.20 4.9488
232.69 4.9646
229.16 4.9803
225.60 4.9958
222.02 5.0111
218.41 5.0262
214.78 5.0412
211.12 5.0560
207.44 5.0708
203.73 5.0854
200.00 5.09981
196.24 5.1142
192.46 5.1285
188.64 5.1427
184.81 5.1568
180.95 5.1708
177.06 5.1847
173.14 5.1985
169.20 5.2123
165.23 5.2260
161.23 5.2396
157.21 5.2531
153.15 5.2666
149.08 5.2800
144.97 5.2932
140.83 5.3064
136.67 5.3194
132.48 5.3324
128.26 5.3452
124.01 5.3578
119.74 5.3703
115.43 5.3827
111.09 5.3948
106.73 5.4067
102.34 5.4183
97.91 5.4297
93.46 5.4408
88.98 5.4515
84.46 5.4619

HEAT REJECTION
79.77 6.3344
76.02 6.3270
72.25 6.3213

F DIFFr:RENCE, F
6.4699
6.4967
6.52 2

6.51+96
6.5759
6.6020
6.6280
6.6539
6.6791
6.7054
6.7311
6.75s7
6.782?
6.(076
6.8331
6.8585
6.P838
6.9091
6.9345
6.9598
6.9850
7.0103
7.0356
7.0608
7.0860
7.1112
7.1364
7.1615
7.1866
7.2116
7.2365
7.2615
7.2863
7.3110
7.3356
7.3600
7.3842
7.408;
7.4321
7.4557
7.4790
7.5019

SECTION
8.0534
8.0552
8.0589

MBTU/ ST AE
1121836.
1128578.
1135373.
1142233-.
114915-1.
1156138.
1163179.
1170283.
1177450.
1184680.
1191975.
11993.5.
1206761.
1214255.
1221q16.
1229445.
1237144.
1244913.
1252753.
1260665.
1268650.
1276709.
128484?.
129305?.
130133R.
1309701.
1318145.
1326664.
1335265.
1343948.
1352714.
1361562.
1370496.
1 3795 14.
1388620.
1397813.
1407094.
1416465.
1425927.
1435481.
1445128.
1454869.

1010173.
1016127.
1022089.

BTU/FT2/F/HR
550.69
55').81
j50.88->0.M9
50.83
550.71
50.52
50. 26

549.92
549.50
>48.99

548. 39
547.70
546.90
,46.00
544.98

543.85
542.60
541.?1
539.69
534.02
536.20
534.22
532.07
329.74
527.23
5L4.52

321.60
518.4f

>15.10
511.50
507.64
503.52
499.11
494.41
489.39
4d4.04
478.35
472.28
465.83
458.96
451.64

TOTAL AREA=

431.95
425.37
418.44

TOTAL AREA=

APE A
SQi FT/STAGE
314864.
51538.
31 954.
515577.
317254.
317987.
318778.
319629.
320543.
321 5211.
322567.
323683.
324873.
326141.
527491.
328926.
330453.
332075.
531800.
3356 i2.
337579.
339648.
341848.
344188.
346677.
349626.
352149.
355156.
353364.
361789.
365449.
569364.
371553.
378054.
562883.
388076.
395671.
599709.
406240.
413319.
421011.
429394.

1457 1574.

290391.
296554.
303097.
390042.

GRAND TOTAL AREA= 15561621.

FIGURE 10.5
COMPUTER PRINTOUT FOR CASE A

(Sheet 2 of 3)
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STAGE
NO.

1

2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43
44
45

TEMP RECYCLE
BRINE. DEG F

238.87
235.42
231.96
228.46
224.95
221.41
217.E85
214.26
210.65
207.02
203.36
199. 67
195.9;;
192.23
188.47
184.68
180.87
177.04
173.17
169.28
165.37
161.43
157.46
153.46
149.44
145.39
141.32
137.21
133.C8
128.92
124.73
120.52
116.27
112.00
107.70
103.37
99.01
94.63
90.21
95.77
81.29
76.79

71.24
67.51
63.77

TEMP 0IST
PROD, DEG F

245.77
240.34
236.89
233.41
229.91
226.39
222.85
219.27
215.68
212.06
208.41
204.74
201.05
197.33
193.58
189.81
186.02
182.19
178.34
174.47
170.57
166.64
162.68
158.70
1 54 .69
150.66
146.60
142.50
138.39
134.24
130.07
125.86
121.63
117.37
113.08
108.77
104.42
100.05
95.64
91.21
86.74
82.25

77.57
73.84
70.09



BRINE HEATER DATA

STEAM PRESSURE= 37.9 PSIA, STEAM TEMPERATURE= 264.0 DEG F.
TEMPERATURE RISE OF BRINE THROUGH HEATER= 11.134 DEG F.
LOG MEAN TEMPERATURE DIFFERENCE= 19.027
OVERALL HEAT TRANSFER COEFFICIENT = 536.86 BTU/FT2/F/HR
HEAT REQUIREMENT OF HEATER IS 3632.938MMBTU/HR
AREA REQUIREMENT OF HEATER IS 355655. SQ.FT.
STEAM REQUIREMENT= 3889656. LB/HR
PERFORMANCE RATIO= 14.45 LBS PRODUCT/MBTU

DESIGN DATA

HEAT RECOVERY SECTION

TOTAL SECTION LENGTH IS 602.30
VELOCITY OF RECYCLE BRINE IN TUBES IS 5.000 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 48.91 PSI
OUTSIDE DIAMETER OF TUBES IS 0.7500 INCHES
WALL THICKNESS CF TUBES IS 0.0420 INCHES

HEAT REJECTION SECTION

TOTAL SECTION LENGTH IS 43.73
VELOCITY OF RAW SEA WATER IN TUBES IS 5.000 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 4.25 PSI
OUTSIDE DIAMETER OF TUPES IS 0.7500 INCHES
WALL THICKNESS OF TUBES IS 0.0490 INCHES

BRINE HEATER

TOTAL NUMBER OF TUBES IN HEATER IS 95254.
VELOCITY OF RECYCLE BRINE IN TUBES IS 7.000 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 2.72 PSI
LENGTH OF TUBES IS 19.02 FEET
OUTSIDE DIAMETER OF TUBES IS 0.7500 INCHES
WALL THICKNESS OF TUBES IS 0.0490 INCHES

TOTAL RECYCLE BRINE PUMP HEAD IS 82.73 PSI

FIGURE 10.5
COMPUTER PRINTOUT FOR CASE A

(Sheet 3 of 3)
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BECHTEL CORPORATION

SCIENTIFIC DEVELOPMENT DEPT.

301 MISSION STREET, SAN FRANCISCO CALIFORNIA

SALINE WATER CONVERSION PLANT OPTIMIZATION

MWD TASK 28 JUNE 7 1965

PRODUCTION= 52050000. LBS/HR. RECYCLE RATIO= 9.06 LBS/LB PRODUCT

CONCENTRATION RATIO= 2.00, TOTAL NUMBER OF STAGES IS 35

TEMPERATURE OF FLASHING BRINE FROM BRINt HEATER IS 200.00 DEG F.

SEA WATER TEMPERATURE IS 60.00 DEG F.

RECYCLE PRODUCTION
BRINEMLB/HR LB/HR

471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1193.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.
471370. 1493.

RAW SEA WATER
404885. 1426.
404885. 1426.

404885. 1426.

DISTILLATE FLASHING
PROD MLB/HR BRINE,MLB/HR

1493. 469877.
2986. 468385.
4479. 466892.
5972. 465399.
7464. 463906.
8957. 462413.
10450. 460920.
11943. 459427.
13436. 457934.
14929. 456441.
16422. 454949.
17915. 453456.
19407. 451963.
20900. 450470.
22393. 448977.
23886. 447484.
25379. 445991.
26872. 444498.
28365. 443005.
29858. 441513.
31351. 440020.
32843. 438527.
34336. 437034.
35829. 435541.
37322. 434048.

38815. 432555.
40308. 431062.
41801. 429570.
43294. 428077.
44786. 426584.
46279. 425091.
47772. 423598.
HEAT REJECTION SECTION

1426.
2852.
4278.

422172.
420746.
419320.

PRESSURE
PSIA
10.1941
9.5041
8.8493
8.2291
7.6423
7.0878
6.5644
6.0711
5.6067
5.1702
4.7603
4.3760
4.0163
3.6800
3.3662
3.0737
2.8016
2.5489
2.3146
2.0977
1.8973
1.7125
1.5424
1.3862
1.2430
1.1120
0.9924
0.8835
0.7846
0.6949
0.6138
0.5407

NET VAPOR FLOW
CU FT/SEC

15848.74
16914.37
18073.18
19335.00
20710.88
22213.23
23856.04
25655.08
27628.20
29795.59
32180.17
34807.98
37708.69
40916.13
44468.99
48411.60
52794.85
57677.30
63126.48
692?0.43
76049.58
83718.90
92350.70
102087.59
113096.61
125573.58
139749.07
155894.99
174333.14
195445.43
219686.70
217599.714

0.4696 270103.16
0.4133 304721.79
0.3627 344714.76

BOILING POINT
ELEV. DEG F.

2.5743
2.5631
?.5518
2.5403
2.5286
2.5168
2.5048
2.4926
2.4303
2.4678
2.4552
2.4423
2.4294
2.4162
2.4029
2.3895
2.3753
2.3621
2.3481
2.3340
2.3198
2.3054
2.2908
2.2761
2.2613
2.2463
2.2312
2.2159
2.2005
2.1849
2.1592
2.1534

2.1355
2.1201
2.1045

FIGURE 10.6
COMPUTER PRINTOUT FOR CASES C AND E

(Sheet 1 of 3)
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APPROXIMATE TTD= 5.50 DEG F.

STAGE
NO.

1

2
3
1.
5
6
7
8
9
10
11
12
13
1k.
15
16
17
18
15r
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35

STAGE LENGTH
FEET
13.93
13.99
14.05
14.11
14.18
14.25
14.32
14.40
14.48
14.57
14.66
14.75
14.85
14.96
15.07
15.19
15.31
15.44
15.58
15.72
15.87
16.04
16.21
16.40
16.59
16.80
17.02
17.26
17.52
17.80
18.09
18.41

17.80
18.20
18.62



TEMP FLASHING TERMINAL TEMP LOG MEAN TEMP
BRINE, DEG F DIFFERENCE, F DIFFERENCE, F

196.70 5.5000 7.0300
193.39 5.5157 7.0545
190.05 5.5313 7.0788
186.70 5.5467 7.1031
183.32 5.5620 7.1272
179.92 5.5772 7.1513
176.51 5.5922 7.1752
173.07 5.6071 7.1991
169.61 5.6218 7.2229
166.13 5.6365 7.24.7
162.63 5.6510 7.2703
159.11 5.6654 7.2939
155.57 5.6796 7.3174
152.01 5.6938 7.3408
148.43 5.7079 7.3642
144.82 5.7218 7.3874
141.19 5.7356 7.4106
137.55 5.7492 7.4337
133.88 5.7628 7.4567
130.18 5.7762 7.4797
126.47 5.7895 7.5025
122.73 5.8026 7.5252
118.98 5.8155 7.5478
115.20 5.8283 7.5703
111.39 5.8410 7.5926
107.57 5.8534 7.6148
103.72 5.8657 7.6368
99.85 5.8777 7.6587
95.96 5.8895 7.6804
92.04 5.9011 7.7018
88.10 5.9124 7.7231
84.14 5.9235 7.7440

STAGE
NO.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35

TEMP RECYCLE
BRINE, DEG F

188.63
185.31
181.97
178.61
175.23
171.83
168.41
164.97
161.51
158.03
154.53
151.01
147.46
143.90
140.32
136.71
133.08
129.43
125.77
122.07
118.36
114.63
110.87
107.09
103.29
99.47
95.62
91.76
87.87
83.95
80.02
76.06

71.56
67.73
63.88

TEMP DIST
PROD, DEG F

194.13
190.83
187.50
184.16
180.79
177.41
174.00
170.58
167.13
163.67
160.18
156.67
153.14
149.59
146.02
142.43
138.82
135.18
1 3 1 .5312 .
127. 85
124.15
120.43
116.69
112.92
109.13
105.32
101.49
97.63
93.76
89.85
85.93
81.98

77.68
73.84
69.9E

HEAT TRANSFER OVERALL U
M&TU/STAGE 8TU/FT2/F/HR
1465319. 578.85
1473303. 578.30
1481351. 577.66
1489465. 576.92
1497646. 576.08
1505893. 575.13
1514208. 574.07
1522592. 572.90
1531044. 571.61
1539567. 570.18
1548161. 568.62
1556826. 566.92
1565564. 565.08
1574374. 563.07
1583259. 560.90
1592219. 558.56
1601254. 556.04
1610366. 553.32
1619555. 550.41
1628822. 547.29
1638168. 543.95
1647595. 540.37
1657102. 536.56
1666690. 532.48
1676362. 528.14
1686116. 523.51
1695956. 518.58
1705880. 513.34
1715891. 507.76
1725989. 501.83
1736176. 495.53
1746451. 488.83

TOTAL AREA=

1497153.
1505992.
1514845.

469.57
462.55
455.09

TOTAL AREA=

AREA
SQ FT/STAGE
360088.
361140.
362267.
363473.
364762.
366 138.
367605.
369168.
370832.
372603.
374488.
376493.
378624.
380892.
383304.
385870.
388600.
391506.
394602.
397901.
401418.
405171.
409180.
413465.
418051.
422965.
428236.
433900.
439995.
446565.
453664.
461 349.

12544314.

404587.
413209.
422419.
1240214.

GRAND TOTAL AREA= 13884528.

FIGURE 10.6
COMPUTER PRINTOUT FOR CASES C AND E

(Sheet 2 of 3)
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79.81
75.96
72.08

HEAT REJECTION
6.1201
6. 1096
6.1006

SECTION
7.8805
7.8795
7.8800



BRINE HEATER DATA

SFEAM PRESSURE= 13.3 PSIA, STEAM TEMPERATURE= 207.0 DEG F.
TEMPERATURE RISE OF BRINE THROUGH HEATER= 11.370 DEG F.
LOG MEAN TEMPERATURE DIFFERENCE= 11.785
OVERALL HEAT TRANSFER COEFFICIENT = 536.16 BTU/FT2/F/HR
HEAT REQUIREMENT OF HEATER IS 5023.820MMBTU/HR
AREA REQUIREMENT OF HEATER IS 795097. SQ.FT.
STEAM REQUIREMENT= 538 4 588. LB/HR
PERFORMANCE RATIO= 10.36 LBS PRODUCT/MBTU

DESIGN DATA

HEAT RECOVERY SECTION

TOTAL SECTION LENGTH IS 497.84
VELOCITY OF RECYCLE BRINE IN TUBES IS 6.500 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 71.49 PSI
OUTSIDE DIAMETER OF TUBES IS 0.7500 INCHES
WALL THICKNESS OF TUBES IS 0.0420 INCHES

HEAT REJECTION SECTION

TOTAL SECTION LENGTH IS 54.62
VELOCITY OF RAW SEA WATER IN TUBES IS 6.500 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 9.01 PSI
OUTSIDE DIAMETER OF TUBES IS 0.7500 INCHES
WALL THICKNESS OF TUBES IS 0.0490 INCHES

BRINE HEATER

TOTAL NUMBER OF TUBES IN HEATER IS127505.
VELOCITY OF RECYCLE BRINE IN TUBES IS 7.000 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 4.98 PSI
LENGTH OF TUBES IS 31.76 FEET
OUTSIDE DIAMETER OF TUBES IS 0.7500 INCHES
WALL THICKNESS OF TUBES IS 0.0490 INCHES

TOTAL RECYCLE BRINE PUMP HEAD IS 90.30 PSI

FIGURE 10.6
COMPUTER PRINTOUT FOR CASES C AND E

(Sheet 3 of 3)
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Cases C and E. A summary of Desalting Plant Data is given in Table

10. 4, Summary of Desalting Plant Data.

TABLE 10.4
SUMMARY OF DESALTING PLANT DATA

Cases C & E

Water Production, mgd

Performance Ratio, lb product/ 1000 Btu

Number of Stages

Terminal Temperature Difference, F

Maximum Brine Temperature, F

Total Brine Heater Duty, billion Btu/hr

Total Pumping Power, Mwe

Total Heat Transfer Surface, million sq ft

Approximate Site Requirement, acres

150

10. 36

35

5. 5

200

5. 025

50

14. 7

13-16

DESALTING PLANT PROCESS SELECTION

Case A

Several desalting processes were evaluated to determine which would be

the most economical for this application. Reverse osmosis and freezing

were not considered to be sufficiently developed to attempt extrapolation

to 150 million gallons per day. The electrodialysis process, though

highly developed for brackish waters, is not economical for sea water

conversion because power consumption is excessive.
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Among the evaporative conversion processes, long-tube vertical multiple
effect (LTV), vapor compression, multiple effect multistage flash, and
multistage flash were investigated. The relatively small amount of
demonstrated commercial operation on sea water with the LTV process
is not comparable to the much larger operating experience with the multi-
stage flash process.

The vapor compression process is not developed to the stage necessary
to recommend its use as a single system for the production of 150 mgd,
but it was considered in combination with multistage flash in the case
where a relatively high water to power production ratio (150 mgd and
200 Mwe, Case A) was required.

Combination vapor compression-multistage flash plants which were
compared with a conventional 150 mgd multistage flash plant in an
attempt to find a more economical alternative are:

- Parallel Vapor Compression and Multistage Flash Evaporation

A vapor compression plant operating in parallel with a 250 F

brine multistage flash plant, with high pressure reactor steam
at 850 psia driving the vapor compressor turbine and exhausting
into the brine heater of the flash plant, providing all of its heat
input.

Water production was divided into 73 mgd by vapor compression

and 77 mgd by multistage flash. This combination required the
least amount of steam, but its energy cost for high pressure

steam (at 27. 2 cents per million Btu) and electricity (at 4. 00
mills per kwhr) was 48 percent greater than for multistage flash,

and the capital cost would be at least as great.

- Combined Vapor Compression and Multistage Flash Evaporation

A part of the recycle brine from a flash plant is diverted, just

before the brine heater, to feed a vapor compression plant. The
vapor compression plant discharges its blowdown into the flash

plant's brine heater, and thevapor compression product, 45 mgd,

flashes down with the multistage flash product, 105 mgd. As in

Parallel Vapor Compression and Multistage Flash Evaporation

above, high pressure steam is used to drive the vapor compressor

turbine and exhausts into the flash plant's brine heater. In addition,

an equivalent amount of 17 psia back pressure steam, from the

power plant turbine, is needed at the brine heater. The energy

cost for this combination was 33 percent greater than for multi-

stage flash. It was necessary to reduce the maximum brine

temperature from 250 F to 210 F to prevent scaling in the flash

plant, due to the blowdown of vapor compressor plant brine into

the flash plant recycle stream.
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- Series Vapor Compression and Multistage Flash Evaporation

A combination similar to Combined Vapor Compression and

Multistage Flash Evaporation, but with separate condenser

tubes in the flash plant preheating fresh sea water feed for

the vapor compression plant, which then discharges doubly

-oncentrated brine into the flash plant's brine heater. This

permits operation of the flash plant at 250 F and reduces the

total steam requirement below that of the combined vapor

compression and multistage flash evaporator. The energy

costs for this system are still 28 percent higher than for

multistage flash, with at least equivalent capital costs.

Electrical drive for the vapor compressors was considered, but this was

more expensive than any of the above systems. Since none of these vapor

compression combinations appeared to be as economical as multistage flash,

they were not considered further.

Two multiple effect, multistage flash (MEMS) plants were also considered

for the Case A plants. The first MEMS plant evaluated had three effects,

with a total of 59 stages and a maximum brine temperature of 270 F; the

second had four effects, a total of 120 stages and a 270 F brine tempera-

ture. Both plants, with performance ratios of about 20 lb per 1000 Btu,

produce desalted water for approximately 30 to 31 cents per 1000 gallons.

A comparable multistage flash plant, with 45 stages, a maximum brine

temperature of 250 F, and a performance ratio of 14, produced water

for approximately 29 cents per 1000 gallons.

The flash and MEMS plants received steam at 11.4 and 12 cents per

million Btu, respectively, and electrical power at four mills per kilowatt-

hour. The more efficient MEMS plants required less steam than the

single effect flash plant, resulting in a reduction of back pressure power

plant size from 200 to about 140 Mwe. It was therefore not possible to

match a 150 mgd MEMS plant with a 200 Mwe back pressure turbine
power plant without wastefully decreasing the efficiency of the MEMS
plant. The possibility of increasing the dual plant power output by add-
ing a condensing turbine to the power plant was examined. This system,

as well as the back pressure turbine-MEMS combination, did not show
any cost advantage over a conventional multistage flash system. Since

the MEMS process is not as highly developed as ordinary multistage

flash, and did not show a cost advantage, multistage flash was chosen

as the process best suited for the MWD Case A desalting plant. The

characteristics of the Case A plant are given in Table 10. 5, Summary

of Desalting Plant Data, Case A.
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TABLE 10.5
SUMMARY OF DESALTING PLANT DATA

CASE A

Water Production, mgd 150

Performance Ratio, lb product/1000 Btu 14. 45

Number of Stages 45

Terminal Temperature Difference, F 4. 9

Maximum Brine Temperature, F 250

Total Brine Heater Duty, billion Btu/hr 3. 674

Total Pumping Power, Mwe 36

Total Heat Transfer Surface, million sq ft 15. 9

Approximate Site Requirements, acres 12-15

Because of the higher cost of electricity in Case A, the in-tube brine
velocity was reduced to 5. 0 fps, compared to 6. 5 fps in Cases C and E.
This is the reason for the reduced power requirement.

It may also be noted that the power-to-water ratio in the Case A plant is

too low to permit an overall optimum conceptual design, and none was
attempted. Within the limits permitted by the desired power-to-water
ratio, the selected design will produce minimum cost water.
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Cases C and E

Among the possible variations of the multistage flash process that were
evaluated are once-through sea water feed without scale-prevention

chemicals, recycle flash with phosphate -type scale -inhibiting additives,
and recycle flash with acid scale-prevention pretreatment.

The once-through process, which can be operated with brine temperatures

up to 175 F, was economical but its large demand for low pressure steam
requires a considerable fraction of the power plant's turbine instal-

lation be of the back pressure type. Since this increases the overall
size of the power plant and reduces its ability to satisfy the power system

load factor requirements, the once-through flash process was not pursued

further, and recycle multistage flash was the water desalting process
finally selected for Cases C and E.

Detailed cost estimation and process optimization were performed to

determine the operating conditions for this process required to produce
water at minimum cost. The procedure and results of that determination

appear under Optimization Results in this chapter.

Because of the insensitivity of the cost of water to variations in plant
parameters in the region of the optimum, the same conceptual design of

the desalting plant is used in Cases C and E since the costs of steam and

power are very nearly the same in the two cases .
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CHAPTER ELEVEN
CONCEPTUAL PLANT DESCRIPTIONS

GENERAL

The five power plants and two desalting plants selected for design
comparison and cost analysis, required for a determination of the plant

to be designed and analyzed in Phase III, are described in this section.

Each case utilizes a light water nuclear reactor steam supply. The

Irvine Ranch site was selected for detailed study of each plant arrange-

ment because it was the most economical site under detailed review at the

time it was decided to make this comparison and analysis. Further, it
was judged that a comparison of one plant arrangement (Case E) at the four

acceptable sites would provide the District with adequate site economic

comparison data (see chapter 8). Plot plans for Cases A, B, C, D, and E
are shown on plates 11. 1 through 11. 5.

Case A comprises a dual-purpose plant, to be owned and operated by the

Metropolitan Water District, for the production of water and sufficient
power to supply internal requirements of the desalting plant, to pump prod-

uct water to Diemer, and to supply other MWD system electrical require-

ments.

Case B covers a single-purpose plant for the production of power and is

used as a reference plant to determine the cost of power and water from

the Case C plant.

The dual-purpose Case C plant produces water and a quantity of power in

excess of MWD's needs. It is assumed that the excess would be sold at

the cost of power developed in Case B.

Case D is a single-purpose plant with twice the capacity of Case B, and is
used as a reference plant to determine the cost of power and water from

the Case E plant.

The Case E dual-purpose plant would be owned and operated under an
agreement between the Metropolitan Water District and the Task Force of

electric utilities (Southern California Edison Company, San Diego Gas and

Electric Company, the Los Angeles Department of Water and Power, and

possibly others).
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POWER AND DESALTING PLANT CAPACITIES

Desired water and power production, from the cases selected for compar-

ison, are discussed in chapter three under Economic Ground Rules. Water

plants for the dual-purpose plants (Cases A, C, and E) will produce 150

million gallons per day of desalted water. Power plant capacities are as

follows:

ELECTRIC POWER SUMMARY - MEGAWATTS

Case A Case B Case C Case D Case E

Power Plant Auxiliaries 20 45 61 90 113

Desalting Plant Auxiliaries 37 - 53 - 53

Product Water Pumping 28 - 28 - 28

MWD Power 119 - 100 - 100

Net Power - 755 638 1510 1506

GROSS TURBINE POWER 204 800 880 1600 1800

Back Pressure Turbine 204 - 490 - 490

Condensing Turbine(s) - 800 390 800 655
(2) (2)

DESCRIPTIONS OF POWER PLANTS

The power plants described have nuclear steam supply systems using

light water reactors (one for Cases A, B, and C and two for Cases D and

E), with thermal capacities sufficient to meet the steam requirements of

turbine-generator operation, and auxiliary steam for the power and desalt-

ing plants. Each single-purpose plant has condensing turbines (one for

Case B and two for Case D). Each dual-purpose plant (Cases A, C, and E)

has a back pressure turbine to supply exhaust steam required by the desalt-

ing plant brine heaters. In addition, condensing turbines (one for Case C

and two for Case E) are sized to provide, with the back pressure turbine,

total power required for the case.

The nuclear steam supply systems are complete with reactors, coolant

pumps, containment vessels, and all other pumps, vessels, heat exchangers,

auxiliary equipment and controls required for safe, dependable, and efficient
operation.
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Light water reactors, of either the pressurized or boiling water type, are

technically and economically applicable to the power plants under consid-

eration.

The turbine systems, including the condensate and feedwater pumps, con-

densate polishing demineralizers, condensers, feedwater heaters, and all

other pumps, vessels, auxiliary equipment, and controls have been situated

and sized for safe, dependable, and efficient operation. Large diameter

steam piping is connected between the back pressure turbine exhausts

(Cases A, C, and E) and the brine heaters; condensate piping is used for

return to the feedwater cycle. Condensate pumps are located adjacent to

the brine heaters in the desalting plant.

The power plant electrical system, in each case, consists of the following

equipment: turbine-generators, unit main transformers, power plant

switchyards, outside source tie feeders, unit auxiliary transformers, high

and low voltage switchgear and motor control centers, d-c and a-c control

circuits, relays, and other necessary equipment.

The auxiliary power system for the electrical load associated with the

nuclear steam supply system is designed for maximum reliability and is

arranged so that:

- No single component or equipment failure can result in a total loss

of a-c auxiliary power.

- If any one auxiliary transformer is lost, the remaining auxiliary

transformers will automatically carry 100 percent of station load.

- In the highly improbable event of concurrent loss of auxiliary a-c

power from the generator terminals and an outside source, a third

source of adequate capacity is immediately made available to supply

power to all electrical auxiliaries required for an orderly shutdown.

Cooling water heat exchangers, pumps, and tanks are furnished to supply

cooling water for the nuclear and turbine systems. Heat is removed from

the cooling water by circulating sea water through the exchangers.

Power plant circulating sea water systems furnish water to the condensers

and the cooling water heat exchangers. For the desalting plant, (Cases A,

C, and E) sea water is used in the heat rejection section of the evaporators

and is also used for makeup to the desalting plant. In all cases, the raw

salt water intake and discharge systems are designed for vertical mixed

flow pumps, pipe velocities (both sea lines and land lines) of approximately

7 fps and flow velocity across traveling water screens of 3. 5 fps gross.

All systems control marine growth by the recirculation of warm discharge

water for heat shock and by periodic chemical treatment. All systems are
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provided with sufficient equipment to collect and dispose of trash, fish,

and other materialwhich might be brought into the intake structures. Supply

and discharge land lines for the desalting plants are pipe or cast in place

conduit. Supply lines for the power plants are pipe or cast in place conduits

so arranged that each pump supplies one-half of two separate condensers.

This arrangement provides for continued turbine operation with one pump

out of service at higher back pressure. Discharge from the power plants

will be by common pipe or cast in place conduit.

Site preparation requires either excavation or fill to elevation 20 feet

(except for Case A power plant, which will be at elevation 60 feet since

pumping sea water to condensers is not required). Access roads to the site

and perimeter roads around equipment and buildings are included. Spread

footings are used for support of structures and equipment.

Buildings and structures are furnished for the reactors , turbines , fuel

handling and storage , plant services , maintenance and warehousing, nuclear

auxiliary facilities , heating and ventilation, control rooms , and adminis-
tration. In addition, an operations and control building is located in the

desalting plant area. Outdoor type, open construction is generally used for

the turbine structure except where screen walls and rooms for special

equipment are required. Turbine decks are 30 feet above ground level with

adjacent feedwater heater decks 18 feet above ground level.

The administration building contains facilities for the plant superintendent

and the administrative, engineering, and clerical staff. Space is included

for a conference room, reception and telephone facilities, records, and

heating and ventilating equipment.

The service building includes space for warehousing materials and equip-

ment, a machine and maintenance shop, locker rooms, showers, personnel

decontamination facilities, instrument repair and calibration shops, a tool

room, laboratories, offices, first aid room, and equipment necessary for

power and desalting plant services.

Power plant control rooms are adjacent to the turbines and reactors. The

cable spreading room is below the control room.

The nuclear auxiliary building, adjacent to the reactor containment vessel,

contains storage tanks for liquid radwaste, gas decay tanks, heat exchangers,

boric acid tanks, drain tanks, and pumps required for liquid and gas transfer.

The fuel handling building has storage space for new fuel, a pit for under-

water storage of spent fuel, decay heat exchangers, pumps, filters, and a

gantry crane for handling fuel elements and casks. The pit will be connected

to the reactor refueling cavity by a tube for the transfer of fuel elements.
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Ventilation air entering the containment vessel, the fuel handling building,
and the nuclear auxiliary building is filtered and distributed by fans in each
building. Part of the filtered air is recirculated and the balance is dis-
charged to the ventilation building, where it is filtered, monitored, and
discharged to the stack.

Storage tanks are furnished for cooling water, borated water, condensate,
fire protection, service water, and lube oil, all with pumping facilities
required for transfer.

All other systems and facilities required for power plant operation, includ-
ing makeup demineralizers, compressed air, service water, fuel handling,

fire protection, radwaste handling and storage, heating and ventilating,
maintenance and repair, and administration are provided. Computer con-

trolled operation of the power plant is not included.

NUCLEAR STEAM SUPPLY SYSTEMS

Reactor

Fuel

Reactor fuel is assumed to be UO2 with zirconium alloy cladding. A zone
loading scheme is used for fuel cost projection.

Control

Mechanical rod control, coupled with varying density poison composition,

or moderating properties of the coolant, is used to control the reactor.

Fuel Handling System

Refueling and Transfer Systems

For personnel protection, the refueling process is performed under water.

Consequently, fuel assemblies are removed from the reactor core under

water and transferred from the plant containment vessel to a waterfilled

spent fuel storage pit outside the containment vessel.

After allowing sufficient storage time in the spent fuel pit for activity to

decay to a permissible level, the assemblies are transferred into a

shielded cask for shipping offsite. The shipping cask is assumed to weigh
100 tons.
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New fuel assemblies, received by rail or truck, are stored in the new fuel
storage building. Special portable transport equipment is used to transfer
new fuel from storage to the refueling pit.

Fuel Storage Areas

New fuel storage is normally required for one-third of the core. During
initial core loading, temporary safe storage is provided for the other two-
thirds of the core assembly.

The spent fuel storage pit has a fuel assembly storage capacity of one and
one-third cores. Necessary water depth and storage pit wall thickness are
provided for personnel protection.

Radwaste Treatment System

General

One radwaste treatment system is designed to handle wastes associated

with one-tenth of one percent of leaking fuel elements. This radwaste
treatment system processes all radioactive solid, liquid, and gaseous
waste for ultimate disposal. Reactor coolant system drain tank and pumps
are located in the reactor containment vessel. All other system equipment
is installed in, or near, the waste disposal facility in the nuclear auxiliary
building.

Principal radioactive wastes are fission products that may leak from the
reactor core and activated metal corrosion products in coolant water.

Where no defects have occurred in fuel element cladding, the only fission
products in the coolant will be trace amounts of fuel normally found on the

external, cladding surface of these elements. Under such conditions,

coolant radioactivity will be of a low order, mainly due to induced activity
in dissolved and suspended metal corrosion products from coolant piping
and equipment. This is the expected normal operating condition of the

plant; i. e. , liquid and gaseous wastes of extremely low activity.

The order of magnitude of radioactivity from these sources in an equilib-

rium reactor coolant is approximately as indicated on the following page:
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Isotopes

Kr 8 5

Kr 8 5 (m)

Kr 8 7

Kr8 8

Rb8 8

Sr8 9

Sr9 0

I131

I132

133

135

Xe 13 3

Xe135

Cs 137

Activity (uc/cc)

1

1/4

1/4

1/3

1/2

1/300

1/ 10, 000

2

1/5

2

1

50

2

10

Soft solids, such as contaminated clothing, rags, wiping towels, paper,

gloves, shoe coverings, etc. , will be compressed into 50-pound bales in

a baler provided in the design. These bales will be stored in an onsite

storage vault to permit radioactive decay before removal for offsite

disposal.

Such hard solids as shoes, pipe fittings, old valve parts, etc. , which may

become contaminated, will also be stored in the onsite storage vault.

Radioactive, spent demineralizers will be removed and stored in the onsite

storage vault.
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The storage vault is in the controlled access radioactive waste disposal
area and is sized for storage of all solid radwastes expected to accumulate

over a minimum period of three years.

Liquids

A portion of radioactive liquid waste is due to the change of primary coolant

poison concentration during normal operation. At the same time, an addi-

tional quantity of liquid radwaste will be produced by the expansion of

primary coolant during startup from a cold shutdown.

Liquid radwaste will also be obtained from the primary system drain tank,
containment vessel sump pump, radwaste building sump, laundry, showers,

lab drain tank, and volume control tank.

Principal equipment involved for handling liquid radwaste are storage

tanks, demineralizers, and pumps. All of this equipment is in the nuclear
auxiliary building.

Liquid radwaste at controlled levels will be discharged into the circulating

water outfall.

Gaseous

The major portion of reactor coolant radioactivity comes from minute

quantities of fission gases released from the fuel. Some of this gas will

be collected at the pressurizer discharge tank and at the primary system

drain tank, and some will come from liquid radwaste holdup tank vents

and gas stripper.

Collected gas will be monitored and then, depending on the quantity of gas

and its activity, either mixed with a very large volume of air and discharged

through the stack, or compressed and stored in decay storage tanks where

it will be held for approximately 30 days and then bled into the air discharge

through the stack.

All stack discharge is monitored and coupled with meteorological condition

dilution factors to ensure that it is within 10 CFR 20 requirements.

A direct cycle reactor plant would be designed to safely discharge gaseous

radioactivity wastes. Although the total radioactivity is greater, it should

be noted that the amount of long-lived fission products for a direct cycle

plant would probably be of the same order of magnitude as for a closed

cycle plant.
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Containment Structure

General

Concrete containment offers flexibility for compact and economical

arrangement of plant equipment and the future units.

Shielding

The concrete containment vessel is considered as the secondary shield

for reactor operation. In this study, a reinforced, ordinary concrete cap-

sule is assumed with a steel inside liner of 1/4-inch minimum thickness.
This would limit the direct radiation dose to less than 1 milliroentgen per

hour in working areas during normal operation.

Size and Configuration

Determination of containment size is governed by the NSSS layout and the

free air volume required for steam expansion resulting from a nuclear

incident. For structural reasons, a cylindrical configuration of concrete

construction is more suitable than, for instance, a spherical geometry.

Accordingly, a cylindrical containment vessel is used for this study.

Pressure and Leak Rate

The calculated pressure resulting from a complete release of primary

coolant into the containment vessel would give a pressure of 67 psig. The

leak rate is assumed to be 0. 1 percent of the total free air volume per day.

CASE A: MWD MINIMUM SIZE, DUAL-PURPOSE PLANT

General

The conceptual design for the Case A power plant is depicted on Plate 11. 1,

Plot Plan; Plate 11. 6, Steam, Feedwater and Condensate Basic Flow

Diagram; and Plate 11. 7, One Line Electrical Diagram. Typical equip-
ment arrangements are shown on plates 11.8, 11.9 and 11. 10.

Steam cycle conditions for Case A are established by the maximum

exhaust steam temperature that can be tolerated in the brine heaters

without scaling, maintenance of reasonably efficient main steam tempera-

ture and pressure conditions, and the MWD requirement that only enough
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power be generated to supply the desalting plant auxiliaries, product pumping,
and other MWD system electrical uses. It is assumed that the top brine tem-

perature of interest for the Case A desalting plant is 270 F. Subsequent analy-

sis of the Case A desalting plant, as discussed in Chapter 10, indicated that
a top brine temperature of 250 F resulted in the lowest cost of water.

Turbine Generator

A single 1800 rpm turbine generator for Case A, tandem-compound, with

double-flow exhaust at 47 psia back pressure provides steam to the desalting

plant brine heaters. Throttle flow is 5, 0 36, 000 pounds per hour at 650 psia,

495F; exhaust flowis 3,876,000pounds per hour. Gross turbine generator

capacity is 204, 000 kw. There are two extraction stages, one from the high
pressure casing and one from the low pressure casing. High pressure turbine

exhaust steam passes through moisture separators and is reheated by 376, 000
pounds per hour main steam before entering the low pressure element at

133 psia. Heat rate for the turbine cycle is 21, 608 Btu per kwhr.

The generator is rated at 227 Mva, 20 kv, 3 phase, 60 cycle, 0. 90 pf, 0. 58

short circuit ratio. It has a conductor cooled stator and a hydrogen cooled
rotor. The exciter is motor driven.

The generator is connected to the 66 kv power plant switchyard through the

unit main transformer rated at 192/215 Mva FOA, 55/65 C rise, 69/20 kv,
3 phase, 60 cycle with 15 percent impedance at 192 Mva.

The 66-kv switchyard oil circuit breakers rated 69 kv, 2500 Mva, 1200

amps provide a connecting point for:

- Unit main transformer

66-kv dual-purpose outside source tie feeder

- Outside source to the power plant auxiliaries

- Overhead transmission line to the water plant substation transformer

Steam, Feedwater, and Condensate

Condensate enters the system from the desalting plant brine heater conden-

sate pumps at 257 F and passes through a gland steam condenser, then
divides into two streams, each with a low pressure second point heater

and a high pressure first point heater. Condensate temperature leaving

the first point heaters is 411 F. Two motor driven feed pumps are piped

in parallel between the first and second point heaters. First point heater

shells receive the main steam supply, condensed in the reheaters, as well
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as first point extraction steam; the heater drains cascade to the second

point heater shell. Drain water from the second point heaters and water

removed in the moisture separators is pumped into the feedwater cycle

upstream of the feedwater pumps.

Nuclear Steam Supply System (NSSS)

Plant designis predicated on a 2-loop steam supply from the 1325 Mwt

nuclear reactor with a steam flow rate of approximately 5, 410, 000 pounds

per hour.

The determination of containment vessel size is governed by NSSS layout

and free air volume required for nuclear incident steam expansion. A

cylindrical containment vessel is used for this study, with an inside

diameter of 98 feet, walls 5 feet thick, and a straight cylindrical section

height 90 feet. The capsule has a hemispherical top and a flat base.

Auxiliary Power System

The power plant auxiliary power system is outlined on Plate 11.7, Case A,

One-Line Diagram. Its basic elements are:

- Two 41 6 0-volt, 250-Mva, 2000-amp busses 1 and 2, for power plant

auxiliaries rated above 250 hp.

- Two 15/20/25-Mva, OA/FA/FA, 65 C rise, 3-phase, 6 0-cycle

auxiliary transformers No. 1 and 2 are supplied each with an emer-

gency rating equal to 100 percent of station load.

- Under normal operating conditions, 41 6 0-volt bus 1 is supplied from

the generator through unit auxiliary transformer 1 and the 41 6 0-volt

bus 2 is supplied from outside source auxiliary transformer 2.

- If either power source is lost, the affected bus is immediately trans-

ferred to the live source through the bus transfer scheme .

- 480-volt switchgear assemblies are assigned separately to power plant

auxiliaries up to 250 hp. Each 480-volt bus is supplied from a 1500/
1725-kva, 55 C rise, 41 6 0/480-volt, 3-phase, 6 0-cycle station service

transformer.

- Two diesel-driven generators, rated at 2000 kw, 4160 volt, 3 phase,

60 cycle, and 1000 kw, 480 volt, 3 phase, 60 cycle, supply

emergency power for the vital NSSS auxiliaries .
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Circulating Water System

Case A uses three 194, 000-gpm pumps to supply raw salt water to the

desalting plant. Since this power plant uses non-condensing turbines, only

cooling water is required at the power plant and this will be supplied from

the desalting plant intake structure. All discharge passes through the

outlet structure where heat shocking gates and cross-over chambers are

located.

Power Plant Auxiliary Systems

Condensate system makeup uses product water from the desalting plant

and condensate from the flash evaporator air ejector condensers. Makeup

water passes through demineralizers and then goes directly to the conden-

ser or to the 500, 000-gallon condensate storage tank.

A 400, 000-gallon service water tank maintains a reserve for fire fighting

and general plant use. Service water and fire pumps are provided.

In addition to the turbine lube oil reservoir, there is a lube oil conditioner,

a lube oil centrifuge, and storage tanks for clean and dirty oil, each with a

capacity of 12, 000 gallons.

Chemically inhibited condensate is used in the cooling water system to

remove heat from pump bearings, oil coolers, hydrogen coolers, sample

coolers, decay heat exchangers, and air compressor aftercoolers. The

cooling water system consists of a 19, 000-gallon storage tank, two full-

capacity pumps, and two full-capacity heat exchangers. Sea water for the

heat exchangers is supplied by two full-capacity pumps in the desalting

plant intake structure.

Three air compressors, each with a capacity of 300 cfm, air receivers,

and filters, supply combined instrument and service air requirements.

In addition, air dryers are furnished for the instrument air system.

CASE B: MWD MAXIMUM SIZE, SINGLE-PURPOSE PLANT

General

The conceptual design for the Case B power plant is depicted on Plate

11. 2, Plot Plan; Plate 11. 11, Steam, Feedwater, and Condensate Basic

Flow Diagram; and Plate 11. 12, One Line Electrical Diagram. Plates

11.8, 11.9, and 11. 10 show turbine equipment arrangements for Case B

at elevation 20 feet, 38 feet, and 50 feet. These arrangements are

typical for all cases with modifications for sizes and quantities.
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Turbine Generator

A single, 1800 rpm tandem-compound, six flow turbine generator, with

three double flow low pressure elements exhausting at 1-1/2 in. Hg into

three condensers is used for Case B. Throttle flow is 9, 033, 000 pounds

per hour at 800 psia, 555 F; exhaust flow is 5, 503, 000 pounds per hour.

Gross turbine generator capacity is 800, 000 kw. There are six extraction

stages, two from the high pressure casing and four from the low pressure

casings. High pressure turbine exhaust steam passes through moisture

separators and is reheated by 741, 000 pounds per hour main steam before

entering the low pressure turbines at 143 psia. Heat rate for the turbine

cycle is 9816 Btu per kwhr.

The generator is rated at 890 Mva, 24 kv, 3 phase, 60 cycle, 0. 90 pf,

0. 58 short circuit ratio. It has a conductor cooled stator and a hydrogen

cooled rotor. The exciter is motor driven.

The generator is connected to the 230-kv power plant switchyard through

the unit main transformer rated at 775/870 Mva, FOA, 55/65 C rise,

230/24 kv, 3 phase, 60 cycle.

The 230-kv switchyard provides a connecting point for:

-- Unit main transformer

- Two 230-kv dual-purpose tie feeders

- Two outside sources to the power plant auxiliaries

Steam, Feedwater, and Condensate

Three, single-pass condensers, with divided water boxes and deaerating

hotwells, each with one-third capacity fifth and sixth point feedwater

heaters in the neck, are provided. Four condensate pumps, each rated

for one-third of the total flow, pump condensate through parallel gland

steam and air ejector condensers. Part of the condenser hotwell flow

passes through the polishing demineralizer, and then returns to the main

condensate stream. Condensate flow is split three ways to pass through

the fifth and sixth point heaters. Feedwater from the fifth point heaters,

with drain water from the sixth point heaters, is split into two streams;

each stream has half-capacity fourth, third, and second point low pressure

heaters. Two motor driven feed pumps feed the two half capacity first

point high pressure heaters. Feedwater leaves the first point heaters at
450 F. First point heater shells receive drain water from the reheaters
and first point extraction steam; the heater drains cascade to the second

point heater shell. Second point heater drain water is pumped into the
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feedwater cycle upstream of the feed pumps. Water removed in the turbine

steam moisture separators flashes in the third point heaters; the third

point heater drains cascade to the fourth point heaters. Fourth and fifth

point heater drain water cascades to the sixth point heater and is then

pumped into the feedwater system ahead of the fourth point heaters.

Nuclear Steam Supply System

Design of Case B is predicated on a 3-loop steam supply from the 2305
Mwt nuclear reactor, with a steam flow rate of approximately 9, 770, 000

pounds per hour.

The containment structure has an inside diameter of 117 feet with walls 5

feet thick, a straight cylindrical height of 90 feet, a hemispherical top
section, and flat base.

Auxiliary Power System

The power plant auxiliary power system is outlined in the Case B One Line

Diagram. Its basic elements are:

- Three 7. 2-kv, 2000-amp, 500-Mva busses 1A, 2A, and 3A, operating
at 6. 9 kv, for power plant auxiliaries rated above 1500 hp.

-- Three 4. 16-ky, 250-Mva, 2000-A busses 1B, 2B, and 3B, for power
plant auxiliaries between 250 hp and 1500 hp.

-- Three 20/26. 6/33. 3-Mva, OA/FA/FA 65 C rise, 3-phase, 6 0-cycle

auxiliary transformers 1, 2, and 3, each with an emergency rating

equal to 50 percent of station load. The auxiliary transformers are

equipped with two separate secondary windings and taps rated as

follow s:

6. 9-kv winding - 15/20/25 Mva

4. 16-kv winding - 6/8/10 Mva

-- Under normal operating conditions, busses IA and 1B are supplied

from the generator through unit auxiliary transformer 1. Outside

source auxiliary transformers 2 and 3 supply busses 2A, 2B, and

3A, and 3B, respectively.

- If any one of the three sources to the auxiliary power system is lost,

separate loops are established between the 7. 2-kv and 4. 16-kv bus

systems, thus transferring the affected 7. 2-kv and 4. 16-kv busses to

the two live sources.
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- 480-volt switchgear assemblies are used for power plant auxiliaries

up to 250 hp. The 480-volt busses are supplied by 416 0/480-volt,
3-phase, 6 0-cycle station transformers.

Circulating Water System

Case B uses a single intake and discharge structure with three 180, 000

gpm pumps, each supplying one-half of the water to two of the three con-

densers. Other features are as stated in the general plant description.

Power Plant Auxiliary Systems

Makeup water for the condensate system is supplied from the plant service

water supply. Makeup water passes through demineralizers and then goes

directly to the condenser or to the 545, 000-gallon condensate storage tank.

The service water system is similar to that in Case A, with a 500, 000-

gallon storage tank. The lube oil system is similar to that in Case A,

increased in size to suit the larger equipment of Case B, with two 14, 000-

gallon storage tanks.

The cooling water system is similar to that in Case A, with a 23, 000-

gallon storage tank. Sea water for the heat exchangers is supplied by

pumps in the intake structure.

The compressed air system is identical to that of Case A.

CASE C: MWD MAXIMUM SIZE, DUAL-PURPOSE PLANT

General

The conceptual design for the Case C power plant is depicted on Plate 11. 3,

Plot Plan; Plates 11. 13 and 11. 14, Steam, Feedwater, and Condensate

Basic Flow Diagrams; and Plate 11. 15, One Line Electrical Diagram.

Typical equipment arrangements are shown on plates 11. 8, 11.9, and 11. 10.

Turbine Generators

Two turbine generators are used for Case C; one 390, 000 kw condensing

unit and one 490, 000 kw back pressure unit, for a total gross capacity of

880, 000 kw and a combined heat rate of 11, 970 Btu per kwhr.
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The back pressure turbine is a tandem-compound, four flow, 1800 rpm

unit with two double flow low pressure elements, each exhausting at 14. 0

psia into steam piping to the desalting plant brine heaters. Throttle flow

is 7, 699, 000 pounds per hour at 800 psia, 555 F; exhaust flow is 5, 400, 000

pounds per hour. Gross turbine generator capacity is 490, 000 kw. There

are six extraction stages, three from the high pressure casing and three

from the low pressure casings. High pressure turbine exhaust steam

passes through moisture separators and is then reheated by 628, 000 pounds

per hour of main steam before entering the low pressure turbines at 143

psia. Heat rate for the back pressure turbine is 13, 679 Btu per kwhr.

The condensing turbine is a tandem-compound, four flow, 1800 rpm unit,

with two double flow low pressure elements exhausting at 1-1/2 in. Hg

into two condensers. Throttle flow is 4, 410, 000 pounds per hour at 800

psia, 555 F; exhaust flow is 2, 684, 000 pounds per hour.

Gross turbine capacity is 390, 000 kw. There are six extraction stages,
two from the high pressure casing and four from the low pressure casings.

High pressure turbine exhaust steam passes through moisture separators

and is then reheated by 361, 000 pounds per hour of main steam before

entering the low pressure turbines at 143 psia. Heat rate for the con-

densing turbine is 9823 Btu per kwhr.

The electrical system is outlined on Plate 11. 15, One Line Diagram,
Case C.

The generators and their unit main transformers are rated as follows:

Generator 1 (condensing unit)

433 Mva, 22 kv, 3 phase, 60 cycle, 0. 9 pf, 0. 58 short
circuit ratio

Unit main transformer 1

370/415 Mva, FOA, 55/65 C rise, 230/22 kv, 3 phase,

60 cycle

Generator 2 (back pressure unit)

544 Mva, 22 kv, 3 phase, 60 cycle, 0. 9 pf, 0. 58 short
circuit ratio

Unit main transformer 2

475/532 Mva, FOA, 55/65 C rise, 230/22 kv, 3 phase,

60 cycle

Generators 1 and 2 have conductor cooled stators and hydrogen cooled

rotors. The exciters are motor driven.
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Functions of the 230-kv switchyard and the two 230-kv tie feeders are the

same as in Case B. The 66-kv switchyard, is utilized for the auxiliary

power systems of the two generators, to provide greater reliability, and

for the desalting plant substation.

Steam, Feedwater, and Condensate

In the back pressure turbine cycle, condensate enters the system at 207 F

from the desalting plant brine heater condensate pumps to condensate

booster pumps. Alternately, the 207 F condensate may be passed through

coolers (cooled with condensate from the condensing turbine cycle) to be

reduced in temperature for flow through the polishing demineralizers.

Three one-half capacity booster pumps are installed in parallel to pump

condensate through a double train of gland steam condensers and 6th,

5th, 4th, 3rd, and 2nd-point low pressure heaters. Two motor driven feed

pumps are piped in parallel to pump through the two half-capacity first

point high pressure heaters and to the nuclear steam supply system. Feed-

water leaves the first point heaters at 450 F. The first point heater shell

receives drain water from the reheaters and first point extraction steam;

the heater drains cascade to the second point heater shell. Second point

heater drain water is pumped into the feedwater cycle upstream of the

feed pumps. Water removed in the turbine steam moisture separators

flashes in the fourth point heaters. Drains cascade from the third point

heaters through the fourth and fifth point heaters to the sixth point heater.

Water from these drains and from gland steam condenser drains is

pumped into the feedwater cycle ahead of the fifth point heaters.

In the condensing turbine cycle, there are two single pass condensers.

Each condenser has divided water boxes and deaerating hotwells. A one-

half capacity fifth and sixth point heater is located in each condenser neck.

Three one-half capacity condensate pumps pump condensate through par-

allel gland steam and air ejector condensers. Part of the flow from the

condenser hotwells passes through the polishing demineralizer and returns

to the main condensate stream. Condensate pump flow splits two ways to
pass through the two coolers for the desalting plant brine heater condensate

and then through the half-capacity fifth and sixth point heaters. Feedwater

from the fifth point heaters, plus drains pumped from the sixth point

heater shells, is split into two streams, each stream having half-capacity

4th, 3rd, and 2nd point low pressure heaters. Two motor driven feed

pumps are piped in parallel to pump through the two half-capacity first

point high pressure heaters and to the nuclear steam supply system.

Feedwater leaves the first point heaters at 450 F. The first point heater

shells receive drain water from the reheaters and first point extraction

steam; the heater drains cascade to the second point heater shell. Second

point heater drain water is pumped into the feedwater cycle upstream of

the feed pumps. Water removed in the turbine steam moisture separators
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flashes in the third point heaters. Drain water cascades from the third

point heaters through the fourth and fifth point heaters to the sixth point
heater and then is pumped into the feedwater system ahead of the fourth
point heaters.

Nuclear Steam Supply System

Design of Case C is predicated on a three loop steam supply from the
3090 Mwt nuclear reactor, with a steam flow rate of approximately

13, 100, 000 pounds per hour. The containment structure has a 137 foot
inside diameter with walls 5-1/2 feet thick and a straight cylindrical height
of 90 feet. The structure has a hemispherical top section and a flat base.

Auxiliary Power Systems

Nuclear plant auxiliaries are supplied from generator auxiliary power

system. This auxiliary power system is basically identical to that in
Case B except that auxiliary transformers 1, 2, and 3 are rated at 15/20/
25 Mva, OA/FA/FA 65 C rise.

Generator 2 auxiliary power system supplies its own unit auxiliaries and
the brine heater condensate pumps of the desalting plant.

Loads above 250 hp are distributed on two 4160-volt, 250 Mva, 2000-A
busses 1 and 2, with an auxiliary transformer rated at 15/20/25 Mva,
supplying each bus under normal operating conditions as in Case A. Oper-

ation of the 4160-volt auxiliary power system, under normal conditions
and on loss of either auxiliary transformer, is similar to Case A.

Circulating Water System

Case C uses a 798, 000-gpm flow to the desalting plant and a smaller
250, 000-gpm flow to the power plant. A single intake structure with

three 280, 000-gpm and two 125, 000-gpm pumps is used. Because the
desalting plant flow is of the greater magnitude, the structure is located
near the desalting plant heat rejection section. Each pump has its own

screening and trash removal system and can be isolated for maintenance.

The inlet bay and heat shocking chambers will be common to all pumps.

Power Plant Auxiliary Systems

Auxiliary systems and buildings for Case C are similar to those in Case A.
Sizes and capacities are increased to meet the requirements of a larger
nuclear steam supply system and two turbine generator units.
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There are two condensate storage tanks, each holding 300, 000 gallons,

one 500, 000-gallon service water tank, two 13, 000-gallon lube oil tanks,

and one 30, 000-gallon cooling water tank.

Compressed air is supplied by four 300 cfm compressors.

A single control room is used for both turbine generator units.

CASE D: TASK FORCE MAXIMUM SIZE, SINGLE-PURPOSE PLANT

General

The conceptual design for the Case D power plant is depicted on Plate 11. 4,

Plot Plan and Plate 11. 11, Steam, Feedwater, and Condensate Basic Flow

Diagram.

Turbine Generators

Two turbine generators are required for Case D, each one identical in

size and capacity to the single turbine generator described for Case B

( plates 11.8, 11. 9 and 11. 10) . Total gross turbine generator capacity

for the two unit plant is 1600 Mw.

Steam, Feedwater, and Condensate

The steam, feedwater, and condensate systems are separate for each unit,

and are duplicates of Case B ( plate 11. 11)

Nuclear Steam Supply System

The nuclear steam supply system for Case D consists of two 2305 Mwt

reactors, each with a steam flow rate of approximately 9, 770, 000 pounds

per hour, similar to the single unit for Case B. The nuclear auxiliary

equipment, fuel storage facilities, and ventilating equipment are common

to the two units.

Auxiliary Power System

The electrical system consists of two identical units, with each unit

similar in capacity and operation to that of Case B ( plate 11. 12) , except

for electric loads associated with the common facilities being distributed

on auxiliary power systems of the two units. The 230-kv switchyard
associated with each unit is also similar to that of Case B.
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Circulating Water System

Case D uses a single intake and discharge structure with six 180,000 gpm
pumps, each supplying water to one-half of two different condensers.

Power Plant Auxiliary Systems

Power plant auxiliary systems and buildings are similar to those in Case B
and are shared in common by both units. Sizes and capacities are increased
to meet the two unit requirements, including spent full storage capacity for

1-2/3 cores.

There are two condensate storage tanks, each holding 545, 000 gallons,
one 500,000-gallon service water tank, two 20,000-gallon lube oil tanks,
and one 50, 000-gallon cooling water tank.

Compressed air is supplied by three 600 cfm compressors.

CASE E: TASK FORCE MAXIMUM SIZE, DUAL-PURPOSE PLANT

General

The conceptual design for the Case E power plant is depicted on Plate 11. 5,
Plot Plan and Plates 11. 13 and 11. 17, Steam, Feedwater, and Condensate

Basic Flow Diagrams. Typical equipment arrangements are shown on
plates 11.8, 11.9, and 11.10.

Turbine Generators

Three turbine generators are required for Case E; two 655-Mw condensing

units and one 490-Mw back pressure unit identical to that for Case C.
Total gross capacity for the three units is 1, 800, 000 kw with a combined
heat rate of 10, 866 Btu per kwhr.

The back pressure turbine is described under Case C.

Each condensing turbine is a tandem-compound, four flow, 1800 rpm unit,

with two double flow low pres sure elements exhausting at 1-1/2 in. Hg

into two condensers. Throttle flow is 7, 388, 000 pounds per hour at 800

psia, 555 F; exhaust flow is 4, 504, 000 pounds per hour. Gross turbine

capacity is 655, 000 kw. There are six extraction stages, two from the

high pressure casing and four from the low pressure casings. High

pressure turbine exhaust steam passes through moisture separators and

is then reheated by 606,000 pounds per hour of main steam before entering

the low pressure turbines at 143 psia. Heat rate from the condensing

turbines is 98 14 Btu per kwhr.
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The condensing unit generators No. 1 and 3 are rated at 727 Mva,

24 kv, 3 phase, 60 cycle, 0. 90 pf with 0. 58 short circuit ratio.

Unit main transformers No. 1 and 3 are rated at 635/712 Mva FOA,
55/65 C rise, 230/24 kv, 3 phase, 60 cycle.

The back pressure unit generator No. 2 and unit main transformer

2 are similar to those in Case C.

All generators have conductor cooled stators and hydrogen cooled rotors.

Their exciters are motor driven.

Generators 1 and 2 are connected to 230-kv switchyard 1. Generator 2 is

connected to 230-kv switchyard 2. Each of the two 230-kv switchyards

is connected to an independent system through two 230-kv dual-purpose

tie feeders.

The 66-kv switchyard is utilized for the auxiliary power systems of

generators 1, 2 and 3 for greater reliability, as in Case C, and for the

desalting plant substation.

Steam, Feedwater, and Condensate

The back pressure turbine cycle is described under Case C. The only

difference for Case E is that one-half of the feedwater flow is directed to

each of the two nuclear steam supply units and one-half of the turbine

steam flow is received from each nuclear steam supply unit.

The cycles for the two condensing turbines are independent and each is

identical to the condensing turbine cycle for Case C. Equipment and

piping is increased in size for the larger flows.

Nuclear Steam Supply System

The nuclear steam supply system will consist of two 2865 Mwt units, each

capable of continuously producing 12, 160, 000 pounds per hour of steam.

The detailed description is the same as in Case D with the exception of a

larger containment structure inside diameter of 131 feet and walls 5-1/2

feet thick. Each unit furnishes the steam required for one condensing

turbine and half the steam required for the back pressure turbine.
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Auxiliary Power Systems

Auxiliaries associated with the nuclear plants are supplied from generators

1 and 3. Auxiliary power system for each of these generators is thus

identical to that in Case B, except for certain common station facilities

being distributed on the two systems.

Generator 2 auxiliary power system and its load are identical to that of

generator 2 (back pressure unit) in Case C.

Circulating Water Systems

Case E requires 798, 000 gpm for the desalting plant and 824, 000 gpm for
the power plant. Two intake structures are employed for this case, one

for the desalting plant and one for the power plant. The desalting plant

structure contains three 280, 000-gpm pumps and is adjacent to the desalting

plant supply and discharge headers. The power plant intake structure

contains four 206, 000-gpm pumps and is adjacent to the two condensing

units. Cooling water for the power plant is supplied from the power plant

intake structure. The two intake structures are independent of each other.

Power Plant Auxiliary Systems

Auxiliary systems and buildings are similar to those provided for Case A,
and are shared in common by the two nuclear steam supply units and three

turbine generator units. Sizes and capacities are increased to meet the

needs of the larger units.

The turbine structure is T-shaped, with the two condensing units in line

and the back pressure unit extending outward. One gantry crane serves

the condensing units and one gantry crane serves the back pressure unit

and the fuel handling building.

There are two 600, 000-gallon condensate storage tanks, one 500, 000-

gallon service water tank, three 13, 000-gallon lube oil tanks, and one

60, 000-gallon cooling water tank.

Compressed air is supplied by four 600 cfm compressors.
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DESALTING PLANTS

General

The desalting plants selected for this study are representative of proven

designs, consistent with the intent to provide the District with operable

plants producing desalted water at minimum cost under the operating

conditions required in each case. Due to the substantial difference in the

requirements of Case A, on one hand, and Cases C and E on the other,

the desalting plant designs for these cases are different. The Case A

plant is designed to produce the required 150 mgd of water from the total

exhaust steam of a back pressure turbine generating the minimum quantity

of electric power required to meet internal demands of the power and

water plants, and MWD's system demand at other points, through exchange

agreements with the electric utilities.

These restrictions impose te following conditions on the Case A Desalting

Plant:

Heat Absorbed in Brine Heaters, Million Btu/hr 3, 674

Steam Pressure at Brine Heater, psia 38

Maximum Brine Temperature, F 250

Maximum Power Generation, Mwe (gross) 204

Several process schemes were investigated prior to adopting the final

selection of a single-effect, multistage flash system. These included the

following:

- Triple- and Quadruple-Effect Multistage Flash

- Vapor Compression and Multistage Flash in

a. Parallel Combination with Electric Drive on Compressor

b. Parallel Combination with Steam Drive on Compressor

c. Series Combination with Electric Drive on Compressor

d. Series Combination with Steam Drive on Compressor

The results and the rationale leading to the adoption of the single-effect,

multistage flash scheme are reported in chapter ten and will not be repeated

here.

The type of plant chosen for Case C, and its operating conditions, were

determined by overall optimization of the whole system including the

power and water plants and the cost of chemical treatment of the feed-

water. However, the possible alternate of once-through sea water flow,

with a maximum brine temperature of 175 F or less, and without feed

treatment, was not considered because this scheme results in an excessive
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amount of power generation from the back pressure turbine. Such a case

would greatly reduce flexibility in meeting varying power demands from the
electric system, while attempting to keep the water plant up to full capacity.

Operating conditions for Case E were essentially the same as for Case C,

and the Case C design was adopted unchanged for Case E.

The appendix to this chapter contains background information which led to

the adoption of materials of construction, sea water treatment methods

for scale prevention, methods for computation of heat transfer coefficients,

flow velocity of recycle brine in condenser tubes, and standards adopted

for thermal insulation and for protective coatings (internal and external).

Descriptions of the various desalting plant designs are contained in the

following pages.

CASE A: MINIMUM POWER GENERATION

Process Description

Plate 11. 16, Preliminary Process Flow Diagram, shows the major liquid

streams flowing through the desalting plant. Sea water, periodically

chlorinated to prevent establishment of marine growth on exchangers, is

used both as coolant and feed for the plant. Net makeup water is acidified,

to decompose carbonates, with acid from the sulfuric acid tank. Carbon

dioxide gas, formed from the decomposition of carbonates, is released in

an open tank before entering the condenser tubes in the heat rejection

section of the evaporator. Acidified feedwater enters the deaerator

section, where it cascades over perforated trays and is stripped by steam

from flashing brine in the heat rejection stage before mixing with recycling

brine leaving that stage. Brine and feedwater streams are at essentially

the same temperature when mixed. A quantity of brine, equal to half of

the net makeup, is rejected to the sea while the rest of the brine is recir-

culated. The balance of the net makeup is accounted for by product water.

Brine from the vacuum sump below the deaerator is recycled through the

condenser tubes of the heat recovery section and through the brine heater

at a rate of about 6-1/2 times the production rate. After being heated to

250 F by steam from the back pressure turbine, the brine flows into the

first stage of the evaporator to begin a series of flashings. The flowing

steam takes its pressure drops from stage to stage through orifices

properly sized for each stage. From the final stage, it returns to the

vacuum sump.

Distilled product water is collected in open trays under the tube bundles

within the evaporator. The distillate flashes from stage to stage as a
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means of recovering sensible heat; its temperature in each stage will be

lower than that of the flashing brine by the boiling point elevation, the
demister loss, and by any superheat in the brine, a total difference of

about 2. 5 F. The distillate leaves the last stages of heat recovery and

rejection at a temperature of about 82 F, and drains to a product sump.

Due to the low temperature of sea water at the site, product water leaving

the heat recovery section can be removed from the cycle at this point without

further cooling. Product water from the heat rejection stages is collected

separately and drained to the same product sump where it mixes with the

warmer product water obtained from the heat recovery section. This

design saves substantial condenser area and pumping power in the heat

rejection stages. Eight pumps take suction from the product sump for the

first stage of product pumping to the Diemer treatment plant. These pumps

are included in the cost of the conveyance system.

The lower left corner on Plate 11. 17, Preliminary Plot Plan, shows sea

water intake facilities that are common with the power plant. Net makeup

water for the evaporators and sea water for cooling is supplied by the

three pumps G-lA, G-1B and G-1C, at the intake structure. Because of

the large lines required by these and similar pumps, motor-operated

butterfly valves are used to control liquid flow. These valves also serve as

positive shutoffs for pump starting and maintenance. The sea water feed

rate is regulated by a level control on the degassing tank, whose throughput

is regulated in turn by a level control on the recycle brine sump. The

cooling water flow is regulated by temperature. For this purpose, a

temperature recorder and temperature difference controller display the

temperature of the flashing brine leaving the last stage and the difference

between the temperature of the flashing brine and the makeup water

entering the deaerator. The temperature difference controller, receiving

its combined input from both streams, regulates the flow of coolant from

the sea water circulating pumps in such a way that the temperature of the

two streams is equalized.

To save pumping costs, makeup water from the degas sing tank is drawn

through the condenser tubes of the heat rejection stages by the deaerator

vacuum. Vacuum to initiate this flow is provided by startup air ejector

H-2.

The quantity of sea water recycled through the recovery section at the

evaporators by the six recycle brine pumps, G-2A through G-2F, is

regulated by a flow controller as the primary variable under control of

the operator. The recycled brine is pumped from the vacuum sump

below the deaerator and returned to the brine heater through the con-

denser tubes in the heat recovery section. Recycled brine concentration

is governed by a flow ratio controller between the product and blowdown

streams. For a recycled brine concentration of twice the sea water

concentration, as is desired in this case, the ratio controller is set by
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the operator to provide blowdown from pumps G-3A, G-3B, and G-3C at
a rate equal to distillate production. In this case, makeup, which is on
level control, becomes twice the desired production rate.

Sample taps are provided at the outlet of the product troughs at the end of

each evaporator vessel to provide samples for laboratory determination

of salinity as required. These facilitate the location of leaking tubes,
should leaks develop. Thermocouples connected to a multipoint indicator
are located at appropriate points at the ends of each evaporator vessel to

measure the recycle brine temperatures, distillate temperatures, and

flashing brine temperatures. Each stage has one observation port for

observing the level and agitation of flashing brine. Non-condensable
gases are removed from the condenser bundles and the deaerator by the

steam ejector system. Auxiliary venting, to relieve temporary air-binding

of any stage, is a duty which must be handled by the operator.

Product from the heat rejection section flows by gravity to the main pro-

duct water sump beneath the last stage of heat recovery. Product discharge

rate is controlled by a level controller at the vacuum sump, which regulates

the control valve on the product water pumps. Product flow is measured

with a venturimeter and an integrating recorder. Salinity is measured,

for control purposes, by a conductivity recorder; audible alarms are

provided in case the salinity exceeds a predetermined value. A similar

control is provided for salinity of the condensate from the brine heaters,

which returns as boiler feedwater to the power plant.

General Plant Description

Evaporator System

The evaporator system is made up of three identical, parallel, 50 mgd

units, each containing 42 heat recovery stages and 3 heat rejection stages.

Each unit has ten rectangular vessels in series flow, similar to those

shown for Case C on Plate 11. 18, Typical Evaporator Vessel. Each

vessel contains interior bulkheads that divide the vessel into a number

of separate stages. Each heat recovery stage has about 1800 square feet

of area for flashing of brine, condensers designed for equal incremental

production of water per stage, and troughs under each condenser to catch

product water distillate. Condenser surface per stage varies from about

105, 000 square feet at the hot end of the heat recovery section to about

143, 000 square feet at the cold end. Each heat rejection stage contains

about 100, 000 square feet of condenser surface. Condenser tubing is

70-30 cupronickel, 3/4-inch diameter, with an 18 gage wall thickness

in the brine heaters and deaerator stages, and a 19 gage thickness

elsewhere.
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Mist eliminators are provided to remove salt spray from vapors that are

to be condensed, and to maintain product salinity below 10 ppm. Each

stage is of steel plate construction, averaging 15 feet long in the direction

of brine flow and approximately 120 feet wide in the transverse direction.

Each stage is 9-1/2 feet high, to provide sufficient volume for the con-

denser tube bundles. Tubes are placed longitudinally within the vessels,

running throughthree, four, or five stages, depending on stage length,

before termination. Baffled air offtakes are suitably placed within the

tube bundles to remove non-condensables. Shell surfaces in stages

operating above 150 F are protected against corrosion by organic coatings.

The deaerator stage is also protected by the same type of coating. Case

A desalting plant Heat and Balance and Material List are shown on Tables

11. 1 and 11.2 for reference.

Each stage is arranged to permit heat and mass transfer by taking pressure

drops from the hotter to the colder stages. Hot flashing brine flows

through interstage orifices, followed by suitable baffle arrangements for

proper distribution. Vapors flashed in each stage rise through mist

eliminators into the condenser section where their latent heat of conden-

sation is recovered in the cooler recycle brine. After leaving the hottest

stage, the recycle brine receives its final heat input in the brine heater.

The heated recycle brine then returns to the evaporator system as the

flashing brine stream, flowing counter to its original direction. The

condensate is collected in troughs in each stage; interstage loop seals

provide the necessary flow continuity and pressure separation. At the

ends of vessels, flow continuity for all streams is provided by means of

water boxes, piping and headers.

Steam System

The steam generating facility in the adjacent power station furnishes

steam for the flash evaporator plant. Back pressure exhaust steam from

the turbines is received at approximately 38. 0 psia, for use in the brine

heater of the evaporator plant. Allowing for all heat losses, a total of

3, 876, 000 pounds per hour of steam is normally required at the brine

heater.

Brine Heater System

For the brine heaters, 70-30 cupronickel tubes are used, 3/4-inch diameter

by about 31 feet long and 0. 049 inch wall thickness. An electric motor-

driven pump returns the condensate from each brine heater to the power

plant at about 264 F. Six brine heaters are provided, or two for each

50 mgd module.
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TABLE 11.1
CASE A

HEAT AND MATERIAL BALANCE
150 MGD DESALTING PLANT

INTO WATER PLANT

Total Enthalpy *
Steam Lb/Hr Temperature Millions Btu/Hr

f'o Brine Heater 3, 876, 000 264. 0 4, 576
To Air Ejector 120, 000 388.0 144

Sub-Total 4, 720

Water

Evaporator Feed 104, 100, 000 60.0 2, 774

Circulating Water 167, 900, 000 60. 0 4, 473
Sub-Total 7, 247

Total 11, 967

OUT OF WATER PLANT

Total Enthalpy *

Condensate Lb/Hr Temperature Millions Btu/Hr

From Heater 3, 876, 000 264. 0 902

From Ejectors 120, 000 70. 0 5
Sub-Total 907

Water

Product 52, 050, 000 81.7 2, 586

Brine Blowdown 52, 050, 000 72. 3 1, 958

Circulating Water 167, 900, 000 72. 3 6, 435
Sub-Total 10, 979

Losses 81

Total Out 11, 967

*Referred to water at 32 F
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TABLE 11.2
CASE A

EQUIPMENT LIST
150 MGD DESALTING PLANT

ITEM
NUMBER

D-1

D-2

D-3

E-1

E-2
A, B,C,D,

E, F, G, H, I

E-3
A, B,C, D,

E, F

G-1

A,B,C

G-2
A,B,C,D,

E, F,

DESCRIPTION

i - -

I

Sulfuric Acid Tank, carbon steel, 15, 000 bbl capacity for

one month supply of 98% acid.

CO2 Release Tank, plastic lined concrete with suitable

retention baffles, open top, 350 ft x 85 ft x 10 ft deep.

Chlorine Tank, pressure cylinder, 6000 gallons, 6 ft

diameter x 30 ft.

Heat Rejection Section of Flash. Evaporator, three stages;

average stage length 15 ft; tubes 3/4 in. OD x 18 gage iron-

modified 70-30 cupronickel; tube sheets approximately

7 ft-5 in. x 3 ft-6 in. x 2 in. thick, of steel with 70-30
cladding; total tube area approximately 890, 000 square feet.

Heat Recovery Section of Flash Evaporator, forty-two

stages; average stage length 15 feet; tubes 3/4 in. OD x

19 gage iron-modified 70-30 cupronickel; tube sheets
approximately 8 ft-0 in. x 3 ft-6in. x 2 in. thick; of steel
with 70-30 cladding; total tube area approximately

14, 670, 000 square feet.

Brine Heaters, shell pressure 38 psia, single pass; tubes
3/4 in. x 18 gage iron-modified 70-30 cupronickel; duty
6. 13 x 108 Btu/hr each, tube area approximately 59, 300
square feet each.

Raw Sea Water Pumps, each 194, 000 gpm capacity, sub-
merged suction, total differential head 25 feet, 88% efficiency,
motor-driven 1500 horsepower each, stainless steel
impeller, Ni-resist case, monel shaft.

Recycle Brine Pumps, each 116, 000 gpm, submerged
suction, total differential head 190 feet, 88% efficiency,
motor driven 6700 horsepower each, monel shaft, stainless
steel impeller, Ni-resist case.
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TABLE 11.2
CASE A

EQUIPMENT LIST
150 MGD DESALTING PLANT

(Continued)

ITEM DESCRIPTION

NUMBER

G-3 Concentrated Brine Blowdown Pumps, each 35, 000 gpm,

A, B, C submerged suction, total differential head 40 feet, 88%

efficiency, motor-driven 400 horsepower each, stainless

steel impeller, Ni-resist case, monel shaft.

G-4 Brine Heater Condensate Pumps, 1500 gpm each, sub-
A, B, C merged suction, total differential head 647 feet, 85%
D, E, F efficiency, motor-driven 300 horsepower each, designed

for fresh water service.

G-5 Fire Water Pump, 200 gpm, submerged suction, discharge
pressure 150 psia, 85% efficiency, designed for raw sea

water service, diesel-engine drive.

G-6 Acid Injection Pump and Spare, capacity 20 gpm concentrated

& G-6S sulfuric acid, differential head 25 psia, 1 horsepower motor.

H- 1 Main Air Ejectors and Condensers, each to remove approx-

A, B, C imately 4000 pounds per hour of CO2 and air, saturated

with water vapor at 70 F and 0. 7 in. Hg absolute.

H-2 Start-Up Air Ejector, capable of pumping one 50 mgd

evaporator system down to 26 in. Hg vacuum in two hours

or less.

K-1 Air Compressors, 300 scfm each, discharge pressure

A, B 125 psig, complete with cooler, air dryer, receiver drum,

and 75 horsepower electric motor drives.

R- 1 Operations and Control Building, including laboratory and

office space, 40 ft x 60 ft.

T- 1 Chlorine Injection Facilities, 1000 lb/hr maximum.
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The deaerator is evacuated and held at an absolute pressure of about 0. 7

in. Hg with a steam jet ejector system. The ejector system is sized to

remove noncondensables from the deaerator of each 50 mgd unit in approx-

imately the following amounts:

Dissolved Air 725 lb/hr

Leakage Air 1275 lb/hr
Carbon Dioxide 2000 lb/hr

Dissolved air enters in sea water makeup. Leakage air is estimated from

the behavior of presently operating multistage flash evaporators. Carbon

dioxide is generated in sea water feed by the acid treatment. It has been

estimated that about half of the total carbon dioxide generated will be

released to atmosphere in the degassing tank. The remaining half must

be removed from the deaerator by the steam jet ejector system.

Noncondensables leave the deaerator saturated with water vapor.

Ejectors have steel bodies with stainless steel nozzles. Ejector conden-

sers have steel shells, cupronickel tubes and tube sheets, and epoxy-coated

steel channels.

Makeup Pretreatment System

Makeup water must be acidified, decarbonated, and finally deaerated

before mixing with the recycle brine to enter the heat-recovery section.

Makeup is taken from the output of the circulating water pumps in the

main sea water intake structure. Motor-operated, rubber-lined, vane

type valves control the flow of the makeup stream. Piping immediately

after acidification, the degassifier, and the deaerator, including all trays,

is lined with neoprene or an organic coating. Flow from the degassing

tank to the deaerator is controlled by a motor operated valve, actuated by

a level control in the recycle sump. The degassifier is an 85 ft x 350 ft

rectangular, plastic lined concrete vessel, with suitable retention baffles

and overflow wiers.

Acid-Injection System

Ninety-eight percent sulfuric acid can be stored in steel with negligible

corrosion. For a four weeks supply, a 15, 000 barrel capacity vertical

tank is used. A single metering pump, with a teflon diaphragm, is to

inject acid at a rate of approximately 14 gpm, equivalent to a 125 ppm

feed. It is estimated that the pH of the makeup water will drop initially

to about 4, and then rise to about 7, af ter elimination of carbon dioxide.

A pH recorder-controller on the recycle brine stream regulates the length
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of acid pump stroke, and hence the rate of injection. The mixing nozzle

for acid injection must be corrosion proof, preferably Hasteiloy C, or

epoxy plastic.

Recycle Brine Pumps

A total of six 125, 000-gpm recycle brine pumps are required, two on each

50 mgd module. These pumps introduce problems of vacuum suction and

low available net positive suction head (NPSH). A deep vacuum sump is

used and multistage vertical pumps are provided. These pumps have

diaphragm-operated, neoprene lined, vane type valves in the discharge

lines which can be used both for throttling control and positive shutoff.

Brine Rejection System

Brine blowdown is that portion of the circulating brine which is rejected

to the sea. In quantity, it will equal the product water flow when a concen-

tration ratio of 2. 0 is used. Total dissolved solids will be about b8, 000 ppm.

Blowdown is pumped from the vacuum sump in the same manner as is

the recycle brine. Construction, material, and controls are substantially

the same as for the recycle pump. Pumping rate is controlled by ratio to

the product, using a flow ratio recording controller. The pump discharges

into the main sea water discharge line.

Product Water System

Product water flowing in open troughs beneath the condenser bundles is

conveyed from stage to stage via internal loop seals. Individual sample

connections in each external loop seal between product water troughs

provide an aid in locating sea water contamination, and can be surveyed

when a continuous analyzer of the product shows an increase in salinity.

Product water, at about 82 F, drains from the troughs into a deep vacuum

sump in the last stage of heat recovery. It is pumped from the vacuum

sump by eight wet-pit pumps which are described more fully in chapter five.

Heat rejection stage product water flows by gravity to the deep vacuum:

sump. This departure from the customary arrangement results in a

capital investment saving and a small saving in pumping power. From

the delivery pumps, the product is monitored for purity by a conductivit\

meter, and then enters the pipeline to the Robert B. Diemer Filtration

Plant where it is blended with the filtered water.
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CASES C AND E: MAXIMUM POWER GENERATION

Process Description

Plate 11. 19, Process Flow Diagram, shows the major liquid streams
flowing through the desalting plant. Sea water, chlorinated to prevent

the growth of marine life, is used as a coolant in the condenser tubes of

the evaporator's heat rejection section.

Most of the coolant is then returned to the ocean. The remainder, which

is used as feed to the evaporators, enters the deaerator section, where
it cascades over perforated trays and is stripped by steam before mixing

with recycling brine leaving the last heat rejection stage. The two
streams are at essentially the same temperature when mixed. A quantity

of flashing brine, equal to half of the net makup, is rejected to the sea
while the rest is recirculated. The balance of the net makeup is accounted

for by product water. A scale-prevention chemical is added to the recycle

brine stream as it leaves the vacuum sump. Although chemical additive
is used to control scale, provision is also made for acid addition for
scale control and flexibility of operation.

Brine from the vacuum sump below the deaerator is recycled through the

recovery section condenser tubes and through the brine heater at a rate

of about nine times the production rate. After being heated to 200 F with

13. 3 psia steam from the back pressure turbine, the brine flows into the

first stage of the evaporator to begin a series of flashings. The flowing

stream takes its pressure drops from stage to stage through orifices

properly sized for each stage. From the final stage, it returns to the

vacuum sump.

Distilled product water is collected in open trays under the tube bundles

within the evaporator. The distillate flash is from stage to stage as a

means of recovering sensible heat; its temperature in each stage will

be lower than that of the flashing brine by the boiling point elevation, the
demister loss, and by any superheat in the brine, a total difference of

about 2. 5 F. The distillate leaves the last stages of heat recovery and

rejection at a temperature of about 81 F, and drains to a product sump.

Due to the low temperature of sea water at the site, product water leaving

the heat recovery section is removed from the cycle at this point. Product

water from the heat rejection stages is collected separately and mixed

with the warmer product water obtained from the heat recovery section.

This design saves substantial condenser area and some pumping power

in the heat rejection stages. Eight pumps take suction from the product

sump for the first stage of product pumping to the Diemer treatment plant.

Plate 11. 20, Preliminary Plot Plan, shows the sea water intake facilities

which are common with the power plant for Case C and separate for Case E.
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Net makeup water for the evaporators and sea water for cooling is supplied
by the three pumps G-lA, G-lB and G-1C, in the intake structure. Because
of the large lines used with these and similar pumps, motor-operated
butterfly valves are used for control of the liquid flows, and to save cost;
these valves also serve as positive shutoffs for pump starting and main-
tenance. The sea water feed rate is regulated by a level control on the
deaerator. Cooling water flow is regulated by temperature. A temperature
recorder and temperature-difference controller display the temperature

of makeup water entering the deaerator and the difference between its

temperature and that of the flashing brine leaving the last stage. (These

two streams should be at approximately the same temperature to prevent

thermal energy degradation due to mixing.) The temperature-difference

controller receives its combined input from both streams and regulates

the output of the sea water circulating pumps so that the temperature of

the two streams is equalized by varying the amount of cooling water flow.

Sea water, recycled through the recovery section of the evaporators by

the six recycle brine pumps, G-2A through G-2F, is regulated by a flow

controller. This instrument is set by the operator as the primary control

on rate of production of distillate water. Recycled brine is pumped from

the vacuum sump below the deaerator and returned to the brine heater

through condenser tubes in the heat recovery section. Its concentration

is governed by a flow ratio controller between the product and blowdown

streams. For a recycled brine concentration of twice the sea water

concentration, as is desired in this case, the ratio controller is set by

the operator to provide blowdown from pumps G-3A, G-3B, and G-3C at

a rate equal to distillate production. In this case, makeup, which is on

level control, becomes twice the desired production rate. Major under-

ground piping for product, recycle, and cooling water systems is shown

on plate 11. 20.

Sample taps, provided at the outlet of the product troughs at the end of
each evaporator vessel, facilitate the location of leaking tubes, should

leaks develop. Thermocouples, connected to a multipoint indicator, are

located at appropriate points at the ends of each evaporator vessel to

measure recycle brine temperatures, distillate temperatures, and flashing

brine temperatures. One observation port is in each stage for observing

the level and agitation of the flashing brine. Noncondensable gases are
removed from the condenser bundles and the deaerator by the steam

ejector system. Mechanical vacuum pumps, H-3A, H-3B and H-3C

connected to the first stages, remove the carbon dioxide released from the

flashing brine as a result of bicarbonate decomposition. Auxiliary venting,

to relieve temporary air-binding of any stage, is a duty which must be

handled manually by the operator.

Product water from the heat rejection section flows by gravity to the main
product water sump. The product water discharge rate is controlled by
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a level controller at the vacuum sump. Flow of product water is measured

with a venturi meter and an integrating recorder. Salinity is measured

continuously for control purposes by a conductivity recorder; audible

alarms are provided in case the salinity exceeds a predetermined value.

A similar control is provided for salinity of condensate from the brine

heaters, which returns as boiler feedwater to the power plant.

General Plant Description

Evaporator System

The evaporator system is made up of three identical 50-million gpd units

each containing a total of 32 heat recovery stages anc. 3 heat rejection

stages. Each unit comprises a series of nine rectangular steel vessels,

eacn containing interior bulkheads that divide the vessel into a number of

separate stages. Conceptual designs of typical evaportor vessels are

shown on plate 1. 18. Each stage has about 2700 square feet of surface

area in the bottom for flashing brine, a condenser designed for recovering

equal increments of product water in each stage, and troughs to catch

the product water distillate. Condenser surface area per stage varies

from about 120, 000 square feet at the hot end of the heat recovery section

to about 154, 000 square feet at the cold end. Each heat rejection stage

contains about 137, 000 square feet of condenser surface area. Con-

denser tubing is 70-30 cupronickel, 3/4-inch diameter. Wall thickness

is 18 gage in the brine heaters and deaerators, and 19 gage elsewhere.

Mist eliminators remove salt spray from vapors that are to be con-

densed, and maintain product salinity oelow 10 ppm. Each stage is of

steel plate construction, averaging 15 feet long in the direction of brine

flow and approximately 180 feet wide in the transverse direction. Each

stage is 8-1/2 feet high, to provide sufficient volume for condensing tube

bundles. The tubes are placed longitudinally within the vessels, running

through four stages in the recovery section and three stages in the

rejection section before termination in water boxes. Baffled air offtakes

are suitably placed within the tube bundles to remove noncondensables.

The steel shells of stages operating above 150 F are protected against

sea water corrosion by internal organic coatings. The deaerator stage

is also protected by the same type of coating. Desalting plant Heat Bal-

ance and Material List are shown on tables 11. 3 and 11.4 for reference.

Each stage is arranged to permit heat and mass transfer by taking pressure

drops from the hotter to the colder stages. The hot flashing brine flows

through interstage orifices, followed by suitable baffle arrangements for

proper distribution. The vapors flashed in each stage rise through mist

eliminators into the condenser section where they deliver their latent

neat of condensation to the cooler recycle brine, which receives its

final heat input in the brine heater. The heated recycle stream then
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TABLE 11.3
CASES C AND E

HEAT AND MATERIAL BALANCE
150 MGD DESALTING PLANT

INTO WATER PLANT

Total Enthalpy

Steam Lb/Hr Temperature Millions Btu/Hr

To Brine Heaters 5, 400, 000 207. 0 5, 970
To Air Ejectors 60, 000 388.0 72

Sub-Total 6, 042

Water

Evaporator Feed 104, 100, 000 60. 0 2, 790
Circulating Water 300, 800, 000 60.0 8, 061

Sub-Total 10, 851
Total 16, 893

OUT OF WATER PLANT

Total Enthalpy
Condensate Lb/Hr Temperature Millions Btu/Hr

From Heater 5, 400, 000 207. 0 945

From Ejectors 60, 000 70. 0 2

Sub-Total 947

Water

Product 52, 050, 000 80. 5 2, 524

Brine Blowdown 52, 050, 000 72.0 X 1,910

Circulating Water 300, 800, 000 72.0 11,460

Sub-Total 15, 894
Losses 52

Total 16, 893

*Referred to water at 32 F
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TABLE 11.4
CASES C AND E
EQUIPMENT LIST

150 MGD DESALTING PLANT

ITEM
NUMBER

E-1

E-2

E-3

A, B,C, D,

E, F

G-1

A,B,C

G-2

A,B,C,D,

E, F,

G-3
A,B,C

G-4
A,B,C,D,

E, F

DESCRIPTION

Heat Rejection Section of Flash Evaporator, three stages;

average stage length 19 feet; tubes 3/4 in. x 18 gage iron-

modified 70-30 cupronickle; tube sheets approximately

8 ft-0 in. x 2 ft x 6 in. x 2 in. thick, of steel with 70-30
cladding; total tube area approximately 1, 240, 000 square

feet.

Heat Recovery Section of Flash Evaporator, 32 stages;

average stage length 16 feet; tubes 3/4 in. x 19 gage iron-

modified 70-30 cupronickel; tube sheets approximately

8 ft-0 in. x 2 ft-6 in. x 2 in. thick, of steel with 70-30
cladding; total tube area approximately 12, 640, 000 square

feet.

Brine Heaters, shell pressure 13. 3 psia, single pass; tubes

3/4 in. x 18 gage iron-modified 70-30 cupronickel; duty
8. 37 x 108 Btu/hr each, tube area approximately 133, 000

square feet each.

Raw Sea Water Pumps, 280, 000 gpm each, submerged

suction, TDH 30 feet, 88% efficiency, designed for raw sea

water service, motor-driven, 2, 500 horsepower each.

Recycle Brine Pumps, 160, 000 gpm each, submerged

suction,TDH 200 feet, 88% efficiency, designed for deaerated

brine service, motor-driven, 10, 000 horsepower each.

Concentrated Brine Blowdown Pumps, 35, 000 gpm each,

submerged suction, TDH 40 feet, 88% efficiency, designed
for deaerated brine service, motor-driven, 400 horsepower

each.

Brine Heater Condensate Pumps, 2000 gpm each, submerged

suction, TDH 200 feet, 85% efficiency, designed for distilled
water service, motor-driven, 400 horsepower each.
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TABLE 11.4
CASES C AND E
EQUIPMENT LIST

150 MGD DESALTING PLANT
(Continued)

ITEM DESCRIPTION
NUMBER

G-5 Fire Pump, 200 gpm, submerged suction, discharge
pressure 150 psia, 85% efficiency, designed for raw sea

water service, diesel driven.

H- 1 Main Air Ejectors and Condensers, each 20 lb/min of air
A, B, C from deaerator, saturated with water vapor, 65 F and

0. 76 in. Hg abs., complete with air leakage meters.

H-2 Start-Up Air Ejector, capable of creating a vacuum of
26 in. Hg in two hours or less in one 50 mgd evaporator

system.

H-3 Vacuum Pumps, each 40 lb/min of CO2 from No. 1 stage,
A, B, C saturated with water vapor, 190 F and 10. 2 psia.

K-1 Air Compressor, discharge pressure 125 psig, inlet rating

A & B 300 scfm each, complete with 75 horsepower electric
motor drives, coolers, air dryers, and surge tanks.

R- 1 Operations and Control Building, including laboratory and

office space, block construction, 40 ft x 60 ft.

V- 1 Chemical Injection Package, for use with a polyphosphate

A, B, C scale-prevention compound, capacity 150 lb/hr each.
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returns to the evaporator system as the flashing brine stream, flowing

counter to its original direction. The condensate is collected in troughs

in each stage; interstage loop seals provide the necessary flow continuity

and pressure separation. At the ends of vessels, flow continuity for all

streams is provided by water boxes, piping, and headers. Back pressure

exhaust steam from the turbines is received at 13. 3 psia, about 4-1/2

percent moisture, for use in the evaporator plant brine heaters. Allowing

for all heat losses, a total of about, 5, 400, 000 pounds per hour of steam

is normally required at the brine heater.

Brine Heater System

For the brine heaters, 70-30 cupronickel tubes are used, 3/4-inch

diameter by about 33 feet long and 0. 049 inch wall thickness. An electric

motor-driven pump returns the condensate to the power plant at 207 F.

The deaerator is evacuated and held at an absolute pressure of about 0. 7

in. Hg with steam jet ejector system. The ejector system is sized to

remove noncondensables in approximately the following amounts:

Dissolved Air 725 lb/hr
Leakage Air 1275lb/hr

Dissolved air enters with the sea water makeup. Leakage air is estimated

from the behavior of presently operating multistage flash evaporators.

In addition, the mechanical vacuum pump systems remove an estimated

2400 pounds per hour of carbon dioxide from the first stages of each of

the three evaporators. This duty is based on an estimate that about

two-thirds of the bicarbonate present in the feed will be decomposed.

The noncondensables leave the deaerator saturated with water vapor.

Ejectors have steel bodies with stainless steel nozzles. The ejector

condensers have steel shells, cupronickel tubes and tube sheets, and

epoxy-coated steel channels.

Chemical Treatment System

A polyphosphate type scale inhibiting chemical, made up as a water

solution in the chemical tank, is added at the rate of about 150 pounds

per hour of dry chemical to the recycle brine steam leaving each

deaerator sump.
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Recycle Brine Pumps

A total of six 160, 000-gpm recycle brine pumps are required. A deep
vacuum sump provides the necessary NPSH; multistage vertical pumps
are recommended. These pumps have diaphragm-operated, neoprene
lined, vane type valves in the discharge lines which can be used both
for throttling control and positive shutoff.

Brine Rejection System

Brine blowdown is that portion of the circulating brine which is rejected
to the sea. In quantity, it will equal the product water flow when a

concentration ratio of 2. 0 is used. Total dissolved solids will be about
68, 000 ppm.

Blowdown is pumped from the vacuum sump in the same mannner as recycle

water. Construction, material, and controls are substantially the same

as for the recycle pump. The pumping rate is controlled by ratio to the

product, using a flow ratio recording controller. The pump discharges
into the main sea water discharge line.

Product Water System

Product water, flowing in open troughs beneath the condenser bundles,

is conveyed from stage to stage via internal loop seals, and through

external loop seals between boxes. Individual sampling points, in each
of the external loop seals between product water troughs, are provided

as an aid for locating sea water contamination. Samples can be analyzed

as necessary to locate the leaking bundle whenever the continuous analyzer

in the product stream indicates the existence of leakage.

Product water, at about 81 F, drains from the troughs in the last heat

recovery stage into a deep vacuum sump. It is removed from the

vacuum sump by eight wet-pit pumps. Product water from the heat

rejection stages flows by gravity to the deep vacuum sump. This depar-

ture from the customary arrangement results in a capital investment

saving plus some additional savings in pumping power. From the delivery

pumps, product water is continuously monitored for purity by a conductivity

meter, and then enters the pipeline to the Robert B. Diemer Treatment

Plant.
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CASE B
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CHAPTER TWELVE
PLANT CAPITAL COST ESTIMATES

GENERAL

The total capital investment required for the five plants at the Irvine site

is summarized in Table 12. 1, Total Capital Investment for Irvine Site,
below. District distributable costs as defined in chapter three are included
in each item.

TABLE 12.1
TOTAL CAPITAL INVESTMENT FOR IRVINE SITE

(Millions of Dollars)

MWD Maximum Task Force

MWD Power Dual- Power Dual-

Minimum Only Purpose Only Purpose

Cases A B C D E

Power Plant $ 48.3 $ 84.1 $105.4 $159.5 $185.5

Desalting Plant 97.6 - 92. 4 - 92.4

Other Facilities 14. 0 14. 2 27.6 26.4 38. 5

Land Cost 16.8 17.9 17.9 17.9 17.9

Total Capital Investment $176.7 $116.2 $243.3 $203.8 $334.3

Tables 12. 2, Capital Cost Estimate, and 12. 3, Capital Cost Estimate of
Water Plants, provide additional cost detail and breakdown. In these

tables, District distributable costs are added as a separate item.

BASIS FOR CAPITAL INVESTMENT ESTIMATE

Capital investment estimates have been prepared for a conceptual definition

of three dual-purpose electric power and water desalting plants, and two

power only reference power plants. They are intended to cover all elements

of cost within the scope of this study.

12-1



TABLE 12.2
CAPITAL COST ESTIMATE

N)

N)

Date MAY 1965
NOTE 1: Basic water plant cost includes control building and lab; sea water coolant, feed piping, pumps, and

effluent pipelines; steam and condensate piping between water plant and power plant, condensate pumps, and
electrical feeder from power plant and substation at water plant.

NOTE 2: Includes the following common facilities: sea water intake structure, office, shop, warehouse and
associated equipment and furnishings; yard fire and service systems; paving, lighting, and other yard facilities.

NOTE 3: The difference in cost between Cases D and E is larger than for Cases B and C. This is mainly because
the power plant capacity in Case E is 100 Mw larger than in Case D, whereas the power plants in Cases B and C
are about equal in output.

'This item is not included in Task 28 Comparative Estimates.

COSTS IN THOUSANDS OF DOLLARS

MWD MIN. MWD MAXIMUM UTILITIES TASK FORCE

CASE A B C D E
Dual Power Dual Power Dual

Purpose Only Purpose Only Purpose

MULTISTAGE FLASH EVAPORATOR -
Basic Plant Cost (See Note 1) $ 89, 520 - $ 84, 800 - $ 84, 800

POWER PLANT - Basic Plant Cost 44, 330 $ 77, 140 96, 690 $146, 310 170, 170

OTHER FACILITIES (Including Site Adaptive)

31. Land and Land Rights 14, 400 15, 300 15, 300 15, 300 15, 300
32. Site Preparation, etc. 3, 840 1, 080 7, 300 2, 780 8, 100
33. Circulating Water Marine Lines 5, 300 5, 510 9, 520 9, 980 13, 400
34. Switchyard, Incl. Main Power Trans. 550 2, 500 3, 190 4, 880 6, 300
35. Auxiliary Power Line

36. Site Access Road 100 100 100 100 100
37. Other Common Facilities (See Note 2) 3, 030 3, 880 5, 260 6, 590 7, 870

SUBTOTAL (See Note 3) 161, 070 105, 510 222, 160 185, 940 30, 640

DISTRICT'S COSTS AND CONTINGENCIES

(Including interest during construction,

administration, etc.)

Land 2, 450 2, 600 2, 600 2, 600 2, 600
Plant 13, 180 8, 090 18, 540 15, 260 21, 060

TOTAL PRESENT DAY COST $176, 700 $116, 200 $243, 300 $203, 800 $334, 300



TABLE 12.3
CAPITAL COST ESTIMATE OF WATER PLANTS

(Thousands of Dollars)

CASE A C and E

ITEM

Evaporator Package and Brine Heaters $79, 660 $72, 820

Pumps and Drivers 2, 660 3, 500

Miscellaneous Equipment 280 270

Piping, Insulation, and Instruments 4, 480 5, 400

Electrical 750 890

Civil and Structural 1, 690 1, 920

Subtotal 89, 520 84, 800

District Distributables 8, 050 7, 600

Total $97, 570 $92, 400

All estimates are based on May, 1965, wages and prices, with no
provision made for future escalation.

All plants are assumed to be located on the Irvine Ranch site (see chapter

eight) near Corona del Mar, California.

The scope includes all work required at the site for generation of electric

power and desalted water, including such facilities as pipelines for sea
water, access road, switchyard, and main transformers. The product
water conveyance system is described and estimated in chapter five.

Estimates are based on the engineering, procurement, and construction

concept, in a manner similar to power plants now under construction in

Southern California; standards of quality are consistent with previous
concepts made for such units. It has been assumed that, for Task Force

proposal estimates (Cases D and E), installation will be integrated to the

maximum degree consistent with separate ownership, and that the two

power plants and the water plant will be built under optimum conditions

of project scheduling, contracts, single engineer- manager, etc.
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For the purpose of this study, the cost estimates for nuclear plants are

intended to be equally applicable to either of the two conventional light

water reactor cycles.

PROJECT SCHEDULE

Plate 12. 1, Project Schedule, Task Force Proposal, is an abbreviated
project schedule on which are indicated beginning and end dates for con-

struction of major plant units, including certain other tasks that may affect

the construction schedule and cost estimate. The schedule is based on the

Task Force Proposal (Case E) and assumes completion of the first power
plant and two modules of the desalting plant during 1970. No allowance or
contingency has been made in the cost estimate for delays in issuance of

permits or in ordering of the nuclear steam supply system. It is also
assumed that land and land rights will be acquired sufficiently in advance
for rough grading to be completed before the indicated start date for plant
construction.

Delivery dates for the reactors are critical to this schedule; accordingly,
timely completion of the project depends on starting engineering and
placing orders in reasonable accordance with the schedule.

While this schedule is believed to be relatively tight, it does not assume
extensive use of overtime labor. Since all cost estimates depend, in part,
on schedules, any substantial departure from this schedule may be
expected to alter the cost estimates to some extent.
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CHAPTER THIRTEEN
COST OF WATER

GENERAL

Information developed in the previous chapters will be utilized to calculate

the cost of producing 150 mgd of desalted water for the MWD minimum

Case A, MWD maximum Case C, and Task Force Case E dual-purpose

plants. The Case offering the potential of lowest cost water will be recom-

mended for development of preliminary design and cost estimate in Phase

III of this study.

Principles underlying the method of calculating cost of producing water

were described in chapter ten. The purpose there was first to arrive at

a cost of back pressure turbine exhaust steam and auxiliary power for use

in optimization of the desalting plant, and second, through use of the best

available data, to determine desalting plant performance and equipment
specifications to produce the lowest cost water. In this chapter, unit costs

of water are based on the specific conceptual designs and cost estimates

of the optimum plants developed in Phase II of the study.

The value used for computing a credit for electric power is also slightly
modified. In chapter ten, all power was credited at the cost of generation

in a reference plant. In the present case, 100 megawatts is credited at

4. 0 mills per kwhr with the balance at the cost of generation in the refer-

ence plant, as specified in chapter three.

All of the cases under consideration have been normalized to the Irvine

Ranch Site. Effect of the site-sensitive cost elements is to change the

unit cost of water but not the relative order of attractiveness of the cases

if the evaluation had been made at any of the other sites described in

chapter eight.

Annual costs are made up of the following elements:

Annual Fixed Charges

Annual Operating and Maintenance Costs

Nuclear Insurance

Treating Chemicals

Fuel Cost

Each of these items for the cases under study is based on the background

information of chapter three or as developed in the following paragraphs.

Certain adjustments of the annual costs are required to make the cases

accurately comparable. These adjustments, and the comparisons, are

also described in this chapter.
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ANNUAL FIXED CHARGES

The total annual fixed charge rates have been developed in chapter three
and are listed below for reference:

ANNUAL FIXED CHARGE RATES
(Percent of Capital Investment Per Year)

Non-Depreciable
Depreciable Capital Capital

Economic Life, Years 30 50 75 --

Interest 3. 50 3. 50 3. 50 3. 50

Sinking Fund 1. 94 0. 76 0. 29 --

Total Annual Rate 5. 44 4. 26 3. 79 3. 50

Capital investments are given in Table 13. 1, Capital Cost Summary.
Annual charges in millions of dollars per year are developed in the

following chart, where both the power and water plant capital investments

are depreciated over a 30-year economic life.

ANNUAL FIXED CHARGES
(Millions of Dollars Per Year)

Case A Case B Case C Case D Case E

Land $ 0.59 $ 0.63 $ 0.63 $ 0.63 $ 0.63

Depreciable Facilities 8. 70 5. 35 12. 26 10. 11 17. 21

Total $ 9. 29 $ 5. 98 $12. 89 $10. 74 $17. 84

These total annual fixed charges have been carried forward to Table 13. 2,

Annual Cost Summary.
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TABLE 13.1
CAPITAL COST SUMMARY

(Irvine Site)
(Millions of Dollars)

MWD Minimum MWD Maximum Task Force

Dual- Power- Dual- Power- Dual-

Purpose Only Purpose Only Purpose

A B C D E

Land Cost $ 16.8 $ 17.9 $ 17.9 $ 17.9 $ 17.9

Power Plant Cost 48. 3 84. 1 105.4 159. 5 185. 5

Desalting Plant Cost 97.6 -- 92.4 -- 92.4

Other Facilities Cost 14. 0 14. 2 27. 6 26. 4 38. 5

Total Capital Investment at Site $176.7 $116.2 $243.3 $203.8 $334. 3

W

I
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TABLE 13.2
ANNUAL COST SUMMARY

(Irvine Site)
(Millions of Dollars)

MWD Minimum MWD Maximum Task Force
Dual- Power- Dual- Power- Dual-

Purpose Only Purpose Only Purpose

A B C D E

Fixed Charges on Total Capital Investment $ 9.29 $ 5. 98 $12. 89 $10. 74 $17. 84

O&M on Power Plant 1.86 2. 38 2.88 3.96 4.53

O&M on Desalting Plant 2.90 --- 2. 32 --- 2. 32

Fuel Cost 4.87 8.67 11.63 17. 34 21. 59

Total Annual Cost at Site $18.92 $17.03 $29.72 $32.04 $46.28

CA)
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ANNUAL OPERATING AND MAINTENANCE COSTS

Annual costs for operation and maintenance are made up of the following

elements:

- Operating and Maintenance Labor, Including Supervision, and

General and Administrative Expense

- Operating and Maintenance Materials and Supplies

- Nuclear Insurance

- Treating Chemicals

These are developed as necessary, or taken directly from chapter three.

Operating and Maintenance Labor

Chapter three gives the following bases for operating and maintenance

labor, including 30 percent payroll additives and 25 percent general and

administrative expense:

Type of Plant Number of Men Annual Cost

Single Reactor, Nuclear Power 58 $ 780, 000

Two Reactor, Nuclear Power 76 1, 010, 000

150 mgd Desalting Plant 39 460, 000

Labor costs have been carried forward to the

Table 13. 3, Annual O&M Cost Summary.
appropriate section of

Operating and Maintenance Materials and Supplies

These are charged at one percent of plant capital investment per year.
Based on the capital costs given in table 13. 1, the following annual costs

for O&M materials and supplies are computed and are listed in table 13. 3.
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TABLE 13.3
ANNUAL O&M COST SUMMARY

(Millions of Dollars)

POWER PLANT

Case Case Case Case Case

A B C D E

Labor $0.78 $0.78 $0.78 $1.01 $1.01

Materials & Supplies 0.62 0.99 1.33 1.86 2.24

Nuclear Insurance 0.45 0.61 0.77 1. 10 1.28

Total O&M $1.85 $2.38 $2.88 $3.97 $4.53

DESALTING PLANT

Labor $0.46 --- $0.46 --- $0.46

Materials & Supplies 0.98 --- 0.92 --- 0.92

Treating Chemicals 1. 46 - - - 0. 94 -- - 0. 94

Total O&M $2.90 --- $2.32 --- $2.32
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O&M MATERIALS AND SUPPLIES
(Millions of Dollars Per Year)

Case A Case B Case C Case D Case E

Plant

Power & Other

Facilities $0.62 $0. 99 $1. 33 $1. 86 $2. 24

Desalting 0.98 -- 0. 92 -- 0. 92

Total O&M Material
and Supplies $1.60 $0. 99 $2. 25 $1.86 $3. 16

Nuclear Insurance

Based on the criteria given in chapter three, nuclear insurance costs are

calculated as follows:

NUCLEAR INSURANCE
(Millions of Dollars Per Year)

Case A Case B Case C Case D Case E

Public Liability $0. 18 $0. 18 $0. 18 $0. 27 $0. 27

Government Indemni-

fication 0.04 0. 07 0. 09 0. 14 0. 17

Property Damage 0. 23 0. 36 0. 50 0. 69 0. 84

Total $0.45 $0.61 $0.77 $1.10 $1.28

The totals are included under Power Plant in table 13. 3.

Annual Cost of Treating Chemicals

Sulfuric acid treatment is required for the Case A desalting plant to

control deposition of alkaline scale in the hot end of the plant. The lower
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temperature specified in Cases C and E permits use of the lower cost
polyphosphate treatment. The costs of these treatments are developed
in the following paragraphs.

Usage of sulfuric acid is 125 parts per million (ppm) by weight on the feed.
At a plant factor of 90 percent, we obtain a usage of 52, 300 tons per year.

Quoted price for 98 percent sulfuric acid in May 1965 was $27. 90 per ton,
delivered at the site. Using this unit cost, the annual charge for sulfuric

acid is:

27. 90 x 52, 300 = $1, 460, 000 per year

Phosphate chemicals are applicable to Cases C and E. A treatment rate

of 4 ppm on the feed requires 3. 35 million pounds per year. At a cost of

$0. 25 per lb,as recommended by the manufacturers for this volume of
chemical, the annual cost of chemical is:

0. 25 x 3. 35 x 106 = $838, 000, say $840, 000 per year

Additional O&M costs are required with phosphate treatment because of

the requirement for periodic acid cleaning of the hotter stages and the

brine heaters. An allowance of $100, 000 per year is made for such
cleaning on the basis that the hottest bundles will be sequentially taken out

of service and cleaned in place with inhibited acid. This scheme does not
require complete shutdown of the plant.

Total annual cost of the polyphosphate system of feed treatment is
therefore:

840, 000 + 100, 000 = $940, 000 per year

These costs are included in table 13. 3, under Desalting Plant.

Annual operating and maintenance costs are developed in table 13. 3, and
totaled for each case studied.

ANNUAL UNIT COST

The nuclear fuel cycle costs were developed for typical light water reactor

systems in the range of 1, 500 Mwt to 3, 100 Mwt, based on recent BWR

and PWR information. The cost estimate includes fabrication cost, burnup,

Pu credit, chemical processing, and fixed charge.
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The forecast nuclear fuel material costs supplied by the AEC were as follows:

Year U3 08 $/lb Pu $/gm

1968-1971 5 9.00

1972-1973 6 9. 10

1974-1975 7 9.60

1976-On 8 10. 00

The fuel costs for a 3, 100 Mwt reactor, at a plant factor of 0. 90, on the

above basis are approximately 16. 3' per million Btu for the first core
and approximately 15. 6f per million Btu for the equilibrium core. In
addition, the nuclear fuel cycle costs were evaluated, using a constant
value of $5 per lb U308 and $9 per gm Pu, which gave fuel cost of 14. 3
per million Btu for the equilibrium core.

The analyses are believed to be conservative insofar as they are based on

current technology and price levels. Costs of fabrication, reprocessing,

and re-enrichment may decrease by as much as one-third in the future

because of improved technology and increased production, resulting in
calculated fuel costs for the equilibrium core as low as 11. 5c per million
Btu. Based on these analyses, a fuel cost of 14c per million Btu was

selected for use in the Phase II comparative evaluations of conceptual
plant designs.

The following chart develops the fuel costs for each case, on the basis of

the above unit cost of fuel, thermal rating of the plant, and a plant factor
of 0. 90.

FUEL COSTS
(Millions of Dollars Per Year)

Case A Case B Case C Case D Case E

Reactor Power

Thermal Megawatts 1, 313 2, 300 3, 086 2, 300 2, 866
(2 units) (2 units)

Fuel Cost $ 4.87 $ 8.67 $11.63 $17.34 $21.59

These c:'sts have been included in table 13. 2, together with the fixed
annual charges, and the operating and maintenance costs on the power

and desalting plants.
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ANNUAL COSTS

Total annual costs are summarized in table 13. 2; in this table, annual
costs for fixed charges, operating and maintenance, nuclear insurance,

chemical treatment, and fuel are added to obtain total costs of operating

each case, including the power for pumping the product to the Diemer
Plant. Fixed charges on the product conveyance system are not included.

To arrive at a cost of water from each dual-power and desalting plant, it

is necessary to deduct the equivalent credit for producing power in each
case. The remainder of this chapter will be devoted to explaining how

this has been done and to describing the results obtained.

As was explained earlier in this report, the cost of water, as produced in

a power and desalting plant, is calculated by deducting the cost of operating

a single-purpose, power-only plant from the cost of operating the dual-

purpose plant. Obviously, for this method to produce a valid result, it is
necessary to have exactly the same net power generation from both plants.

ELECTRIC POWER SUMMARY AND ADJUSTMENTS

It was necessary very early in the study to make preliminary assumptions

in regard to the internal power demand of the power and desalting plants,

in order to arrive at a gross power demand on the generators and a basis

for the design of the power plant. Further refinement based on conceptual

engineering disclosed that these preliminary assumptions were close but

in need of some adjustment.

Table 13. 4 tabulates basis of conceptual design, original assumptions, and
adjustments in net power output needed to make the cases comparable.

Following is a discussion of the items given in table 13. 4.

1. Desired Net Power is the basis of design. These are the amounts of

net generating capacity each case is to be designed to produce, as set

forth in chapter three.

2. Auxiliary Power reflects the more accurate estimate of internal
power requirement for each case, obtained as a result of the study.

Auxiliary power represents internal usage, and must be deducted from

gross power to obtain net power.

3. Gross Power gives the design capacity originally assumed and used as

a basis of design for the power plants in each case.
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TABLE 13.4
ELECTRIC POWER SUMMARY AND ADJUSTMENTS

MWD Minimum MWD Maximum Task Force

Dual- Power- Dual- Power- Dual-

Purpose Only Purpose Only Purpose
A B C D E

1. Desired Net Power - Megawatts

Metropolitan Water District 100 --- 100 --- 100

Electric Utilities --- 750 650 1, 500 1, 500

Total Desired Net 100 750 750 1, 500 1, 600

2. Auxiliary Power - Megawatts

Power Plant 20 45 61 90 113
Desalting Plant 37 --- 53 --- 53

Product Water Pumping 28 --- 28 --- 28

Total Auxiliary Power 85 45 142 90 194

3. Gross Power - Megawatts 204 800 880 1, 600 1, 800

4. Actual Net Power - Megawatts 119 755 738 1, 510 1,606

5. Adjustment to Desired Net Power-

Megawatts -19 -5 +12 -10 -6

6. Gross Turbine Power - Megawatts

Back Pressure Turbine 204 --- 490 --- 490

Condensing Turbine(s) --- 800 390 2(800) 2(655)

Total 204 800 880 1, 600 1, 800
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4. Actual Net Power is simply Gross Power less Auxiliary Power. It
will be noted that the actual Net Power is close to, but not exactly

equal to, Desired Net Power. Furthermore, the actual net power in
Case C is not exactly equal to the actual net power in Case B, which
is the reference power-only case. Similarly, Cases D and E do not
generate exactly the same amounts of power; Case E is designed to
produce 100 Mwe more than Case D. Case E presumes that the
Task Force would build two 750 Mwe power plants, as shown in
Case D for the power-only plant. The extra 100 Mw in Case E is
intended to provide the 100 Mw of exchange power entitlement to
MWD to cover present demands in their system, while leaving each
utility group entitlement to the full 750 Mwe provided in the reference

Case D.

5. Adjustment to Desired Net Power is the correction needed to bring
Actual Net Power into agreement with Desired Net Power. These

numbers are combined with the appropriate power costs to arrive at

the operating cost of a facility producing the amount of power and

water desired in each case.

6. Gross Turbine Power shows the split in gross power generation

between the back pressure and condensing units.

The power and desalting plants, after adjustment to desired net power,
are on a strictly comparable basis with respect to their related power-only

plants as far as power production is concerned. Annual costs for the

plants must be adjusted in accordance with the adjustment in output. This

is done by computing an electric power credit from the data on the power-

only plants, and using this number to adjust the annual costs of the power

and desalting plants to put them on the same basis as the related power-

only plants.

COST OF ELECTRICITY

The cost of electricity is computed from the total annual costs of the

power-only plants in Case B (table 13. 2). This is developed in table 13. 5.

In Case D, the resulting power cost is not applicable to power utility

ownership. However, since the power costs are deducted from the dual-

purpose plant operating costs, the calculated cost of water to the District

is not affected by this simplification.

For the dual-purpose plants, the first 100 Mw is credited at the exchange

rate of 4. 00 mills per kwhr in accordance with the ground rules in

chapter three, and the remainder at the cost of generation in the reference

plant. The Case B plant is used as the reference in Cases A and C, and
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TABLE 13.5
COST OF ELECTRICITY

Actual Net Power - Mw

Annual Net Energy - 109 kwhr

Cost of Electricity - mills /kwhr

Value of 100 Mw for Exchange - mills/kwhr

Value of Remaining Net Energy - mills /kwhr

MWD Minimum MWD Maximum Task Force

Dual- Power- Dual- Power- Dual-

Purpose Only Purpose Only Purpose
A B C D E

119

0.94

4.00

2. 86

755

5.

2.

95

86

738

5. 82

4.00

2.86

1, 510

11.

2.

90

69

1, 606

12.67

4.00

2. 69
| -

W
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Case D for the dual-purpose plant in Case E. It should be noted that the
cost of power developed in this case assumes fixed charges at 5. 44 percent.

While appropriate for the purpose of arriving at the cost of water in the
desalting and power dual-purpose plants, this figure does not represent
a cost which might be accrued by an electric utility using different fixed
charges or subject to taxation. The cost of power developed here is
merely a mathematical device used to calculate the cost of water in a
dual-purpose, desalting and power plant.

COST OF WATER

To arrive at the annual cost of producing water in the dual-purpose plants,
it is necessary to deduct the annual cost of generating equivalent net

power from the total adjusted cost of the dual facilities developed for
Cases A, C, and E in table 13. 2 (see Table 13. 6, Water Cost Summary).

Referring to table 13. 6, Total Annual Cost shown on the first line is
taken directly from table 13. 2.

Adjustment to Desired Net Power is obtained by computing the equivalent

annual cost of the adjustment in megawatts (table 13. 4, line 5) at the
appropriate unit cost of power, and a plant factor of 0. 9. The unit cost
of power for adjustment of Cases A and C is 2. 86 mills per kwhr as

obtained for reference Case B; for Case E, the unit cost is 2. 69 mills
per kwhr.

Deduction for Power is the value of the power produced. The first 100
megawatts is credited at the exchange value of 4. 00 mills per kwhr, and
the balance at the cost of generation in the reference plant.

Subtracting the Deduction for Power from Cost for Desired Power leaves
the Cost for Water and Auxiliary Power. This item includes the cost, of
all water plant auxiliary power as well as 100 megawatts for exchange
and the cost of power for pumping the product to Diemer.

Subtracting the Deduction for Diemer Pumping Power and Deduction for
Power (for 100 Mw of Exchange at 4. 00 mills per kwhr) from Cost for
Desired Net Power leaves the Cost of Water Production.

Cost of Water Conveyance is taken from table 5. 2. This includes the

pumping power deducted above as well as fixed charges on the line and

product pumping plants.

The final number is the annual cost of water delivered to Diemer. The

comparison of greatest interest is the cost of water in Case E versus that

in Case C. Both water plants are identical in design and have the same
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TABLE 13.6
WATER COST SUMMARY

(Millions of Dollars Per Year)

MWD Minimum MWD Maximum Task Force

Dual- Power Power & Power Power &

Purpose Only Water Only Water

Case A B C D E

1. Total Annual Cost (Table 13. 2) $18.92 $17.03 $29.72 $32.04 $46.28

2. Adjustment to Desired Net Power

- 19 Megawatts @ 2. 86 mills /kwhr -0.43
-5 Megawatts @ 2. 86 mills /kwhr -0. 11
+12 Megawatts @ 2. 86 mills /kwhr +0.27
- 10 Megawatts @ 2. 69 mills /kwhr -0. 2 1
-6 Megawatts @ 2. 69 mills /kwhr -0. 13

3. Cost for Desired Net Power 18.49 16. 92 29.99 31. 83 46. 15

4. Deduction for Power
100 Megawatts @ 4. 00 mills /kwhr -3. 15 -3. 15 -3. 15
650 Megawatts @ 2. 86 mills/kwhr - 14. 66
1500 Megawatts @ 2. 69 mills /kwhr -31. 83

5. Cost for Water & Aux. Power 15. 34 12. 18 11. 17

6. Deduct Power for Pumping to Diemer

28 Megawatts @ 2. 86 mills/kwhr -0. 63 -0.63
28 Megawatts @ 2. 69 mills/kwhr -0. 59

7. Cost of Water Production 14.71 11.55 10. 58

8. Cost of Water Conveyance to

Diemer (Table 5.2) 2.29 2.29 2.29

9. Cost of Water Delivered to Diemer 17. 00 13. 84 12. 83

10. Unit Cost of Water Production,

'/ 1000 Gal ($/acre-ft) 29. 8(97. 1) 23. 4(76. 1) 21.4(70. 0)

Delivered to Diemer 34. 5(112) 28. 1(91. 8) 26. 0(84. 9)



temperature of steam and final brine preheat. The back pressure turbines

and the throttle steam pressure and temperature are identical in both cases.

The difference is due to several factors, some of which are the sharing of

ancillary facilities between the two power plants, savings from buying two

nuclear steam supply systems and condensing turbine systems of identical

design, and the single engineer-manager concept of engineering and con-

struction management. The savings amount to a million dollars of annual

cost, equivalent to two cents per thousand gallons of water product.

It should be noted that these costs all assume that the client distributable

costs, the fixed charges on the investment, and the taxes paid are at rates

applicable to MWD. While this assumption is in accordance with the

criteria of chapter three, the following should be noted:

1. The value of electric power cost derived in the reference Cases B and

D is based on interest and amortization rates applicable to the District.

The District pays sales and use taxes, but none on property after

acquisition, nor does it pay income taxes. The actual costs of power

as generated by the electric utilities would have to be adjusted to

other rates, or taxation conditions as applicable.

2. The costs of power as derived in this chapter are used only for the

purpose of arriving at the differential cost of operation in the power

plant of Cases C and E. Since the same fixed charges are used in the

power-and-water plants as in the reference power-only plants, the

differences between the annual costs of the power-and-water plant and

their related power-only plants accurately reflect the annual costs

required in the power-and-water plants to produce water. It would

not have been possible to develop cases D and E taking into account

the three-party ownership, and charging each owner's investment

with the fixed charges and taxes as appropriate without needlessly

complicating computations, and increasing the chance of error, in

arriving at the cost of water to the District which was the aim of the

study.

3. In view of item 1 above, the costs of electric power as developed in

Cases D and E have no significance other than a convenient mathemat-

ical device to adjust the small mismatch of power generation between

the water producing cases and the related power-only cases.

MWD INVESTMENT AND COST OF WATER

The investment required on the part of the District in Cases A, C, and E,

which are the only ones producing water, are summarized in Table 13. 7,

MWD Investment and Costs.
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TABLE 13.7
MWD INVESTMENT AND COSTS

(Irvine Site)

Task Force

MWD Minimum MWD Maximum Proposal

Case A Case C Case E

MWD Investment

Total Plant Facilities and Land $176, 700, 000 $243, 300, 000 $334, 300, 000

Less: Investment by Utilities --- --- 203, 800, 000

MWD Investment in Plant Facilities 176, 700, 000 243, 300, 000 130, 500, 000

Conveyance Facilities 35, 000, 000 35, 000, 000 35, 000, 000

Total $211, 700, 000 $278, 300, 000 $165, 500, 000

Water Costs At Diemer - / 1, 000 gal 34. 5 28. 1 26. 0

- $/acre-ft $112.0 $ 91.8 $ 84.9
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In Case A, the District would have to invest the total capital cost of the

power-and-desalting plant, and the conveyance facilities, or a total

estimated at $211. 7 million.

The cost of water delivered at the Diemer Plant is estimated to be $112

per acre-foot (34. 54 per 1000 gal).

In Case C, the district would have to invest the total capital cost of the

plant and conveyance facilities, estimated at $278. 3 million to produce water

at a cost of $91. 80 per acre-foot (28. 1# per 1000 gal) delivered to Diemer.

For Case E, the electric utilities have agreed to provide the investment

in the equivalent single-purpose, power-only plants, estimated at $203. 8

million for the two units. The District's share of the total investment is

reduced to that portion attributable to the desalting plant, estimated at

$130. 5 million. This case produceswater at the lowest cost to the District,

$84. 9 per acre-foot (26. 0c per 1000 gal) delivered into its system at the

Diemer Plant.

These costs include the cost of the water conveyance line to Diemer, but

not the costs for acquiring rights-of-way for the pipeline. This figure is

equally applicable to all cases, and the relationship of the three cases is

therefore not altered by its omission. However, the cost of water in all

the cases would be raised by exactly the same amount if these rights-of-

way costs were included.

Furthermore, the costs are all related to the Irvine Site. If another site

is selected, the cost of water will be changed but not sufficiently to alter

the order of preference

The costs of water are quite sensitive to the value of the 100 megawatts of

exchange power. To illustrate this, figure 13. 1 has been prepared. This

chart shows cost of water as a function of the value of the 100 megawatts

of exchange power. A decrease of 1 mill per kwhr for the 100 megawatts

would result in an increase in water cost of about 1. 6 cents per 1000 gallons.

CONCLUSION AND RECOMMENDATION

The Task Force Proposal, Case E, provides the District with 150 mgd of

water at the lowest annual cost and also provides the lowest requirement

for capital investment.

The Task Force Proposal is recommended for further development in

Phase III of this study.
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o .r UGV UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON, D.C. 20545

IN REPLY REFER TO:

RD&T:PCD:RDM

Mr. R. A. Skinner
General Manager and Chief Engineer
Metropolitan Water District

of Southern California
1111 Sunset Boulevard
Los Angeles 12, California

Dear Mr. Skinner:

By comnmn:nts provided to you in the letter of October 26, 1964
from Deputy Assistant Secretary of the Interior Nclson, the
AEC indicated that it would supply capital and operating cost
data on nuclear steam supply systems which would be readily
adjusted to the study groundrules and conditions by the sub-
contractor. During the project review meeting held at your
offices on January 8, 1965 it was agreed by representatives
of MW, Bechtel Corp., the Department cf Interior and the
AEC that only commercially available light water cooled and
moderated reactors would be considered for the purposes of
the study. In conversations conducted in adjunct to this re-
view meeting representatives of Bechtel also requested that
AEC provide:

(a) where available, a copy of recent summary hazards
reports for selected large nuclear power stations;
and,

(b) reports of tests and experimental data pertinent to
the design and demonstration of engineered safe-
guards applicable to large light water reactors.

In fulfillment of our previous commitment and in response
to the noted requests, we are sending you under separate
cover, a copy of each of the reports listed in Attachment 1
for your transmittal to Bechtel, Corp.



Mr. Skinner

The first four reports of Attachment 1 provide representative
design and cost data for large nuclear steam supply systems.
Conversations of my staff with Bechtel representatives indicate
that this data will, in the context of the following comments,
suffice for initial Bechtel evaluations of nuclear plant economics.

A. General

There are two basic sources of cost data on the light water
reactors: one, the manufacturers quotations which reflect
pricing policies and current or near-term economic conditions;
secondly, the cost estimates made in the AEC studies being
furnished which generally reflect the longer term potential.
Both sources should be reviewed to indicate the probable
costs for the construction and operation of a light water re-
actor of the specific size required. These costs should be
adjusted for the specific site, economic, and operating
conditions of the customer.

B. Indirect Plant Costs

A significant variant in estimating the capital cost of the
reactor plant is the magnitude of the indirect costs. In-
direct costs should be used which are consistent with those
given in ORNL-3686, as adjusted to reflect the specific
conditions applicable to MWD.

C. Fuel Costs

1. Fabrication Cost

For the first two cores the estimate should be based upon
recent quoted or purchase prices. Subsequent fabrication
costs should be based upon projections as indicated by
the ORNL-3686 study and manufacturers estimates.

2. Processing Cost

Use NFS price bases.

3. Spent Fuel Shipping

Use costs specifically applicable to the site.
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Mr. Skinner

4. Uranium Ore Cost

For a plant in commercial operation in 1971 use toll
enriching and assume uranium available on the following
price schedule:

Year Contracted U,00 slb

1968 - 1971 5
1972 - 1973 6
1974 - 1975 7
1976 - on 8

5. Plutonium Credit

Plutonium credit should be based upon the prevailing value
of uranium ore six (6) months after fuel is discharged from
the reactor and in accordance with the following:

U-jog, $/lb Pu Credit, $/gn fissile material

6 9.10
7 9.60
8 10.00

6. Fuel Cost Computation

Fuel cost computations should be similar to, and consistent
with, the methods described in Geneva Paper 247, Fuel Cycle
Economics of Uranium Fueled Reactors, September 1964 which
is attached.

D. - Operation and Maintenance

Operation and maintenance costs should be based upon ORNL-3686
as adjusted by reactor manufacturer estimates for a specific
plant at a specific site.

E. Energy Costs

Unit energy costs should be levelized over an estimated plant
life of 30 years using a discount factor based upon the cost
of money to the MWE and the expected variation in plant factor
over the life of the plant.
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Mr. Skinner

Reports 5-9 of Attachment 1 are provided to assist Bechtel in
the evaluation of sites for the proposed plant and in the evalu-
ation of appropriate safety measures in the nuclear steam apply
system. No reports on engineered safeguards as related to large
plants are presently available.

If, upon receipt of this data the Bechtel engineers desire further
explanation of the data and related comments, members of my staff
can be available at our offices for discussions with representatives
of Bechtel.

Sincerely yours,

A. Giambusso, Assistant Director
for Civilian Power

Division of Reactor
Development and Technology

Attachments:
1. List of Reports to be sent under

separate cover.
2. "Fuel Cycle Economics of Uranium

Fueled Thermal Reactors",
J. M. Vallance

cc: M. Chase
Department of the Interior

F. C. Di Luzio, Director
Office of Saline Water
Department of the Interior
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Attachment 1

List of Reports

1. GEAP - 4476, Vols. 1, 2, & 3, 1000 MWe Boiling Water Reactor
Plant Feasibility Study.*

2. WCAP 2385, Vols. 1 & 2, 1000 MWe Pressurized Water All Nuclear
Power Plant Study.*

3. ORNL 3686, A Comparative Evaluation of Advanced Converters.

4. NUS - 199, An Economic Comparison of Six Converter Reactors
For Nuclear Power Generation (Light Water reactor portions).*

5. Consolidated Edison Company of New York, Inc. Ravenswood Nuclear
Generating Unit A, Preliminary Hazards Summary Report, Vols. 1,

2, & 3.*

O. Preliminary Hazards Summary Report, Bodtga Bay Atomic Park,
Unit Number 1.*

7, Hazards Analysis by the Research and Power Reactor Safety Branch,
Division of Licensing and Regulation in the Matter of Connecticut
Yankee Atomic Power Company Nuclear Power Plant, Unit No.1,
Haddam, Connecticut, Docket No. 50-213.

8. Hazards Analysis by the Research and Power Reactor Safety Branch,
Division of Reactor Licensing in the Matter of Jersey Central
Power and Light Company Oyster Creek Nuclear Power Plant, Unit No.1
Docket No. 50-219.

9. Hazards Analysis by the Division of Reactor Licensing in the
Matter of Niagara Mohawk Power Corporation Nine Mile Point Nuclear
Station Oswego, New York, Docket No. 50-220.

* To be returned to USAEC Division of Reactor Development and Technology.









April 8, 1965

Mr. Robert A. Skinner
General Manager and Chief Engineer
Metropolitan Water District of

Southern California
P. 0. Box 54153, Terminal Anne>
Los Angeles, California 90054

Dear Mr. Skinner:

As you are aware, a task force of representatives from the
City of Los Angeles Department of Water and Power, San Diego
Gas & Electric Company, and Southern California Edison Company
has been working with representatives of the Metropolitan Water
District and the Bechtel Corporation to formulate principles
setting forth the manner in which these electric generating
agencies could participate in the dual purpose power-desalina-
tion plant now being studied for possible addition to the
Metropolitan system.

Attached for your consideration is a set of principles
proposed to be used for this purpose. These principles have
been developed, in part, as a result of discussions with members
of the Metropolitan and Bechtel organizations. It is believed
that use of these principles as a basis for our joint participa-
tion would minimize the cost of water produced at the proposed
desalination plant and would provide the District major benefits
not otherwise attainable.

You will note that we propose to finance and own a major
portion of the power plant facilities which would thereby mini-
mize the capital outlay required of Metropolitan. This would
also afford the opportunity for Metropolitan to obtain the
economy of scale in securing steam from a nuclear heat source
for the conversion of sea water and the generation of electrical
energy for the desalination plant and other Metropolitan needs.

We suggest that the attached proposal by the Southern
California utilities be evaluated by Bechtel as an additional
alternative to see if water costs could be lowered thereby. We
believe the proposed arrangement will be particularly attractive
in that it will provide the water plant a flexibility of operation
which could not be obtained from a single steam turbine-generator
plant. Further, the proposed method of participation would aid



Mr. Robert A. Skinner

in the Bechtel study since it would eliminate the necessity
for the assumptions regarding market and price for the elec-
trical output of the dual purpose plant.

We would appreciate an early expression from you since
all of the utilities are presently considering other potential
power resources for the period beginning 1970-'71. If you
agree that the proposal has merit and should be further
developed, it is suggested that the engineers and attorneys
of Metropolitan and the utilities, assisted by Bechtel, begin
work to provide for implementation of the proposed plan.

Sincerely,

SOUTHERN CALIFORNIA EDISON COMPANY

J.If FORTON

DEPARTMENT OF WATER AND POWER OF
THE CITY OF LOS ANGELES

By
SAMUEL B., NELSON

SAN DIEGO GAS & ELECTRIC COMPANY

By

OSEPH F. SINNOTT

April 8, 1965-2-



PRINCIPLES FOR JOINT PARTICIPATION IN
A DUAL PURPOSE POWER-DESALINATION PLANT

Metropolitan Water District
Department of Water and Power

of the City of Los Angeles
San Diego Gas & Electric Company
Southern California Edison Company

I. Physical Plant

A. A power plant consisting initially of two large

commercial type nuclear power generating units would

be constructed. One unit would be owned by the City

of Los Angeles, Department of Water and Power, and

possibly including the cities of Burbank, Glendale,

and Pasadena. The Department would act as agent for

all municipalities hereinafter called "Cities". The

other unit would be owned by the Southern California

Edison Company and San Diego Gas & Electric Company,

hereinafter called "Edison-San Diego". Each main

generating unit is expected to have a net electrical

capacity of at least 600 MW and would consist of a

nuclear steam supply system, a condensing steam turbine

generator and associated equipment.

B. A multiple-stage flash evaporator, desalination plant,

capable of producing 150 million gallons of fresh water

per day, including a single back-pressure steam turbine
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generator, sized in accordance with the steam require-

ments of the desalination plant, would be owned by the

Metropolitan Water District. The back-pressure turbine

generator is expected to have a net electrical capacity

of approximately 350 MW.

C. Each nuclear steam supply system of the power plant would

be sized to produce the full load steam requirement of

its associated turbine generator plus one-half of the

steam required to operate the back-pressure turbine and

desalination plant at full capacity.

II. Water and Power Entitlements

A. Metropolitan would be entitled to the full product water

output of the desalination plant and would agree to

supply the product water needs of the power plant at cost.

B. Metropolitan would be entitled to as large a share of the

net electrical capacity and associated energy of the back-

pressure turbine generator as it requires to furnish:

(1) Auxiliary power for the desalination plant.

(2) Power for pumping product water from the site to a

point of connection with Metropolitan's disJ ibution

system.



-3-

(3) Supplemental power for Colorado River Aqueduct

pumping.

After design of the plant has progressed to the point

that the power requirements for Items 1 and 2 are

determined, Metropolitan shall then specify its desired

power requirements for Item 3 so that Metropolitan's

total capacity entitlement from the back-pressure

turbine will be established.

The Cities and Edison-San Diego will agree to utilize

the remaining net electrical capacity of the back-pressure

turbine-generator provided it has an availability at

least as good as that of the main generating units.

C. The Cities and Edison-San Diego would each be entitled

to the net electrical capacity and associated energy of

their respective main power units, plus one-half of the

remaining capacity and associated energy, of the back-

pressure turbine, as defined in II-B. The entire dual

purpose installation shall be designed and sized such

that the total capacity entitlement for the Cities and

Edison-San Diego shall not exceed 750 megawatts each.

D. Metropolitan may, upon five years' notice, increase

or decrease the amount of its capacity and associated

energy entitlement in the back-pressure turbine.
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III. Financing

A. The capital investment allocable to the Cities and

Edison-San Diego in the dual purpose power-desalin-

ation plant would be equal to the capital cost estimate

for a single-purpose two-unit nuclear power plant, of

the same general type, constructed at the chosen site

with a total net capacity equal to the sum of their

capacity entitlements defined in II-C.

B. The remaining capital costs of the dual purpose plant

would be allocated to Metropolitan.

IV. Ownership

A. Metropolitan would own the desalination plant, including

the back-pressure turbine generator, plus some portion

of the facilities common to both the power and desalina-

tion plants such that the total cost of facilities owned

by Metropolitan would be approximately equal to the capital

investment allocable to Metropolitan as defined in Item

III-B. Such common facilities may include but are not

limited to the land, circulating water system, high volt-

age switchyard, or the administration, shop, or warehouse

buildings.

B. The Cities and Edison-San Diego would each own one of



-5-

the main power generating units together with its asso-

ciated equipment. The ownership of facilities common to

both electric utility-owned generating units would be

assigned to one or the other party such that the total

cost of facilities owned by each party would be approxi-

mately equal to one-half of the total capital investment

allocable to the parties as defined in III-A. Such common

facilities may include but are not limited to the land,

circulating water system, high voltage switchyard, control

room, fuel handling system, or the radwaste treatment system.

C. To the extent that the capital cost of separately identi-

fiable land or facilities owned by a party is more or less

than its allocated capital investment as defined in III,

an adjustment would be made by means of a rental credit or

charge for the use of common facilities.

D. It is expected that under ownership as described above,

Edison and San Diego would pay ad valorem taxes on their

facilities at the plant and that the Cities and Metropol-

itan would be exempt from ad valorem taxes with respect to

this plant to the extent they are exempt on other properties.
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V. Construction

A. A Coordinating Board composed of representatives from

the Cities, Edison, San Diego, and Metropolitan, would

be established, and perform the following:

(1) Coordinate the general plant design.

(2) Coordinate the work of construction of the plant by

the respective parties.

VI. Operation and Delivery of Power and Water

A. An Operating Board composed of representatives of the

Cities, Edison, and San Diego, will be formed to develop

policies and procedures for operation and maintenance of

the nuclear power plant and its associated common facili-

ties. At Metropolitan's request, the Board may include

a representative of Metropolitan and would extend its

jurisdiction to include the desalination plant.

B. Further study of the power of each entity, and an analysis

of the operating requirements of the plant is required

to determine if one of the entities may contract with the

other entities to serve as an Operating Agent to operate

and maintain the facilities subject to the policies and

procedures developed by the Operating Board.

C. Subject to developments resulting from the study referred
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to in VI-B above, the Operating Agent would provide all

labor, materials and equipment, except for nuclear fuel,

required for operation and maintenance of the plants

referred to in VI-A above.

D. Metropolitan would provide nuclear fuel required for the

production of steam to operate the back-pressure turbine

and desalination plant. The Cities and Edison-San Diego

would each provide nuclear fuel to supply their steam re-

quirements for power generation.

E. The main power generating facilities would be operated and

maintained, insofar as practicable, to provide steam

availability to the desalination plant as follows:

(1) With both steam supply systems in unrestricted

operation, the full steam requirement of the de-

salination plant would be available at all times.

(2) With one steam supply system out of service and

the other in unrestricted operation, one-half of

the full load steam requirement of the desalination

plant would be available from the system in operation.

(3) With either steam supply system at reduced output,

the steam availability to the desalination plant
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from the restricted system would be reduced in the

same proportion as the total capability of the

system is reduced.

F. The desalination facilities would be operated and maintained,

insofar as practicable, to permit the full operation of

the back-pressure turbine consistent with the quantity

of steam available to it.

G. All electric energy produced in the back-pressure turbine

surplus to Metropolitan's needs, as defined in II-B, shall

be taken by the Cities and Edison-San Diego.

H. The power plant's electrical output would be transmitted

over existing and additional transmission lines as re-

quired, to the Cities, Edison, San Diego, and Metropolitan

systems.

I. The desalination plant's product water output exclusive

of plant requirements would be pumped to a point of

connection with Metropolitan's distribution system.

VII. Payments

A. Each party would pay the fill costs of operation and main-

tenance, exclusive of nuclear fuel costs, of equipment

owned by it and operated solely for its benefit.
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B. The costs of operation and maintenance of facilities

operated for the benefit of more than one party, would

be shared by the parties using such facilities in pro-

portion to the utilization made by each party. Such

facilities would include but are not limited to the

back-pressure turbine, nuclear steam supply systems,

high voltage switchyard, circulating water system, or

the control room.

C. The net cost of the nuclear fuel cycle would be shared

by Metropolitan, the Cities, and Edison-San Diego on the

basis of scheduled steam deliveries to the facilities

owned by each party. However, Metropolitan's share shall

be decreased to the extent that electrical energy from

the back-pressure turbine is delivered to the Cities and

to Edison-San Diego. Adjustments, in the form of charges

and credits would be made periodically to the extent that

actual operation deviates from such schedules.

D. The capital related expenses such as interest, depreciation,

and taxes, if any, on all land and facilities will be paid

by the party having title thereto.

E. A party owning facilities, the capital costs of which are

less than its allocated investment, would pay a rental

charge for the use of common facilities, to those owning
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facilities in excess of their allocated investment.

F. In the event a change of capacity entitlements in the

back-pressure turbine is effected, as provided for in

II-D, the party(s) receiving additional capacity will

pay to the party(s) supplying such capacity, an annual

charge to cover the supplier's annual cost of capital

investment in such capacity.

G. Appropriate transmission service charges would be allo-

cated to a party for transmission of power to that

party's system over transmission facilities owned by

another or others.
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r. J. K. Horton APR 221965
President
Southern California Edison Company
601 W. 5th Street
Los Angeles, California

r. Sauel B. Nelson
General Manager and Chief Engineer
Department of Water and Power
City of Los Angeles
207 South Broadway
Los Angeles, California

M, Joseph F. Sinnott
President
San Diego Gas & Electric Company
861 6th Avenue
San Diego, California

Gentlemen:

This will acknowledge receipt of your joint letter
dated April 8 1965, transmitting "Principles for Participa-
tion in a Dual Purpose Power-Desalination Plant." As you have
noted, the possible participation by the Southern California
Edison Company, City of Los Angeles Department of Water and
Power, San Diego Gas and Electric Company, and The Metropolitan
Water District of Southern California in the building and opera-
tion of a dual purpose power-desalination plant has been the
subject of several discussions recently between representatives
of our respective organizations, aided by personnel from Bechtel
Corporation.

We agree with your suggestion that the proposal of
the Southern California utilities should be evaluated by Bechtel



as an additional alternative to determine whether water
costs could be lowered thereby. This will require amendment
of the contract of August 18, 1964, between the United
States and the District because the power generating ca-
pacity of the plant would be greater under the proposal of
the utilities than the upper limit of the range of capacity
specified for the study in the aforesaid contract of August
18, 1964. Such amendment has been discussed with the Govern-
ment representatives assigned to the study, and it is be-
lieved that the amendment, as well as Government authoriza-
tion to expand the study to include the alternative involved
under the utilities' proposal, can be arranged.

Accordingly, appropriate steps will be taken to
amend the contract between the United States and the Dis-
trict, and to obtain the necessary authorization to enlarge
the study. It is expected that this can be accomplished at
an early date. In the meantime, as you suggest, the repre-
sentatives of the utilities and the District, assisted by
Bechtel, should work toward implementation of the proposed
plan as an alternative under the study. We shall be glad to
continue discussions with your Task Force on this basis.

In regard to the prospects of consummating construc-
tion of a power and desalting plant under the proposed plan,
we are sure you recognize that the actions taken to date by
the District s Board of Directors are concerned with the study
and the acquisition of a site, and that the position of the
Board with respect to participation by the District in con-
struction of a plant would be a matter for future determina-
tion.

We wish to express our appreciation for your co-
operation in preparation of the proposal and in assigning the
Task Force to work on the project.

Very truly yours,

R. A. Skinner
General Manager and Chief Engineer

cc: Mr. Wayne N. Johnson
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PRELIMINARY REVIEW
OF

METEOROLOGICAL CONDITIONS AT
PROPOSED MWD NUCLEAR DESALTING PLANT SITES

by
Dr. Morris Neiburger

Professor, UCLA Dept. of Meteorology

GENERAL METEOROLOGICAL CONDITIONS

The proposed sites at Irvine Ranch and Dana Point are on the shore of the

San Pedro Channel and the Gulf of Santa Catalina, where the shoreline

extends generally southeastward from Long Beach to Oceanside. With

this position, the dominant controls of meteorological conditions are the

semi-permanent anti-cyclone over the subtropical Pacific Ocean, which

protects the area from cyclonic storms and gives rise to a persistent

inversion at an average height of about 1, 000 feet above the ground, par-

ticularly during the warm season, and the temperature contrast between

land and ocean, which causes a diurnal wind variation; i. e. , sea breeze

and land breeze, to which is added a seasonal tendency for on-shore flow

in summer and seaward flow in winter. Storms are infrequent in this

area, occuring only occasionally in the colder half-year; in their absence

the winds are light to moderate and the temperatures are generally mild.

Temperatures and precipitation for the sites can be expected to be similar

to those for Newport Beach, which is a short distance northwest of the

Irvine Ranch site. These are shown in the table below, along with the

ones for Oceanside, which is some distance southeast. It is apparent that

the values at Oceanside are almost identical to those at Newport, indica-

ting that values observed at the sites would be about the same.

TEMPERATURE AND PRECIPITATION CHARACTERISTICS

OF PROPOSED SITES

Newport Oceanside
Temperature (F) Temperature (F)

Av. Max. Av. Min. Precip. (in.) Av. Max. Av. Min. Precip. (in. )

Jan. 63 45 1.97 62 43 2.38

Feb. 63 47 2.67 61 45 1.92

March 65 49 1.81 64 47 1.84
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Newport Oceanside
Temperature (F) Temperature (F)

Ave. Max. Av. Min. Precip. (in.) Ave. Max. Av. Min. Precip. (in. )

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

66

68

70

73

74

73

71

69

65

53

57

58

61

62

59

55

49

47

TOTAL

Annual

Av. 68

0.99

0. 33

0.09

0.01

0.06

0. 18

0.63

0. 97

2. 51

12. 32

54

66

67

70

73

75

74

71

68

64

68

51

54

58

62

62

60

55

49

44

0.74

0.29

0.09

0.03

0.07

0. 13

0.42

0.99

2. 07

10.. 98

53

The average daily maximum temperature ranges from the low sixties in

winter to about 75 F in summer. On a few individual days, temperatures

may reach into the nineties. Such days are rare, and are to be expected

mainly in September and October. The average daily minimum tempera-

ture varies from the mid-forties in winter to the low sixties in summer.

Temperatures in the upper thirties occur occasionally in winter, but

subfreezing temperatures are very rare.

Precipitation occurs mainly in the colder half of the year, and is normally

heaviest in December, January, and February. The average annual rain-

fall total is about 12 inches, but the total varies widely from year to year,

with some years getting as little as five inches and others as many as

30 inches.
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WIND MOVEMENT

Air flow at these sites is doubtlessly that characteristic Qf all subtropical

west coast locations. On most days the sea breeze-land breeze regime is

dominant, with winds flowing from sea to land more or less perpendicular

to the coast from some time after sunrise to about sunset, and winds blow-

ing from land to sea during the night. Characteristically, the sea breeze

is stronger than the land breeze throughout the year; its duration is longer

in the summer, but shorter than the land breeze in winter. On a few days

in the cold season the diurnal wind oscillation is interrupted by the passage

of storms, or, particularly in the fall, by Santa Ana winds blowing from

land both day and night.

This general wind behavior is modified at various places along the coast

by local topographic effects which tend to produce convergence of the sea

breeze toward canyons and passes, and to divert the cool land winds around

mountains.

The wind observations nearest the sites are those from.the vicinity of

Newport Beach and Huntington Beach. Figure 1, taken from aritcle Winds

Over Coastal Southern California, by Robert E. Stevenson, Bulletin of the

Southern California Academy of Sciences, Vol. 59, Part 2, 1960 shows the

general characteristics of the winds at Newport Beach.

Wind roses in the figure show that in the summer months the winds blow

predominantly from the west and southwest, representing the dominance

of the sea breeze in this season. Speeds of the sea breeze are mostly in

the 6-10 knots range, but are in the 11-15 knots range some of the time.

The land breezes are light, of a more variable direction, and less frequent.
In the winter, on the other hand, winds from the land predominate, with

northeast the most frequent direction; speeds are rarely greater than

5 knots, although a few winds greater than 20 knots are indicated. These

strong winds are doubtlessly associated with passing storms or Santa Anas.

The variation of wind with time of day is displayed in Table 1 which shows
the distribution of wind direction frequency at Newport Beach Harbor at

four times of day for December and July, as observed in 1963 and 1964.

It is seen that the directions were more variable in December than in July,

and more variable before sunrise than in the afternoon. Nevertheless, the

sea-land oscillation of the wind shows up even in December, when the

0500 (5:00 a.m. ) winds blow from land (NNW to ESE) 46 percent of the time

compared with 6 percent from the sea (SSE to WNW), while the 1300

(1:00 p.m. ) winds blew from land 4 percent of the time, and from the sea

68 percent of the time. (The alongshore directions, NW and SE, have been
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FIGURE 1

ANNUAL MONTHLY WIND ROSES AT NEWPORT BEACH, CALIFORNIA
FROM DATA GATHERED AT PLANT 2, COUNTY SANITATION DISTRICTS OF ORANGE COUNTY.



omitted in this comparison.) In July, the sea breeze was present in almost

all observations at 1000, 1300, and 1700 hours. The air was calm 31 per-

cent of the time at 0500, but only 13 percent at 1300 in December. In July,

calms were present at 21 percent of the 0500 observations, but not at all at

1300 and 1700.

Data for Huntington Beach, about 5 miles northwest of Newport Beach along

the coast, are also shown in Table 1. For this station, the data are based

on hourly observations grouped by periods during which land breezes or

sea breezes are normally well developed, and are shown for four months

through the year 1959. Again the sea-land oscillation shows up in all

months, and night time winds are lighter and more variable that the after-

noon sea breeze. Compared to Newport Beach Harbor, however, there is

less variability of the land breeze in winter, and fewer calms are reported.

The direction of the sea breeze (in July) is slightly different at Huntington

Beach than at Newport Beach, also, the most frequent direction being west-

southwest and west instead of southwest. This may be due to slight topo-

graphic differences, but it may also be due to the grouping of data, or

because the data are for different years.

Data were readily available for these stations for only the short periods

shown. To indicate that these results are representative, the records for

14 years of observations at the U. S. Naval Air Station at Los Alamitos,

about 17 miles northwest of the Irvine Ranch site and four miles from the

shore, are summarized in Tables A. 2, A. 3, and A. 4. Los Alamitos lies

in a region where there is a broad coastal plain instead of the coastal hills

which lie immediately inland of the Irvine Ranch and Dana Point sites.

From Table 2 we see that in the afternoon the winds there are mostly south-

west (up to half the time on an annual basis), with only three or four percent

of the observations showing winds coming from inland. Night and early

morning directions are more variable, with calm conditions about one-third
of the time, but only about 10 percent of the morning observations show

winds from seaward directions. Table 3 shows that wind speeds are mostly

less than 8 knots in the night and early morning, and mostly between 8 and

12 knots in the afternoon when the sea breeze is blowing. This is corrob-

orated by Table 4, which shows that the south-southwest, southwest, and

west-southwest winds are most frequently in the 8 to 12 knot range, but

winds from all other directions are mostly less than 7 knots. Including the

group reported as calm (0-2 knot winds), the winds were less than 8 knots

68 percent of the time, and only six percent of the time did they exceed

12 knots. On the other hand, at 3:00 p.m. (1500 hours) the wind was less

than 3 knots on only 59 of the 5, 187 days represented in Table 3. This

suggests that while calms are fairly frequent at night and in the early morn-

ing they almost never persist into the afternoon, so that the duration of very

light winds is almost never more than one-half day or sA.
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We see that the wind pattern at Los Alamitos, based on 14 years of record,
is closely similar to that indicated by the data for Newport Beach in Fig-
ure A.1 and Table 1. This pattern is thus expected to be characteristic of
the proposed sites at Irvine Ranch and Dana Point.

ATMOSPHERIC STABILITY

The dispersion of pollutants introduced into atmosphere near the ground

depends not only on horizontal transport and diffusion by the winds, but

also on the upward transport by turbulent diffusion. This upward trans-

port is largely determined by the lapse rate, or decrease of temperature

with height. If the lapse rate exceeds the dry adiabatic rate of 1 degree

C per 102 meters, upward mixing is speeded by free convection. If the

lapse rate is less than the adiabatic rate, turbulent diffusion is slowed

down for unsaturated motion; if there is an inversion, i. e., if the temper-

ature increases with height, the stability is so great that vertical mixing

of the air is effectively prevented.

There are essentially two different kinds of inversions that may occur

along the California coast at the proposed sites. The one type is the sur-

face layer inversion, or radiational inversion, produced during clear nights

by cooling of the air in contact with the ground which has lost heat by

radiation. The radiational inversion is a common phenomenon over all

land masses. In some areas it occurs almost every clear night, but along

the California coast radiational inversions form almost exclusively in the

colder half of the year.

In the warmer half year (and occasionally during the rest of the year), the

California coast is subject to the second type of inversion, the subsidence

inversion, caused by the sinking of air as it spirals outward from the anti--

cyclone which is present throughout the warm season, and frequently dur-

ing the rest of the year over the Pacific Ocean at subtropical latitudes.

The subsidence inversion persists both day and night through the months

of May to September, but the height at which it begins varies from time to

time. When it is low, pollutants are confined to a very shallow layer.

The frequency and height of the inversion is very nearly the same all

along the Southern California coast, so that radiosonde observations made

at Santa Monica and San Diego may be considered representative of the

proposed sites. Table 5 shows the frequency, in percent, that the base

of the inversion was in various height ranges, for the 0400 (4:00 a. m.)

and 1600 (4:00 p. m.) observations at Santa Monica and San Diego.
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It will be seen that the inversion frequencies at the two stations are very

nearly the same, especially when allowance is made for the fact that the

San Diego station (Montgomery Field) is farther inland and at a higher

elevation than the Santa Monica Municipal Airport. The two proposed sites

under consideration are approximately mid-way between the two radiosonde

stations, but the data from Santa Monica are probably more typical of the

sites because it is closer to the shore.

It is seen in Table 5 that surface inversions are present at 0400 in all

months of the year. In summer they occur on fewer than 20 percent of

the days, but in December and January they occur on about three-fourths

of the days. However, very few days have surface inversions in the 1600

observations, showing that the diurnal heating lifts or wipes out the surface

inversion almost every day, even in winter. In the summer months the

inversions bases occur principally between 500 and 2000 feet in the mor-

ning.. In the afternoon they are actually lower at Santa Monica, mostly

below 1, 500 feet.

Table 6 shows the diurnal effect clearly. It gives the frequency that inve .-

sion bases are found below 2, 500 feet at the two stations for the two time:

of observation, and their average heights for these cases. In the winter

months, the large number of surface inversions lead to high frequencies

and low heights in the 0400 observations, and the lifting or elimination of

them lead to smaller frequencies in the afternoon data. In the summer

months, the subtropical inversion is present at both observation times,

and is almost always below 2, 500 feet. The sea breeze divergence causes

it to descend in the afternoon, so that the frequencies with which it occur;

below 2, 500 feet are higher in the 1600 data, and for Santa Monica the

average heights are lower. At San Diego, the station is far enough inland

for air heating to offset the effect of sea breeze divergence and result in

the inversion averaging higher at 1600 than 0400.

From these tables we can deduce that either a radiation or subsidence

inversion is to be expected at the proposed sites at low levels well over

one-half the time. In the cold months, surface inversions are to be

expected on most clear nights and early mornings; these will lift from the

surface to the base of the subsidence to an average of 700- 1, 000 feet on

about one-half the days, be lifted to 5, 000 feet or more on other days, and

be eliminated entirely on about one-fourth of the days. Ground inversions

are frequently fairly strong, so that pollutants injected into them will

diffuse slowly in the vertical, remaining mostly at the levels where they

originate and diluting mostly by horizontal transport and diffusion. As the

inversion rises after sunrise, heating will cause the pollution to mix up-

ward and downward rapidly. If the pollutants are introduced at a level

above ground by a stack, they will be brought down to ground level when
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the inversion is lifted to the level at which they were introduced, causing
what is known as "fumigation". On the other hand concentrations of

pollutants held close to the ground by the inversion will be rapidly diluted
when the inversion lifts.

In the warm months, the subsidence inversion can be expected to be present

almost all the time at an average height of about 1, 000 feet, and to be some-

what higher in the morning than in the afternoon. The lapse rate below the

inversion is near the adiabatic, so that mixing goes on easily up to the

inversion base. The subsidence inversion is so intense that it acts as a

ceiling on diffusion. Pollutants introduced below the inversion base will

mix readily through the layer below it, but be constrained to remain in

that layer.

During cloudy and stormy periods in the cold season, low inversions can

be expected to be absent, and mixing can be expected to extend very high,

causing rapid dilution of pollutants. During Santa Ana conditions, however,

a strong surface inversion may form and persist both day and night.

However, the wind blows outward from land to sea, and while pollutants

introduced at the prospective sites will not diffuse vertically under these

conditions, they will be carried seaward by the winds and not affect

populated areas.

DISPERSION OF POLLUTANTS RELEASED AT THE PROPOSED SITES

This discussion of meteorological conditions is, of course, intended

primarily as a background for considerating the hazard to populated areas

from pollutants released at the proposed sites. From the general dis-

cussion above, with the preponderance of light winds and the prevalence of

inversions at low levels, it is clear that the contamination capacity of air

in this region is not large. That this is true for sources extending over

large areas is shown by the prevalence of smog in the Los Angeles basin.

However, for a point source the situation is not as unfavorable, since

diffusion can go on in all directions, not primarily upward as is the case

of an area source.

Among factors to be considered are the frequency with which the wind

blows toward populated areas, as related to wind speed and atmospheric

stability, the duration of light winds and calms, and the persistence of

surface inversions.
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With respect to the Irvine Ranch site, the nearest populated areas are to
the northwest. Thus winds passing over the site from all directions,
except southeast, will carry site effluents over sectors unpopulated for
considerable distances. Indications in Table 1 shows that early morning
summer winds at Newport Beach Harbor blow from this direction about
one-fourth of the time; in winter the winds blow from southeast about one-
eighth of the time. The Irvine Ranch site is sufficiently close to Newport
Beach to assume that wind frequencies will be the same, and thus that

pollutants emitted continuously at this site will be carried toward Newport

Beach with these frequencies. In the summer, the subtropical inversion

is present at an average height of more than 1, 000 feet in the morning,
and the southeast flow can be expected to be accompanied by rapid mixing

upward to that height. In the winter, however, there is an inversion at
ground level in the morning the the air flow toward Newport Beach, while
less frequent, will have little vertical mixing associated with it.

It is less certain if the wind pattern at Newp3rt Beach will be exactly
duplicated at the Dana Point site. While the general features are doubtlessly
the same, the question of whether there are slight differences due to top-
ography enters. The bend of the coast at Dana Point, to the south of the
site, and the presence of hills primarily to the northeast suggest, for
instance, that the sea breeze might have a tendency to be more southerly,

say southwest instead of west-southwest to west-northwest. This will
decrease the likelihood, already small from the data in Table 1, that the
nearby town of Dana Point to the east-southeast will be influenced by

emissions from the proposed site. San Juan Capistrano, somewhat more
distant, will be in the direction of fairly frequent air flow, but at times

when the wind blows toward it, the inversion is aloft or absent, and up-

ward diffusion of pollutants will be rapid.

Along-shore air flow from the proposed Dana Point site to the town of
Laguna Beach is subject to the same comments as those that apply to the
flow from the Irvine Ranch site to Newport Beach, except that Laguna Beach
is further from Dana Point, and thus diffusion will have more time to take
place. Along-shore flow southeastward toward the town of San Clemente

is very infrequent.

No direct evaluation of the durations of light winds and calms is available

for Newport Beach, but it is expected they are similar to those at other
coastal stations in the area. At Lindberg Field, in San Diego, for
instance, the longest duration of calm during a five-year period was 14
hours; the longest duration of winds less than 4 miles per hour was 18
hours. On only six occasions during the five years was it calm for as long
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as six hours, although winds remained less than 4 miles per hour for 12
hours or more over 100 times.

The persistence of light winds, which might be a favorable factor for
sources of pollution a long distance from populated areas, is not advan-

tageous for sources near populated areas. While traveling long distances

at low speeds the pollution has a long time to diffuse, even though turbul-

ence may not be large. However, because of the close proximity of the

proposed sites to towns, this factor is not favorable for periods when the

wind is from a direction which will carry the air toward the towns.

Favorable factors for the proposed sites, from the meteorological stand-

point, are the relatively small frequencies of winds directly from the sites

toward the nearest populated areas, the tendency for the inversion to be

aloft or absent at times when these wind directions occur, the fact that the

most frequent air flow during times of ground inversions (night and early

morning) is seaward, and the fact that the most frequent flow during the

daytime is across the coastal hills where vertical mixing can be expected

to be rapid before populated areas are reached. The unfavorable factor

is the occasional air flow from the site toward nearby populated areas.

CONCLUSIONS

While wind direction and stability conditions are favorable much of the

time for dispersion of pollutants before air from the proposed sites can

reach populated areas, the frequency of winds blowing toward populated

areas at times of ground inversions make it clear that containment is

essential. This is particularly true of the Irvine Ranch site.
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TABLE 1
FREQUENCY (IN PERCENT) OF WINDS FROM VARIOUS DIRECTIONS AND AVERAGE SPEEDS AT VARIOUS HOURS,

NEWPORT BEACH HARBOR AND HUNTINGTON BEACH

Ave r

Spe

Calm N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW (Knc

Newport Beach Harbor 1963 - 1964

Dec. 0500 31 5 10 13 10 8 13 3 1 1 1 2 3.5
Dec. 1000 24 5 8 1 1 3 16 13 10 5 1 5 3 3 3.6
Dec. 1300 13 1 3 11 13 3 5 13 15 19 3 5.0
Dec. 1700 24 1 3 1 1 11 6 13 6 3 19 1 8 4.2

July 0500 21 6 3 10 5 2 24 8 6 2 5 3 2 1 2 3.2
July 1000 5 2 36 18 3 13 16 5 2 4.7
July 1300 7 19 13 32 16 13 6.6
July 1700 1 3 19 5 26 10 31 5 6.9

Huntington Beach 1959

January Mdt. - 7 a. m. 15 43 13 7 5 2 3 3 3 1 1 2
January Noon OX - 5 p. m. 2 1 1 1 2 9 12 8 29 29 2
April Mdt. - 6 a. m. 10 17 14 17 6 9 7 1 6 2 3 2 6 3 1 2
April Noon - 5 p. m. 10 17 13 27 32 1
July Mdt. - 7 a. m. 10 13 11 5 3 6 14 1 4 8 2 3 6 5 2 6
July Noon - 6 p. m. 8 18 5 22 43 4
October Mdt. - 7 a. m. 13 31 21 13 2 1 2 2 2 1 1 1 1 2 2 5
October Noon - 6 p. m. 1 1 1 1 2 9 11 13 12 41 12 2

rage

ed

its)



TABLE 2
LOS ALAMITOS NAVAL AIR STATION ANNUAL FREQUENCY

OF WIND DIRECTION BY HOURS IN PERCENT OF OCCURRENCES

HOURS N NNE NE ENE E ESE SE SSEj S JSSWJ W S sW W WNW NWINNWM

8. 8
9. 8

11. 8
12.9+
13. 7
15. 2
15. 1
12. 9

8. 1
4. 4

2. 8-
1. 2

0. 9
0. 6
0. 3
0. 4
0. 6
0. 6
1. 5
2. 9
4. 1
5. 8
6. 6
8. 8

5. 3
6. 7
6. 7
7. 4
7. 8
7. 5
7. 7
6. 5
5. 0
3. 2
2. 4
1. 7
1. 1
1. 0
0. 8
0. 7
0. 7

0. 9
1. 1
1. 8+
2. 4
3. 4
4. 4

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

12. 3
11.0
11.0
10. 8

9. 8
9. 9
8. 4
7. 5
5. 5
4. 2

3. 0
1. 5
1. 1
0.9
1.2
0. 7
0. 7
1. 0
1. 2
2. 7
4. 4

6. 4

8. 9
10. 5

4. 8
4. 2
4. 3

3. 4
3. 6
3. 1
3. 5
3. 4
3. 5-
2. 6
1. 6
1. 0-
0. 4
0. 2
0. 3
0.4-
0. 2

0. 5
0. 9
1.5
2. 8
4. 2
4. 8

4. 9

8. 3
7. 3
6. 5

5.9

5. 4
4. 6
5. 1
6. 0
6. 3
6. 6
4.4
2. 7
1. 8
1. 3
0. 9
0. 8
0.7+
1. 3

2. 4
4. 2
6. 6
9. 2

10. 0
9. 6

1. 8
2. 3
1.9-
1. 7

1. 3
1. 5
1. 8
1.9
345

3.3
2. 5
1. 8
1. 3
0. 9
0. 8
1. 1
1. 5
2. 3
2. 7
4. 3
3. 5
3. 4
2.4

2. 4-
2. 1
1. 7
1.4
1. 8
2. 0
1. 9
2. 4
4. 3
7. 1
7. 9
8. 5
7. 4

5. 4

5. 1
5. 0

5. 0
6. 5
7. 6
7. 4
6. 0
5. 0

3. 5
2. 8

0. 8
0. 8
0. 6
0. 7
0. 9
0. 7
0. 7
1. 3
2. 6
5. 7

11.7
14. 8
15. 9
16. 6
15. 0
13. 9
13. 0
9. 5
6. 5

4. 9
2. 4
1.4
1. 3
1. 1

2. 0
1. 8
1.4
1.4
1. 6
1.5
1. 6
2. 1
3. 5
9. 0

19. 4-
31.7
43. 3
50. 3
51.0
46. 8
36.9
24. 4
15. 1

8. 3
5. 3
4. 2
3. 0
2. 4

1. 1
0. 9
0. 9
0. 9
1. 1
1. 1
0. 8
1. 2
1.4
3. 0

4. 9
7. 3
8. 7
9. 1

10. 4
10. 0
10. 2

8. 5

5. 9

3. 9
2. 2
2. 2
1. 6
1.4

6. 1
6. 6-
6. 3
6. 4
6. 9
7. 5
8. 1+
7. 4
6. 4
5. 2
2. 6
1. 8
1. 1
0. 8
0. 5
0. 3
0. 3
0. 6
2. 1
3. 6
4. 6
5. 0
5. 0-
4. 9

2. 9
2. 9
4. 0
4. 4
4. 8
4. 7
5. 3
5. 1
4. 7
2. 5
1. 2

0. 6
0. 5
0. 2
0. 1
0. 2

0. 2

0. 2

0. 4

1. 1
1. 8
2. 4
2. 7
2. 0 4. 8

2. 4
2. 0
2. 1
1. 7
1.4
1.4
1. 5
2. 0
3. 0
4. 1
4. 7
5. 1
4.4+
4. 6
5. 7
8. 0

10. 1
11. 7
10. 6

8. 1
5. 6
3. 7
3. 2
2. 6

1.
1.
0.
0.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
3.
7.

11.
15.
14.
10.

5.
2.
1.
1.

1
1-
9
9
9
1
0
2-
4
6
8
8
9
8
6
3
8
6
5+
0
9
2
5
4

4. 3
3. 6
3. 3
3. 7
4. 1
3. 3
3. 5
4. 0
3. 8
3. 9-
3. 9
3. 2
2. 1
1. 7
1. 8
3. 2
6. 2

12. 4
17. 5
19. 6
15. 6
10. 0

6. 7
4. 8

CALM

33. 2
34. 4
33. 9
33. 7
31. 6
31.9
30. 9
32. 0
33. 9
31.2
22. 6
13. 2

7. 0
3. 5

1. 9
1. 1
1. 8
3. 8
7. 7

13.7
21. 8
28. 0
30. 6
32. 7

2. 4
2. 5
2. 7
2. 7
3. 3-
3. 0
3. 1
3. 1
3. 1
2. 5
1. 8
1.4
0. 8
0. 7
0. 5
0.4-
0. 5
1. 0
2. 7
3. 6
4. 2
3. 4
2. 8
2. 9

.1. J _________ .1 I. a. _________ a. J __________ ~J. __________ a.. __________ ______________
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TABLE 3
ANNUAL FREQUENCY OF SPECIFIED WIND SPEEDS BY HOURS

(NUMBER OF OBSERVATIONS IN 14 YEAR 2 MONTH PERIOD)

WIND SPEED IN KNOTS

HOUR 0-2 3-7 8-12 13-20 21-30 30

00
01
02

03
04
05
06
07
08

09
10
11
12
13
14
15
16
17
18
19
20

21
22

23

1388
1444
1424
1408
1477
1503
1498
1663
1769
1632
1198
700
373
182

99
59

91
185
372
657

1028
1236
1294
1377

2271
2289
2282
2276
2637
2626
2704
2856
2808
2827
2610
2225
1610
1182
924
972

1309
1813
2582
3092
3138
2680
2428
2376

492
400

442
456
517
513
538
552
461
573

1140

1902
2618
2914
3096
3193
3075
2503
1707

979
564
458

446
413

61
69
61
66
70
56
71
66
109

113

187

317
543

869
1030

929
681
329

164
109
84
76
71
70

8
10

8

9
13
13
10
14
17
23

38
42
45
44
42
34

26
18
20
12
14
13
11
11

2

1
1
1
3

2

1

1
1

TOTALS 24057 54517 29952 6201 495 13



ANNUAL FREQUENCY
TABLE 4

OF WIND SPEED GROUPS (KNOTS)

Wind1 %of
Dir. 3-7 8-12 13-20 21-30 31-40 740 Calm Total Total

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

Calm

3851

2082

5643

2904

5051

2210

4351

1779

3245

2749

5746

2011

2984

2264

5553

2093

782

462

1141

77 1

885

475

939

554

1883

3928

10709

2202

1690

188 1

1202

448

45

27

136

369

174

62

163

155

288

584

2277

7 14

620

358

186

43

2

13

180

39

4

26

35

13

3

7

20

86

24

38

5

1

1

24057

4679

2573

6933

4229

6151

2751

5481

2523

5429

7265

18740

4948

5381

4527

6979

2589

24057

4. 1

2. 2

6.0

3. 7

5. 3

2.4

4. 7

2.2

4. 7

6. 3

16. 3

4. 3

4. 7

3.9

6. 1

2. 3

20. 8

TOTAL 54517 29952 6201 495 11 2 24057 115235 100.00

Tof
Total 47.3 26.0 5.4 .4 .0 .0 20.9 100.0



TABLE 5
FREQUENCY (PERCENT) OF INVERSION BASES AT VARIOUS ALT ITUDES

A. SANTA MONICA 0400 PST OBSERVATION

Height of Base (ft) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. De(

Surface (125) 75 57 45 41 25 14 19 14 31 44 69 76

126-500 2 1 2 1 2 0 5 6 3 1 1 3

501-1000 2 4 5 6 5 9 17 21 14 6 2 2

1001-1500 3 2 3 6 6 23 20 22 13 9 4 2

1501-2000 2 2 4 8 12 22 21 20 7 10 2 1

2001-2500 1 2 6 7 4 13 9 4 11 5 3 2

2501-3000 2 2 3 3 8 7 6 7 3 3 2 1

3001-3500 1 1 3 2 11 5 3 4 6 1 1 0

3501-5000 1 4 5 7 12 3 0 1 6 8 2 1

5001-10,000 3 5 6 10 9 4 0 1 1 3 5 2

None 8 20 18 9 6 0 0 0 5 10 9 10

C.



(Continued) TABLE 5
B. SANTA MONICA 1600 PST OBSERVATIONS

Height of Base (ft) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. D

Surface (125) 5 1 1 2 0 0 1 0 0 4 4

126-500 14 6 9 17 13 4 12 10 8 13 15 1

501-1000 24 16 17 25 28 30 36 42 44 23 28 2

1001-1500 7 8 13 16 13 40 37 34 21 20 7

1501-2000 5 4 6 7 13 9 9 10 7 7 4

2001-2500 1 1 1 4 5 5 3 1 1 1 2

2501-3000 1 1 2 1 1 3 1 1 5 1 2

3001-3500 1 4 2 1 1 1 0 0 0 0 2

3501-5000 5 6 7 6 8 6 0 1 4 7 5

5000-10, 000 15 16 13 9 9 1 1 1 5 8 13 1

)ec.

8

5

o5

5

2

1

1

3

7

0

None 22 37 29 12 9 1 0 0 S 16 18 23

22 37 29 12 16None 9 1 0 0 5 18 23



(Continued) TABLE 5
C. SAN DIEGO 0400 PST OBSERVATION

Height of Base (ft) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec

Surface (407 ft) 76 67 54 43 26 11 17 20 33 51 77 85

408-500 0 0 0 0 0 0 0 0 0 0 0 0

501-1000 1 2 1 2 2 9 16 10 9 5 1 2

1001-1500 3 3 5 12 9 17 17 17 13 8 1 1

1501-2000 0 2 2 8 7 25 25 26 11 7 4 2

2001-2500 1 2 4 3 3 11 17 12 10 3 1 0

2501-3000 1 1 1 5 11 14 5 10 6 3 1 0

3001-3500 0 2 5 3 10 7 3 2 5 3 1 1

3501-5000 5 2 9 9 19 5 0 2 8 13 3 0

5001-10, 000 8 8 14 8 9 0 0 1 4 4 6 3

None 5 11 5 6 3 1 0 0 1 3 5 6

.



(Continued) TABLE 5
D. SAN DIEGO 1600 PST OBSERVATION

Height of Base (ft) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. D

Surface (407 ft) 3 1 1 0 0 0 0 0 1 2 1

408-500 0 0 0 0 0 0 0 0 0 0 0

501-1000 25 9 10 15 6 7 19 15 21 15 23 3

1001-1500 8 12 12 20 18 31 34 27 26 21 20 1

1501-2000 7 3 8 13 20 34 39 41 22 15 5

2001-2500 0 6 8 8 16 17 6 8 13 7 1

2501-3000 3 7 6 7 9 5 1 5 5 3 3

3001-3500 1 3 3 7 6 2 0 0 3 5 2

3501-5000 5 9 11 11 10 2 0 1 3 9 7

5000-10, 000 25 23 15 7 8 1 0 1 3 7 17 1

None 23 25 26 12 7 1 1 2 3 15 21
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ALJ..I 8 1.1 __ _ _ _.

25

ec.

4

0

0

2

2

5

1

1

4

6



TABLE 6
FREQUENCY (%) AND AVERAGE INVERSION BASE HEIGHTS

OF INVERSION OCCURRENCES BELOW 2500 FT.

0400 PST OBSERVATIONS 1600 PST OBSERVATIONS
SANTA M ONICA* SAN DIEGO* SANTA MONICA* SAN DIEGO*

MONTH FREQ. (%) AV. HT. (FT) FREQ. (%) AV. HT. (FT) FREQ. (%) AV. HT. (FT) FREQ. (%) AV. H

Jan.

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

88

86

66

69

55

82

92

86

79

74

84

85

250

317

552

675

824

1288

1078

1028

855

675

314

235

81

77

66

68

48

74

92

85

76

74

85

90

451

541

629

813

912

1375

1316

1267

1031

731

514

458

56

37

47

70

72

89

98

97

81

68

59

55

760

931

966

927

1096

1145

1008

993

910

943

794

650

44

32

38

57

60

89

98

91

81

61

51

54

984

1357

1422

1392

1630

1553

1407

1476

1386

1346

1087

1032

T.(FT)

Santa Monica Municipal Airport, 2. 5 Mi. from coast, Elev. 125 ft.

Montgomery Field, 8 Mi. from coast, Elev. 407 ft.







MARINE ADVISERS, INC.

ARCH ROCK TO PELICAN POINT SITE

NEARSHORE HYDROGRAPHY

This coast is characterized by minor rocky headlands with pocket beaches;

approximate distances from shore for specific contours are 950 feet for 2 to 4

fathoms mllw, 1500 feet for 8 fathoms, 2050 feet for 12 fathoms and 3000 feet for.

20 fathoms. Sand on the beaches probably extends out only to a depth of about 10 feet

mllw; from there the bottom is probably rock out to about 7 fathoms depth, outside

of which fine gray sand occurs, according to the USC&GS Hydrographic Survey No.

5602 conducted June and July 1934.

KELP

The location lies within the north part of Kelp Bed No. 10 which stretches from

Corona Del Mar to Laguna Beach, according to California Fish and Game's Official
Kelp Beds Map. The bed was not included in the Federal Government's survey in 1912.

Apparently the bed has always been small (narrow) and relatively unimportant for direct

commercial harvest. In 1955-56 it was reported by Fish and Game as thin and was not
harvested commercially in the 1949-1955 time interval. The USC&GS Hydrographic

Survey No. 5602 performed in June and July 1934 shows kelp along the coast between
the 2 and 8-fathom contours (about 500-foot width) from about 1/2 mile north of Arch

Rock to about 2 miles south of Pelican Point. Undoubtedly the main value of kelp in
this area is indirect as it serves as a habitat for fish and perhaps also is of esthetic

importance.



OCEAN TEMPERATURE

Ocean surface temperature has been taken daily at Balboa Pier since 1925.
The average monthly temperatures plus the highest and lowest temperatures observed

during the month which had the highest and lowest temperature average in the period
1925-1948 are as follows:

Month

Average

January

February

March

April

May

June

July

August

September

October

November

December

Monthly ocean temperature observations taken by Scripps Institution for a

shorter period of time are useful to show the variation southward along the coast

from Balboa Pier. The places between Dana Point and Balboa Pier where such
measurements were taken in the surf, and the average quarterly temperature during

August 1951 - June 1953 were as follows:

57. 7*F

Daily
Highest

63. 5*F

Daily
Lowest

54. 0* F

57. 6

58. 3

59. 5

61.9

64. 6

66. 0

67. 3

65. 5

64. 2

61.4

59. 5

61.9

64. 0

67. 1

68. 2

70. 0

77. 0

74. 1

68. 9

69. 3

67. 6

65. 7

51.8

53. 2

53. 2

53. 1

58. 3

60. 6

59. 0

56. 3

59. 5

56. 3

55. 0



Place Lat.

Balboa Pier

Corona del Mar

Laguna Beach

Salt Creek Camp

Dana Point Pier

330 35.3'

330 35.2'

330 32. 3'

330 28. 9'

330 27. 6'

Long.

117.* 55.8'

1170 52.6'

1170 47.0'

1170 43. 4'

1170 42. 2'

Jan-

Mar

56. 5

57.0

57.0

57. 6

57. 2

Average Temperature
Apr- Jul-

Jun Sep

58. 6

58.3

61. 5

60. 6

61. 0

61.7

61.7

63. 1

64. 0

65. 3

The 1951-53 period was characterized by subnormal ocean temperatures off Southern
California. It is not certain that the temperatures during summer of an above-normal
year would necessarily be 3*F warmer at Dana Point than at Balboa.

(in *F)
Oct-

Dec

61.5

61. 7

62. 8

63. 1

62. 1



WAVES

In summer the prevailing sea-swell breaking at the shore have significant
trough-to-crest height (average of the highest one-third present) of 2 to 6 feet and

period of 12 to 16 seconds. In winter the waves are more variable with the significant

height from 2 to 10 feet and period from 8 to 18 seconds.

Marine Advisers, Inc. have prepared a number of wave refraction diagrams

which show the ratio of wave energy after refraction to that if no refraction occurred.

The results of these for the two locations are as follows:

Wave Type

Direction

2920,

2020,

247*,

1800,

270*,

1910,

2140,

Period

4 sec.

5 sec.

5 sec.

12 sec.

12 sec.

15 sec.

15 sec.

Arch Rock to
Pelican Point Site

.55

1.03

. 87

.90

.96

1. 22

Mussel Cove to
Dana Point Site

.93

.94

1.05

.86

1.01

.75

1.01

The design wave significant height (based on the tropical storm of September
1939) would probably be about 26 feet at Arch Rock to.Pelican Point and about 22 or
23 feet at Mussel Cove to Dana Point site. The period associated with this height
would be 14 seconds at either location. A wave study is needed to correctly refine
these estimated figures.



To our knowledge, current measurements have not been made at the site

of interest. Littoral currents, which flow parallel to shore and are caused by waves

breaking at an angle with the coast, are usually present in the zone between the

water line and about the 10 or 15-foot MLLW depth contour. The nearest location

where littoral currents have been observed is at Camp Del Mar, situated just north

of Oceanside. The frequency of occurrence by direction and speed over an 8 -to 11-

year period (except May which is for 1962 only) at Camp Del Mar are as follows:

Average Maximum

Month Direction Occurrence Speed Speed

Jan. Toward upcoast 12. 6% 0. 50kt 2. 1 kt
Toward downcoast 60.4 0. 68 3. 5

Variable 27. 0

May Toward upcoast 58.0 0.34 1.5

Toward downcoast 17.0 0. 06 1. 2

Variable 25. 0

Aug. Toward upcoast 61. 8 0. 62 2.8
Toward downcoast 15.6 0.36 1.5
Variable 22. 6

Nov. Toward upcoast 28. 6 0. 47 3. 0
Toward downcoast 40. 1 0. 64 7. 2

Variable 31.3

Currents in the zone between the 15 or 20-foot contour and the edge of the

continental shelf (600 feet) are caused primarily by the local wind and tides, and

are limited by horizontal shear with the northward-flowing California Counter

Current farther offshore. The nearest location for which currents were measured

in the shallower part of this depth range is at San Onofre by Marine Advisers, Inc.

At San Onofre, 178 measurements were taken during four 25-hour periods (selected

as representative tidal regimes) between 1000 and 4000 feet from shore. Current

speeds obtained were as follows:

Speed Occurrence

0-.lKt 7%
..--. 224

.2-.3 28

.3-.4 22

.4-.6 13

.6-.8 15

.8-1.0 1



The percentage of time which these currents at San Onofre flowed in

various directions and the current speed made and range were as follows:

Direction Occurrence Speed mode Speed range

Toward shore 12% . 1-.2 Kt 0-. 6 Kt

Toward offshore 7 . 1-. 2 0-. 8

Toward downcoast 42 . 3-. 4 0 -1. 0

Toward upcoast 39 . 2-. 3 0-. 6



TSUNAMIS

Tsunamis originating at distant epicenters do not rise high at the site.

The maximum recorded rise or fall due to larger tsunamis that have occurred over

the past 2 decades are as follows:

1946

1952

1957

1960

1964

Los Angeles

2. 5

2.0

2. 1

5. 0

3. 3

La Jolla

1.4

0. 8

2. 0

3. 3

2. 2

No sizable tsunami with an epicenter in the continental borderland off Southern

California has occurred within the past century. However, in 1812 an earthquake in

or near the channel islands produced a tsunami which (from carefully-gleaned sketchy

information) appears to have had run-up height of 15 feet at Ventura and 20 to 25 feet
at Santa Barbara. Whether this could occur at the site of interest herein is subject
to further investigation.



MUSSEL COVE TO DANA POINT SITE

NEARSHORE HYDROGRAPHY

Dana Point and the rocky headland which forms the south side of Mussel

Cove serve to compartment this section of beach. Although sand exists on the

upper beach, the bottom in this area at depths of 2 to 10 fathoms mllw was reported

as hard (presumably rock or shale) on the USC&GS Hydrography Survey No. 5603
made in June-July 1934. Fine gray sand prevails on the bottom outside of 12- fathoms

depth. Approximate distances from shore for specific contours are 600 feet for 2
fathoms, 1100 feet for 4 fathoms, 2400 feet for 8 fathoms, 3400 feet for 12 fathoms

and 6600 feet for 20 fathoms.

KELP

This location lies within the north part of Kelp Bed No. 9 which stretches

from San Clemente to Mussel Cove according to California Fish and Games'

Official Kelp Beds Map. The USC&GS Hydrographic Survey No. 5603 which was
made in June and July 1934 shows continuous kelp plants over a band about 2000 feet

wide and 10, 000 feet long reaching from Dana Point northward to about 2500 feet
south of Mussel Cove. In the Federal Government kelp survey of 1912 the condition

of Bed No. 9 was reported as medium and in 1955-56 it was rated as heavy by the

California Fish & Game. Bed No. 9 is harvested commercially. Yields of beds,
classed into a condition category along with No. 9, average about 2500 to 3000 tons/

year/square mile. In 1916-20 the same group of beds yielded about 4000 tons/year/

square mile.

In 1958 the Bed No. 9 deteriorated quite badly, presumably due to naturally
warmer ocean temperatures; thence the grazers (primarily sea urchins) have slowed

its recovery but it is progressively returning (inshore part first), and Mr. Charles

Martin, Marine Biologist of Kelco (kelp harvesting company in San Diego) has ob-
served improvement during the last 12 months. In healthy condition, Bed No. 9
provides an extensive shelter and food for many marine animals.



OCEAN TEMPERATURE

Ocean surface temperature has been taken daily -at Balboa Pier since 1925.
The average monthly temperatures plus the highest and lowest temperatures observed

during the month which had the highest and lowest temperature average in the period

1925-1948 are as follows:

Month
Average

January

February

March

April

May

June

July

August

September

October

November

December

Monthly ocean temperature observations taken by Scripps Institution for a

shorter period of time are useful to show the variation southward along the coast

from Balboa Pier. The places between Dana Point and Balboa Pier where such

measurements were taken in the surf, and the average quarterly temperature during

August 1951 - June 1953 were as follows:

Daily
Highest

63. 5*F

Daily
Lowest

54. 0* F57. 7*F

57.6

58. 3

59. 5

61. 9

64. 6

66. 0

67. 3

65. 5

61.9

64. 0

67. 1

68. 2

70. 0

77. 0

74. 1

68. 9

69. 3

67. 6

65. 7

51.8

53. 2

53. 2

53. 1

58. 3

60. 6

59. 0

56. 3

59. 5

56. 3

55. 0

64. 2

61. 4

59. 5



Place

Balboa Pier

Corona del Mar

Laguna Beach

Salt Creek Camp

Dana Point Pier

Lat.

330 35. 3'

330 35.2'

330 32. 3'

330 28. 9'

330 27. 6'

Long.

117. 55.8'

1170 52.6'

1170 47.0'

1170 43. 4'

1170 42.2'

Jan-

Mar

56. 5

57.0

57.0

57. 6

57. 2

Average Temperature (in
Apr- Jul-

Jun Sep

58. 6

58. 3

61. 5

60. 6

61. 0

61.7

61.7

63. 1

64. 0

65. 3

The 1951-53 period was characterized by subnormal ocean temperatures off Southern
California. It is not certain that the temperatures during summer of an above-normal
year would necessarily be 3*F warmer at Dana Point than at Balboa.

*F)
Oct-

Dec

61. 5

61. 7

62. 8

63. 1

62. 1



WAVES

In summer the prevailing sea-swell breaking at the shore have significant
trough-to-crest height (average of the highest one-third present) of 2 to 6 feet and
period of 12 to 16 seconds. In winter the waves are more variable with the significant
height from 2 to 10 feet and period from 8 to 18 seconds.

Marine Advisers, Inc. have prepared a number of wave refraction diagrams
which show the ratio of wave energy after refraction to that if no refraction occurred.
The results of these for the two locations are as follows:

Wave Type

Direction

2920,

2020,

2470,

1800,

2700,

1910,

2140,

Period

4 sec.

5 sec.

5 sec.

12 sec.

12 sec.

15 sec.

15 sec.

Arch Rock to
Pelican Point Site

.55

1.03

.87

.90

.96

1. 22

Mussel Cove to

Dana Point Site

.93

.94

1.05

. 86

1.01

.75

1.01

The design wave significant height (based on the tropical storm of September

1939) would probably be about 26 feet at Arch Rock to Pelican Point and about 22 or

23 feet at Mussel Cove to Dana Point site. The period associated with this height
would be 14 seconds at either location. A wave study is needed to correctly refine

these estimated figures.



To our knowledge, current measurements have not been made at the site

of interest. Littoral currents, which flow parallel to shore and are caused by waves

breaking at an angle with the coast, are usually present in the zone between the

water line and about the 10 or 15-foot MLLW depth contour. The nearest location

where littoral currents have been observed is at Camp Del Mar, situated just north

of Oceanside. The frequency of occurrence by direction and speed over an 8-to 11-

year period (except May which is for 1962 only) at Camp Del Mar are as follows:

Average Maximum

Month Direction Occurrence Speed Speed

Jan. Toward upcoast 12. 6% 0. 50kt 2. 1 kt
Toward downcoast 60. 4 0. 68 3. 5

Variable 27. 0

May Toward upcoast 58.0 0. 34 1.5
Toward downcoast 17.0 0.06 1.2

Variable 25. 0

Aug. Toward upcoast 61. 8 0. 62 2.8

Toward downcoast 15.6 0. 36 1.5

Variable 22. 6

Nov. Toward upcoast 28. 6 0. 47 3. 0

Toward downcoast 40. 1 0. 64 7. 2
Variable 31. 3

Currents in the zone between the 15 or 20-foot contour and the edge of the

continental shelf (600 feet) are caused primarily by the local wind and tides, and

are limited by horizontal shear with the northward-flowing California Counter

Current farther offshore. The nearest location for which currents were measured

in the shallower part of this depth range is at San Onofre by Marine Advisers, Inc.

At San Onofre, 178 measurements were taken during four 25-hour periods (selected

as representative tidal regimes) between 1000 and 4000 feet from shore. Current
speeds obtained were as follows:

Speed Occurrence

0-. 1LKt 7%

.. 1-..224

.2-.3 28
.3-.4 22

.4-.6 13

. 6-. 8 15

.8-1.0 1



The percentage of time which these currents at San Onofre flowed in

various directions and the current speed made and range were as follows:

Direction Occurrence Speed mode Speed range

Toward shore 12% . 1-. 2 Kt 0-. 6 Kt
Toward offshore 7 . 1-. 2 0-. 8

Toward downcoast 42 .3-.4 0 -1. 0

Toward upcoast 39 . 2-. 3 0-.6



TSUNAMIS

Tsunamis originating at distant epicenters do not rise high at the site.
The maximum recorded rise or fall due to larger tsunamis that have occurred over
the past 2 decades are as follows:

1946

1952

1957

1960

1964

Los Angeles

2. 5

2.0

2. 1

5. 0

3. 3

La Jolla

1.4

0. 8

2.0

3. 3

2. 2

No sizable tsunami with an epicenter in the continental borderland off Southern

California has occurred within the past century. However, in 1812 an earthquake in

or near the channel islands produced a tsunami which (from carefully-gleaned sketchy
information) appears to have had run-up height of 15 feet at Ventura and 20 to 25 feet
at Santa Barbara. Whether this could occur at the site of interest herein is subject
to further investigation.
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June 4, 1965

Mr. T. Spriggs
Bechtel Corporation
Power and Industrial Division
4550 Seville Avenue

Vernon, California

Dear Ted:

The final written comments
site of Sunset Beach are enclosed.
of these comments was sent to you

on the island
A rough draft

on June 1, 1965.

Sincerely yours,

John Caperon
Vice President - Studies

JC:pmh

Enclosure



Design Wave Runup Determination

Marine Advisers has developed a file of statistical deep water

wave data derived from wave studies for the general Southern California

coast. These studies date back to analyses performed in the late 1940's

and have recently been expanded and modified for analysis of the most

severe storms during a period of approximately 60 years. Two

oceanographers prepared hindcasts independently; one used the

Bretschneider modification of the Sverdrup-Munk method and the other

employed the Pierson theory. The most severe storms for the period

from 1900 to 1958 were selected based on weather and oceanographic

records, harbor and public works agency reports, newspaper stories,

and ship observations. Each storm was then analyzed from Historical

Weather Maps using a minimum of two daily surface charts. These

synoptic maps were carefully modified and redrawn after reanalysis of

all available recorded data coupled with a 'reliability' analysis of ship

report data. Each storm was then summarized in terms of winds,

waves, movement and coastal storm damage.

From the above mentioned summary and a study of the effects

of the islands and shoal water at the proposed site, the storms which

produced the highest waves at the location were selected.

Deep water wave heights and periods for 15 severe storms were

considered. The significant% wave heights and periods (herein denoted

*Significant denotes the average of the highest one-third of all waves

present for the given time duration developed as a basis for this

hindcast.



as "H1"3' and "T1/3'') are given in Table 1 for the four storms which

produced the largest waves at the approximate proposed site location.

Table 1. Hindcasted Deep Water Wave Data

For the Four Worst Storms

Storm H1 / 3  Hm T1 / 3  Wave

Date (ft. ) (ft. ) (sec. ) Direction

Mar. 8-10, 1912 17.5 32.9 11. 5 2700 T

Jan. 28-30, 1915 16.3 31.8 11.8 205*

Sept. 15-25, 1939 26.9 54.4 14.0 205*
Jan. 20-23, 1943 16.2 31.8 10.8 180*

Although the hindcasted significant heights and periods are given

herein to tenths of a foot and second, the actual accuracy of such data is

probably not better than + 15%; the same applies to the accuracy of the

design wave characteristics, because these depend on the hindcasted

deep water wave data.

The most severe water level design condition is the simultaneous

occurrence of high waves and high tide.

Design still water level, d, is given by:

d = do+A+S
0 t t

where

do = mllw level (feet)

At = highest astronomical tide level above mllw

expected at time of storm (feet)

St = amount of wind set-up or "storm tide" (feet)

A method of numerical integration (Reid & Bretschneider, 1953)

for prediction of wind set-up, St, as a function of depth and steady wind
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velocity is available. Use of this procedure gives a reasonable estimate

of water level in large enclosed basins or over a broad open coastal

shelf. Along the California coast, however, the shelf is relatively

narrow and storm-induced water level rises of several feet are not to

be expected. It has, therefore, been deemed more realistic to

conservatively estimate wind set-up. A value of 1. 0 feet, inferred from

tide gauge recordings along the Southern California coast, is assumed

for a storm tide level design condition in this study.

For the Sunset Beach area, a wind set-up of one foot and an

astronomical tide of 6. 0 feet, which corresponds to one foot below the

highest predicted and recorded tide for Southern California tide stations,

have been chosen, since the highest tide reduces probability of

simultaneous occurrence with the storm to nearly zero. However,

mean higher high water (mhhw) which occurs often is only about 1. 5

feet lower. The probability of mhhw is in the neighborhood of 10 per cent.

The maximum storm and astronomical tides are the same for one in 25

years as they are for one in 100 years. This would not be a good

assumption on the Gulf Coast of the United States, but is considered a

valid one for design purposes in offshore areas of Southern California.

Thus the design water depth at the seaward edge of the island is taken

as 37 feet above ocean bottom.

The design wave of 26. 9 foot height and 14 second period would

be just on the point of breaking at this 37 foot design depth. From
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empirical relationships presented in Technical Report No. 4, Shore

Protection Planning and Design, of the U. S. Army Corps of Engineers,

the run-up on a 2 on 1 rubble mound is given as 26. 9 feet (equal to

the wave height in this particular case). Thus the height above still

water (37 feet) is 26. 9 feet which would overtop the wall by 3. 9 feet.

This amount of overtopping would be tolerable if the road

around the outer edge of the island could be backed up by a second

wall (2 feet high) to make it serve as a catchment basin during the rare

instances when these design conditions might occur.

The extent of the wall along the sides of the island is adequate.

The direction of the most severe waves (refer to Table 1) is generally

off the corners of the island, but the design waves would break before

they passed the 30-foot contour and thus would not present a design

problem.

Littoral Drift Estimation

The annual littoral drift rate for this area is approximately

200, 000 yds3 per year gross. The true trapped quantity in the shadow

of the island would be not less than 150, 000 nor more than 250, 000 yds3

if all the littoral drift is caught. If the shadow area is kept relatively

free of sand build-up, then not all of this drift would be caught. What

proportion of the total would be passed cannot be determined without

more detailed analysis of the wave statistics (refraction and diffraction)

in the island shadow. The best guess without such analysis would be

4.



somewhere around one half, meaning the island would trap about

100, 000 yds3 per year if the shadow zone were kept relatively free

of accumulating sand.

Effects of Breakwater on Proposed Island Structure

If a section of the proposed breakwater were installed first,

then the island could be built in the lee of this breakwater with

steeper sides and smaller rock. Other considerations such as

potential tsunami height would likely require the height of the island

to remain at least 20 feet above mllw. The 10 foot sea wall could be

eliminated.

5.







GEORGE W. HOUSNER
1201 EAST CALIFORNIA STREET

PASADENA 4, CALIFORNIA

REPORT

to the

BECHTEL CORPORATION

on

SEISMIC DESIGN CRITERIA FOR A

NUCLEAR-FIRED DESALTING PLANT

The sites under consideration are the Irvine Ranch site and the

Dana Point site as described in the Bechtel Corporation report of

19 March 1965. As described by this report, the Irvine Ranch site is

located on the coastline between Arch Rock and Pelican Point approxi-

mately one mile south of Corona del Mar. A steep sea cliff rises to

elevation 60 at the edge of a marine terrace which slopes gently up to

Highway 101 Alternate at elevation 140. Outcrops of thin-bedded sand-

stone and siltstone are exposed in the sea cliff and in narrow gullies which

cut the terrace. Generally the rock dips into the cliff at about 100, but

one reversal of dip was noticed in exposures along the beach. During low

tide a flat rock shelf about 200-300 ft wide extends outward from the base

of the sea cliff. It could not be determined to what distance this rock

continues seaward. The bedrock below mean low tide appears to be more

competent than that exposed in the base of the terrace. The rock at sea

level is a medium-hard sandstone and siltstone from which weathered

material is constantly removed by wave action.

The Bechtel report describes the Dana Point site as located on

the coastline approximately one mile northwest of Dana Point. Topographi-

cally, it is a prominent sea cliff rising to elevation 160 whereupon it

flattens out as an ancient marine terrace. The area is bordered on the
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northeast by U. S. Highway 101 Alternate and on the southwest by the

ocean shoreline. A landslide which appears to be stable has developed

a natural saucer-shaped ampitheatre approximately one thousand feet

wide between elevation 60 and 120. From sea level to approximate

elevation 100 the foundation material consists of highly contorted and

folded thin-bedded siltstones and sandstones of the Capistrano formation.

Dips change radically within short distances, and a close jointing is

prevalent throughout. On the southern end of the area the Monterey shale

which weathers white can be seen in synclinal contact with the overlying

Capistrano. Although no surface faults were observed, the bedrock has

obviously undergone major local stresses which may or may not be as-

sociated with fault action. From elevation 100 to the top of the terrace

a deposit of fine- to medium-grained sand of the Palos Verdes formation

rests unconformably on rock. The thickness varies considerably due to

erosion which has partially dissected the terrace surface.

At both sites the installation would be founded on rock (sandstone,

siltstone). For the purposes of this preliminary report it will be assumed

that there are no geological defects in the site.

Appendix II of the Bechtel report contains the seismic recommenda-

tions of H. Benioff. He states that in 1812 there was an earthquake in the

vicinity of San Juan Capistrano that damaged buildings with loss of life.

The nearest great faults are the San Jacinto fault, distant 48 miles, and

the San Andreas fault at 54 miles. According to-Benioff, the largest

earthquake to be anticipated in the vicinity of the sites would have a

Magnitude of about 6. 5, similar to that of the Long Beach earthquake of

1933.
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The Elsinore fault lies approximately 25 miles inland from the

coast and the San Clemente fault lies approximately 50 miles offshore,

as shown in Fig. 1. It is also seen in Fig. 1 that if the Inglewood fault

is projected to the southeast, it passes just offshore of the sites.

Figure 2 shows the epicenters of earthquakes, plotted as circles,

for the period 1927-31. This map indicates that the proposed sites are

in a region that was relatively inactive.

Figure 3 shows the location of earthquakes of Magnitude 6. 0 and

greater for the period 1912-1963. The dot for the 1933 Long Beach

earthquake indicates the instrumental epicenter where the fault slip began,

and it is probable that the slipping extended from this point to the north-

west along the Inglewood fault. This is the only earthquake of Magnitude

greater than 6. 0 in the general vicinity of the sites. It is not unlikely

that an earthquake similar to the Long Beach earthquake will occur in

the general vicinity of the sites. A great earthquake, of Magnitude 8. 0 or

greater, may be expected to occur on a great fault such as the San Andreas

or possibly the San Jacinto.

Design Earthquake

The strongest ground motion so far recorded was that of the

El Centro earthquake of May 18, 1940 which had a Magnitude of 7. 1.

The recording instrument was on firm, deep alluvium approximately

five miles from the causative fault. The maximum horizontal ground

acceleration recorded by this instrument was 33% of the acceleration of

gravity. The earthquake of October 31, 1935 at Helena, Montana was

recorded on rock a distance of a few miles from the causative fault.
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The Magnitude of this earthquake was 6. 0, and the maximum horizontal

ground acceleration recorded by the instrument was 16% of the accelera-

tion of gravity. It is estimated that had the earthquake had a Magnitude of

6. 5, the intensity of ground shaking would have been approximately 25%

more intense. It is estimated that a Magnitude 7. 0 shock would produce

a maximum ground acceleration on rock at a distance of 25 miles from

the fault of 20% of the acceleration of gravity. Keeping in mind the un-

certainties involved in the occurrence of earthquakes, it is recommended

that for the proposed sites the design earthquake as specified by the

response spectrum should correspond to a maximum ground acceleration

of 25% of the acceleration of gravity. The spectrum for this design

earthquake will be more severe for structures having periods of vibra-

tion less than 3 sec. than would be the ground motion produced by a great

earthquake on the San Andreas fault, or by a Magnitude 7. 0 earthquake

at a distance of 25 miles.

The Design Spectrum

A design spectrum corresponding to the maximum ground accelera-

tion of 33% of the acceleration of gravity is given in Fig. 5 (See "Nuclear

Reactors and Earthquakes,!" (TID-7024) United States Atomic Energy Com-

mission, August 1963). The recommended design spectrum for the Irvine

Ranch site and the Dana Point site is the same as Fig. 5 except the ordinates

of the curves should all be reduced in the ratio of 25/33.

Design Criteria

The design of all critical structures and equipment should be made

on the basis of a dynamic analysis, taking into account the natural periods
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of vibration and the amount of damping, as discussed in "Nuclear Reactors

and Earthquakes, " (TID-7024), United States Atomic Energy Commission,

Division of Technical Information, August 1963. The design stresses

should be the ordinary allowable stresses specified by the codes without

a one-third increase for transient stressing.

Critical structures or equipment are those whose failure might

cause a nuclear incident. Those structures and equipment that are

essential to the operation of the power generator but whose failure could

not cause a nuclear incident may be designed under somewhat less severe

criteria. A design spectrum two-thirds as great as for critical structures

and allowable stresses as specified by the California Building Codes is

recommended. Alternately, a design for a uniform factor of 20%g, ac-

cording to procedures specified by California Building Codes may be used.

Those structures that are convenient to the operation of the power

generator but are not essential to the operation may be designed according

to the ordinary requirements of the Building Code.

In the design care should be taken that there is an adequate ductility.

In general, all critical structures and equipment should be designed so

that they can undergo displacements or deformations at least 3. 5 times

the yieldpoint displacement or deformation without failure.

The foregoing recommendations are for preliminary purposes,

and more detailed recommendations should be obtained when the design

is ready to begin.

Offshore Artificial Island

It is understood that an alternate site also under consideration

is an artificially-constructed island some 4000 ft offshore. If the fill
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used for building up the island and the sand on which the island rests

is firm and well consolidated so that its strength and coherence will

not be affected by earth shaking, then the seismic design could be based

on a standard design spectrum. At present, not enough information is

available about the site and the geological characteristics, etc. to make

a firm recommendation on the design spectrum. For purposes of

preliminary consideration, however, it would be advisable to consider

the spectrum of Fig. 5 as applying. That is, a spectrum corresponding

to a maximum ground acceleration of 33% of the acceleration of gravity.

GEO W. ffdUSNER

10 May 1965
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HUGO BENIOFF

MENDOCINO, CALIFORNIA 95460

Apri I 30, 1965

Mr. Robert Weight
The Bechtel Corporation
4550 Sevilie Avenue
Vernon, Ca lifornia

Dear Mr. YVeight:

I am submitting herewith my comments

on seismic considerations affecting the suitability of

an artificial island for use as a power reactor site. It

is my understanding that contemplated location for the

island is about three quarters of a mi le off shore some-

where between Seal Beach and Huntington Beach.

Maximum Intensity of Shaking on the Island

On the basis of existing knowledge the

maximum intensity of shaking to be anticipated on the

island in the period range uo to about 1.5 second would

be produced by a reoccurrence of an earthquake on the

Inglewooo fault similar to the 1933 Long Beach earthquake.

For longer periods the maximum intensity would be produced

by a great earthquake on the San Andreas fault or one of

its branches some fifty miles distant. The intensity

on the island from either source will certainly be no

greater and may be less than the neighboring shore

intensity owing to the probable greater density and

rigidity of the island rock in comparison with the material

of the ocean bottom.
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Hazard from Faulting through the Ocean Bottom

Under the Island

Although it would be prudent to investigate the

locations of possible faults in the vicinity of the site

so as to avoid them, it is very unlikely that an earth-

quake of the size anticipated in this region would be

accompanied by a surface break owing to the depth of

alluvium and the fact that no break appeared during the

1933 Long Beach earthquake.

Stability of the Ground Under the Island

Instability of the ground under the island in the

nature of liquifaction of soil or sliding on a plane of

weakness or on a lubrication plane is very unlikely in

view of the absence of such effects during the 1933

Long Beach earthquake. If the design of the island

includes a conservative regard for slope stability and

provides for adequate keying of the base rocks to the

ocean bottim the island will be adequately stable in

any earthquake.

Tsunami Hazard

On the basis of the conclusions reached at the

conference on tsunamis held January 29-30, 1965 at the

University of California in La Jolla, it can be stated

that the largest tsunami that may occur on shore in the

vicinity of the island from either distant or local

earthquake sources is 20 feet. On an island the dynamic
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effects of such a tsunami would be substantially less

than on a shore site owing to the greater depth of

water and consequent reduction in the steepness of

the wave front.

Summary

In summary, it is my opinion that from the point

of view of seismic hazard the island site is as good or

better than any of the contemplated shore sites.

I would like to add however, that an underwater

installation on the ocean floor offers certain aovantage;

over an island site. These are (I) elimination of the

cost of construction of the island (2) effective elimina-

tion of dynamic effects of wind, waves and tsunamis and

(3) invisibility from shore with consequent easing of

the problem of public relations. Of course the uncer-

water site introduces new problems which may be insur-

mountable but techniques for operation under water are

being continuously developed and these may in time make

such a pro jct feasible.









OMAR J. LILLEVANG
Fellow, American Society of Civil Engineers

CONSULTING ENGINEER

AREA CODE 213 609 SOUTH GRAND AVENUE
626-6219 LOS ANGELES, CALIFORNIA 90017

May 13, 1965

Bechtel Corporation
4550 Seville Avenue
Vernon, California

Attention: Mr. Wayne N. Johnson
Executive Engineering Consultant

Gentlemen:

I have discussed with Mr. Wayne N. Johnson, and with his
associates in your study of locations for a nuclear sea water conver-
sion plant and power generating facility, your concept of an artificial
island site that would be constructed offshore from Sunset Beach.

The plan, as related to me during our conference, is essen-
tially that which is described in a Los Angeles Times article by Ray
Hebert, appearing in the May 12, 1965 editions. Your task force
principles also reviewed with me your study drawing dated May 7,
1965, which is identified as "Case 'E-l', Rev. 0.'' It shows an island
situated in depths varying from 20 to 30 feet below mean lower low
water datum. It would be about 1, 200 feet by 1, 700 feet, the shorter
dimension being parallel to the coast. The island as shown would be
connected with the mainland by an open pile-supported bridge which
would be a little less than 2, 000 feet long. The island's central fill,
of granular material, would be protected against wave erosion by heavy

quarry stone revetment. Existing operating quarries on the mainland
and on Santa Catalina Island have capacity and appropriately sound
rock for the protection of the island fill. Unless special situations
were to develop, probably the best adequate source of granular fill
for the island would be developed by deep water dredging, using self-
propelled sea-going suction hopper dredges.

Artificial islands have been built offshore in Southern
California; the first of the type you are considering was built for
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Richfield Oil Corporation about fifteen years ago in Ventura County.

The most recent, also for oil drilling, lies within 3 miles of the site
you have in mind, off Seal Beach in Orange County. To the best of

my knowledge, there have been no significant foundation problems
encountered as a result of deep, heavy fills being placed on the ocean

floor at either island. I see no reason to assume that the site you are
considering would differ materially in sub-surface conditions from
those at the nearby drilling island off Seal Beach. Obviously, borings
would be necessary to permit a positive opinion.

In your consideration of the artificial island concept, it
must be anticipated that some widening of the beach shoreward of the
location would occur. That would be beneficial to Sunset Beach. The
benefit could be offset by a comparable degree of narrowing of the
beach to the southeast. However, practically available measures can
be taken to prevent such losses.

The more simple of two common procedures would put an
erodible fill at the upcoast end of the beach where losses might other-
wise occur. The erodible fill would supply sand to nourish the down-

coast reaches and would be substantially equal in volume to the sand that
would accumulate in front of Sunset Beach.

The alternative to the compensating erodible fill procedure
discussed above would be to remove the expected accretions at Sunset
Beach, before their accumulating to any significant volume, and deliver
these sands to the downcoast area. This is commonly referred to as a
sand bypass procedure, and could be essentially continuous or done
intermittently before accumulations reached significant quantities.

The shore accretion influence attributable to the island you
have under consideration would no longer exist if the Orange County

offshore marina project materializes off Sunset Beach.

It is my opinion that the study plan you have discussed with
me, for an artificial island offshore from Sunset Beach, is practical,
provided borings that would be a necessary prerequisite to competent
design efforts show that only ordinary consolidation of fills and accept-
able degrees of settlement would occur. Acceptable materials are
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available to provide a safe and reliable island as a site for the

proposed sea water conversion plant and power generating facility.

Ve ruly yours,

OMAR . LI LE ANG









CEDRIC A. WHITE, JR., M.A.I.
Real Estate Appraiser

RESIDENCE TELEPHONE OFFICE TELEPHONE

AREA CODE 714 531 SOUTH HARBOR BOULEVARD AREA CODE 714
537-6294 ANAHEIM, CALIFORNIA, 92805 535-8924

April 6, 1965

Mr. Wayne M. Johnson, Project Engineer
Bechtel Corporation
Engineers & Constructors
4550 Seville Avenue
Vernon, California

RE: MWD Desalting Study
Bechtel Job No. 5272

Dear Mr. Johnson:

In accordance with your request, I have investigated the
Capron property and the Irvine Property. The purpose of my
investigation has been to estimate the tentative or approxi-
mate fair market value of land to be acquired, together with
estimates of severance damage.

As the result of my tentative investigation, the following
approximate conclusions have been arrived at as of current
date:

PLANT SITE AND RESERVED AREA

Approximate Fair Market Value:

Owner Fee Acquisition Value

Capron 396.70 acres $13,200,000
Irvine 356 acres 20,100,000

For additional details regarding severance damage and the power
line easements, your attention is invited to the two attached
pages. Factual data, analysis, and maps are retained in my
files. As regards a location along San Juan Creek, the probable
value range is $20,000 to 25,000/acre. A discussion of that
area is on a following page.

This is to certify that the undersigned has no personal interest
in the subject property, nor have I in the past; that the fee
for the appraisal is in no way contingent upon the value conclu-
sions derived; and that the appraisal has been made in conformity
with the Rules of Professional Ethics of the American Institute
of Real Estate Appraisers of which I am a member.

Respectfully submitted,

CeWric. ite, r., . .
CAW :mt



CAPRON PROPERTY

PLANT SITE AND RESERVED AREA

Part Taken (Fee)

162.60 @ $55,000 $8,943,000
4.93 @ 40,000 197,200

229.17 @ 17,500 4,010,475
$132, ,75

Round to $13,200,000

Or 396.70 acres @ $33,274/acre average

Note: This conclusions is based upon the contribution
to total property value that is made by the
acquisition. The average value of the whole
850.40 acre ownership is well below the value
of the acquisition.

Severance Damages

Remainder of the ownership is 453.70 acres. If
grade changes can be made along the take line, and
if streets and utilities can cross the reserved
area at selected locations, then damages should
not exceed $250,000. Actually, with recreational
uses on the reserved area, there may be no measur-
able damages.

EASEMENTS

Condition No. 1

100' x 9.5 miles long = 115.15 acres
115.15 acres @ $10,000/acre avg. = $1,150,000
(This- per acre figure is on the high side in
order to reflect possible damages in the part
taken.)

Condition No. 2

400' x 9.5 miles = 460.60 acres
460.60 acres @ $10,000/acre avg. = $4,606,000
(This per acre figure is on the high side in
order to reflect possible damages in the part
taken.)



SAN JUAN CREEK AREA

AREA DEFINED

For purposes of this letter, the San Juan Creek Area is
defined as being inland from Coast Highway, westerly from
the Orange County Flood Control Channel, easterly of Del
Obispo, and southerly of Camino del Avion.

The approximate land area in the section defined above
approximates 300 acres. Almost of that land is unutilized
except for a trailer park along Coast Highway and a nearby
sewer treatment plant.

Inland, or northerly, of Camino del Avion are an additional
several hundred acres of land.

PROPOSED USES IN AREA

The area referred to above is proposed for residential uses
ranging from so-called low density to medium density. In
addition, the City of Capistrano proposes a secondary high-
way through the area and be located just westerly of the
Flood Control Channel.

To my knowledge, approximately 50 to 100 acres of the area
are owned by developers who have a condominium type use in
mind. The stage of planning on these particular parcels is
not known.

EVALUATION

The general value bracket for the San Juan Creek Area is
felt to be from $20,000 to 25,000/acre. Activity in the area
has leveled off during the past year. However, activity will
probably improve during the foreseeable months. Even so,
the value bracket mentioned above should adequately evaluate
this area.



IRVINE

PLANT SITE AND RESERVED AREA

Part Taken (Fee)

192 acres @ $75,000 = $14,400,000
164 acres @ 35,000 = 5,740,000
356 $20,140,0O0

Round to $20,100,000

Or 356 acres @ $56,460/acre average

Severance Damages

If grade changes can be made along the take line,
and if streets and utilities can cross the reserved
area at selected locations, then damages should not
exceed $250,000. Actually, with recreational uses
on the reserved area, there may be no measurable
damages.

EASEMENTS

Condition No. 1

100' x 7.5 miles - 90.9 acres
say 91 acres @ $10,000/acre avg. = $910,000
(This per acre figure is on the high side in
order to reflect possible damages in the part
taken.)

Condition No. 2

400' x 7.5 miles = 364 acres
364 acres @ $10,000/acre avg. = $3,640,000
(This per acre figure is on the high side in
order to reflect possible damages in the part
taken.)



PURPOSE OF THE APPRAISAL

The purpose of this appraisal is to provide tenta-
tive, or approximate, estimates as to the fair
market value of several contemplated acquisitions
for fee and easement purposes, together with an
estimate of severance damages to remainder prop-
erties by reason of the acquisition and proposed
improvement.

Date of Value: Current Date

Fair Market Value is defined as the highest price
estimated in terms of money which a property will
bring if exposed for sale in the open market with
a reasonable time allowed in which to find a pur-
chaser buying with knowledge of all the uses and
purposes to which it is best adapted and for which
it is capable of being used. (Supreme Court of
California)

This definition further assumes that neither the
buyer nor the seller are under any undue compul-
sion to sell or buy.

In addition, "in terms of money" is construed as
cash equivalent. In other words, it is the amount
a seller would cash out. This reflects the fact
that the face amount of some trust deed encumbrances
would be discounted if exposed for sale in the open
market.



PREMISE SECTION

This appraisal has been based upon the following
assumptions and limiting conditions:

1. That I assume no responsibility for matters
legal in character, nor do I render any opinion
as to the title, which is assumed to be good.
All existing liens, easements, leases, bonds
and other encumbrances have been disregarded
unless otherwise specified. The property is
appraised as though under responsible owner-
ship and competent management.

2. That while information was obtained from sources
felt to be reliable, it is in no sense guaranteed.

3. That areas are based upon maps provided by your
office.

4. That the proposed Irvine or Capron improvement
will include the following: In the oceanward
portion, the land area will be excavated down
below the present bluff such that all improve-
ments will be below ground level except for one
spherical shaped dome which will project some-
what and be visible from inland portions of the
remainder property.

That the so-called reserved area will be used
for park, or at least natural appearing, purposes,
but that access roads and utility connections
across this reserved area will be possible.

That grade changes along the take line will be
permitted in order that development of the adja-
cent remainder properties will be as efficient
as possible.







APPENDIX D
EVAPORATOR DESIGN

GENERAL CONSIDERATIONS

Sea water conversion evaporator designs considered in this study are based
to the maximum extent possible, on proven technology. No plants as large
as 150 million gallons per day have been built, and some risk in the extra-
polation if available technology is inevitable. In recognition of this risk
an allowance has been made in the estimate for possible post start-up
changes in design. To assure plant dependability, a relatively conservative
approach was taken with regard to the degree of technical innovation

incorporated in the evaporator conceptual design. Recent process improve-
ments were incorporated in the designs when these did not introduce
excessive risk.

The selection of materials, the choice of heat transfer coefficients, and
the specifications of scale prevention requirements are based largly on
operating results from existing plants and from related experience in other
technologies. In several instances, such as the choice of steel rather than
concrete for evaporator shells, more expensive alternatives were selected,
because the less expensive alternative has not yet been tested in actual
evaporator service. The following sections discuss the selection of
several of the major evaporator design specifications.

MATERIALS SELECTION

Introduction

To select construction materials for the MWD sea water conversion plant,

it was necessary to evaluate all obtainable information germane to the
subject. A substantial portion of this information has come from the

Office of Saline Water (OSW) demonstration plants, located at Freeport,
Texas, and Point Loma, California, which have yielded valuable infor-
mation from corrosion test spools and from inspection of equipment.
Valuable corrosion data have also been obtained from the Wrightsville
Beach, North Carolina, installation of the International Nickel Company.

There is considerable long-term operating experience with materials in

ambient temperature service in sea water cooled power plants. There are

considerably less data on elevated temperature sea water and deaerated
brine; however, information has been obtained from some shipboard sea

water conversion units and from sulfur recovery operations that utilize

hot, deaerated, sea water.



Materials technology and design concepts are rapidly evolving as a result

of the sharp increase in interest in sea water conversion, stimulated by

the OSW. An example of the changing situation is the modifications now
necessary to the recently published report on selection of materials,
which was written before Point Loma data were-available. 1 A 20-year
plant life was used as a basis in that report. Presently, a 30-year life

is considered realistic; this also affects how some factors are weighed.

Due to the lack of long-term experience with materials in sea water

conversion units at elevated temperatures, some engineering judgments

are necessary. New data, such as that from the INCO-Battelle test loops,
may become availabe in time to be helpful in the final design in case a
plant is to be built. Materials not previously considered, such as

aluminum, may become attractive as more knowledge of how they can be
used is available. Final selection, as in every other case, must be based
on as much long-term experience as possible, together with realistic
judgments on materials when only short-term data are available.

Deaerated Brine and Distilled Water Vessels

Carbon Steel

Oxygen diffusion controls the corrosion rate of steel when oxygen is

present. As oxygen content decreases, corrosion rate decreases; how-
ever, evidence does not indicate that the rate will go to zero when no
oxygen is present. Rather, at some level of deaeration, hydrogen
evolution probably becomes the controlling factor. Since the microstructure
and stress level of steel are important in acid solutions where hydrogen
evolution controls, we would expect a slightly higher corrosion rate at welds

in deaerated brine. 2 Corrosion is also affected by chemical composition
of steel where hydrogen evolution controls because of the effect on hydrogen
overvoltage. 3 Weld metal tends to corrode at a higher rate than base metal
because of the lower content of such elements as phosphorus, sulfur, carbon,

etc. Heat treatment would make the microstructure more uniform and

relieve residual stresses, but would have no effect on the chemical composition

of the weld metal. Though there has been some evidence of preferential weld

attack at some of the demonstration plants, it has been our experience that

the change in corrosion rate as a result of heat treatment is not sufficient

to justify its cost.

Inspection of the OSW demonstration units at Point Loma and Freeport

indicate that bare carbon steel might be suitable up to 200 F. Corrosion

coupons removed from these test units show rates as high as 20 mils per

year in the 150 F to 200 F range, both in the brine and in the vapor space.

Table 1 shows typical corrosion rates taken from Point Loma spools.

Freeport data are not included because many acid cleanings and frequent
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TABLE 1
TYPICAL CORROSION RATES

(MILS PER YEAR) VS. TEMPERATURE (F)
FROM POINT LOMA CORROSION

SPOOL DATA

Raw Aerated Deaerated Sea Water and Deaerated Brine Brine Vapor
Sea Water Distilled Water

Temperature, F 65 90 90 103 107 118 133 144 166 174 196 200 205 90 149 200

Carbon Steel 25 19 11 7. 0 10 7. 1 13 10 21 14 14 15 22 5 18 19
6.2 16
5. 8

Ni-Resist 5. 5 5.2 3. 5 2.4 4. 0 2.2 2.8 2. 1 3. 5 2.2 2.7 3.0 3. 1 5 5 2. 5
3.0 3.0
1. 8

Cast Iron 25 50 22 7.0 15 9.0 16 10 20 14 15 13 22 6.5 17 20
11 15
6.0

Admiralty 14 2.1 1.6 0.6 1.0 0.6 0.9 0.5 0.8 0.5 0.5 0.8 1.1 0.1 0.4 0.7
1.0 1.0
0. 5

Aluminum Brass 4.5 2.2 1.5 0.4 0.7 0.3 0.6 0.3 0.6 0.4 0.5 0.5 0.7 0.2 0.5 0.3
0.9 1.0
0. 3

90-10OCopper Nickel 1.1 2.1 1.1 0.3 0.8 0.3 0.7 0.3 0.6 0.3 0.5 0.5 0.6 0.2 0.4 0.4
0.7 0.6
0.4

70-30 Copper Nickel 2.9 1.6 0.9 0.2 0.7 0. 1 0.6 0.2 0. 5 0.2 0.4 0. 3 0.4 0.2 0. 3 0.2
0.8 0.5
0.3

3
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shutdowns, where oxygen was admitted, make the results suspect. It is

also known that corrosion rates from coupons usually give high results

because there is normally a long-term decrease in corrosion rate. 4

If the corrosion rate averaged 10 mils per year this would mean a metal

loss of 0. 3 inches in 30 years if the corrosion was uniform. We know

that corrosion is not uniform; hence, we cannot assume bare carbon steel

will last above 150 F for 30 years without extensive repair.

Since the bulk of experience indicated that carbon steel will not last 30

years above 150 F, corrosion protection should be considered. Corrosion

protection can be accomplished by applying either metallic linings or

organic coatings. At high termperature, cupronickel cladding appears

the most logical lining since cupronickel exhibits a very low corrosion

rate even well above 250 F. On the other hand, most coating manufacturers

will not recommend their cold-applied materials, e. g. epoxies, zinc

silicates, or phenolics, above 180 or 200 F. Above this range, baked

phenolics or sheet linings are the only suitable organic coatings. Porosity

and mechanical damage is inherent in any organic coating; hence some

maintenance must be assumed with such coatings. Final selection would

be based on a thorough economic evaluation of the above mentioned choices.

The choice of external coatings to protect against salt spray depends on

whether the vessels are insulated. Coatings similar to those suggested

for the internal surfaces would be considered for external surfaces.

Concrete

Concrete offers an economically attractive alternate to steel for vessles;

however, there is no experience with concrete construction exposed to

sea water at elevated temperatures. There is, of course, broad experience

with reinforced concrete bridges, piles, etc. in sea water environments at

ambient temperatures. Before concrete modules can be recommended,

questions such as moisture permeability, corrosion protection for reinforcing

steel, protection against distilled water, which dissolves concrete, and the

effect of expansion and contraction must be answered. The OSW is planning

to build a test concrete cell which should yield answers to these questions.

Presently the possibility of treating the concrete surface to make it resistant

to both sea water and distilled water is being investigated.
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Aerated Sea Water and Deaerated Brine Heat Exchangers

Tubes

Since the largest single cost item in a sea water conversion unit is exchanger

tubes, the choice of material is of prime importance. . Materials which

warrant consideration, in order of increasing cost and increasing life

expectancy, are listed below:

Mild carbon steel

Admiralty (71 Cu, 28 Zn, 1 Sn, 0. 04 As)

Aluminum brass (77 Cu, 21 Zn, 2 Al, 0. 04 As)

Iron-modified 90-10 cupronickel (88 Cu, 10 Ni, 1. 25 Fe, 0. 4 Mn)

Iron-modified 70-30 cupronickel (69 Cu, 30 Ni, 0. 5 Fe, 0. 6 Mn)

Commercially pure titanium

Cupronickel, carbon steel and titanium tubes can be welded or seamless.

Welded tubes are generally cheaper, but introduce the problem of the extent

of weld inspection required to give equal reliability to a seamless product.

There is presently a large capacity available in the seamless copper base

alloy tube mills. Because of this, the tube companies have not felt a need

for any program to produce welded cupronickel tubes. On the other hand,

there is considerable cost savings with welded vs. seamless titanium tubes.

The cost advantage of welded titanium tubes over seamless appears

sufficient to justify the cost of inspection and testing to insure reliability

of welded seams if titanium is considered.

Anticipated velocity in the tubes is in the range of 5 to 6. 5 feet per second,

which is the maximum tolerable for admiralty and close to the maximum of

7 feet per second for aluminum brass. The cupronickel and titanium can

tolerate velocities above 10 feet per second; hence velocity is not considered

limiting with any of these materials, except admiralty.

Corrosion rates from test spools, plus the failure of 80 to 665 tubes at

Point Loma, leave serious doubt about the feasibility of carbon steel, even

though poor deaeration undoubtedly contributed to these results. Until it

can be shown conclusively that carbon steel can be made to work, it will

not be considered.

All information on the corrosion resistance of titanium to sea water, plus

experience in hot, deaerated sea water in the Frasch process, confirm that

titanium should last over 30 years. Major deterrents to the use of titanium

are cost, lack of experience, and the present capacity of the titanium tube
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industry. Even if experience and capacity were available, the most opti-
mistic cost figures still show 3/4-in. 0. 020 inch wall seamless titanium

tubing at $0. 51 per foot. This is considerably higher than the cost of

cupronickel tubes. Some amazingly low prices are quoted for welded

titanium tubes on the basis of delivery in the late 1960's. These will

merit further investigation.

The choice of tube materials appears to narrow down to the copper-base

alloys, at least as a point of reference. Corrosion rate data on table 1

show that the attack on all the copper-base alloys in deaerated brine is

about 1 mil or less per year, independent of temperature. This is also

true in aerated solutions, with the exception of admiralty, which exhibited

rates from 3 to 15 mils per year in raw sea water.

Since the corrosion rates of all the copper-base alloys in deaerated brine

are low, failure as a result of uniform metal loss is not expected. This

is consistent with what is found in practice, i. e. failure occurs as a result

of such factors as:

Pitting

Erosion

Impingement

Dezincification, dealuminization, or denickelification

Marine deposits, i. e. differential aeration corrosion

Ammonia, hydrogen sulfide.

Tolerance of these factors usually determines the life of a particular copper-

base alloy. The cupronickel alloys are the most resistant of the copper-

base alloys to all these phenomena, with outstanding resistance to erosion

and stress corrosion cracking from ammonia.

Since there is no long term operating history of copper-base alloys in sea

water conversion units, the best approach is to estimate tube life based on

industry experience in related service, even though the majority of experience

is only up to 140 F. The bulk of experience with copper-base alloys is with

aerated sea water aboard ships and in coastal power plant condensers.

The 70-30 cupronickel alloy has performed well for over 30 years in main

condensers aboard ships, with retubing required only when severely abused.

Aluminum brass, which was used in auxiliary condensers with many years

of good service, has now been replaced because of concern over depend-

ability. 5 A study of merchant ships showed an average life expectancy of

16 years for aluminum brass vs. 18. 5 years for 70-30 cupronickel 6

Naval experience indicates 20 + years of life for 70-30 cupronickel; hence

the authors felt older installations of cupronickel in merchant ships probably

did not have the minimum iron content now known required to prevent erosion.
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The 90-10 cupronickel alloy has only been in existence since about 1950;

hence no average life was estimated, though no failures were reported

after 10 years. Admiralty has poorer resistance to erosion and impingement

than aluminum brass, which is the reason it was replaced in ships many

years ago and the probable reason it was not used for the demonstration

plants.

Experience in coastal power plants closely parallels ship experience. The

90-10 cupronickel has been used with good success; however, there are some

indications that it will not last as long as the 70-30 Cu-Ni alloy. Failures

of aluminum brass have increased since power companies initiated corrosion

protection for steel and cast iron water boxes. Some companies have used

steel waste plates, while others have used ferrous sulfate injections, to

counteract the loss of cathodic protection from iron. The cupronickels,

particularly 70-30, appear to be resistant to impingement attack without

the necessity of cathodic protection. The relative life of copper-base alloy

tubes in sea water is well illustrated by the work of Todhunter which

revealed 1/2 percent of the 70-30 Cu-Ni tubes vs. 11. 5 percent of the

aluminum brass tubes failed in six years while 10 percent of the admiralty

tubes failed in two years. 8

The only comparable long term experience in hot deaerated sea water is

with the Frasch process for recovering sulfur. 9 Here sulfite is used to

scavenge remaining traces of oxygen. Eight-year service has been reported

on 90-10 Cu-Ni; however, newer units have been tubed with 70-30 Cu-Ni

in order to get maximum flexibility. Failure of aluminum brass in as short

a time as six months was noted, along with dealuminization. Some increase

in attack was noted on cupronickel when velocities were very low.

It should be noted that aluminum brass has performed well in multiflash

evaporators at Point Loma and at Morro Bay. 10 The five-year experience

reported at Morrow Bay, which is the longest, must be considered in

light of the fact that the unit only ran at 20 to 25 percent of capacity.

Experience with aluminum brass at Point Loma confirmed other observations

that it is susceptable to pitting where fouling or marine growth occur.

In summary, it is concluded that of the copper-base alloys it is likely that

70-30 cupronickel will give a service life of approximately 30 years. The

90-10 Cu-Ni alloy has not been in existence long enough to determine if it

can last 30 years, though some failures in power plants indicate it will not

last as long as 70-30 Cu-Ni. It is believed that the unit would require one

interim retubing during 30 years if 90-10 Cu-Ni were used. Aluminum

brass would definitely have to be retubed at least once in 30 years. There

is a strong possibility that retubing of aluminum brass would have to be

done twice.
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Tube Sheets

Tube sheets are usually made of an alloy less resistant to corrosion

that is the tube material. Some cathodic protection is usually gained by

this approach. Galvanic corrosion on the tube sheet may become a problem

in thirty years; hence, if cupronickel tubes are used, cupronickel tube

sheets would probably be desirable. Certainly, if copper alloy clad carbon

steel tube sheets prove economical, cupronickel should be used for the

cladding.

Water Boxes

Corrosion rates of 15 to 50 mils per year from test coupons have confirmed

long years of experience which show that bare carbon steel and cast iron

are not suitable for long-life operation in aerated sea water service. Either

clad steel or coated and cathodically protected steel (as discussed under

Deaerated Brine and Distilled Water Vessels) should be used. Ductile

Ni-Resist has recently been used for water boxes; however, castability

and weldability are problems.

In deaerated brine, bare carbon steel does not appear suitable above 150 F

for 30 - year life; hence, it should be protected as in aerated sea water.

Bare cast iron is not recommended because as graphitic corrosion progresses,

the copper-base tube alloys become anodic to the box and impingement

attack is sharply increased. 11

Pumps

Though there has been some successful experience reported with organic

coatings on steel and cast iron pump cases, they have been used primarily

as a maintenance technique because of the variable results. The two

materials considered for the pump cases and impellers are therefore Type

316 stainless steel and Ni-Resist cast irons. Stainless steel does not

corrode in sea water or in deaerated brine, as evidenced by the corrosion

test coupon data from the demonstration plants and from experience in the
Frasch Process Equipment. Also, Type 316 stainless steel has been used

in pumps by the oil refinery industry for years for pumping aerated salt

water, and has recently been used in the power industry for air removal

sections of brackish water surface condensers. The big drawbacks to stain-

less steel are its tendency to pit and its susceptibility to chloride stress

corrosion cracking. This is particularly a hazard with pump cases; hence,

if Type 316 stainless is used for cases, the pump must be flushed with

fresh water when not in operation, the velocity must be kept above 5 feet

per second when in operation, and the temperature must be kept below

approximately 140 F, unless service experience indicates stress corrosion

cracking will not occur in this environment at higher temperatures.
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Ni-Resist cast iron does exhibit a measurable corrosion rate (about 2 to 4

mils per year); hence, it is less susceptible to pitting than stainless steel

but is not immune. There is also some tendency for graphitic corrosion

in some forms. The Ni-Resist irons are considered difficult to cast and

are very difficult to weld-repair. We do not recommend Ni-Resist unless

there was a large cost incentive. We hasten to add, however, that there

has been a reasonably successful history with Ni-Resist pump materials

in sea water.

Piping

Cement-lined carbon steel should be adequate for aerated sea water, though

we anticipate maintenance would be required over a 30-year life. Bare

carbon steel, up to 150 F, should be suitable for deaerated brine. Main-

tenance would probably be necessary over the plant lifetime. Above 150 F,

glass-reinforced plastic pipe, cement-lined steel, or coated steel should

be used in deaerated brine. Large valves for aerated sea water should be

either rubber-lined carbon steel or Ni-Resist. Smaller valves could be iron

or Ni-Resist body, depending on economics and ease of maintenance.

Expansion bellows could be coated or lined (such as Teflon-lined), Monel,

or cupronickel.

SCALE PREVENTION

Untreated sea water contains calcium bicarbonate which slowly decomposes,

with evolution of carbon dioxide, to form calcium carbonate scale as the

temperature of the water is raised above about 170 F. The accompanying

rise in alkalinity may also cause the simultaneous deposition of magnesium

hydroxide. These scales impair heat transfer and require cleaning operations,

usually by treatment with inhibited hydrochloric acid, to remove the alkaline

scales.

For operating temperature between about 170 F and 200 F, the deposition

of hard scales can be prevented by treating the feedwater with proprietary

polyphosphate chemicals. The exact mechanism by which these chemicals

prevent the formation of hard, adherent scale is not known, but is believed

to be through prevention of crystal growth into adherent agglomerates.

For temperature above 200 F, acidification, usually with sulfuric acid, is

necessary. Such treatment destroys carbonates and releases carbon

dioxide which must be removed together with dissolved air to prevent gas

blanketing of condenser tubes. This method of treatment provides only

a temporary respite, because it substitutes calcium sulfate for the bicarbonate

and carbonate originally present in the sea water. It does prevent formation

of magnesium hydroxide by controlling the alkalinity of the environment.
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Unless brine concentration is held below about 70, 000 ppm of total dissolved
solids, calcium sulfate scale will form at temperatures above about 250 F.
Calcium sulfate formation is a serious problem. Its removal may be

accomplished by reducing the concentration of the recycle brine and dropping

the maximum temperature. The removal is a slow and uncertain process

at best, since the bulk of the water, even when these steps are instituted,

would tend to flow in the unscaled tubes where it is not needed. At worst,

calcium sulfate scaling requires retubing since it cannot be dissolved by

hydrochloric or other acids.

The Case A evaporator plant operates at temperatures above the maximum

recommended for adequate protection by phosphate-type scale inhibitors.

For this reason, a feedwater acid injection system is used for sea water

pre-treatment. Sulfuric acid is injected into the sea water at a concentration

of 125 ppm. Based upon a makeup flow of 300 mgd, the acid is injected
at a rate of approximately 14 gpm. The Case A plant has one acid injection

system serving all three parallel lines of flash evaporators.

After acid injection into the makeup sea water, the treated stream flows to

a large atmospheric degassing tank where liberation of carbon dioxide,

generated by the conversion of the bicarbonates, occurs. The partially

degassed makeup sea water then flows through the heat rejection section

and into the deaerator where it is combined with the flashing brine stream.

Phosphate scale inhibitors were investigated for Cases C and E flash

plants where the maximum recirculating brine temperature is 200 F. At

this temperature, with a brine concentration twice that of normal sea

water, the recommended dosage is 4 ppm. Injection rate is 150 pounds

per hour to each of the three parallel 50 mgd capacity lines. The phosphate

scale inhibitor is injected as an aqueous solution into the makeup feedstream

before it is combined with flashing brine leaving the final heat-rejection

stage.

While the phosphate addition is effective in inhibiting formation of scale,

normal application of this treatment requires periodic acid cleaning of the

condenser and brine heater tubes. The frequency of this cleaning is

determined by evaporator performance, and will likely be required at six-

week intervals.

To control marine growth, gaseous chlorine is injected into the raw sea

water at the intake structure for a period of approximately one hour per

day. The quantity of chlorine injected for marine growth control results

in a residual concentration in the raw sea water of 0. 5 ppm during the

period of injection.
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DEAE RATI ON

Case A Plant

The Case A evaporator plant employs a sulfuric acid injection system for

feedwater pretreatment. Injection of 125 ppm of acid into the makeup

feedstream, will result in generation of about 4000 pounds of carbon

dioxide per hour. An estimated 50 percent of this gas is liberated in the

atmospheric degassing tank. The remaining 2000 pounds is carried

through the heat rejection condenser tubes and into the deaerator section

adjacent to the final heat rejection stage. The temperature in the deaerator

is 72 F with a pressure of 0. 7 in. Hg. The deaerator is of a parallel,

counterflow design with perforated sieve trays through which the makeup

feed sea water falls and the flashed brine vapors and stripped gasses

rise. The makeup sea water, after passing through the deaerator trays,

combines with the flashing brine stream leaving the final heat rejection

stage. In addition to the carbon dioxide, the makeup sea water carries

into the deaerator 725 pounds of dissolved air per hour. A venting system

removes an estimated 1275 pounds of additional leakage air per hour from

the evaporator stages to the air ejection system. The inleakage is removed

from the evaporator stages to prevent blanketing of the condenser tube

surfaces, which would result in poor evaporator performance.

The non-condensable gases collected in each deaerator, along with the

inleakage air from each evaporator line, are removed from the system

by multistage steam-jet ejectors equipped with inter and after surface

condensers. The ejectors for the Case A plant remove 4000 pounds of

non-condensables per hour. These gases are saturated with water vapor

at ejector suction conditions.

Cases C and E Plants

The Case C and E evaporator plants do not employ sulfuric acid feedwater

treatment; therefore large volumes of carbon dioxide are not liberated in

the deaerator section. The feedwater carries 725 pounds of dissolved air

per hour into the deaerator section. The deaerator type and location are

identical to Case A. Deaerator temperature is 72. 6 F; pressure is 0. 7 in.

Hg. Inleakage vented from the evaporator stages is estimated to be 1275

pounds per hour. The total 2000 pounds per hour of non-condensable gases

are removed from each evaporator line by steam-jet ejectors similar to

the system in Case A. These non-condensables are saturated with water

vapor at suction conditions.

Makeup feed sea water is combined with the exiting flashing brine stream

from the final heat rejection section, and passed through the condenser

tubes of the heat recovery section. Decomposition of bicarbonates in the
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recycle brine is expected to result in the liberation of carbon dioxide when

the stream is flashed into the hottest stage. The amount of carbon dioxide

liberated is estimated to be 40 pounds per minute. This gas is constantly

removed from the first stage of each evaporator by motor-driven vacuum

pumps. Conditions in the first stage are 10. 2 psia and 197 F. Carbon

Dioxide removed will be saturated with water vapor which is condensed and

recovered.

In all plants studied, a large startup stream-jet ejector serves the three

parallel lines. The ejectors are sized to pump down one 50 mgd evaporator

system to 26 in. Hg vacuum in two hours or less.

Heat Transfer Coefficients

Calculations of coefficients were as follows:

Condensing Coefficient:

hOD = 5300 (FC) (W)-0. 3434 (Dist. Temp.)
100

where: h
OD

(Tube OD)-0. 334

= condensing coefficient (Btu/ft 2 /hr/F)

FC = flooding factor

W = condensation rate (lb/hr/ft 2 )

Inside Film Coefficient:

0.8 0.8 -1. 0
h. = 160(1 + . 010 Recycle Temp) V D. D

10 1 0

where: h. =
10

2
inside coefficient (Btu/ft /hr /F)

V = flow velocity intube (fps)

Di = tube ID (in. )

Do = tube OD (in. )
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Fouling Factor:

For 70-30 cupronickel tubes the fouling factor for the summation of

external and internal fouling was calculated from the following function:

FF = 2. 63 (10)- (Recycle Temp -60)0. 0002

where: FF = fouling factor (Btu/ft 2 /hr/F)

Overall Heat Transfer Coefficient:

1
U = 1/h +1/h. + X/K + FF

where: U = Overall coefficient (Btu/hr/ft2 /F)

X = Tube-wall thickness (in. )

K = Tube conductivity (Btu/hr/ft2 /(F/in. ) )

For example, in the Case C evaporator plant, values of coefficients and

fouling resistance calculated for stage 18 were:

hOD = 1726 Btu/hr/ft 2 /F

h. = 1581 Btu/hr/ft 2 /F
10

K/X = 4762 Btu/hr/ft2 /F

FF = 0. 00038 hr/ft2 /F/Btu

U = 550. 1 Btu/hr/ft2 /F

The tubes in this case were 70-30 cupronickel, 0. 75 in. OD, and 19 gage.

The overall heat transfer coefficients for the Case A heat recovery section

ranged from 552. 2 in stage 1 to 453. 0 in stage 42. The coefficients for

the Case C recovery section ranged from 575. 8 in stage 1 to 486. 6 in

stage 32. Lower overall heat transfer coefficeints are found in the higher

temperature Case A because the effect of higher temperatures is offset

by increased fouling resistance and lower flow velocity in the tube. (As

will be noted later, a lower flow velocity in the tube was selected for Case

A by a separate optimization. The higher cost of power in the Case A

plant made higher velocities uneconomical. )
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The overall heat transfer coefficients for the Case A, and Cases C and E
brine heater sections were 536. 8 and 536. 4 Btu/hr/ft 2 /F, respectively.
The Case A heater had a condensing temperature of 257. 0 F while the
Cases C and E heaters had a condensing temperature of 207. 0 F. In all
heaters, the in-tube recirculating brine velocity was 7. 0 feet per second.
The fact that the U's for each heater are nearly identical indicates that

the effect of the difference in temperatures found in the two heaters is

essentially cancelled by the increased fouling resistance in the higher

temperature case. In both heaters, the condenser tubes were 0. 75 in.

OD, 18 gage, 70-30 cupronickel.

Increasing the thickness of the condenser tubes increases the required

heat transfer surface. However, even with 70-30 cupronickel tubes,

this effect is not great.

Condenser tubes of 5/8 in. OD were investigated to determine the effect

of the smaller diameter. It was found that 5/8 in. OD tubes did not give

as satisfactory stage dimensions as the 0. 75 in. OD tubes. Tubes of

5/8 in. OD effectively reduce the required tube length for each evaporator

stage which shortens the residence time for the flashing brine in each

stage.

Flow Velocity

Recirculating brine tube velocity is an important parameter to be determined

in any multistage flash evaporator design. To obtain high rates of overall

heat transfer, it is desirable to keep the recirculating brine velocity

high enough to cause turbulence, but not so high as to allow the increased

pumping cost to overshadow the gain in heat transfer rate. Also, velocity

is a factor which tends to accelerate corrosion in condenser tubes. High

velocities are more likely to cause localized thinning or pitting at the

inlet ends of the tubes where the turbulence of the entering brine is high.

For the Cases C and E plants, velocities ranging from 5 to 15 feet per

second were investigated to determine the velocity that produced the

lowest cost water. Because of the low power cost of 2. 9 mils per kwhr,

the total cost of water was reasonably constant from velocities of 5. 0

feet per second to 7. 0 feet per second. Above this range, the total water

cost started to increase. In the 5. 0 to 7. 0 feet per second range, the

extent of tube fouling is lessened as the upper limit is approached. For

70-30 cupronickel tubes, the erosive limit is approximately 14 to 15 feet

per second. It was felt that mean velocities over 7. 0 feet per second

would quite possibly result in localized tube velocities greater than the

erosive limit. For this reason, the design velocity chosen for the Case

C plant was 6. 5 feet per second.
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The higher power cost of 4 mils per kwhr in the Case A plant gave a

minimum water cost at a recirculating brine velocity between 3 and 4

feet per second. Velocities from 3 to 6. 5 feet per second were investigated.

Because of the possibility of increased tube fouling with low brine velocities,

the design basis for the Case A plant was 5. 0 feet per second. This

velocity increase of approximately 1 foot per second above the calculated

economic minimum resulted in an increase of about 0. 5 cents per thousand

gallons in the calculated product water cost. This increase was considered

justified by the probability that the plant's performance would deteriorate

from heat transfer surface fouling if lower velocities were used.

Insulation

The Case A evaporator plant would have all connecting, flashing brine line

and product water lines for the first 8 vessels insulated with a 2-inch

covering of calcium silicate compound pipe insulation. The first 8

evaporators would be insulated with 1-inch covering of an asbestos type
thermal insulator. Total insulated vessel area for the Case A 150 mgd

plant is 486, 000 square feet. All horizontal and vertical surfaces would

be covered. The inlet and outlet water boxes for the first 8 vessels would

also be thermally insulated on all external surfaces.

The Cases C and E evaporator plants would be similarly insulated, except

in this case only the first 7 vessels would require insulation. Total

evaporator insulated surface is 515, 000 square feet. In all cases, the

bottom horizontal surfaces are insulated to obtain uniformity in temperature
of the structural stiffeners and thus to prevent distortion of the bottom plates.

Connecting lines extending from the first vessel to the brine heaters, and

the brine heaters themselves, are covered with asbestos type insulation.

Linings and Coatings

Because of the extreme conditions created by the combination of concen-
trated brine and elevated temperatures found in many of the evaporator
vessels, corrosion protection for the carbon steel interior surfaces is
required. Various interior coatings have been developed that provide
adequate protection for carbon steel in corrosive brine environment with
maximum temperatures of 150 to 200 F. The problems involved in
corrosion protection with temperatures above this range are more acute.
Based upon available information, the following coatings are recommended
for the listed temperature range.

- Below 150 F - No protective coatings are used, except in the deaera-
tor stage.

15



- 150 - 200 F - 'Glid-Flake' or equal. Glid-flake is a glass-flake coating

bound by an organic polymer. It is manufactured by Glidden Paint

Company.

- 200 - 250 F - Butyl rubber sheet, approximately 60 mils thick.

material is manufactured by a number of rubber companies.

This

Deaerators - In addition to the interior vessel

for all Cases will be protected by Glid-Flake.
to temperatures above 150 F will be coated on

above and below the mist eliminators.

coatings, the deaerators

Each vessel subjected

all interior surfaces,

- Exterior Coating - Demetcote No. 4 or equal, manufactured by Amercoat

Corporation. This is a self-curing inorganic zinc coating which requires

exterior surface preparation by sandblasting to specification SSPC-10;

a near-white sandblast.

16
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