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SYNOPSIS

OF

PUERTO RICO ENERGY CENTER STUDY

Site

Of the sites considered namely, Arecibo, Guayanilla
and West and East Aguirre, the West Aguirre site is preferred.
The West Aguirre site is well adapted to the economic develop-
ment of the Energy Center because of foundation conditions for
the nuclear reactor, desirable topography and configuration of
the industrial site and the close proximity of a deep water
harbor.

Power

Single purpose nuclear power plants are estimated
to generate power at 4.34 mills per kwhr compared to fossil

power at 4.44 mills per kwhr. These costs of generation cor-
respond to power rates at least 15% above the present rate
schedule for blocks Of power over 40 mw. These power costs are
attractive to industry.

The dual purpose nuclear power plant generates 540
mwe gross, 400,000 pph of 400 psig steam, 3,000,000 pph of 150
psig steam and 1,700,000 pph of 40 psig steam. Dual purpose
nuclear power plants producing power and steam are approxi-

mately $3,000,000 lower in annual cost or about 12%, than dual
purpose fossil plants because of the lower nuclear fuel costs.

Steam costs were determined using the power credit
method with the credit established on two bases namely cost of

power and on income from power from present rate schedule with
results as follows:

Steam Cost - O per thousand lb.

Power Cost Power Income

400 psig - 29.1 32.3
150 psig - 25.8 29.1
40 psig - 16.3 18.6

These steam costs are attractive to industry.
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Water

Development of the Guayama Sub-Region as presently
projected will result in a shortage of municipal and industrial
water even without the Energy Center present. The presence of
the Energy Center will aggravate the problem. All potential
water sources including wells, the Toa Vaca project, and de-
salting plants will be needed to meet the water requirements.
The approximate costs of these water supplies are as follows:

Well Water 5C per thousand gallons
Toa Vaca Raw Water 20 per thousand gallons
Desalted Water 45c1 per thousand gallons

A multi-effect vertical tube evaporator desalting
plant gives the minimum cost of desalted water and produces a
concentrated brine that can be fed to a salt recovery plant.

Based on meeting the Energy Center salt requirements of 3000
tons per day the desalting plant capacity is 20 million gallons
per day. The salt production plant and the chlorine-caustic
plant will produce an additional 9.7 million gallons per day
for a total water production capacity of 29.7 million gallons
per day compared to the Energy Center demand of 26.8 million
gallons per day. The excess water can be used elsewhere in
the Guayama Sub-Region.

Industry

Aluminum, cumene, high density polyethylene,
ethylene glycol, propylene glycol, ethylene dichloride, ethyl-
benzine, caustic soda and calcined coke at production capaci-
ties compatible with projected U. S. and world markets, are
the group of industrial products recommended for external sale
from the Energy Center. Salt recovered from the concentrated

brine effluent of the desalting plant is the recommended raw

material source for the chlorine-caustic plant. A venture
analysis of this group of products using the discounted cash

flow technique leads to attractive returns on investment in

the range of 14% to 16% and these constitute a solid basis for
promoting the development of the Energy Center in Puerto Rico.

The total power requirements of these industries

are 700 mwe.
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Implementation

The Energy Center can be developed in a series of
economically viable steps. Based on starting construction in
1972, the Energy Center as outlined is scheduled for completion
by 1978. The total construction cost of the Energy Center is
as follows:

Industrial $476,200,000
Power Plant 161,200,000
Desalting Plant 17,000,000

Total $654,400,000

Agriculture

Imports of food crops that can be grown in Puerto
Rico will exceed $20 million in 1975 if present rates of pro-
duction in Puerto Rico are not increased. This offers an op-
portunity to diversify agriculture and increase its contribu-
tion to the growth of Puerto Rico. The crops include citrus
fruit, sweet peppers, sweet potatoes, tomatoes, plantain,

avocados, yautia and foliage plants.

Additional opportunity exists for testing the ex-
port market to the continental United States at small risk.

Desalted water at 45 per thousand gallons is too
expensive to be used for agriculture. However the results can
be applied using water from existing wells and irrigation sys-
tems.

Socio-Economic

The Energy Center will have a significant effect
on the growth of Puerto Rico. The Energy Center will lead to
trade of $80 million. worth of goods and services in Puerto
Rico as well as providing a directly related employment of
11,500 people with a payroll of $60 million. This will support
a population of 45 - 50.000 oeoole.
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1.0 INTRODUCTION

1.1 BACKGROUND

Puerto Rico has had an outstanding rate of econom-
ic growth since 1960 due in large measure to an industrializa-
tion program promoted by the Government of Puerto Rico. Much
of this growth has been in the area of light industry that
employs a high percentage of female labor. It is a goal of
this program to increase employment of male labor and it is
recognized that this may be accomplished by the establishment
of heavy industry and the revitalization of agriculture. Not-
able gains have been made in the promotion of heavy industry,
particularly in the petro-chemical industries.

The role of agriculture has not kept pace with the
growth in the economy of Puerto Rico. Since 1960, the net
income of Puerto Rico has more than doubled, increasing from
$1.4 billion to 3.3 billion in 1969. During the same period,
the contribution of agriculture dropped from 15% of the net
income to 7%. The production of sugarcane, a major crop,
dropped nearly 50%, while the production of many other crops
has remained nearly constant, at best. It is a goal of the
Government of Puerto Rico to improve the contribution of agri-
culture by diversification and a revitalization of the sugar
industry.

The major contributions that Puerto Rico offers
are man-made and are derived from policies of both the U.S.
and Puerto Rican governments designed to make Puerto Rico

prosper through industrialization. Part of these contributions
accrue to industry through certain tax exemptions and for
petro-chemical industries through an oil import quota that has
the effect of lowering the cost of crude oil.

An additional part of the contribution is developed
through the agencies that have been established by the Govern-
ment of Puerto Rico with policies designed to foster industri-
alization. The machinery of these agencies has been refined

through 15 years of industrial promotion and is capable of
carrying out the Government's end of a project. These agen-
cies seek no profit and can raise money by tax-free bonds for
the construction of certain of the necessary facilities, thus
reducing the cost of these essential services to industry.

1.0-1



As part of the promotional effort directed at

heavy industry and the revitalization of agriculture, the
United States Government and the agencies of the Commonwealth

of Puerto Rico agreed in November 1968 on the framework of

a feasibility study of nuclear energy centers for the coastal

regions of the Commonwealth. The study is an outgrowth of
investigations by the Atomic Energy Commission and the Office

of Saline Water into the use of nuclear energy to supply heat

for desalting seawater and for generating electricity, and
of work on the energy center concept conducted at the AEC's
Oak Ridge National Laboratory.

The bases for the study were set forth in a Mem-
orandum of Understanding signed by Commissioner James T.

Ramey of the United States Atomic Energy Commission, Under

Secretary David S. Black of the United States Department of
the Interior, Acting Executive Director Fernando Torrent of

the Puerto Rico Water Resources Authority, and Executive Dir-

ector Orlando Gonzalez of the Puerto Rico Aqueduct and Sewer

Authority.

Under the terms of the Memorandum the engineer-
ing and economic feasibility data developed was to complement
and extend earlier U.S. studies and assist Puerto Rico in its

plans for future development.

In addition to the agencies which signed the Mem-
orandum of Understanding, other Puerto Rican organizations
which participated are the Commonwealth's Department of Agri-

culture, Planning Board, Public Works Department, Economic

Development Administration, and the Puerto Rico Industrial
Development Company.

The Puerto Rico Water Resources Authority, acting
as the administrative agency for the study, selected Burns

and Roe, Inc. and The Dow Chemical Company to perform the

work.

1.2 SCOPE OF STUDY

The scope of work of the study was to compile and
analyze information on the resources and requirements of the

southwestern, southeastern, and northcentral coastal regions

of the Commonwealth, and assess industrial and agricultural

activities which in conjunction with the power and desalting
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plants, might comprise the energy center complex. The study
was also to identify the need for any experimental, pilot or
demonstration projects which would benefit the practical ap-
plication of the Energy Center concept in Puerto Rico.

The guidelines suggested that consideration be
given to plants which would generate 500,000 to 1 million kil-
owatts of electricity and desalt 25 to 100 million gallons of
seawater per day for municipal, industrial and agricultural
use in connection with projects that could become operational
between 1975 and 1990. The detailed scope of work is given
in Appendix 1.1-1 of this report.

1.3 NATURE OF THE STUDY

The nuclear energy center concept which is still
in its conceptual stage, calls for the integration of a low
cost source of energy with industries that require large
amounts of energy either in the form of electrical power or
as thermal energy such as steam. As such, it is not an entire-
ly new idea; many instances are known of energy consuming in-
dustries located near low cost sources of energy obtained from
gas, coal or hydropower. What is new is the concept of using
nuclear power which is not closely tied to a geographical lo-
cation as is the case with these naturally occurring energy
sources. What is also somewhat new is the conscious system-
atic approach to creating a complex of industries around a
nuclear energy source such that their combined loads will per-
mit the economics of large size power plants to be realized
and to select those industries that will profit from the low
cost energy, from the interchange of products and the sharing
of facilities. In short, an integrated complex formed to
make the whole more efficient than the sum of the individual
parts.

A study of this type is done iteratively or by
trial-and-error, i.e. certain assumptions are made, the results
are determined and based on the results another iteration or
trial is made. Ideally this process is repeated until the
assumptions and the results coincide. In a large study of
this type with finite time and money available to do the work
the process is carried out only until the agreement between
assumptions and results are reasonably close and the further
iteration, while it would refine the numbers, will not change
the conclusions. An illustration is the cost of steam. The
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final determination of the cost of steam cannot be made until

all steam loads are known but the cost of steam will effect

the amount of steam that is used both by industry and the de-

salting plants. After preliminary trials were made it was

necessary to fix the cost of steam to industry and to the de-

salting plants to permit work on these aspects to be completed

and in both cases the costs assumed were somewhat higher than

the final estimated steam costs. Similar differences occur

for other items in the study.

1.4 RESPONSIBILITY

The statements, opinions, conclusions and recom-

mendations made in this report are those of the contractors

and are not necessarily those held by any of the agencies of

the governments of the United States or Puerto Rico, whose

names may be mentioned in the report.

1.5 ORGANIZATION OF REPORT

The report has been bound in four books consisting
of an Executive Summary, the Report proper in two volumes
and a Site Selection Supplement.

This detailed report is divided into nine major
parts. Following this Introduction, Section 2.0 gives the

Summary, Conclusions and Recommendations for the study as a
whole.

Section 3.0 deals with the site selection which

compared sites in three regions of Puerto Rico. It is a brief

presentation of the more extensive report given in the Site

Selection Supplement.

Section 4.0 deals with the energy supply and com-
pares nuclear and fossil plants for both single and dual pur-

pose power generators. Various alternates are considered on

backup for the steam supply. The interrelationship of the

Energy Center power plants to the PRWRA System is considered.

Section 5.0 established the water requirements for

industry and agriculture both in the Energy Center and its en-

virons and the prospects and costs of obtaining the needed

water from wells, dams and desalting plants. The alternates

of basing the desalting plant size on salt recovery versus
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water needs are presented. The possibilities of surface and
underground reservoirs are explored.

Section 6.0 on industry reports on the initial
screening of industries for inclusion in the Energy Center,
the market studies and the establishment of the recommended
complex and its economics.

Section 7.0 on agriculture, reports on the crop
screening studies, the market surveys for crops, and the eco-
nomic analysis of those crops that can be grown in Puerto
Rico and their ability to pay for water. A proposed demon-
stration farm is described.

Section 8.0 on socio-economics gives background
information on Puerto Rico and develops the impact of the
Energy Center on Puerto Rico's economy and the need for infra-
structure.

Section 9.0 on implementation deals with the prob-
lems of promoting the Energy Center and bringing it through
the initial years of construction and operation. Alternate
plans of organization are discussed.

In the course of the Oak Ridge work, the term
"Nuplex" was coined as an alternate name for an energy center.
In this report, the terms "Energy Center" and "Nuplex" are
used synonymously in the Site Selection Supplement. The terms
"industrial complex", "industrial segment" or "complex" are
also used, but refer to the industrial area not including the
power plant.
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

2.1 SUMMARY

The summary of the report has been separately

bound in a volume entitled "Executive Summary".

2.2 CONCLUSIONS

Based on the results obtained from the several
segments of the Energy Center study a variety of conclusions

can be drawn. Of these, the most significant ones are that:

A. An Energy Center is economically viable in
Puerto Rico. In particular, a commercially fea-
sible complex consisting of a dual purpose (elec-
tricity and process steam) nuclear power plant,
a petro-chemical refinery and its derivative

petro-chemical plants, a desalting plant and a
salt recovery plant, a chlorine-caustic plant,
and an aluminum plant at capacity levels compat-
ible with forecasted near term (1975 to 1990)
domestic USA and worldwide markets yields an ac-

ceptable discounted cash flow percentage for the
industrial plants.

B. The economic viability of the industrial plants
of the Energy Center derives from the benefits of
complexing, large capacities of the plants chosen,
sharing of facilities and services, tax incentives,
oil quota, low cost power and steam, availability
of a deep water harbor and low land costs.

C. Salt recovery from the brine effluent of the
desalting plant is economically viable if certain
development work is successfully completed.

D. Brine products can theoretically be efficiently

recovered from the effluent of a salt recovery
plant but economic returns are on the lower edge

of viability. Extensive research and development
work would have to be done.
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E. When the profitability of salt recovery is
considered, the use of desalted water in the indus-
trial plants compares favorably on a cost basis
with the use of natural water.

F. The West Aguirre site in the Guayama Sub-Region
in the southeastern region of Puerto Rico is the
best site for the Energy Center because of its prox-
imity to the Aguirre Power Station, the availability
of sufficient land of desirable topography, the
closeness of a deep water harbor, and the least cost
to acquire and develop the- site.

G. The most economical way of obtaining the steam
and the bulk of the power required for the Energy

Center is from a 2785 mwt nuclear steam supply sys-
tem with a 540 mwe turbo-generator. The most eco-

nomical way of obtaining the necessary backup power
is from the PRWRA systems and.the backup steam from
the other fossil and nuclear plants of the Aguirre
Generating Station.

H-. The cost of generating power from single pur-
pose nuclear plants is slightly lower than fossil
plants. The estimated cost of generation from both
type of plants exceeds the present rate schedule
for large blocks of power.

I. The proposed industrial development of the
Guayama Sub-Region will result in a water shortage

requiring development of all available sources in-
cluding wells, the Toa Vaca project, and desalting
plants to satisfy the requirement of availability
and economy.

J. The alluvial aquifers of the Guayama Sub-Region
should be capable of yielding about 10 mgd of addi-
tional well water over and above what they are now

providing.

K. Desalted water can be obtained at lowest cost

from a multi-effect vertical tube type plant in
the 20 mgd plant size range. The VTE type of de-
salting plant can produce a waste brine at three
times seawater concentration that can be used for
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the economical recovery of salt at no cost penalty
to water production cost.

L. Acid pretreatment of the seawater is lower in
cost than the caustic, lime-magnesium carbonate,

ion exchange or barium recycle processes for a 20
mgd desalting plant using extraction steam from a
turbine and with brine concentration limited to a
factor of three. Caustic pretreatment is poten-
tially competitive with acid depending on the rela-
tive cost of acid and caustic.

M. Food produce is being imported to Puerto Rico
which could be profitably grown in Puerto Rico.
By 1975, these imports will reach $20 million per
year unless production of certain crops is increased.

It will require 20,000 acres of land to grow the
crops needed to meet the demand and this amount of

land can only be obtained by displacing sugarcane.

N. Food produce grown in Puerto Rico may be mar-
ketable in east coast cities of the continental

United States; and that this marketing venture

could be tried as a sideline of the domestic pro-
gram with little risk.

0. The cost of desalted water is too high to be
used for agriculture in Puerto Rico with the excep-
tion of certain selected crops. There are lower

cost water supplies that can be used for raising

the recommended crops, but this use may require the

displacement of some sugarcane production.

P. Implementation of the Energy Center is possible

through existing agencies of the Government of

Puerto Rico acting as promoters or participants. No
new authorities or superagencies need be created by
legislation.

Q. About one-third of the Energy Center cost can

be financed by agencies of the Government of Puerto

Rico through bond issues covering the dual purpose
poler plant, the desalting plant, land acquisition
and port facilities. The profit potential is suf-
ficiently high to induce private industry to finance
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the remaining two-thirds of the cost.

R. The first plants can be placed in operation by
1975 and the last of the plants by 1979, if the
Energy Center can be promoted by 1972.

S. There is adequate manpower available to con-
struct and operate the Energy Center but that this
manpower must be trained for the construction

crafts and for operation and maintenance of the
industrial plants.

2.3 RECOMMENDATIONS

From the conclusions stated above a number of
recommendations can logically be made. In some cases they may
require modification before acceptance because of influencing
factors beyond the scope of this study. Nonetheless the major
recommendations arrived at are given below to assure thorough
coverage. These recommendations are that:

A. The agencies of the Government of Puerto Rico
review the results of the Energy Center study and
decide whether or not to recommend adoption of the
Energy Center project. The further recommendations
given below are subject to an affirmative decision

on the Energy Center project.

B. Fomento be assigned the key role in the pro-
motion and implementation of the Energy Center

plan.

C. Fomento formulate a detailed program to pro-
mote and implement the Energy Center plan outlin-

ing the areas of responsibility of each of the
other governmental agencies and be responsible for
coordinating their activities.

D. Fomento promote participation by companies
already producing and marketing the proposed

products in world markets. The companies be

encouraged to form a management structure

that can take full advantage of the complex-

ing opportunities and thereby fulfill the
economic returns forecast in this study.
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E. Fomento draw up a detailed physical, managerial
plan for the site that will insure that it is devel-
oped on a coordinated basis to take full advantage
of the savings that can be effected through the
sharing of facilities. Professional consulting as-
sistance be retained to assist in planning and ne-
gotiations.

F. The Land Administration or the Puerto Rico
Industrial Development Company acquire or otherwise
gain control of the land at the West Aguirre site
to insure its availability for industry under the
Energy Center plan.

G. The Puerto Rico Water Resources Authority co-
operate in the Energy Center plan through a will-
ingness to build the dual purpose power plant and
to supply backup process steam from the other power
plants at the Aguirre Generating Station.

H. The Puerto Rico Water Resources Authority re-
examine the present power rate schedules in the
light of rising costs of power generation.

I. The Puerto Rico Water Resources Authority per-
form additional system studies to accurately deter-
mine the cost of supplying process steam to indus-
trial users and to establish rate bases for steam.

J. The Puerto Rico Water Resources Authority un-
dertake a study of the effects on the environment

of thermal and chemical discharge from the power
and industrial installations at the site.

K. The Puerto Rico Aqueduct and Sewer Authority
formulate an overall program for meeting the water
needs of the Guayama Sub-Region taking into account
the potential availability, costs and financing
aspects of well water, the Toa Vaca project and

desalting plants so that industry will be satis-
fied that this essential utility will be available
when needed.

L. The Puerto Rico Aqueduct and Sewer Authority
establish a rate schedule for supplying industrial

2.0-5



water in the district served by the Toa Vaca pro-
ject. The rates should be the same for all indus-
tries within the district, regardless of the source
from which the water is supplied, and differing
only on the basis of quantity used and quality of
water required.

M. The Puerto Rico Aqueduct and Sewer Authority

consider expansion of the studies being carried

out by USGS to include the characteristics of the

entire alluvial aquifer from Salinas to Patillas

in order to determine the adequacy of this aquifer

to furnish additional water.

N. The Government of Puerto Rico proceed with

proposed legislation to control the pumping of

underground water and the establishment of an agency

having overall control of all available sources of
water in order that these can be managed in the

best interest of Puerto Rico.

0. After acquisition of the West Aguirre site,

the Puerto Rico Aqueduct and Sewer Authority con-

sider the possibility of using existing wells on
the West Aguirre site in combination with booster

pumps to supply water to the area from West Aguirre

to Guayama.

P. The Ports Authority cooperate with the Energy

Center plan through a willingness to provide the
necessary harbor facilities.

Q. The Ports Authority undertake engineering
studies of the proposed harbor facilities to ob-
tain geological and hydrographic data necessary to

more firmly establish the harbor design basis.

R. The Highway Authority provide public road ac-
cess to the east and west perimeters of the West

Aguirre site.

S. The Department of Agriculture develop a plan

for the diversification of agriculture designed to

meet Puerto Rico market requirements, and to test

east coast United States market.

2.0-6



T. The Department of Agriculture, as part of the
agricultural diversification plan, establish a
demonstration farm on the south coast of Puerto
Rico, possibly at the West Aguirre site.

U. The Planning Board review, and if necessary
revise and expand their development plan, for the

Guayama Sub-Region taking into account the Energy
Center plan in order to coordinate and foster the
development of infrastructure that is essential to
the ultimate success of the program.

V. The Planning Board, after completing the up-
dating of their computer program, perform input-
output analysis for the Energy Center to more
fully evaluate the impact of the Energy Center on
the economy of Puerto Rico.

W. The Department of Labor, the Department of
Education and the University of Puerto Rico acting
in cooperation formulate plans for training the
manpower required for the Energy Center.

X. The Office of Saline Water consider supporting
development programs in the areas listed below to

the extent that these are not part of their pres-
ent programs:

(1) Equipment design data for the caustic pre-
treatment process for seawater.

(2) Use of condenser and preheater tubes of

200 feet in length in desalting plants.

(3) Further detail design and development work
to determine which of the VTE designs holds the
greatest promise and the construction and oper-

ation of the selected plant to demonstrate its
capability.

(4) Further verification of enhanced (fluted)

vertical tube heat transfer data.

(5) Economics of polymerized concrete vessel

shell.
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(6) Pilot plant studies of CaSO precipita-
tion step in the recovery of salt from brine.

(7) Brine products recovery by the process
outlined in the report.
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SITE SELECTION AND ENERGY CENTER LAYOUT

3.1 SITE SELECTION

3.1.1 General

A Site Selection Supplement to this report has
been prepared which gives a detailed report of the studies
that went into the final selection of the West Aguirre Site.
This section of the report is a synopsis of the information
contained in the Supplement and is included here for the con-
venience of those readers who may not have need of the de-
tailed information.

At the outset of this investigation to select a
site for the Puerto Rico Energy Center, a series of meetings
were held with various agencies of the Government of Puerto
Rico to obtain information and guidance. One of these meet-
ings was with the Planning Board who advised that considera-
tion could be given to Guayanilla in the southwest region,
Bay of Jobos (Aguirre) in the southeast region and the area
east of Arecibo in the northcentral region as shown in Exhibit
3.1-1. The sites were inspected by project management. Pre-
liminary site requirements were compiled and tentative layouts
were prepared. Further meetings were held with governmental.
agencies of Puerto Rico and the U.S. to discuss the sites and
obtain additional information. A team of engineers and agron-
omists visited each site. The site requirements were updated

in keeping with developments in the industrial and agricultural
studies. Site layouts were made. Descriptions of each site
were prepared covering geology, seismology, hydrology, agronomy,
demography, meterology, transport, finance and socio-economics.
Estimates of the relative site development capital costs were

prepared including cost of acquiring the land and buildings,
levees for flood protection, land filling and compaction, pump
stations where required, harbor dredging, electrical transmis-
sion lines, power plant foundations and circulating water sys-
tem. Operating costs were capitalized for pumping stations and

the cost of industrial water.

3.1.2 Comparison of Sites

All sites were considered acceptable from the

standpoint of general conformance with the Planning Board's
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program for promoting industrialization of Puerto Rico. The

Energy Center industries as finally selected did not utilize
native raw materials so that all sites were equal from this
standpoint. The cargos shipped into and out of the Energy

Center will for the most part be shipped to and from locations
at long distances compared to the size of Puerto Rico so that
all three sites were considered equal from the standpoint of
shipping. Therefore, the selection of the site was made largely

on the basis of comparing the physical aspects of the sites and

the cost of development.

The general site development costs are shown in

Exhibit 3.1-2 and indicate that the Aguirre sites were lower
in cost than the Guayanilla site and the Arecibo site exceeded
both by a wide margin.

The Arecibo site has several major detrimental
qualitative considerations including the poor prospect of being
licensed from a nuclear safety standpoint, the need for contin-
uous pumping of water to prevent flooding and the problems as-
sociated with harbor development and use in winter. These

factors taken in conjunction with the high development costs

for this site lead to a decision to drop Arecibo from further
consideration and concentrate further comparison between
Guayanilla and the Aguirre sites.

3.1.3 Comparison of the Guayanilla and Aguirre Sites

The Guayanilla and Aguirre sites were compar ' in
detail and while it was felt that the Guayanilla site could
have been used, it was concluded that:

A. Its proximately to the forest reserve and the

phosphorescent bay at LaParguera is a potential
disturbance to the ecology of the area.

B. Flood protection from the land side is es-
sential and would have to be part of a comprehen-
sive plan for the entire area which would be very

expensive.

C. The plant layout does not lend itself to pro-
gressive development by area resulting in high
initial development costs.
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RELATIVE COST COMPARISON OF ENERGY CENTER SITES

Guayanilla

1. CAPITAL COSTS

m
X

--

WA

$12,000
534

2,300
1,290

0
20,500

900
1,660

546

$39,730

0
21, 500

$61,230

38, 200

$77, 930

(In Thousands of Dollars)

Aguirre

West East A East B

$10,600 $10,700 $10,400
1,392 1, 816 4,954

1,392
965
0

19,415

900
338
388

$35, 390

1,844
723
0

16,134

900
338
388

$32,793

3,553
1,452

0
16,134

900
338
388

$38,119

a. Cost of Land

b. Cost of Expropriated Houses

C. Site Preparation

(1) Levees & Flood Protection
(2) Land Filling & Compaction
(3) Drainage Pump Station

d. Harbor & Channelsc
e. Power Plant

(1) Foundations
(2) Circulating Water System

(3) Electrical Transmission

2. CAPITALIZED OPERATING COST

a. Pumping Station Operation

b. Water - Alternate Aa

3. TOTAL COST (Alternate A)

2. b. Water - Alternate Bb

3. TOTAL COST (Alternate B)

NOTES:

a. Alternate A - Industrial water at Guayanilla and Aguirre supplied by PRASA at
gallons. Water at Arecibo obtained from wells at 3'/103 gallons.

b. Alternate B - Industrial water at Guayanilla and Aguirre
Water at Arecibo obtained from wells at 30/103 gallons.

an assumed rat-' of 280,'103

supplied by desalting plant at 50/103 gallons.

c. Comparison is based on harbors capable of handling vessels up to 1100' in length and requiring 65' of
water with entrance channels to harbor 400' minimum width.

0 0 0
21,500 21,500 21,500

$56,890 $54,293 $59,619

38,200 _38,200 _38,200

$73,590 $70,993 $76,319

Arec ibo

$ 4,800
480

1,500
34,700

505
31,200

100
2,405
2,376

$78,066

227
2,300

$80,593

2,300

$80, 593



D. Uncertainty of the availability of enough land.

The Aguirre sites were recommended on the basis of
the following:

A. Availability of the amount of land needed.

B. Lowest cost to acquire and develop the land.

C. Indicated acceptability of the site from a
nuclear safety standpoint by virtue of a good rock
foundation for the reactors adequate exclusion
radius and low density population zones around the
power plant. Public hearings have been held and
Planning Board approval of this site for nuclear
power plants has been given.

D. The availability on the power plant site of
two 460 mwe fossil plants scheduled for operation
in 1973-74 and a 560 mwe nuclear plant scheduled
for 1976 that can provide backup power and steam.

E. Good possibilities for harbor development.

F. Site layout lends itself to staged development,
thus reducing initial costs.

G. Capable of being protected from flooding from
the sea and with minimal danger of flooding from
the landside

H. Good highways to serve the area which will
help to diffuse the socio-economic impact of the
Energy Center over a large area of Puerto Rico and
supply labor needed for construction and operation.

I. Relative stability of ecological factors.

J. The greater potential need for water from a

desalting plant affords an opportunity to help
solve water problems of the south coast of Puerto
Rico and recover salt economically from brine waste.

3. 1-3



Comparison of Aguirre Sites

In order to make a final selection between the
three sites at Aquirre, it was necessary to go into more de-
tail concerning the plant layout, harbor design, cost of util-
ity lines between the power plant and the industrial area,
cost of pipe lines to the harbor as well as additional quali-
tative factors concerning the relation of site selection to
social objectives of the Government of Puerto Rico.

The additional relative capital costs of the
Aguirre sites are shown in Exhibit 3.1-3 and are combined with
the general site development costs in Exhibit 3.1-4. The cost
data shows that the West Aguirre site is lower in cost than

either of the East Aguirre sites principally because of the
necessary arrangement of the East Aguirre sites. These sites
have the dual purpose power plant located west of Aguirre and
the harbor located at Las Mareas, six miles away. As a result
there are high piping costs involved between the power plant
and the industrial area and the harbor.

In addition to the high cost of the utility lines
from the power plant to the industrial area, the long dis-
tances involved raised questions as to the reliability of this
solution and whether or not industrial firms would deem the
solution practical.

Use of the East Aguirre sites would be preferable
from the standpoint of conserving land in Puerto Rico for
agricultural use.

It was recommended that the Energy Center be lo-
cated at the West Aguirre site and this was accepted by the
Energy Center Committee as the basis for completing the ref-
erence design.

3.1-4
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ADDITIONAL RELATIVE CAPITAL COSTS FOR COMPARISON

OF

WEST AND EAST AGUIRRE SITES

(In Thousands of Dollars)

West

1. Site Development (Grading-Roads-R. R. -Fencing)

2. Services-Nuclear Station to Industrial Load
Center (Right of Way, Land, Fencing, Piping
& Service Road)

3. Raw Material and Product Transfer within Complex
(Outside Manufacturing Area Battery Limits)

4. General Plant Services

(Based on Item 3 Comparison)

5. Raw Material and Product Transfer Between
Harbor and Plant Storage

6. Port Facilities
(Harbor-Docking-Crude Oil Unloading)

7. Pro-Rated Share of Existing Harbor Cost

Total Additional Capital Costs

East A

$ 7,147 $ 4,657

3,500

9, 350

Same

3,145

6,010

$29, 152

21, 100

9, 340

Same

2,720

2,435

4,000

$44,252

tix
H

H

LA)

East B

$ 4,734

12,750

13,700

Same

2,720

2,435

4,000

$40,339



TOTAL RELATIVE CAPITAL COST COMPARISON

OF

WEST AGUIRRE VERSUS EAST AGUIRRE

(In Thousands of Dollars)

West

Capital Costs Exhibit 3.1-2 $35,390

Less Harbors and Channels

Net Capital Cost

Additional Capital Costs Exhibit 3.1-3

CAPITAL COST TOTAL

-19,415

$15, 975

29, 152

$45,127

East A

$32,793

-16,134

$16,659

44,252

$60, 911

x

H

LA)

-i

East B

$38,119

-16,134

$21,985

40, 339

$62 , 324



ENERGY CENTER LAYOUT

3.2.1 General

The Energy Center site at West Aguirre is shown in

Exhibit 3.2-1. The site is in the Municipality of Salinas.
The site lies to the west of Central Aguirre, north of Lugo
Vina mangrove area, and south of Route 3. The land is pri-
vately owned including the Lugo Vina mangrove area, a portion
of which is used. The land is currently used for raising
sugarcane. The site contains approximately 230 houses and
it is proposed that these be moved to give freedom of plant
layout and to remove the residences from the immediate down-
wind direction from the plant.

The main geological features of the site consist
of rock underlying the high ground on the east end on which
the nuclear reactors will be founded and the alluvial deposits
that underlie the industrial area. These alluvial deposits
are part of the Salinas alluvial fan that provides a good aqui-
fer below the site that will act as a reservoir to backup the
desalting plants in the event of shutdown. Puerto Rico is a

moderately active seismic zone and the Aguirre site could pro-

duce a base acceleration in the bed rock as high as 0.29.

The site is served by highway Route 3 running along
the northern edge which connects with Ponce to the west, Guay-

ama to the east and San Juan on the north shore of Puerto Rico.

New major highways are planned for all of Puerto Rico and a
connection point will exist a few miles north of Aguirre that
will give good highway communication with all of Puerto Rico.

Public roads have been provided on the east and
west sides of the Energy Center site to give access to the

power plant area, the harbor and to the Lugo Vina area wh.ich

is a private mangrove area that has not been included in the
site. Wrapping the public road around three sides of the site
gives good perimeter access without cutting the site up with

public roads.

The Salinas Airport lies just north of the site
and is presently capable of handling light aircraft. The
Ports Authority plans to increase the runway to 5500 feet so

that it will be capable of handling DC-9's. An international

3.2-1
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airport is available in San Juan and a new one is planned in

the Lajas Valley in the southwest corner of Puerto Rico.

The average rainfall in the area is about 42 inches

per year. The prevailing wind is from the east, blowing from
northeast during the day and swinging around to blow from the

southeast at night. The area has brief temperature inversion

in the morning and evening but they never persist throughout
the day. The average annual air temperature is 80 F. Tides
normally run about one to two feet, but could reach fifteen
feet above mean sea level in a major hurricane striking di-
rectly on the area.

3.2.2 Power Plant Area

The land in the southeast corner to be used for
the nuclear power station is a parcel that is currently under
option to PRWRA and has been planned as a nuclear power plant
site for some time. Public hearings have been held regarding
the use of this area for a nuclear power plant and Planning
Board approval has been given. PRWRA is proceeding with two

460 mwe fossil units at this site as shown in Exhibit 3.2-2.

The nuclear power plant has been located in the
southeast corner of the site because there is rock available
at this point on which it can be built. This is the only rock
in the general area that is also in proximity to the seawater
for cooling. It was for these reasons that PRWRA earlier op-

tioned. this site and has had studies of it made as a potential

nuclear power plant site.

The site has been arranged for four fossil fired
units on the east end and four nuclear units near the center
of the exclusion area. Construction is under way on the east-
erly two 460 mwe fossil power plants. The most easterly of
the nuclear units is the 1976 single purpose 560 mwe pressurized

water reactor that PRWRA has recently announced will proceed.

The second nuclear plant position could be the Energy Center

dual purpose power plant.

The cooling water required for the nuclear power
plants will be taken out of the Bay of Jobos, and the effluent
discharge line will run southwest to a point sufficiently dis-

tant to prevent recirculation of hot water to the intake. The

exact location of this discharge point is subject to further

3.2-2
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study by PRWRA as recommended later in this report. It is
also envisioned that the industrial cooling water and desalt-
ing plant seawater feed would be taken in as part of the power
plant cooling water intake and the effluent streams from these
sources would be mixed with the nuclear power plant effluent
and conducted to the common release point.

The power lines will run north from the power
plant to the connection point with the 230 kv main transmission
system lines that run east and west, a few miles north of Route

3. The substation for the Energy Center would be located next
to the power plant switchyard and a 230 kv line would run di-
rectly west to the aluminum plant with taps to feed stepdown

substations to feed the industrial plants at 13.6 kv.

The seawater desalting plant will be located within

the exclusion radius of the power plant to place it in close

proximity to the low pressure exhaust steam supply and cooling

water. This plant can be shut down without difficulty in the

event of a nuclear incident.

3.2.3 Industrial Area

The industrial area consists roughly of a rectangu-
lar plot of 2400 acres of land nicely sloped toward the sea.
The plot would be graded into a series of terraces conforming
to the general -contours of the land and set at elevations of

5, 10, 15, 20 and 35 feet above mean sea level. To protect

the lower levels from the 15-foot tide that is possible during
a major hurricane, a levee would be placed on the seaward side.

The crown of the levee would be 18 feet above sea level and is
50 feet wide at the top with sloping sides running 1 on 5. The

fill for the levee would be expected to be obtained from harbor
excavation.

The industrial plants presently planned for in-

clusion in the Energy Center would occupy the approximately
1,300 acres in the south portion of the plot. A demonstration
farm is proposed to be located in the northern half of the plot
which could later serve as an industrial expansion area. An

administration building is located in the northeast corner of

the plot. The Ponce-Guayama railroad which cuts through the
northern half of the site is proposed to be moved to the north-

ern perimeter. However, this need not be done until the fu-

ture plant areas are to be used sometime in the 1980's.

3.2-3



The industrial plant layout shown in Exhibit 3.2-1
has taken into account five interrelationships for each plant,

namely (1) with other plants, (2) with the power plant, (3)
with the harbor, (4) with the project schedule and (5) with
the possible plant ownership. Plants that feed one another

were placed in proximity where possible; an illustration being
the salt recovery plant and the chlorine-caustic plant. Those

plants that have large steam requirements such as the salt and

chlorine-caustic plants have been placed in close proximity to

the steam plant. The polyethylene plant is a large user of
steam but its product is a solid that must be conveyed to the

dock for bulk shipments so that the plant is located at an in-
termediate location between the power plant and the dock. The
aluminum plant which uses little or no steam has been located

in the southwest corner where it has good access to the dock

for the receipt of alumina and shipment of aluminum.

In the lower left hand corner of each plant area
is a number corresponding to the development stages of the

Energy Center, each of which represents a stable plateau from

the standpoint of physical and economic interrelations. Most

of the "3" plants have been kept along the northside so that
initial site development would not have to include this area
and could be restricted to the 5 and 10 foot plant elevation
sites.

In the lower right hand corner of the plant lay-
outs are letters designating possible plant ownership as dis-
cussed in the "Implementation Planning" section of the report.

An attempt has been made to group together plants with common

ownership.

3.2.4 Harbor

The harbor facilities for the Energy Center have

been located in the southwest corner of the site to take ad-

vantage of the naturally occurring water depths to minimize

dredging and have good deep water access to the sea. During

the study consideration was given to dock facilities located

closer to the Energy Center that would have required consider-
able excavation, but this was abandoned in favor of the pres-

ent plan on the basis of cost and reducing the possibility of

endangering the fresh water aquifer that underlies the West
Aguirre site. The site is part of the Salinas alluvial fan

and the fresh water is sealed from the salt water by a silty

3.2-4



layer along the shore. The fresh water on shore is under
slight artesian pressure and major excavations close to shore
could cause the loss of a considerable portion of the fresh
water as occurred at Las Mareas during excavation of that har-
bor.

Berthing facilities would be required to accommo-
date three classes of vessels as follows:

A. Barges of 10,750 short ton capacity with a
required water depth of 22 feet.

B. Multi-product chemical tankers of 40,000 short
ton capacity with a required water depth of 40 feet.

C. Oil tankers of 100,000 and 150,000 dead weight
ton capacity with a required water depth of 65 feet.

No requirement for general cargo ships is envisioned
except for incidental shipments which could be made through
other ports if necessary. However, the ability to handle gen-

eral cargo ships would be desirable during construction.

Details regarding the frequency and duration of
dock usage are given in the Site Selection Supplement to this
report. As stated therein, the combined dock time of the above
three sets of vessels was 254 days or 70% of the year so that
a combination docking facility must be provided to reduce this

to an acceptable maximum of 55% for any one berth.

Consideration was given to a single pier serving
barges and multi-product chemical tankers. However, consider-
ing the different deck loadings, required water depths and rel-
ative need for shelter from wave action, it is more economical
and efficient to provide separate facilities.

The concept of the dock facilities is shown in
Exhibits 3.2-3 and 3.2-4. The dock facilities in relation to
existing depth and navigational features is shown in Exhibit
3.2-5. It can be seen from this exhibit that the location
shown affords a deep water approach and yet is sheltered by
the islands of Cayos de Barca to the east and numerous other
smaller islands in the vicinity.

3.2-5



The dock facilities consist of (1) a stone cause-

way approach (2) a sheet pile cell approachway (3) a barge

wharf (4) an approach trestle from barge wharf to chemical

tanker pier (5) a chemical tanker pier (6) a submarine oil

pipe line and (7) an oil tanker pier.

The limited soundings and contour information

available indicate that sufficient depth of water for the

barge wharf exists about 3,000 feet out from the existing

shore, with the stone causeway to the barge wharf aligned
approximately perpendicular to the coast line, i.e. running
approximately 300 west of south.

The barge wharf is similarly aligned as it is
proposed to use a solid type construction so as to provide
shelter to berthed barges from the prevailing easterly swells.

The swell directions must be later verified by a wave refrac-

tion analysis when the necessary data becomes available. The
alignment would be modified if necessary. The barge wharf will
be about 860 feet long which will enable two 350 foot barges
to berth simultaneously.

For the chemical tanker pier it is proposed to
provide a 40 foot water depth at berth, with a 1500 foot di-
ameter turning basin, by dredging from a natural minimum depth
of 30 feet. This is based on an economic comparison between
a longer structure needed to reach the natural 40 foot depth

against the dredging required to maintain 40 foot water depth

inshore. It is presumed that no unreasonable quantities of

sand will accumulate in the dredged area behind the solid type

of construction proposed from the shore to the barge wharf.

The littoral drift appears to be from east to west.

In view of the numerous islands to the east and

west of the proposed location it is anticipated that unreason-

able accumulation will not result. The littoral drift direc-

tions and quantities must be verified by later investigation.

The available soundings indicate that a depth of

30 feet of water will be reached about 4000 feet from shore.

Consequently, a 150 foot long pile supported approach trestle

continues in the same alignment from the barge wharf to the

chemical tanker pier. Offshore of the barge wharf an open
type construction is proposed with the chemical tanker pier
aligned perpendicular to the trestle, proceeding in an easterly

3.2-6
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direction. This will result in an overall L-shape, heading the
chemical tankers into the prevailing east and southeast winds.
and swells. The total length proposed for the chemical tanker
pier facility is 900 feet, accommodating a 680 foot length-
over-all tanker. In the future, expansion of the chemical
tanker pier could proceed eastward.

A submarine pipe line is proposed for the transfer
of crude oil from the oil tanker pier to the end of the barge
wharf where the pipe will rise, connecting into oil pipes sup-
ported on the structures connecting to shore. The pipe line
will be located to clear the turning basin for the chemical
tankers and in the optimum position for ease of navigation
around the chemical tanker pier and barge wharf. .It will be
aligned to reach the oil tanker pier, sited in 65 feet of
water, over the minimum distance. The available hydrographic
chart indicates that a 7000 foot long submarine pipe line is
required to reach adequate water depth. The oil tanker pier
will be aligned approximately northwest-southeast so that the
tankers at berth will be headed into the prevailing winds and
swells.

The estimated cost of the harbor facilities is
shown in Exhibit 3.2-6.
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PUERTO RICO ENERGY CENTER STUDY

ESTIMATED COST OF HARBOR FACILITIES

Item

1. Stone Causeway Approach

2. Sheetpile Cell Approachway

3. Barge Wharf

4. Approach Trestle (from Barge Wharf

to Chemical Tanker Pier)

5. Chemical Tanker Pier

6. Submarine Oil Pipeline - 27 inch diam.

7. Oil Tanker Pier

8. Dredging

9. All Other Items
Including Engineering

10. Contingency

Total Estimated Cost

Cost

$ 1,382,600

346,820

1,953,300

88,950

1,249,750

1,170,000

1,288,000

270,000

1,593, 580

1,400,000

$10, 743,000

NOTE

In the above estimate, the costs of pipes supported

on the piers and causeway are not included.

Does not include interest during construction.

EXHIBIT 3.2-6





4.0 ENERGY SEGMENT

4.1 INTRODUCTION

The generation of the energy to be used by the
industries in the form of electrical power or steam is dealt
with in this section of the report.

The Puerto Rico Water Resources Authority (PRWRA)
has been established by the Government of Puerto Rico to

generate and distribute all power for Puerto Rico so that the

power plants of the Energy Center would be owned and operated

by this agency as an integral part of the power systems of

Puerto Rico. The rates charged for electrical power for the
industries of the Energy Center will be the same as that used

for industries elsewhere in Puerto Rico.

The Authority is described along with the present
system which will provide the backup to the Energy Center
power plants. The projected growth of the system, which has
a doubling time of about five years, is described.

The present rate schedule for large blocks of firm
power on which the Energy Center studies were made is given.

The estimated power generation from single purpose
nuclear and single purpose fossil plants is given to show

their relation to the present rate schedule and establish the

basis of the power credit for calculating the cost of steam

from the dual purpose plants.

The costs are then developed for a number of dual

purpose plants that generate both power and steam including
both nuclear and fossil plants. Consideration is given to the

need for backup on the steam supply. For the recommended dual

purpose plant the detailed heat balance, capital operating

and maintenance costs are developed. From this data and the

steam load buildup data, the levelized cost of steam is de-
veloped. The economics of utilizing the excess steam for

power generation during the load buildup period is explored.

The environmental effects of the presence of the power plants

are discussed.

4.1-1



The dual purpose nuclear plant of the type pro-

posed in this study is being actively developed for several
other projects. Consumers Power in Midland, Michigan is con-
structing such a plant and has contracted to sell process
steam to The Dow Chemical Company. Another illustration is
Badische-und-Soda Fabrick AG who plan to construct two nuclear
reactors at Ludwigshafen, West Germany that will produce 480
mw power and 2,400,000 pounds per hour of steam.
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PUERTO RICO WATER RESOURCES AUTHORITY

4.2.1 The Authority

The Authority was created a body corporate and
politic constituting a public corporation and governmental
instrumentality of the People (now the Commonwealth) of Puerto

Rico by the "Puerto Rico Water Resources Authority Act" Act
No. 83 of the Legislature of Puerto Rico, approved May 2, 1941,
as amended and reenacted by Act No. 19, approved April 8, 1942,
and further amended by Act No. 62, approved June 17, 1966.

The Act provides that the Governing Board is to be composed of
five (5) members who are appointed by the Governor, with the
advice and consent of the Senate of Puerto Rico, for staggered

periods of four (4) years. Those members of the Governing

Board of the Authority who are officers of the Government of

Puerto Rico serve without compensation. The Board appoints

an Executive Director who is charged with the responsibility
for the execution of the policy of the Board and the general
supervision of the operation of the electric properties of
the Authority.

The Authority was created for the purpose of con-

serving, developing and utilizing the water and power re-
sources of Puerto Rico in order to promote the general welfare

of Puerto Rico. Today the Authority produces, transmits,

distributes and sells over 99% of the electricity consumed in
Puerto Rico. The Authority also serves as the administrative

agency of the Government of Puerto Rico for the South Coast,
Lajas Valley, and Isabela Irrigation Districts. These dis-

tricts supply water for agricultural use. The Authority's
functions do not include the supply-of municipal and indust-
rial water, which is the responsibility of the Puerto Rico
Aqueduct and Sewer Authority.

4.2.2 The System

The Authority's electric system as of January 31,
1970, had a total in service combined name plate rating of

1,261,840 kw (thermal 1,157,000 kw, and hydro 104,840 kw) with
a dependable capacity of 1,352,320 kw. The system also in-
cludes transmission substations with a capacity of 2,226,425/

3,189,875 kva and the Authority and privately-owned distribu-

tion substations with a combined capacity of 1,645,084/2,194,516

4.2-1
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kva. There are 1,635 circuit miles of transmission lines.
Between January, 1947 and November, 1968, the Authority raised
$462,000,000 and in October, 1968, the outstanding debt was
$406,000,000.

On January 31, 1970 there were 680,957 customers
connected to the System. The only areas not part of the
Authority's system are the town of Cayey, and the small out-
lying Island of Culebra. These represent less than one per-
cent of the total electric consumption in Puerto Rico. The
Island of Vieques is connected to the Authority's system by
means of a 9.5 mile submarine cable.

The Authority's generation capacity as of May,
1970 is:

San Juan Steam Plant

Steam Electric Plants

Jet Power Pack

Four
Four
Two
One
One

100,000 kw
20,000 kw
44,000 kw
10,000 kw
20,000 kw

Total 598,000 kw

In Service Dependable Capacity

South Coast Steam Plant

Steam Electric Plants

Jet Power Pack

Two

Two

One

648,500 kw

82,500 kw
44,000 kw
10,000 kw

Total 263,000 kw

In Service Dependable Capacity

Palo Seco Steam Plant

Steam Electric Plants
Jet Power Pack

Two

One

289,500 kw

82,500 kw
10,000 kw

Total 175,000 kw

In Service Dependable Capacity 189,500 kw
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Mayaguez Plant

Gas Turbine Generators
Jet Power Pack

Two

One

Total

In Service Dependable Capacity

20,000 kw
10,000 kw

50,000 kw

49,500 kw

Additional Generation

Ceiba (Jet Power Pack)

San Juan (Jet Power Pack)

Aguadilla (Jet Power Pack)
Santurce (Jet Power Pack)

Total

In Service Dependable Capacity

Vieques Diesel Plant

In Service Dependable Capacity

Hydroelectric Stations

Fifteen plants with total
capacity of

In Service Dependable Capacity

Total Capacity of System

In Service Dependable Capacity
of System

10,000 kw
20,000 kw
20,000 kw
20,000 kw

70,000 kw

66,500 kw

1,000 kw

800 kw

104,840 kw
108,020 kw

1,261,840 kw

1,352,320 kw

Under Construction

Two 20,000 kw Jet Power
early 1970

Palo Seco #3 200,000
Palo Seco #4 200,000
South Coast #5 410,000

South Coast #6 410,000

Aguirre #1 450,000
Aguirre #2 450,000

Packs in service by

kw in service by Feb. 1970

kw in service by June 1970
kw in service by July 1971
kw in service by Jan. 1972
kw in service by 1973
kw in service by 1974
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4.2.3 Projected System Growth

Based upon estimated increases in demand, contin-
uous power supply studies have been made by PRWRA to determine

future generation and reserve requirements and the scheduling

of construction. Load dispatching has been reviewed to fore-

cast energy requirements and to select the appropriate type
and size of future generating units. System performance has

been the subject of a load flow study in which the Authority's
future power system was represented in yearly steps from 1969

to 1972 to determine the location of future generating facili-
ties. Estimates of future requirements indicated that the

following system peak loads may be expected:

Year Kilowatts

1969-70 1,212,000
1970-71 1,521,000
1971-72 1,782,000

In addition to its normal load growth, the Author-

ity is also faced, beginning in 1970-71, with serving antici-
pated large loads from new and expanded petro-chemical and oil

refinery operations, and also, to an even larger extent, in

the field of metallurgical. processing, all of which are ex-
pected to develop as a result of the industrialization program

of Puerto Rico. To meet these additional anticipated loads,

which could aggregate to several hundred thousand kilowatts,

it has been necessary for the Authority to increase the size

of its generating units to be installed in each of the years

1971 and 1972 from 200 to 400 megawatt capacity. Even larger

sizes are planned for later units and currently call for nuclear

plants of 570 mwe by 1976, 825 mwe by 1984 and 1,100 mwe by
1990.

4.2.4 Rate Schedule

The schedule of prices and charges for firm power
for loads of 40 mw and greater is described below.

The monthly charge for power and energy delivered
consists of a demand charge plus an energy charge. The price

and charge provisions are:
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A. Demand Charge

Seventy-five cents ($0.75) for each kva of
fifteen (15) minute integrated maximum demand
established during the month of seventy-five
cents ($0.75) for each kw of contracted de-
mand of 60% of the highest kva demand es-

tablished during the preceding twelve (12)
months, whichever is greater.

B. Energy Charge
The first two hundred kilowatt-hours (200
kilowatt-hours) per kva of maximum demand

during the month at $0.0035 per kilowatt-
hour. All additional consumption at $0.003
per kilowatt-hour.

C. Minimum Monthly Bill
$1.25 per kilowatt of contracted demand.

D. Fuel Oil Charge
Above prices determined by paragraphs A, B,

and C shall be firm up to June 30, 1980.
After June 30, 1980, the energy charge in

cents per kilowatt-hour shall be increased
or decreased by an amount determined by the
following equation:

Energy Charge adjustment (cents per kilowatt-

hour)

RF
-- x BTUF x (CAF-24) (Eq. 4.2-1)

- T(E.42)

1,000,000

Where:

RF _ Kilowatt-hours generated by Authority

T Total kilowatt-hours generated and

fossil fuel stations
purchased

BTUF = average number of Btu's per kilowatt-

hour generated at the fossil fuel
sources
(for month preceding the billing
period)
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CAF = average actual cost of fossil fuel in
cents per million Btu including trans-
portation, storage and handling ex-

penses to the service tanks of the
fossil fuel generating services

24 = Base cost of fossil fuel, cents per
1,000,000 Btu

Applying the rate schedule for 730 kilowatt-hours

per month (one kilowatt at 100% load factor) with 100% power
factor and no fossil fuel cost correction results in the fol-
lowing unit energy cost:

Demand Charge $0.75

Energy Charge (First 200 kilowatt-hours) 0.70

Energy Charge (530 additional kilowatt-hours) 1.59

Total $3.04

Unit Energy Cost = $3.04 ;- 4.17 mills
730 kwhr per kwhr

4.2.5 Modified Firm Power

The firm power rate discussed above was the power
rate on which the industrial studies were based.

In addition to firm power, the PRWRA system sells

modified firm power at a rate about 0.4 mills per kilowatt-
hour below that of firm power. This lower rate is possible
because PRWRA is selling a portion of its system's spinning
reserve to those customers that are willing to have this power
interrupted when the Authority must shed load. The present

PRWRA policy is to carry spinning reserve equal to the largest

single generator in service and to contract for up to 50% of
the spinning reserve as modified firm power.

Modified firm power would be acceptable for most

of the power needs of the chlorine-caustic plant of the in-

dustrial complex and would, therefore, improve the economics

of chlorine-caustic. However, PRWRA advised that all of the

modified firm power anticipated to be available has been com-
mitted and none would be available to the industries of the

Energy Center.
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Consideration might.be given by PRWRA to reviewing
the established policy in regard to the fraction of spinning
reserve to be sold as modified firm power. The sale of a
higher fraction of the total spinning reserve would necessi-
tate more frequent interruptions to the new customers but
this might be acceptable in return for the lower rate and
additional income would be realized by PRWRA. Chlorine-
caustic plants are particularly adaptable to interruption be-
cause these plants can be shed in as little as five (5) cycles
(0.083 seconds).
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ECONOMIC GROUND RULES

A. Cost of Money

Cost of money for nuclear plant and fossil

plant investment was 7.50% per year of capital
investment. This figure includes interest on

money, amortization and interim replacements.

B. Property Insurance

Property insurance for nuclear plant was

taken as 0.50% per year of capital invest-

ment. For fossil plant corresponding figure
was 0.32% per year. These rates were quoted

to PRWRA by insurance companies for use in

evaluating the 1976 nuclear power plant at

Aguirre.

C. Fixed Charge Rates

Combining cost of money and property insurance,
fixed charge rates were as follows:

Nuclear Plant - 8.00% per year

Fossil Plant - 7.82% per year

D. Nuclear Insurance

Nuclear insurance was based on a cost of

$155,000 per site per year plus $30 per thermal

mw per year.

E. Fuel Costs

Fuel costs were as follows:

Fuel Oil for fossil plants and separately

fired superheaters - $0.26 per million Btu

Nuclear Plant - $0.13 per million Btu. Basis

for 13 cents per million Btu nuclear fuel cost

used in study was levelized 35 year fuel cost

used for Case C2 of "Evaluation Report on Two

500 MWe Electric Generating Units, Aguirre,

Puerto Rico" for Puerto Rico Water Resources

Authority by Burns and Roe Western Hemisphere

Corporation. The Evaluation Report figure in-

cluding escalation on fuel was 12.8 cents per

million Btu including inventory charges and

4.3-1
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and this was rounded out to 13.0 cents per
million Btu for use in this report.

F. Interest During Construction
Interest during construction was based on
applying an interest rate of 7.00% to money
as it is spent during the construction per-
iod.

G. Inflation
Inflation is represented on the plant cost
estimate for the dual purpose nuclear plant
in the item entitled "escalation". In the
case of nuclear steam supply system and tur-
bine generator, escalation was estimated
using formulas in recent quotations for this
equipment. All other equipment was escalated
at 3.00% per year. It should be noted that
escalation to 1975 and 1978 costs are shown
for information only since analyses herein
using capital and operating costs are all
based on 1969 cost levels. This was done
to make costs compatible with those used in

the industrial segments of this study. A
rationale for not considering escalation is
the assumption that increased costs will be
countered by increased revenues.
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4.4 SINGLE PURPOSE NUCLEAR VERSUS SINGLE PURPOSE

FOSSIL POWER PLANTS

A generation cost comparison was made for both

nuclear and fossil single purpose power plants in the 500-600
mwe size range. The results are shown on Exhibit 4.4-1.

The results on Exhibit 4.4-1 indicate that nuclear
single purpose power plants are slightly more economical than
fossil single purpose power plants. It may be observed also,
that both generation costs shown (4.44 mills per kilowatt-hour
for fossil and 4.34 mills per kilowatt-hour for nuclear) are
higher than the rate of 3.77 mills per kilowatt-hour for modi-
fied firm power and even higher than the rate for firm power
(4.17 mills per kilowatt-hour - See Section 4.2.3), calculated
in accordance with the rate schedule for blocks of power 40
mw and greater. The firm power rate must cover the cost of
backup as well as the cost of generation.

The following notes apply to Exhibit 4.4-1.

A. Capital costs are based on 1969 cost informa-
tion and include all costs to make the plants

complete including interest during construc-
tion, engineering and construction services

and PRWRA overhead costs.

.B. Fixed charges in mills per kilowatt-hour are
obtained by multiplying the capital cost by
the fixed charge rate and dividing by the
number of hours per year of operation.

C. Fuel costs in mills per kilowatt-hour were

obtained by multiplying the net plant heat
rate in Btu per kilowatt-hour by the fuel

cost in cents per million Btu.

D. Operation and maintenance labor costs were

calculated by using the cost of $743,000 for

a single nuclear plant (See Exhibit 4.6-3)
and dividing this by the generation of a

plant with a net output of 568,000 kw.

$743,000$743000 0.18 mills per kwhr
568,000 kw x 7446 hrs
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GENERATION COST COMPARISON

SINGLE PURPOSE POWER PLANTS

500-600 mwe - 1969 Costs

(85% Capacity Factor)

Capital Cost-$ per kwe net

Fuel Cost-Cents per million Btu

Net Plant Heat Rate-Btu per net kwhr

Operating hours per year

Fixed Charge Rates-Percent per year

Fossil

170

26

9,000

7,446

7.82

Nuclear

240

13

10,600

7,446

8.00

Generation Cost-Mills per net kwhr

Fixed Charges 1.79 2.58

Fuel Cost 2.34 1.38

Operation & Maintenance Labor 0.16 0.18

Materials & Supplies 0.15 0.15

Nuclear Liability Insurance --- 0.05

TOTAL 4.44a 4.34

a. Sulphur removal from stack gases would add approximately

0.3 mills per kilowatt-hour.

EXHIBIT 4.4-1



Fossil plant operation and maintenance labor
costs are assumed to be 0.02 mills per kilo-
watt-hour less than nuclear plants.

E. Maintenance materials and supplies cost was
assumed to be the same for both fossil and
nuclear plants at 0.15 mills per kilowatt-
hour.

F. Nuclear Liability Insurance costs were ob-
tained by calculating the annual cost at
$155,000 plus $30 per thermal megawatt. For
1750 thermal megawatts (equivalent to 568,000
net electrical kilowatts) the cost was de-
termined as follows:

$155,000 + $30 per mwt x 1750 mwt
568,000 kw x 7446 hrs

= 0.05 mills per kwhr
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DUAL PURPOSE POWER PLANT COMPARISON

The electrical power and steam loads for the Energy
Center are shown in Exhibit 4.5-1 until the full loads are
reached in 1982. The full loads shown for the year 1982 are
the ones used in the preliminary comparison of the dual pur-
pose power plants for the purpose of selecting the design to
be studied in detail. The detailed study of the selected de-
sign is discussed in Section 4.6 of the report.

In the course of performing this study, it became
clear that the most economic and technically satisfactory ap-
proach was to regard the power plants of the Energy Center
not as exclusively associated with the Energy Center, but as

an integral part of the power system of Puerto Rico. In this
way this plant is part of the normal growth of the system sup-
plying electric power to the system which in turn supplies
the industries of the Energy Center, with the system absorb-
ing surpluses and making up shortages as the case may be. In
addition, the system supplies the electrical backup to firm
the power which is essential. This general philosophy under-
lies the studies made of the dual purpose plants.

For the dual purpose power plants, six basic cases
were considered and the conditions applicable to each are sum-
marized in Exhibit 4.5-2. The six cases cover a spectrum of
methods for furnishing the energy requirements of the indust-

rial complex, including both nuclear and fossil dual purpose
plants as well as nuclear and fossil backup plants for the
steam supply.

Although specific reactor ratings are shown, this
is not meant to imply that only one manufacturer's unit should

be considered, but rather that a unit in a specific size range

should be procured. Light water reactors manufactured in the

United States are presently available only in three discreet

size ranges equivalent to the following ratings:

1750 mw thermal ( 500 - 600 mwe)

2785 mw thermal ( 800 - 900 mwe)
3400 mw thermal (1000 - 1100 mwe)

In selecting the size of reactor to be considered
for the dual purpose plant, the results of previous optimiza-

4.5-1
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x
w

F-' ELECTRICAL POWERAND STEAM

LOAD BUILDUP FOR ENERGY CENTER

Electrical Power - mw

1975 1976 1977 1978 1979 1980 1981 1982

33 250 315 360 500 600 665 700

Steam - 1000 pounds per hour

400 psig @ 500 F Superheat

150 psig @ 50 F Superheat

13 22 28 32 180 290 360 400

275 480 600 700 1800 2400 2800 3000

40 psig saturated

Salt Recovery Plant

Desalting Plant

+ + + + 415 725 935 1040

+ a a a 265 465 595 660

a. The steam buildup shown in this table was used for determining the levelized steam
costs. Subsequently, it was determined that for certain approaches to the solution
of the water shortage, it might be desirable to start operation of the first 10 mgd

desalt plant in 1976 and the steam for the desalt plant during 1976-78 would be ob-
tained from the 1976 nuclear plant.



COMPARISON OF DUAL PURPOSE POWER PLANT ALTERNATES

I

Number of New Reactors
New Reactor Rating - mwt
Number of New T-G's

Gross Rating of New T-G - mwe
Source of Standby Steam

One

2785
One
539

Package
Boilers

(New)

Capital Investment - Millions of Dollarsb

182

II

Two

1750
One
771
New

Reactor

210

III

One

2785
One
539
1976

Reactor

162

IV

One
1750
One
225

1976
Reactor

125

V

One
2785
One
539

1973-74
Fossil

Plants

162

Total Steam CostC- Cents Per 1000 lbs

For Power Credit Based on Cost of Generation for Single Purpose Plant

400 psig 32.8 26.8 27.3 36.2 33.2
150 psig 27.7 22.6. 23.0 30.6 28.0
40 psig 19.7 15.5 15.7 21.1 19.2

For Power Credit Based on Income from Power Sales Using Present Rates

400 psig
150 psig
40 psig

36.7
31.0
22.0

31.6
26.6
18. 3

30. 6
25.8
17.7

37.3
31.5
21.7

35.7
30.2
20.8

a. For this case the steam generator is oil fired. The value shown is input energy,
the output energy is 2125 mwt.

b. Fixed charges for investment included in steam costs.

c. Does not include makeup water cost or 3% PRWRA overhead.

VI

None

2415a

One
539
1976

Reactor

125

35.3
29.7
20.5

38.0
32.0
22.2

a

:,1



tion studies performed by PRWRA were taken into account.

PRWRA periodically performs generation expansion studies

(Ref. 4.5-1). A system model is used in order to evaluate

different patterns of expansion. The studies take into ac-

count the long range load forecast and the existing PRWRA
system. The timing and the size of future units are deter-

mined with the aid of a Probability of Loss of Load Program.

For this part of PRWRA's study, the program and computer fa-

cilities of the General Electric Company at Schnectady, New

York were used. The criteria used for the loss of load prob-

ability is 1.5 days in ten years (Ref. 4.5-2). The production

and investment cost analysis of the different plans were car-

ried out at the PRWRA office in San Juan with the aid of a

production and investment cost program. Various cases are

tested on these two programs until the minimum cost is deter-

mined that also satisfies the probability of load loss criteria.

A typical expansion pattern for the PRWRA system obtained from

these optimization programs is shown in Exhibit 4.5-3 (Ref.

4.5-3). It can be seen from Exhibit 4.5-3 that the expansion

plans call for the addition of a variety of nuclear and fossil
plants including jet units to meet peak loads. The optimized

program calls for 570 mwe nuclear units in 1975, 785 mwe nu-

clear units in 1984 and for 1045 mwe nuclear units in 1990.

It was on this basis that the sizes of the nuclear plants

studied for the dual purpose plant were limited to 570 and

860 mwe equivalent units since this plant would come on line

about 1978.

In the six basic cases single purpose power plants,
in combination with single purpose steam plants, were not con-

sidered since preliminary work showed no economic advantage

for these when compared to dual purpose plants.

In the cases where a nuclear plant serves as a

source of steam for the industrial complex, the estimates were

based on pressurized water reactors as being representative

of commercially available light water reactors in the United

States.

The gross rating shown for the new turbine corres-
ponds to the power generating capacity left over when the

steam loads have been satisfied for each combination of steam

supply systems chosen. The gross rating of the new turbine
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TYPICAL EXPANSION PATTERN FOR THE

PUERTO RICO WATER RESOURCES AUTHORITY

(3)
System

Sales 6
kwhr x 106

(2)
Peak

Load
(mw)

(Ref. 4.5-3)

(3)
Largest

Unit in (3)

System (2)

(mw) %

1950 400.5 106.2 20.0
1951 458.4 118.8 20.0
1952 535.3 134.2 20.0
1953 611.8 150.3 20.0
1954 671.8 169.4 20.0
1955 748.3 195.5 20.0
1956 861.6 229.3 50.0
1957 1,004.6 260.6 50.0
1958 1,188.6 289.6 50.0
1959 1,360.2 332.0 50.0
1960 1,544.5 392.7 90.0
1961 1,779.9 413.5 90.0
1962 2,018.9 480.8 90.0
1963 2,305.5 541.2 90.0
1964 2,662.2 598.3 90.0
1965 3,022.4 688.5 90.0
1966 3,479.0 737.1 110.0
1967 4,018.5 830.9 110.0
1968 4,538.1 1,009.8 110.0
1969 5,170.3 1,132.2 235.0
1970 5,970.8 1,280.0 235.0
1971 7,225.7 1,443.1 429.0
1972 8,239.4 1,626.8 429.0
1973 10,675.7 1,830.8 485.0
1974 12,946.1 2,057.2 485.0
1975 14,900.8 2,299.9 600.0
1976 16,878.2 2,569.1 600.0
1977 19,083.6 2,867.1 600.0
1978 21,530.0 3,193.9 600.0
1979 24,028.3 3,554.8 600.0
1980 26,619.8 3,949.3 600.0
1981 29,356.1 4,383.8 600.0
1982 33,862.5 4,861.7 600.0
1983 37,519.9 5,386.8 600.0
1984 41,533.9 5,963.1 825.0
1985 45,895.5 6,589.3 825.0
1986 50,668.0 7,274.5 825.0
1987 55,887.0 8,023.8 825.0
1988 61,586.6 8,842.1 825.0
1989 67,745.8 9,726.4 825.0

1990 74,450.5 10,689.3 1,100.0

18.83
16.84
14.90
13.31
11.81
10.23
21.81
19.19
17.27
15.06
22.92
21.77
18.72
16.63
15.04
13.07
14.92
13.24
10.89
20.76
18.36
29.73
26.37
26.49
23.58
26.09
23.35
20.93
18.79
16.88
15.19
13.69
12.34
11.14
13.84
12.52
11.34
10.28
9.33
8.48

10.29

EXHIBIT 4.5-3
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(1)
Year

(4)
Spot
Loads

Added
(mw)

125.0
150.0
300.0
450.0
450.0
570.0
570.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0
690.0

690.0

(5)
Total
System

Load
(mw)

106.2
118.8
134.2
150.3
169.4
195.5
229.3
260.6
289.6
332.0
392.7
413.5
480.8
541.2
598.3
688. 5
737.1
830.9

1,009.8
1,132.2
1,405.0
1,593.1
1,926.8
2,280.8
2,507.2
2,869.9
3,139.1
3,557.1
3,883.9
4,244.8
4,639.3
5,073.8
5,551.7
6,076.8
6,653.1
7,279.3
7,964.5
8,713.8
9,,532.1

10,416.4
11,379.3

(3)
(5)

18.83
16.84
14.90
13.31
11.81
10.23
21.81
19.19
17.27
15.06
22.92
21.77
18.72
16.63
15.04
13.07
14.92
13.24
10.89
20.76
16.73
26.93
22.26
21.26
19.34
20.91
19.11
16.87
15.45
14.13
12.93
11.83
10.81
9.87
12.40
11.33
10.36

9.47
8.65
7.92
9.67



TYPICAL EXPANSION PATTERN FOR THE

PUERTO RICO WATER RESOURCES AUTHORITY

System
Expected
Sales

(kwhr x 106Year

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Expected
Peak Loads

(mw)

2,299.9
2,569.1
2,867.1
3,193.9
3,554.8
3,949.3
4,383.8
4,861.7
5,386.8
5,963.1
6,589.3
7,274.5
8,023.8
8,842.1
9,726.4

10,689.3

Capacity of
Units to be
No. & Cap.
of Jets

1-40

Jets and
Installed
Unit Net

Capacity

570 Na
570 N
570 N
570 N

1-40

14,900.8
16,878.2
19,083.6
21, 530.0
24,028.3
26,619.8
29,356.1
33,862.5
37,519.9
41,533.9
45,895.5
50,668.0
55,887.0
61,586.6
67,745.8
74,450.5

570 N
570 N
570 N
445 FPb
785 N
785 N
785 N
785 N
785 N
785 N

1045 N

a.
b.

N = Nuclear Plant
FP = Fossil Fuel Plant

NOTE: The above projections are not final and are revised
periodically

EXHIBIT 4.5-3
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2-40
1-40
4-40
3-40
5-40
4-40
7-40
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generator is the dual purpose plant's contribution of electri-
cal power to the system, which in turn must supply all the
electrical power needed by the Energy Center.

The steam supply to the industrial plants of the
Energy Center must have a high degree of reliability just the
same as the electrical power supply system. Since nuclear re-
actors must be shut down approximately once a year for refuel-
ing for about 21 to 30 days, the reactors must either be furn-
ished in duplicate to achieve a continuous steam supply (Case
II) or else steam must be obtained from other sources. Re-
actors considered herein were assumed to be shut down 15% of

the year to allow for all outages including refueling. Three
other possible sources of steam can be obtained at Aguirre,
namely, package boilers (Case I), the two 460 mw fossil plants
scheduled for operation in 1973 and 1974 (Case V) and the
single purpose nuclear power plant scheduled for operation in
1976 (Cases III, IV and VI).

The capital cost of each of the six cases is shown
in Exhibit 4.5-2. The capital cost covers only the cost of
the dual purpose power plant and the steam lines up to the

PRWRA property limit. The capital costs associated with the

additional generating capacity for the power furnished by
PRWRA over and above that generated by the dual purpose plant

or the backup steam capacity, except for the package boilers
in Case I, are not included. The equivalent of these capital
costs is included by the rates charged for electrical power
and for the backup steam service.

The unit cost of steam is also shown in Exhibit
4.5-2. Further details of the development of the steam cost,
as well as a diagrammatic flow sheet for each case, are shown
in Exhibits 4.5-4, -5, -6, -7, -8 and -9. An illustrative
example of how the calculations were made is shown on Exhibit

4.5-10 for the power credit based on the cost of single pur-
pose power generators. The final levelized steam costs are

developed later in this section and are given in Exhibit 4.6-4.

The calculations for these preliminary comparisons were all

based on full loads corresponding to 1982 operations. The
procedure was basically to calculate the total annual operat-

ing costs including fixed charges for producing power and
steam. Credit was then taken for the value of the power gen-

erated and this was calculated by two different methods, the

4. 5-3



CASE I

Backup Steam from Standby Package Boilers

0.4 X 106 pph @ 400 psig-500*F

3 X 106 Dph 150 psiQ-420*F

NEW
REACTOR

2785
rrwt

, TOINDUSTRIAL
COMPLEX

Standby

Boilers

Steam Costs

Cents Per 1000 lbsa

(1)
Steam

From New
Plant 85%
of Year

(2)
Standby

Steam
15%

of Year

(3)

Weighted
Average

(4)

Pipe-
Lines

For Power Credit Based on Cost of Generation for

23.5
19.9
14.0

79.8
67.4
47.7

31.9
27.0
19.1

0.9
0.7
0.6

Totalb

Single Purpose

32.8
27.7
19.7

For Power Credit Based on Income from Power Sales Using Present
Rates
400
150
40

28.0
23.7
16.7

79.8
67.4
47.7

35.8
30.3
21.4

0.9
0.7
0.6

36.7
31.0
22.0

a. Based on 100% condensate return; load buildup penalty not
included.

b. Sum of Columns (3) and (4).

EXHIBIT 4.5-4

-c4

539

Gross

1.7 X 106 pph @ 40 sig-300*F

Water
& Salt
Plant

Steam
Pres-
sure
psig

Power
400
150
40



CASE II

Two Reactors - One Turbine

0.4 X 106 pph @ 400 p sig-560*F

3 X 106 pph @ 150 psig-420*F

771
mwe

Gross

TO
INDUSTRIAL

COMPLEX

1750
mwt

TWO
NEW

REACTORS

1750
mwt

Steam Costs

Cents Per 1000 lbsa

(1) (2)
Steam New Plant

Pressure 100%
psig of Year Pipelines Total

For Power Credit Based on Cost of Generation for Single Purpose
Power

25.9
21.9
15.5

0.9
0.7

26.8
22.6
15. 5

For Power Credit Based on Income from Power Sales Using Present

Rates
30.7
25.9
18. 3

0.9
0.7

31.6
26.6
18. 3

a. Based on 100% condensate return; load buildup penalty not

included.

EXHIBIT 4.5-5

1.7 X 10 6 pph @ 40 psig-300*F

Water
& Salt
Plant

400
150
40

400
150
40



CASE III

Same as Case I Except Backup Steam from 1976 Nuclear Plant

NEW
REACTOR

2785

mwt

1750 L -

S mwt

I 1976
J NUCLEAR

PLANT

0.4 X 106 pph @ 400 psig-500*F
TO

INDUSTRIAL
3 X io6 pph (@ 150 psia-420*F COMPLEX

539
mwe

Gross

1.7 X 106 DD (a 40 siQ-300*F

/

L._-_

Water
& Salt
Plant

Steam Costs

Cents Per 1000 lbsa

(1)
Steam

From New
Plant 85%

of Year

(2)

Standby
Steam

15%
of Year

(3)

Weighted

Average

For Power Credit Based on Cost of Generation for Single Purpose

Power

400 23.5 42.7 26.4 0.9 27.3
150 19.9 36.1 22.3 0.7 23.0

40 14.0 25.5 15.7 --- 15.7

For Power Credit Based on Income from Power Sales Using Present

Rates
400
150
40

28.0
23.7
16.7

39.4
33.3
23.5

29.7
25.1
17.7

0.9
0.7

30.6
25.8
17.7

a. Based on 100% condensate return; load buildup penalty not
included.

b. Sum of Columns (3) and (4).

EXHIBIT 4.5-6

Steam
Pres-

sure

psig

(4)

Pipe-

Lines Totalb

ppm

rr'

_

f

589\

mwe

Gross



NEW
REACTOR

1750

mwt

/
1750

mwt

1976
NUCLEAR
PLANT

CASE IV

Same as Case III Except Smaller Reactor

0.4 X 106 pph @ 400 psig-420 F
TO

INDUSTRIAL
3 X 106 h @ 150 si -420*F COMPLEX

225

Gross

1.7 X 106 pph @ 40 psig-300*F

589

mwe

Gross

/

Water
& Salt

Plant
- ~ - - -- -. m - - =Nowd-

Steam Costs

Cents Per 1000 lbsa

(1)
Steam

From New

Plant 85%
of Year

(2)
Standby
Steam

15%
of Year

(3)

Weighted

Average

(4)

Pipe-

Lines

For Power Credit Based on Cost of Generation for Single Purpose

Power
400 34.0 42.7 35.3 0.9 36.2
150 28.8 36.1 29.9 0.7 30.6

40 20.3 25.5 21.1 --- 21.1

For Power Credit Based on Income from Power Sales Using Present

Rates
400

150
40

35.9
30.3
21.4

39.4
33.3
23.5

36.4
30.8
21.7

0.9
0.7

37.3
31.5
21.7

a. Based on 100% condensate return; load buildup penalty not

included.
b. Sum of Columns (3) and (4) .

EXHIBIT 4.5-7

Steam
Pres-

sure

psig Totalb

-



CASE V

Same as Case I Except Backup Steam from 1973-74 Fossil Plants

0.4 X 106 pph @ 400 psig-500*F

3 X 106 pph @ 150 psig-420

t540
mwe

Gross

1.7 X 106 pph @ 40

S Oil

Fi red

Gen

1 1973-74 460mwe
I Fossil Units /
L _ _ _ _ _ _ _ _ _ . _ . . . - - - _ - ./

TO
INDUSTRIAL

COMPLEX

psig-300 F

1.7 X 106 pph

Water
& Salt
Plant

Steam Costs
Cents Per 1000 lbsa

Steam
Pres-
sure

psig

For Power

(1)

Steam
From New

Plant 85%
of Year

Credit Based

(2)

Standby
Steam

15%.
of Year

on Cost of

(3)

Weighted
Average

Generation

(4)

Pipe-

Lines

for Single

Power
400 23.5 82.0 32.8 0.9 33.2
150 19.9 69.2 27.3 0.7 28.0

40 14.0 48.9 19.2 --- 19.2

For Power Credit Based on Income from Power Sales Using Present

Rates

400
150
40

28.0
23.7
16.7

73.6
62.3
44.0

34. 8
29.5
20.8

0.9
0.7

35.7
30.2
20.8

a. Based on 100% condensate return; load buildup penalty not
included.

b. Sum of Columns (3) and (4) .

EXHIBIT 4.5-8

NEW
REACTOR

2785
mwt

b
Total

Purpose



CASE VI

Fossil Dual Purpose Plant with Backup from 1976 Nuclear Plant

NEW
OIL FIRED

STEAM
GENERATOR

2415
mwt
Input
2125
mwt

Output

1750
mwt

1976
NUCLEAR
PLANT

0.4 X 106 pph @ 400 psig-500 F
TO

6- INDUSTRIAL
3 X 106 pph @ 150 psig-300 COMPLEX

40 psig-300*F

Water
& Salt
Plant

REHTR

540

mwe

Gross

U1.7X 
106pph @

589 \

mwe i

Gross

-----.--.--.-----------

Steam Costs

Cents Per 1000 lbsa

(1)
Steam

From New

Plant 85%
of Year

(2)
Standby

Steam

15%
of Year

(3)

Weighted
Average

For Power Credit Based on Cost of Generation for Single Purpose

Power
400 32.9 42.7 34.4 0.9 35.3
150 27.8 36.1 29.0 0.7 29.7

40 19.6 25.5 20.5 --- 20.5

For Power Credit Based on Income from Power Sales Using Present

Rates
400
150
40

36.7
31.0
22.0

39.4
33.3
23.5

37.1
31.3
22.2

0.9
0.7

38.0
32.0
22.2

a. Based on 100% condensate return; load buildup penalty not

included.

Steam

Pres-

sure
psig

(4)

Pipe-

Lines Total

b. Sum of Columns (3) and (4). EXHIBIT 4.5-9



CASE III

SAMPLE COST CALCULATION

(For Power Credit Based on
Cost of Single Purpose Power Generation)

Gross Generating Plant Output - kw

Plant Auxiliary Power - kw

Plant Net Output - kw

539,019
16,200

522,819

Electrical energy production from dual purpose plant
(85% of year)

= 522,819 kw x 0.85 x 8760 hours per year
= 3,892,910,274 kilowatt-hours

Steam delivered at 400 psig

150 psig

40 psig

400,000 lbs
hr

3,000,000 lbshr

1,700,000 lbs
hr

Capital Cost - $161,603,000 Nuclear Plant including super-
heater

Annual Costs Chargeable to Electrical Energy and Steam

Fixed Charges at 8%

Fuel
Operation and Maintenance Labor

Materials and Supplies
Nuclear Insurance

$12, 928, 000
9,318,000

743,000
584,000
239,000

Total $23,812,000

Power Credit at 4.34 mills per kwhr

Annual Cost chargeable to steam

$16,895,000

$ 6,917,000

EXHIBIT 4.5-10
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Apportionment of Steam Cost by Available Energy

Theoretical Steam Rates

400 psig
150 psig
40 psig

500 superheat
500 superheat
500 superheat

8.91
10.55
14.93

lbs per kwhr
lbs per kwhr
lbs per kwhr

400 psig

400,000 lb
hr

150 psig

3,000,000 lb
hr

40 psig

1,700,000 lbs
hr

kwhr
x 8.91lbs

kwhr
X 10.55 lbs

kwhr
X14.93 lbs

Total

= 44,893 kw

= 284,360 kw

= 113,865 kw,

443,118 kw

Unit Steam Costs - Applicable for 85% of year

10.13%

64.17%

25.70%

100.00%

(7446 hrs)

400 psig

0.1013 x $6,917,000

400,000 lbs 7446 hrs
hr x

150 psig

0.6417 x $6,917,000

3,000,000 lbs x 7446 hrs
3' hr

40 psig

0.2570 x $6,917,000

1,700,000 x 7446 hrs
hr

= 23.5 cents per 1000 lbs

= 19.9 cents per 1000 lbs

= 14.0 cents per 1000 lbs

EXHIBIT 4.5-10
Sheet 2 of 4



Steam .cost for balance .of year (15% of 8760 hours =
1314 hours) is based on removing steam from the 1976 reactor
main steam supply. It is estimated that this will cause the
power production of this unit to be reduced by 389,000 kw. At
4.34 mills per kilowatt-hour, this is worth 389,000 kw x 1314
hours x $0.00434 per kwhr-= $2, 218,000. Apportioning this in
accordance with available energy the following is obtained:

Unit Steam Costs - Applicable for 15% of year (1314 hrs)

400 psig

0.1013 x $2,218,000

lbs
400,000 1b-x 1314 hrs

hr

150 psig

0.6417 x $2,218,000
lbs

3,000,000 - x 1314 hrs
hr

40 psig

0.2570 x $2,218,000
lbs

1,700,000 --- x 1314 hrs
' ~hr13hr

= 42.7 cents per 1000 lbs

= 36.1 cents per 1000 lbs

- 25.5 cents per 1000 lbs

Pipeline Cost

Capital Cost of pipelines (400 psig and 150 psig) $2,840,000

Annual Fixed Charges 7.82% x $2,840,000 = $222,000

Apportionment of Pipeline Cost by Available Energy
(See Sheet 2)

400 psig

150 psig

44,893 kw

284,360 kw

Total 329,253 kw

EXHIBIT 4.5-10
Sheet 3 of 4

13.63%

86.37%



Unit Steam Cost addition resulting from Pipeline Costs

0.1363 x $222,000
lbs

400,000 x 8760 hrs
hr

0.8637 x $222,000
lbs

3,000,000 x 8760 hrs
hr

= 0.9 cent per 1000 lbs

- 0.7 cent per 1000 lbs

Steam costs established in this Exhibit are
summarized in Exhibit 4.5-5.

EXHIBIT 4.5-10
Sheet 4 of 4



first based on the cost of generation from a single purpose
plant and the second based on the income from power sales

under the present rate schedule.

For the first method, the power credit was based

on the cost to generate this power from a single purpose
nuclear plant of the same size which in this case was taken
as 4.34 mills per kilowatt-hour based on the data shown in

Exhibit 4.4-1. The difference between the total cost and the

power credit was charged to steam. Apportionment between the

various steam pressures was made by apportioning the available

energies obtained by multiplying the theoretical steam rates
by the appropriate steam flows. Standby steam costs were es-

timated by calculating the production cost of this steam in

Cases I and II which require no backup from the PRWRA's plants.

Where backup from PRWRA's plants is required (Cases III, IV,

V and VI), standby steam costs were estimated by calculating

the loss in kilowatt-hours to PRWRA's plants and using a rate

of 4.34 mills per kilowatt-hour for the lost electrical energy
from a nuclear plant or 4.44 mills per kilowatt-hour when a
fossil plant was used for backup.

The second method for calculating the power credit
was similar except that it was based on income from power

sales which was taken as 4.4 mills per kilowatt-hour for firm

power (based on power and load factors less than 100%) and of

this 4.0 mills per kilowatt-hour was credited to the dual pur-

pose power plant with the remainder of 0.4 mills per kilowatt-

hour going to the PRWRA system for backing up the power sup-
ply. In calculating the cost of the backup steam for this
method, the same 4.0 mills per kilowatt-hour was used.

The methods used for calculating the cost of
steam are recognized as being approximate. The proper method

is to make computer studies similar to'those previously de-

scribed as being done by PRWRA for the Generation Expansion
Study (Ref. 4.5-1). Cases should be run with and without the
Energy Center steam load to get the true cost of steam. Dif-

ferent size dual purpose plants should be tried as well as

different load growth patterns based on the normal long range

growth curve and with the Energy Center electrical load super-

imposed on this load growth. Unfortunately, time and funding

did not permit this to be done. Two sources of error in the

approximate method used are the cost of the backup steam and

4.5-4



the fact that the dual purpose plant in some cases may be

larger than the optimum size. When backup steam must be ob-

tained from one of the other PRWRA plants at Aguirre, its
power generation must be replaced by one of the least ef-
ficient plants on the system so that the cost of this equiva-

lent backup power is greater than the cost assumed. Making
the dual purpose plant larger than the optimum size adds

capital cost to the system that is not fully offset by the

lower operating costs of the newer and larger plant. While
the approximate methods used are felt to be adequate for the

purpose of this study, it should be understood that the final
steam costs can only be properly determined by a more detailed
computer study.

The data in Exhibit 4.5-2 shows that when the
power credit is based on the cost of generation from a single
purpose plant that Case II (two 1750 mwt reactors with one
771 mwe turbine generator) gives slightly lower steam cost
than Case III (one 2785 mwt reactor and 539 mwe turbine gen-

erator with steam backup from the 1976 nuclear plant). When
the power credit is based on income from power sales under
the present rate structure, the situation reverses and Case
III has slightly lower steam costs than Case II. More im-

portant than these small differences is the fact that the

capital investment in Case II is $210,000,000 compared to

$162,000,000 for Case III and on this basis, Case III is
recommended to supply the energy requirements of the indust-

rial complex.

Several other conclusions that may be made from
the results shown on Exhibit 4.5-2 are:

A. Package boilers or the existing fossil plant,
as sources of backup steam when the dual pur-

pose plant is out of service, are not econo-
mical when compared to backup steam supplied

from either the 1976 nuclear reactor or one

of the two new reactors of Case II.

B. A dual purpose nuclear plant with outputs of

2785 mw thermal and 539 mw electrical is more

economical than a dual purpose nuclear plant
with outputs of 1750 mw thermal and 225 mw

electrical.

-4.5-5



C. Dual purpose nuclear plants are more econo-
mical than dual purpose fossil plants. The
annual cost differential is approximately
$3,000,000 or about 12%.

The figure of approximately $3,000,000 per year
mentioned above as being the difference between dual purpose
nuclear and dual purpose fossil plants was obtained by pre-
paring calculations for Case VI similar to those prepared on
Exhibit 4.5-10 for Case III. For Case VI the total annual
costs for dual purpose operation were $26,951,000 as compared
to $23,812,000 for Case III.

4.5-6



THE ENERGY CENTER DUAL PURPOSE PLANT

4.6.1 General

The Energy Center dual purpose plant discussed in
this section is based on Case III, the recommended case of
Section 4.5. The heat balance for this case is shown in Ex-
hibit 4.6-1. The plot plan for the plant is given in Section
3.

The closed-cycle PWR system utilizes a separate

primary coolant system which serves to transport heat gen-
erated by the reactor core to two or more tubular-type steam
generators where heat is in turn transferred to the second-
ary steam cycle. This arrangement eliminates the direct ex-

posure of secondary steam cycle equipment to radioactive
fluids.

Arrangement and type of the proposed turbine gen-
erators accommodate the typical nuclear plant steam cycle
characteristics, namely, low initial steam pressures and little
or no initial superheat. The units are 1800 rpm, tandem-com-
pound with multiflow low-pressure turbine sections and con-
ventional type turbine controls. Provision for moisture re-
moval includes radially-grooved buckets in some turbine stages
as well as external moisture separators in the crossover to
the low-DrPcmnrEP turbine sections.

The turbine employs a conventional regenerative

cycle with condensed extraction steam from the low-pressure
heaters cascaded down stream to the condenser for condensate

deaeration and subsequent demineralization. Two parallel
strings of feedwater heaters are provided for the 4-flow tur-
bines.

Condensing plant design is based on the install-
ation of a single shell, deaerating-type steam surface con-
denser of divided water box, single-pass type.

The design of the electrical system for the nuclear

plants is based on the principle of providing auxiliary power
sources which will ensure continuous operation of essential

station auxiliary equipment under all conditions of operation.

4.6-1

4.6



The unit system of plant generation is assumed

throughout with the normal station service requirements sup-
plied from a unit auxiliary transformer tapped into the bus

connections between the generator and the stepup transformer.
Plant startup power would be supplied from the transmission
system through a startup transformer equal in size to the
unit auxiliary transformer. Either transformer would then
serve as a complete standby source in the event of one trans-
former failure. Two or more diesel engine generators, to back
up the transmission system supply, would be furnished to as-
sure a source of power to those auxiliaries associated with
engineered safeguards.

4.6.2 Heat Balance

A detailed heat balance for the Energy Center dual
purpose plant is included as Exhibit 4.6-1. This heat bal-
ance includes a separate fossil fired superheater for 400 psi
(nominal) steam and a desuperheating station for 150 psi (nom-
inal) steam. 400 psi steam is supplied from the main steam
header and 150 psi steam from the turbine crossover. Low-
pressure steam is assumed to be supplied partly from the steam

generator feed pump drive turbine exhaust and partly from an

uncontrolled extraction point. The cycle shown was selected
for estimating purposes and would be optimized at the time of
final plant design, taking into consideration the individual
manufacturer's equipment; e.g. certain reactors have some super-

heat in the steam supply, which would eliminate the need for
a separately fired superheater.

The heat balance is based on the Energy Center

steam requirements for the year 1982 and beyond.

4.6.3 Capital Cost Estimate

A capital cost estimate for the Energy Center dual

purpose plant is shown on Exhibit 4.6-2. The cost estimate

is based on a 2785 mwt nuclear reactor, a 539 mwe gross output

from the turbine generator plus process steam of 400,000 pounds

per hour at 400 psig, 3,000,000 pph at 150 psig and 1,700,000

pph at 40 psig. The 400 psig steam has 500F of superheat

achieved by use of an oil fired superheater. The 150 psig has

a minimum of 50 F superheat at the crossover point. The 40

4.6-2
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CAPITAL COST ESTIMATE

ENERGY CENTER DUAL PURPOSE POWER PLANT

2785 mwt nuclear reactor
539 mwe gross
Process Steam

400,000 pph @ 400 psig
3,000,000 pph @ 150 psig
1,700,000 pph @ 40 psig

Account
No. Description

320 Land and Land Rights
321 Structures and Improvements
322 Reactor Plant Equipment

323 Turbogenerator Units
324 Accessory Electric Equipment
325 Miscellaneous Power Plant

Equipment
353 Station Equipment

Freight, Insurance and Local
Transport at ion

Other Expenses

Contingency
Escalation

Nuclear Steam Supply
System Package

Turbine Generator Unit

Balance of Plant

(Trended Cost)

Engineering, Design and

Construction Supv.
Interest During Construction

TOTAL LESS PRWRA COST

PRWRA Estimated Cost
TOTAL INCL. PRWRA COST

June 1969

$ 120,000
19,495, 000
59, 194, 000
29, 350, 000
5,610,000

508, 000
663, 000

2,313,000
117,253,000

800,000
$118, 053, 000

5,903,000

Date

January 1975

$118, 053, 000
5,903,000

3,025,000
1,123,000

123,956,000

8,100,000
17, 354, 000

149,410,000
11,793,000

$161,203,000

13,099,000
141, 203, 000

9,000,000
19, 768, 000

169,971,000
12, 383, 000

$196,354,000

January 1978

$118,053,000
5,903,000

3,732,000
3,381,000

21,498,000
152,567,000

9,900,000
21,359,000
183,826,000

12,972,000
$196,798,000

Note: Estimate does not include switchyard, spare parts, sales

and use taxes, duties or scheduled premium time and is

based on normal working conditions and productivity.

EXHIBIT 4.6-2
Sheet 1 of 4

Basis:



Descript ion

Land and Land Rights $ 120,000320

321 Structures and Improvements
Site Improvements

Clear and Grub
General Excavation
Site Grading
Service Roads and Parking
Access Road
Walkways
Finish Grading and Landscaping
Site Drainage
Sewage Disposal
Fire Protection System
Service Water System
Fence and Gates
Yard Lighting
Miscellaneous Concrete Work
Dredging
Bulkhead

Subtotal
Structures

Turbine Building
Reactor Service Building
Office Building
Pump House (Fresh Water)
Warehouse
Guard House
Excavation for Reactor Building with

Tremie Seal and Pumping
Reactor Building
Control and Computer Building
Auxiliary Building
Fuel Building
Radwaste Building

TOTAL Account 321

Reactor Plant Equipment
Reactor Equipment and Auxiliary Systems

Nuclear Steam Supply Systems (Vendor)
Labor of Installation
Auxiliary Systems

EXHIBIT 4.6-2
Sheet 2 of 4

Account
No.

3,000

350,000
18,000
40,000
18,000
1,000

14,000
18,000
12,000
47,000
18,000
18,000
13,000
42,000

207,000
250,000

1,069,000

3,116,000
3,161,000

391,000
7,000

117,000
3,000

416,000
8,500,000

165,000
880,000
770,000
900, 000

$19,495,000

31,100,000
3,110,000
3,672,000

Total

322



Description Total

Account
No.

322 Cont.

TOTAL Account 322

Heat Transfer Systems
Fuel and Control Rod Handling and Storage
Radioactive Waste Equipment
Ventilation Systems
Instrumentation and Controls
Feedwater and Service Water Systems

Feedwater System
Makeup Supply and Purification
Condensate Demineralizer System
Nuclear Services Cooling Water System
Sec. Services Cooling Water System Equipment
Other Service Systems

Conventional Station Piping Systems including
Insulat ion

Painting - Reactor Plant Equipment and Piping
Auxiliary Boilers, Tank and Pumps

Turbogenerator Units
Steam Turbine Generator

Foundation
Condenser and Auxiliaries
Circulating Water Pumps
Condensate Pumps

Intake Water Pump House
Circulating Water System Including Canal and

Discharge Structure
Traveling Water Screens
Trash Rack and Stop Logs (Included w/Pump House)
Screen Wash Pumps
Traveling Cranes (Gantry and Pump House)
Turbine Oil Fire Protection System
Turbine Oil Purification Equipment
Minor Controls and Instruments
Chlorination Equipment
Instruments and Controls

Turbine Building Closed Cooling Water Heat
Exchangers

Turbine Building Piping, Valves, and Part
Mechanical Installation

TOTAL Account 323

19,325,000
633,000

2,312,000
1,045,000

205, 000
825,000

1,099,000
157,000

11,000
232,000

*

*

11,000
*

545,000

172,000

2,778,000

$29, 350, 000

(*) Included with Mechanical Installation

EXHIBIT 4.6-2

Sheet 3 of 4

$ 781,000
746,000

1,705,000
2,278,000
1,688,000

2,964,000
591,000
314,000
336,000
157,000
787,000

8,670,000
215,000
80,000

$59,194,000

323



Account
No. Description

324 Accessory Electric Equipment
Auxiliary Power Transformers
Startup Transformer
Main Generator Leads
4160 Volt Switchgear
Station Auxiliary Buses
Electrical Control and Relay Boards
Motor Control Centers, etc.

Station Battery
Battery Charging
Electrical Installation
DC Switchgear, etc.
Neutral Grounding Equipment
480 Volt Unit Substations
Neutral Ground Resistors
Emergency Diesel Generators

Critical Bus Transformer

TOTAL Account 324

Miscellaneous Power Plant Equipment
Air Compressors and Accessories

Control and Service Air Piping
Tools, Shop, Stores and Work Equipment

Laboratory Equipment
Lockers
Portable Fire Extinguishing Equipment
Lunch Room Equipment

Office Furniture and Machines
Miscellaneous Cranes and Hoists
Vacuum Cleaning Equipment
Emergency Equipment

TOTAL Account 325

Station Equipment

Main Power Transformer

Fire Protection System (All Transformers)
Foundations (Included in Acct. 321)
Firewall Barriers

633,000
30,000

0

TOTAL Account 353

Other Expenses

$ 663,000

$ 800,000

EXHIBIT 4.6-2

Sheet 4 of 4

$ 89,000
109,000
229,000
178,000
189,000
63,000

131,000
23,000
8,000

4,030,000
3,000

11,000
178,000

4,000
350,000
15,000

$ 5,610,000

58,000
165,000
114,000
23,000
2,000

11,000
17,000
17,000
53,000
42,000
6,000

$ 508,000

325

353

Total



psig steam is not superheated.

The cost estimates include all equipment, labor,
engineering and overhead costs to assure that the plant will
be complete and operable. The cost estimates include escala-
tion to 1975 and 1978 plants as well as the basic costs for
a plant theoretically installed at 1969 cost levels.

4.6.4 Operating and Maintenance Labor Cost Estimate

An operating and maintenance labor cost estimate

is shown on Exhibit 4.6-3. This estimate was furnished by
PRWRA and is based on 1969 salary levels. PRWRA suggests

that these costs be escalated by approximately 6.0% per year

for years beyond 1969.

4.6.5 Cost of Power and Steam Including Period

During Load Buildup

In the recommended case, it is expected that the
dual purpose power and steam plant will be installed by 1978.
For the steam and power requirements prior to 1978, it is ex-

pected that the single purpose fossil and nuclear plants in-

stalled prior to the installation of the dual purpose plant
will be the supply sources. The procedure used to determine

the cost of this interim steam was to calculate the kilowatt-

hours that would be lost as a result of withdrawing the steam.

assuming that the lost kilowatt-hours could be replaced by

other PRWRA generating plants. This was done on two bases,

the first being the cost of generation from a single purpose

plant (4.34 mills per kilowatt-hour for nuclear and 4.44 mills
per kilowatt-hour for fossil) and the second basis being the
income from power sales based on the present rate schedule

which was taken as 4.00 mills per kilowatt-hour. The cost of
this replacement energy is then equal to the cost of the steam.

The cost of steam is further apportioned to quantity and pres-

sure levels in accordance with the available energy in the

steam. The sample calculation on Exhibit 4.5-10 gives a de-

tailed description of the methods used.

Exhibit 4.6-4 shows the costs of steam in accord-
ance with the anticipated load buildup for the industrial com-

plex shown on Exhibit 4.5-1. Exhibit 4.6-4 also shows the

levelized cost of steam over the life of the dual purpose plant.

4.6-3



OPERATING COSTS FOR NUCLEAR PLANT

PRWRA Fringe Total Total
Position Annual Benefits Sal. & Fr. Estimated

Classification Personnel Group No. Salary 227. Benefits Cost

Administration

Plant Superintendent 1 M-IX 16,672.50 3,667.95 $20,340.45 $ 20,340.45
Clerk Stenographer 1 05 5,343.00 1,175.46 6,518.46 6,518.46
Administrative Asst. 1 M-II 6,298.50 1,385.67 7,684.17 7,684.17

Clerk Typist 1 04 5,128.50 l.128.27 6,256.77 6,256.77
$ 40,799.85

Operating

Operations Supervisor 1 M-VIII 14,488.50 3,187.47 17,675.97 17,675.97
Shift Supervisors 5 M-VI 10,959.00 2,410.98 13,369.98 66,849.90
Control Room Operators 8 12 8,004.88 1,761.07 9,765.95 78,127.60

Asst. Control Room Operators 4 9 6,532.50 1,437.15 7,969.65 31,878.60
Control Room Operators (Relief) 2 12 8,004.88 1,761.07 9,765.95 19,531.90
Asst. Turbine & Equip. Oprts. 8 08 6,191.38 1,362.10 7,553.48 60,427.84
Asst. Turb. & Equip. Oprts. (Relief) 2 08 6,191.38 1,362.10 7,553.48 15,106.96
General Helpers & Chauffeurs 4 26 5,031.00 1,106.82 6,137.82 24,551.28
Firemen & Watchmen 4 23 4,816.50 1,059.63 5,876.13 23,504.52
GH&C & F&W (Relief) 2 24 4,855.50 1,068.21 5,923.71 11,847.42
Warehouse Supervisor 1 M-II 6,298.50 1,385.67 7,684.17 7,684.17
Stores Clerk 1 04 5,128.50 1,128.27 6,256.77 6,256.77
Technical Supervisor 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Engineering Training 2 M-IV 8,287.50 1,823.25 10,110.75 20,221.50
Nuclear Engineer 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Health Physicist 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Plant Chemist 2 M-V 9,516.00 2,093.52 11,609.52 23,219.04
Analyst 2 07 5,869.50 1,291.29 7,160.79 14,321.58
Asst. Analyst 2 06 5,596.50 1,231.23 6,827.73 13,655.46

53 $474,970.45

Maintenance

Maintenance Supervisor 1 M-VIII 12,577.50 2,767.05 15,344.55 15,344.55
Mechanical Engineer 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Electrical Engineer 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Instrument Engineer 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Computer Engineer 1 M-VI 10,959.00 2,410.98 13,369.98 13,369.98
Mech. Maintenance Foreman 1 M-V 9,516.00 2,093.52 11,609.52 11,609.52
Elect. Maintenance Foreman I M-V 9,516.00 2,093.52 11,609.52 11,609.52
Inst. & Electronics Foreman 1 M-V 9,516.00 2,093.52 11,609.52 11,609.52
Electricians 2 32 5,752.50 1,265.55 7,018.05 14,036.10
Electricians Helper 1 26 5,031.00 1,151.89 6,387.77 6,387.77
Instrument Mechanics 2 08 6,191.38 1,362.10 7,553.48 15,106.96
Mechanics 3 28 5,235.88 1,151.89 6,387.77 19,163.31
Welder Mechanics 2 29 5,382.00 1,184.04 6,566.04 13,132.08
Machinists 2 32 5,752.50 1,265.55 7,018.05 14.036.10
Mechanic Helper & Utility 2 24 4,855.50 1,068.21 5,923.71 11,847.42
Utility Men 3 24 4,855.50 1,068.21 5,923.71 17,771.13
Janitor 1 22 4,777.50 1,051.05 5,828.55 5,828.55
Gardner 1 22 4,777.50 1,051.05 5,828.55 5,828.55

27 $226,791.00

TOTAL (All Classifications) 84 $742,561.30

EGIBIT 4.6-3



(For Power Credit

STEAM COSTS a

(In Cents per 1000 Pounds)

Based on Cost of Generation for Single Purpose Plant)

Basic Steam Cost

Pipeline

PRWRA Overhead

TOTAL

Basic Steam Cost

Pipelines

PRWRA Overhead

TOTAL

Basic Steam Cost

Pipeline b

PRWRA Overhead

TOTAL

1975

58.7

10. 3

2.1

71.1

49.6

8.7

1.7

60.0

1976

41.0

5.8

1.4

48.2

35.0

5.0

1.2

41.2

1977

41.1

4.7

1.4

47.2

35.0

4.0

1.2

40.2

400 psi gSteam

1978 1979

82.2 31.1

4.0 1.5

2.6 1.0

88.8 33.6

150 psig Steam

69.9 26.5

'A.4 1.3

2.2 0.8

75.5 28.6

40 psig Steam

---- ---- ---- ---- 18.7

---- ---- ---- ---- ----

---- ---- ---- ---- 0.6

---- ---- ---- ---- 19.3

Levelized Costs at 7% Interest Rate

1980

27.1

1.1

0.8

29.0

22.9

0.9

0.7

24.5

16.0

0.5

16. 5

400 psig -
150 psig -

40 psig -

1981

25.4

0.9

0.8

27.1

21.5

0.8

0.7

23.0

14.9

0.4

15.3

29.1 cents
25.8 cents
16.3 cents

1982-3

26.4

0.9

0.8

28. 1

1984 & Beyond

26.4

0.9

0.8

28.1

22.3

0.7

0.7

23.7

22.3

0.7

0.7

23.7

15.7

0.5

16.2

15.7

0.5

16.2

per 1000 lbs
per 1000 lbs
per 1000 lbs

a. Figures do not include cost of makeup condensate.

b. Costs include distribution up to edge of PRWRA property. Distribution in industrial area not included.
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STEAM COSTSa

(In Cents per 1000 Pounds)

(For Power Credit Based on Income from Power Sales Using Present Rates.)

Basic Steam Cost

Pipeline b

PRWRA Overhead

TOTAL

Basic Steam Cost

Pipeline b

PRWRA Overhead

TOTAL

1975

52.9

10. 3

1.9

65.1

44.7

8.7

1.6

55.0

1976

37.6

5.8

1.3

44.7

32.1

5.0

1.1

38.2

1977

37.7

4.7

1.3

43.7

32.1

4.0

1.1

37.2

Basic Steam Cost

Pipeline b

PRWRA Overhead

TOTAL

400 psig Steam

1978 1979

97.4 40.6

4.0 1.5

3.0 1.3

104.4 43.4

150 psig Steam

82.8 34.6

3.4 1.3

2.6 1.1

88.8 37.0

40 psig Steam

---- 24.4

---- 0.7

---- 25. 1

Levelized Costs at 7% Interest Rate

1980

33.6

1.1

1.0

35.7

28.4

0.9

0.9

30.2

19.9

0.6

20. 5

400 psig -
150 psig -
40 psig -

1981

30.7

0.9

0.9

32.5

26.0

0.8

0.8

27.6

18.1

0.5

18.6

32.3 cents

29.1 cents
18.6 cents

1982-3

29.7

0.9

0.9

31.5

1984 & Beyond

--- 29.7

--- 0.9

--- 0.9

--- 31.5

25.1

0.7

0.8

26.6

1 7 .7 0 - - -

0.5 --

18.2 ---

per 1000 lbs
per 1000 lbs
per 1000 lbs

a. Figures do not include cost of makeup condensate.

b. Costs include distribution up to edge of PRWRA property. Distribution in industrial area not included.
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Levelization calculations were made at 7% interest rate. A
cost addition of 3% was added to all steam costs, shown on
Exhibit 4.6-4 to allow for PRWRA overhead.

The steam costs shown in Exhibit 4.6-4 are based
on 100% use of the steam capacity after 1982. To the extent
that the full steam capacity is not utilized the unit cost of
the steam would have to be increased in order that all costs
for the dual purpose plant are recovered. The increased unit
steam cost should take into account the savings in fuel when
the additional steam is not generated.

As discussed in Section 4.5, the method used herein
for determining the steam costs is only approximate in that it
has not fully taken into account the impact of this plant on
the PRWRA system in regard to the probability of load loss
analysis or the possible deviations from optimum plant size.
This analysis must ultimately be done before the full cost
of steam can be established and may result in an increase in
the values given here.

The levelized costs of steam shown in Exhibit
4.6-4 are attractive to industry and are sufficiently low to
remain attractive even with some further increase that might
result from more rigorous analysis. It is not uncommon for
industry to pay 50 to 75 cents per thousand pounds so that
the annual savings to industry may be as high as $10,000,000
to $20,000,000 per year.

This savings comes in part from use of the dual
purpose nuclear power plant and in part from the lower financ-
ing cost of a governmental agency.

4.6.6 Relationship to PRWRA System

It is recognized that all of the assumptions made
herein regarding ties with PRWRA's system will greatly affect
the operation of the system in that it must supply all of the

electrical power requirements of the industrial complex. The

dual purpose plant only furnishes a portion of the electric
power needs. In addition, the PRWRA system must furnish all
of the steam including the standby steam requirements (when

the reactor is out of service). Also, PRWRA must furnish the

total steam requirements during the load buildup period before

the dual purpose plant goes into operation.

4.6-4



PRWRA has been given the preliminary results of

the work herein and their engineers are presently investigat-
ing the feasibility of the proposed plans, including examina-

tion of possible changes to the PRWRA plans for expansion of
their system necessitated by the addition of the facilities
considered herein.

4.6.7 Investigation of Larger Turbine Generator

The recommended case requires a 2785 mw thermal

reactor with a 539 mw electrical gross turbine generator set.

Since the reactor has a capability of producing approximately
900 mw electrical gross when no steam is extracted from the

turbine cycle, the installation of the larger size turbine

generator was investigated. It was estimated that the addi-
tional capital cost would be $30,000,000. This would be off-
set by savings earned from generating additional electrical
energy in the years 1978 through 1982 (credited at 4.34 mills
per kilowatt-hour) while the steam loads are building up as
follows:

1978 $ 9,662,000
1979 5,268,000
1980 2,553,000
1981 840,000
1982 0

Total $18,323,000

After 1982, there will be no savings provided the
steam loads are as projected.

Because of the large difference ($30,000,000 -
$18,323,000 = $11,677,000) the installation of a larger tur-
bine is not recommended. Note that if the time value of money

(present worth) was considered, the difference shown above

would be even greater.

4.6.8 Electrical Transmission Facilities

The single line diagram shown on Exhibit 4.6-5
shows the proposed method of distributing the electrical power

from the dual purpose power plant to the industrial complex.

The cost of this distribution system is provided for in the

industrial segment of this report.

4.6-5
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4.7 ENVIRONMENTAL EFFECTS OF CIRCULATING WATER SYSTEM

DESIGN

4.7.1 General

A rapidly developing and critical aspect of every
major thermal power plant installation, both fossil and nuclear,

is the effect of the circulating water system operation on the

aquatic environment. This concern is reflected in three major

areas:

A. Possible damage to fish at the intake, with

a resulting reduction in the commercial or

sport fish population in the adjacent waters.

B. Possible destruction of significant numbers

of drifting larvae and plankton, neither of
which can be effectively prevented from enter-
ing the circulating water intake with even
the most sophisticated mechanical screening
systems presently in practical use for power
plants.

C. Discharge of heated water and the effects of

the resulting heat rise on the ecology of the
receiving waters.

Those concerns have been present for a number of

years, but not nearly to the present extent. Significant

changes in public opinion and official concern can be meas-

ured in terms of months. Accordingly, any power plant site
in Puerto Rico must be evaluated with respect to these en-

vironmental factors.

The condenser for the dual purpose power is sized
for a temperature rise of 15.8 F over an inlet seawater temp-

erature of 850F. The inlet seawater temperature is assumed

to be essentially constant throughout the year. The corres-

ponding seawater flow through the condenser is about 270,000

gpm. It may be observed that this flow is lower than would

be used for a single purpose electric power plant because a

large part of the heat normally rejected to the power plant

condenser is diverted to use in the industrial complex in the

form of steam. However, the energy in the form of steam as
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well as most of the electrical power consumed by the indust-
ries must appear as waste heat in the cooling water used by
the industries. The estimated amount of seawater used for
cooling in the industrial processes is 450,000 gpm and the
average temperature of this stream is about 300F. This cool-
ing water would be combined with the effluent from the dual
purpose plant and the desalting plant to give a total flow
of about 720,000 gpm with a temperature rise of about 260F.

In addition to the thermal effects from the dual
purpose power plant and the industries of the Energy Center,
the thermal effects from the 1973 and 1974 fossil plants

(460 mwe each) and the 1976 single purpose nuclear plant
(570 mwe) must also be taken into account in determining

overall thermal effects on the environment.

4.7.2 Limitations on Thermal Discharge

Of the three problems listed above, the one which
is most amenable to specific regulation is thermal discharge.
Accordingly, the Federal Government in 1967 issued guidelines
for control of the discharge of heat to public waters. This
was amended in 1968 and has in general served as a basis for

the specific State laws which are still being formulated in
compliance with the Federal Water Quality Act of 1965. Puerto

Rico has established to date criteria which includes the es-
tablishment of a maximum water temperature limitation of 93
degrees and a maximum rise of 4 degrees. These criteria are

typical but are not as specific as they might appear. Where

is the 93 degrees to be measured? At the point of discharge,
at the surface, at some specified distance from the discharge

outside of a "mixing zone"? Similarly, to what specific area
is the 4 degrees limitation to be applied? Obviously, if it
were to be applied at the discharge point, it would be neces-

sary to bring in deep seawater which at Aguirre is many miles

off shore or else a power plant thermal discharge would be

eliminated altogether since the cooling water quantities would
be tremendous and create possible ecological problems at the
intakes. These same questions arise at virtually all new

power plants because other Federal and State criteria are
equally vague on specifics. Recommendations for resolving

these questions are discussed below.
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damage to Fish and Floating Organisms

These matters have not been exposed to public

discussion to the same degree as thermal discharge, but to

many biologists and conservationists they are equally important

and have recently caused major plant siting and design prob-
lems even though the thermal discharge problems for particular

sites were resolved. Although the total heat discharge to a

given body of water cannot be much altered for a given size

power plant, the temperature of the discharging water can be

reduced by increasing the flow through the condenser or by
providing supplementary dilution water. This water intake

increase, however, accentuates the fish intake problem. Reg-

ulatory agencies may, therefore, be faced with a dilemma since

the various agencies may have requirements which are at odds
with one another; less water, higher discharge temperatures

or vice versa. This situation increases the difficulty of
obtaining final agreement on criteria for the design of the
facility.

4.7.4 Recommendations for Investigation

The extent to which one or another of the listed

environmental factors may influence the location and design

of the plant cannot be determined until considerable informa-

tion is accumulated regarding the existing ecology and en-

vironmental characteristics of the area. For any industrial

complex that may have a major effect on the environment, it

is customary and appropriate for competent scientific special-

ists to be called in to study these matters, prepare reports
and render professional opinions in their fields. Biologists,

oceanographers and environmental scientists will normally be

among those consulted.

The following areas of interest should be in-
vestigated:

A. Determine existing water movements in the

Bay; including currents, water exchange
rates, effects of both normal and unusual
winds and tides and seasonal temperature

variations. (Field dye testing is fre-

quently employed for the tracing of water

movements.)
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B. Based on the field investigations, make
analytical computations and possibly hy-
draulic model studies to determine the

expected path of the heated water dis-
charge for various types, locations and

conditions of discharge. Determine the
extent of travel of the warm water, and
the expected concentrations (isotherm
patterns).

C. Determine from field studies the numbers

and distribution of the important biolog-
ical forms in the area, including fin fish,
shell fish, the various organisms in their
food chain, and aquatic plants. Estimate

the specific effects of cool water intake
and warm water discharge on the ecology of

the area.

The recommended collection of field data may ap-
pear to be a formidable task and often is. Very large sums

of money are being spent in these areas of research. However,

local conditions may be such that a relatively modest effort

will provide enough information to permit a reasonable assess-

ment of the environmental problems associated with a specific

plant circulating water system.

4.7.5 Contact with Regulatory Agencies

Contact should be established with regulatory
agencies to determine how the existing criteria will be ap-

plied to the specific site and what attitude authorities will

take relative to fish damage and other disruptions to environ-

mental features of the site area.

4.7.6 Conclusion

It is concluded that a detailed study of the thermal

effects on the Bay of Jobos is required. The study should take

into account the total effects of power and industrial plant

installations.
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5.0 WATER SEGMENT

5.1 INTRODUCTION

This section of the report deals with the problem

of obtaining the fresh water needed for the industrial pro-
cesses of the Energy Center plants and for makeup to the power
plant. None of the fresh water is used for cooling, this being

done exclusively with seawater. In addition to obtaining the

quantity of fresh water needed, it is essential that it meets

quality standards, that the supply be reliable and that the

cost be reasonable. The proper solution of this water supply

problem is vital to the feasibility of the Energy Center or

any other industrial plant heavily dependent upon water to be

located in the Aguirre area.

The Puerto Rico Aqueduct and Sewer Authority

(PRASA), the agency of the Government of Puerto Rico that is

responsible for supplying water in Puerto Rico, is described

along with their system and existing water rate schedules.
The water requirements of the Energy Center and the Guayama

Sub-Region in which it is located are developed through the
year 2000.

The potential and costs for obtaining water from
wells and reservoir systems is developed and then compared to

the available supply to determine the need for a desalting

plant based on satisfying the water needs. Alternately, de-

salting plant size is based on recovering salt for the chlorine-

caustic plant and the effect of the resulting production of
water on the supply to the Guayama Sub-Region is examined.

The study of the desalting plants encompasses a

number of water production processes. As base cases, two con-

ventional single effect multistage (SEMS) flash distillation

plants are optimized with capacities of 10 mgd and 20 mgd.

These are single purpose plants intended for production of

water only. The alternate cases consist of dual purpose plants

capable of producing water as well as brine of higher concentra-

tion such that salt could be recovered. The comparison develops

the minimum cost of desalLed water as well as the penalty, if

any, for the various designs associated with producing the higher

concentration brines.
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The alternate cases investigated for the dual pur-
pose plants include the multi-effect, multistage flash distil-
lation (MEMS) and the multi-effect, vertical tube evaporation
(VTE) processes. These processes discharge brine at a concent-
ration three times that of normal seawater so that the poten-
tial for depositing seawater minerals, such as CaCO 3 , Mg(OH) 2
and CaSO4 .l/2 H2 0, on heat transfer surfaces is increased.
Alternate methods of seawater pretreatment which can eliminate

these deposits are considered.
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5.2 PUERTO RICO AQUEDUCT AND SEWER AUTHORITY

5.2.1 The Authority

The Puerto Rico Aqueduct and Sewer Authority (PRASA)

was created as a body corporate and politic constituting a pub-
lic corporation and autonomous governmental instrumentality of
The People of Puerto Rico, now the Commonwealth of Puerto Rico.
PRASA is governed by a five-member board appointed by the Gov-

ernor of Puerto Rico.

The members of the Governing Board of the Authority
who are officers of the Commonwealth, serve without compensa-

tion. The Executive Director of the Authority is appointed by

the Governing Board and charged with the general:administra-
tion of its programs.

PRASA was created for the purpose of owning, operat-

ing and developing all of the public water supply and sewer sys-
tems in Puerto Rico, and to provide the island with an adequate

supply of potable water and a suitable sanitary sewage disposal

service.

The Authority has broad powers including, among

others, the following: to have perpetual existence as a cor-

poration; to sue and be sued; to make contracts; to acquire

properties by any lawful means, including, but without limita-

tion, the exercise of the power of eminent domain; to hold,

operate and administer its properties; to borrow money and to

issue revenue bonds for any of its corporate purposes, and to

secure the payment of such revenue bonds by a pledge of reve-

nues; to determine, fix, alter, charge and collect reasonable

rates, fees, rentals and other charges for the use of its

facilities; and to have complete control and supervision of

its properties and activities.

5.2.2 The System

The Puerto Rico Aqueduct and Sewer Authority owns

and operates all the public waterworks and sanitary sewerage

systems in Puerto Rico, the waterworks and sanitary sewerage

systems on the Island of Vieques and the waterworks system

on the Island of Culebra. All the 76 municipalities in Puerto
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Rico, including the adjacent islands of Vieques and Culebra,
have public water supplies and 75 have sewerage systems in

operation.

Since acquiring ownership of the properties in
1945, the Authority has greatly improved and expanded all wa-

ter and sanitary sewerage works, the additions to water and

sewage disposal plants representing a total investment of

$235,440,660 including Work in Progress.

Net utility plant as of June 30, 1966 amounted to
$230,998,405, against a long term debt of $43,224,000 in re-
venue bonds, plus $15,000,000 in short term bank loans for a
total indebtedness of $58,224,000 or 25% of plant.

As of June 30, 1966, active water service connec-
tions numbered 406,108 and sewer connections 198,450, for a
total of 604,558 connections. Debt per service connection on
this basis as of June 30, 1966, is thus only $96.31.

5.2.3 Rate Schedules

PRASA has recently proposed an increase in the
water and sewer rate schedule and the proposed schedule is

shown in Exhibit 5.2-1. This rate schedule has now been ap-
proved by the Governing Board of the Puerto Rico Aqueduct and
Sewer Authority. The rate for potable water has been raised
about 43%. These water rates are for potable water and there
is no separate rate for industrial water that might be of a
different quality. PRASA is presently studying the possibility
of a separate industrial water rate schedule in connection
with supplying raw water from the Toa Vaca Project.
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NOTICE OF PUBLIC HEARINGS

RE: WATER AND SEWER RATES

Pursuant to Resolutions No. 582 and 589 of the Gov-
erning Board of the Puerto Rico Aqueduct and Sewer Authority

(the Authority) approved at its meetings held September 10 and

November 20, 1969, respectively, it was authorized and ordered
that this notice be published and that public hearings be held
before the undersigned Committee of Examiners, all in accord-
ance with the applicable provisions of Section 18 of Act No.
163 approved May 3, 1949, as amended, and of Article II of the
By-Laws of the Authority.

At said public hearings shall be considered a pro-

posal submitted to the Committee of Examiners by the Executive
Director of the Authority, Eng. Wilfredo Vivoni, which is aimed

to review and modify the present rates and charges for water

and sewer services, as follows:

Charge

Per Charge

Cubic Per k
Meter Gallon

For the first 10 cubic meters ( 2,642 gal) a 13.1 49.6C
For the next 90 cubic meters ( 23,778 gal) 16.0 60.6'
For the next 900 cubic meters ( 237,780 gal) 12.50 47.3c
For the next 9000 cubic meters (2,377,800 gal) 9.1 34.4C
Over 10000 cubic meters (2,642,000 gal) 5.7C 21.60

The above charges are applicable to all classes of

customers and all bills are subject to the following monthly

minimum charges:

Meter Size Residential Non-Residential

1/2" & 5/8" $ 1.31 (a) $ 2.27 (b)
3/4" 1.95 3.07

1" 4.03 6.93
1-1/2" 8.67 13.15

2" 13.15 20.21
3" 27.96 42.84
4" 45.09 67.84
6" 113.46
8" 204.47

a. Amounts in gallons and unit cost of water per k gallon

were added for this report.
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(a) Up to eight (8) cubic meters to be served

at this minimum

(b) Up to twelve (12) cubic meters to be served

at this minimum

Unmetered - Charges Per Month

For each premise with the following fixtures:

Residential Non-Residential

Sink, lavatory, water closet and

bath tub, or less fixtures $ 1.31 $ 2.27
For each additional water closet 1.14 1.70

For each additional sink, lavatory

or faucet 0.69 1.14
For each additional bath tub or

shower 1.14 1.70

For each outside hose connection 2.28 3.42

Public Fountains - Charge Per Month

Each one $ 9.75 $ 9.75

Private Fire Service

Sprinkler connections charges will be based on size

of meter used as follows:

Per Month

3" $ 16.25

4" 24.38
6" 40.63
8" 73.13

10" 81.25
Hydrants, each Public and Private 9.75

No water shall be used through sprinkler connec-

tions or hydrants, except for testing purposes and in case of

fire. No additional charge will be made for water used in test

or for fire.
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Multiple Services

Service can be rendered through the same meter to
more than one house, office or site in joint ownership build-
ing or apartment building. In such instance, the rate blocks
and minimum charge will increase in proportion to the number
of units served.

Sewer Service

The monthly charges for sewer service will be based

upon two-thirds of the above monthly rates for water services.

Premises not discharging the entire volume of water
into the sewers will be allowed a reduction in the charge, pro-

vided the customer installs facilities, satisfactory to the

Authority, for measuring the volume either discharged or not

discharged into the sewer.

Customers using private water supplies, must provide
themselves, under the Authority's approval, with the necessary

installations to measure the amount of sewage discharged into

the sewer.

Sewage or other wastes containing unduly high con-
centrations or other substances which add to the operating cost

of the disposal works and/or the treatment facilities will be

subject to a surcharge made on basis of the biochemical oxygen

demand (BOD) and its suspended solids (SS) content measured

in milligrams per liter. The surcharge factor (SF) will be

calculated according to the following formula:

SF - BOD + SS
700

For those wastes the strength of which cannot be

measured in terms of BOD and SS, as electroplating or toxic
wastes, the surcharge factor will be determined by the concen-

tration of the heavy metals, toxic ions, divided by the maximum
permissible limit of the particular ion, but the surcharge
factor cannot be greater than five (5).

Surcharges for other deleterios materials, to the

extent permitted to be discharged to the sewers, will be furn-

ished on request.
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The Authority reserves the right in all cases to
require pretreatment of sewage or other waste if to its judg-
ment such sewage or other wastes may negatively affect the
treatment processes or the sewerage system.

If the proposed changes are approved, the same will

represent an increase of approximately 35% over the present

water rates, but there will be no increase for those customers

who use up to eight (8) cubic meters per month. The rates for

sewer service, which are now one-third of the water charge,

would increase to two-thirds of the water charge.

Notice is hereby given to all customers and users

of any of the above mentioned services and to the public in
general, that a public hearing will be held for the North Sec-

tion of Puerto Rico commencing at 9:30 a.m. on January 20, 1970,

at the College of Engineers, Architects and Surveyors of Puerto

Rico, Nin Street corner of Skerret Street, Roosevelt Urbaniza-
tion of the Hato Rey Section of San Juan, Puerto Rico, and

another one for the Southern Section of Puerto Rico commencing

at 9:30 a.m. on January 28, 1970, at Centro Espanoi de Ponce,

Villa Street corner of Mendez Vigo Street, Ponce, Puerto Rico.

It will be highly appreciated that all parties in-

terested in appearing at the said public hearings that they so

notify it in writing to the Secretary of the Committee of Ex-

aminers, Mr. Manuel del Toro, P. 0. Box 7066, Barrio Obrero

Station, Puerto Rico 00916.

San Juan, Puerto Rico, on this 7th day of January,
1970.

COMMITTEE OF EXAMINERS

Rafael Fabregas, CPA

Member

Manuel I. Vallecillo, Esq. Victor M. Garcia, Eng.

President Member
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5.3 ECONOMIC GROUND RULES

A summary of the economic ground rules for the de-
salting plant study is presented in Exhibit 5.3-1.

A. Cost of Money

Consistent with the intent that ownership of
the desalting plant rests with an agency of
the Government of Puerto Rico, public financing
rates are applicable. Money is, therefore, as-
sumed to be available at an interest rate of
6%.

B. Interim Replacements

While the major plant components are designed
for a 30-year life, an allowance is included
for expendable items of equipment, such as
pump seals and valve packings. This allowance

amounts to an annual charge of 0.25% of the
total plant investment.

C. Interest During Construction

Interest during construction is included and

is assumed to be available at 7%.

D. Inflation

Estimated plant capital and operating costs

are based on the cost of materials and labor

in Puerto Rico in effect for the year 1969.

These costs would have- to be escalated for the

actual future period of construction in accord-

ance with recognized national indices used to

forecast inflationary trends. This was not

done in this preliminary study.

E. Insurance

Property insurance on the operating plant is

estimated at 0.32% per annum of the total plant

investment.
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F. Fixed Charge Rate

The annual cost of capital recovery over a
period'of 30 years, which is the plant design
life, at an interest rate of 6% is 7.265%.
The total annual fixed charge rate also in-
cludes the annual rates for interim replace-

ments, 0.25%, and insurance, 0.32% and is equal

to 7.835%. No increment is included for taxes.

The comparison of water costs is based on a plant

capacity factor of 85%, which reflects the expected availabil-
ity of steam from a nuclear power plant. Because the Energy
Center includes backup provisions for supplying steam to the

desalting plant to cover the power plant's downtime, the ef-

fective capacity factor can be increased. With backup steam,

anticipated downtime would be that associated with the opera-

tion of the desalting plant alone. Operating experience with

MSF plants (Ref. 5.3-1) indicate that a 90% capacity factor

is reasonable. Accordingly, in certain of the cases that were
studied, a comparison of water costs was also made for plants

operating at the higher capacity factor.
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ECONOMIC GROUND RULES FOR DESALTING PLANT STUDIES

1. Capital Investment Factors

Interest Rate, %

Plant Life

Capital Recovery Factor, %

Interim Replacements, %

Insurance, %

Taxes, %

Annual Fixed Charge Rate, %

Plant Capacity, %

0

30 years

7.265

0.25

0.32

0.0

7.835

85

2. Operating Cost Factors

5 Mills/kwhr

$45/ton

20C/million Btu

EXHIBIT 5.3-1
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5.4 WATER REQUIREMENTS

5.4.1 Energy Center Water Requirements

The Energy Center industrial water requirements
are shown in Exhibit 5.4-1. The water requirements are based

on industrial Case III as discussed in Section 6. The buildup

of the water requirement is based on the construction schedule

as given in Section 9 of this report. The quality standards
for each class of water are shown in Exhibit 5.4-2.

Seawater is used for all cooling requirements and

feed to the desalting plant. Fresh water use is confined to
process, boiler feed makeup and potable use.

In addition to the industrial water requirements,
the 500 acre demonstration farm will require 2 acre-feet per
acre per year based on the proposed crop mix and on overhead
sprinkler system as discussed in Section 7. This is approxi-
mately 1000 acre-feet per year total for the farm which aver-
ages 0.9 mgd. The use would be relatively constant over eight

to nine months of the year, with the rainy period during late
summer and early fall requiring little water for irrigation.
This water can be of a quality normally supplied in the area
for crop irrigation.

5.4.2 Guayama Sub-Region Water Requirements

The Guayama Sub-Region, in which the West Aguirre

site is located, consists of the Municipalities of Salinas,
Guayama, Arroyo, Patillas and Maunabo. It has a total surface

area of 200 square miles. The municipal and industrial water

demands of these sub-regions are discussed below.

5.4.2.1 Municipal Water Demands

The municipal water requirements of the Guayama

Sub-Region as estimated by PRASA, (Ref. 5.4-1) are shown in

Exhibit 5.4-3. Approximately 55% of the municipal water de-
mand is projected for the urban area of Guayama located ap-

proximately 10 miles east of the West Aguirre site.
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C LAS S

FRESH WATER

Boiler Feed Makeup

Low Quality Desalted
Water

Industrial Water

Potable Water

Fresh Water Total - gpm

Fresh Water Total - mgd

SEAWATER

Dual Purpose Power
Plant Cooling

Industrial Cooling

Feed to Desalt Plant

Total - gpm

H

H
'-3

L,

I

1975

54

650

1,630

80

2,414

(3.5)

0

30, 000

30,000

ENERGY CENTER INDUSTRIAL WATER REQUIREMENTS

gpm(mgd)

1976 1977 1978 1979

94

1,150

2,940

160

4, 344

(6.3)

0

60,000

10, 500

70, 500

118

1,480

3,840

220

5,658

(8.2)

138

1,650

4,240

240

8,268

(11.9)

0 270,000

80,000 90,000

10,500 10,500

90,500 370,500

500

1,890

8,580

300

11,270

(16.2)

270, 000

240,000

21,000

531,000

1980

730

2, 170

11,840

340

15,080

(21.7)

1981

960

2,250

14, 000

380

17, 570

(25.2)

1982

960
(1.4)

2,300
(3.3)

15,000
(21.5)
400

(0.6)

18,644

(26.8)

270,000 270,000 270,000

370,000 420,000 450,000

21,000 21,000 21,000

661,000 711,000 741,000



ENERGY CENTER INDUSTRIAL WATER QUALITY STANDARDS

Class of Water

Characteristics

Total Dissolved Solids,
ppm

Hardness (ppm as CaCO3)
3

Total Alkalinity
(ppm as CaCO3)

3

pH

Turbidity - ppm

NaCl - ppm

Residual Cl2 - ppm

Industrial

500

350

30

8.0

10

320

a b
LQDW Potable

150

0

500

100

30 100

9.0 6.0-9.0

10 10

100 250

- 0.4-0.6

Low Quality Desalted Water

Based on Cold Lime Softening

EXHIBIT 5.4-2

Boiler
Feed

Makeup

2

0

0

7

0

0

0

a

b



WATER REQUIREMENT

OF THE

GUAYAMA SUB-REGION

(millions of gallons per day - mgd)

MUNICI PAL INDUSTRIAL

PHILLIPS

2.6
5.8

11.2
14.4
16.5
17.9
18.5
19.0

ENERGY
CENTER

3.5
6.3
8.2

11.9
16.2
21.7
25.2
26.8

M&I
MISC. TOTAL TOTAL

1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.2
2.4
2.5
2.6
2.7

YEAR

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

7
7
8
8
9
9

10
10
11
11
12
12
13
14
14
15
15
16
17
18
19
20
21
22
23
24
25
26
27
28
30

EXHIBIT 5.4-3

4.1
6.4

12.9
16.2
18.4
23.4
26.9
29.4
33.2
37.6
43.2
46.8
48.5
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0

11.1
13.4
20.9
24.2
27.4
32.4
36.9
39.4
44.2
48.6
55.2
58.8
61.5
64.0
65.0
67.0
68.0
70.0
72.0
74.0
76.0
78.0
80.0
82.0
84.0
86.0
88.0
90.0
92.0
94.0
97.0



Industrial Water Demand

The industrial water requirements of the Guayama
Sub-Region including the Energy Center are shown in Exhibit
5.4-3. The principal industrial water demand is due to the
Phillips Petroleum Company installation in Guayama and the
Energy Center; the remaining uses are small and will probably
only experience relatively small growth when viewed against
the large demands of the other two installations. The pro-
jected water demands by Phillips are based on data given in
a recent communication (Ref. 5.4-2) with PRIDCO which gave
data up to 1975 and indicated a general leveling off there-
after. As the Phillips requirements begin to taper off, Energy
Center demands start to grow and continue the general buildup
of water demand at an almost constant rate of increase out to
1982. From 1982 until 1990, the increase in demand is based
on the rate of increase projected by PRASA for industrial water
(Ref. 5.4-3) for these years. This rate of increase would pre-
sumably take care of further increases in the Guayama Sub-Region.
In the case of the Energy Center, the estimated water demands
out to 1982 cover the plants associated with about 1,300 acres
of the 2,300 acre tract. It would be expected that between
1982 and 1990 much of the additional acreage would be used for
industrial plants, however, these would be expected to be sec-
ondary and tertiary industries which would use much lower quan-
tities of water than the primary industries that will occupy
the first 1,300 acres of the Energy Center,

5.4.3 Agricultural Water Demand

Irrigation water for agriculture in the Guayama
Sub-Region is used primarily for sugarcane. The Guayama Sub-
Region has approximately 18,000 acres of land devoted to rais-
ing sugarcane. The South Coast Irrigation District supplies
this land with approximately 53 mgd of water. (Ref. 5.4-4) In
addition, it is estimated (Ref. 5.4-5) that in 1960, 20 mgd
was being pumped from wells in area between Salinas and Pati-

llas for irrigation. This gives a total amount of water sup-

plied to the Guayama Sub-Region for irrigation of about 73 mgd.

The demand for irrigation water in the Guayama
Sub-Region will probably decrease in the future. At present,
essentially all the land in the District is used for raising

5.4-2
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sugarcane, one of the highest water requirement crops. Di-
versification of agriculture in the area to other crops could
significantly reduce the water demand.
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WATER SUPPLIES

5.5.1 Municipal and Industrial Water

Sources of water with which the municipal and in-

dustrial water requirements of the Guayama Sub-Region includ-

ing the Energy Center can be met are water from the South

Coast Irrigation District, water from wells and water from

Toa Vaca Project. Each of these sources is discussed below.

The other potential source of water is from desalting plants.

and this is discussed in Section 5.6 of this report.

5.5.1.1 South Coast Irrigation District

A contract exists between PRWRA, the administrative

agency for the South Coast Irrigation District, and PRASA to

supply a maximum of 3.6 mgd of water to the Guayama aqueduct.

This amount is prorated to be delivered at a maximum rate of

1.1 mgd from Carite Reservoir and 2.5 mgd from Patillas Reser-

voir under normal operating conditions. The contract expires

in 1972.

The administrator of the district is invested by

law to contract for the sale of water and reference is made to

the following provisions:

A. Section 22 of the Public Irrigation Act of
September 18, 1908, as amended, authorizes

the supply of water to municipalities.

B. Section 14, ibid, as amended, provides for the
sale or lease of water controlled by the ir-

rigation service in excess of the regular ir-

rigation quota.

C. Resolution No. 15 of the PRWRA governing

board establishes rules and regulations

for the supply of surplus waters from the
irrigation system in excess of the regular

quota.

Although the sale of water for municipal purpose

is allowed by law, the irrigation service is not in the market

for the supply of water other than irrigation.

5.5-1
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Beyond 1972, date of expiration of the contract
with PRASA, there is no obligation (other than a moral one) to
increase or continue the supply of water to the Guayama aque-
duct from Carite. Exception is made of a right to 25 liters
per second from the Guamani River flow (not from Carite Re-

servoir) to which the Guayama city is entitled. Besides the

25 liters/sec, no waters from the Carite or Patillas Reser-

voirs, appertaining to the regular irrigation quota could be

diverted for uses other than irrigation. Only surplus waters

could be compromised to be sold for aqueduct and municipal
uses.

Section 18 of the Public Irrigation Act sets 4
acre-feet per acre per year as the standard amount of water
of the irrigation district, to be applied on the basis of fair
average years.

Section 14 of the same Act states that the right

to use the water of the irrigation system shall be inalienably
appurtenant to the lands included in the district and shall
pass with the title to the said lands to all subsequent owners.
The owners are prohibited from the sale or disposition of any
water furnished to their lands, as a thing independent there-
from under penalty of suspension of the irrigation service.

The public irrigation systems are regulated by
their own special laws and are not bound by the Water Law. It

is PRWRA's opinion that under certain provisions of the Public
Irrigation Act, it may be possible to divert regular irriga-
tion water for municipal uses. (Section 14 of the Public Ir-
rigation Act)

5.5.1.2 Wells

5.5.1.2.1 General

The Guayama Sub-Region has a series of alluvial

fans along the coast that provide an aquifer from which fresh

well water is pumped for municipal, industrial and agricultural

use. The alluvial fans between Salinas and Guayama are shown

in Exhibit 5.5-1; there are additional fans in the Arroyo and
Patillas areas.
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These alluvial aquifers have served for many years
as a source of well water and the question is how much more
additional water can be obtained from them on a reliable and
economic basis. The United States Geological Survey (USGS)

Water Resources Division has been and is continuing to coordin-

ate the collection of information and make studies of these

water sources.

Buck et al states (Ref. 5.4-4) that "Between Salinas
and Patillas it was estimated that in 1960, 20 mgd was being
pumped from wells with about 25 mgd being discharged to the sea.

It is probable that about one-half of that or say, 10 mgd could

be recovered. Under average rainfall and stream flow conditions,

more water can be taken from the aquifer than indicated above".

USGS (Ref. 5.5-1) has made a crude water budget for
the Salinas alluvial fan that lies between Salinas and Aguirre.

In an earlier study (Ref. 5.5-2) of this fan, the area was

taken as 11-1/2 square miles, but if everything between the

hills and sea is included, the area is about 15 square miles.

Present ground water pumpage from the Salinas fan is about 30

mgd the equivalent of about 45 inches per year recharge over

the area of the fan. The budget for the Salinas fan is thus

as follows:

Withdrawn Applied Recharged

mgd in/yr mqd in/yr mqd in/yr

Groundwater 30 45 30 45 10 15
Imported Irrigation Water 27 38 9 13

Streamflow 18 26 6 9

Rainfall 28 40 9 13

Total 30 45 103 149 34 50

The above budget shows a surplus of about 4 mgd

based on a recharge rate of 1/3. If we assume that one-half

of the groundwater and imported irrigation water is recharged,

then there would be a surplus of 14 mgd. However, this does

not allow for an underground loss to the sea which is a dif-
ficult value to establish. During the 1967-68 drought, the

water level in parts of the aquifer fell below sea level and

only minor salt water intrusion was found, thus indicating that
it is pretty well sealed from the seawater. On the other hand,

5.5-3



m

-4

x,

U,

EXPLANATION .N

Small alluvial fans -

Major water-bearing --F] alluvial fans .-

Bedrock - ".

S I a -.' r / i

.. ,. (2.li: : :. . "S t :: : : ::: :

n val GGumyoma

/. fn ralva ..

Bahlo de Rncon - +.- ...-

Centr A urre .... . -

Qa r'fSainsn

C A R O S S A 00 tIlometers
C A R 88E AN SE A

o I 2 3 4 5 miles
U.S.G.S.

ALLUVIAL FANS BETWEEN SALINAS AND GUAYAMA



McClymonds (Ref. 5.5-2) in 1961 estimated that the loss to the

sea was 15,000 acre-feet per year or 13.3 mgd which, if it were

included in the above water balance, would result in a surplus
of only 0.7 mgd with a recharge rate of 1/2 for the ground-

water and imported water and 1/3 for the rest and negative

values if this recharge rate is as low as 1/3 for all items.

The coalescing fans store about 33,000 acre-feet

of which 11,000 is above sea level. Pumpage from this fan in

1961 was about 1,200 acre-feet per year (1.07 mgd).

The Rio Seco fan stores about 22,000 acre-feet of

water with about 9,000 above sea level. Pumpage from this fan

was about 6,000 acre-feet per year (5.4 mgd) in 1961.

''The volume of recharge to, and natural discharge
from the fan can only be guessed. In 1961, a wet year, McCly-

monds estimated that 10,000 acre-feet of water was discharging

from the aquifer to the streams and springs along the margin

of Bahia de Jobos and that an additional 10,000 acre-feet was

discharged subsurface. He also observed that stream flow from

the hills disappeared in the upper reaches of the fans except

during major floods. His conclusions were that principal re-

charge was from rainfall and surplus irrigation water. The

potential yield of the area will hinge greatly on the estimate

of subsurface groundwater discharge to the sea. There is al-

ways the question of whether the aquifer is essentially sealed

from the sea and, therefore, the estimate of subsurface dis-

charge is too high." (Ref. 5.5-1)

Up-to-date pumpage on these fans is not available,

but USGS believes that there has been no major change in pro-

duction. On the basis of the data available in an average

year, the coalesced fan should be able to yield about 9,000

acre-feet or a net of 7,800 acre-feet (6.9 mgd) over the pre-

sent pumpage. The Rio Seco should yield about 7,500 acre-feet

or a net of 1,500 acre-feet (1.3 mgd) over present pumpage.

(Ref. 5.5-3)

The Guamani alluvial fan could probably provide an
additional 15,000 acre-feet annually (13.4 mgd) in years of

normal rainfall over and above that already taken out. This

estimate is based on most of the recharge coming from the Gua-

mani River which is a questionable assumption. If the assump-

tion is wrong, then the additional amount is about 1/2 of that
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indicated (Ref. 5.5-4).

In addition, there is the possibility of obtaining
water from the Arroyo and Patillas alluvial fans referred to
as Nigua-Patillas fan.

A summary may be made as follows:

Fan Water Availabilitya - mgd.

Minimum Maximum

Salinas 4 14
Coalesced 3 6

Seco 1 2
Guamani 4 10

Nigua-Patillas 3 6.5
15 38.5

a Based on Normal Rainfall

The above data indicates that the amount of water

available from wells between Salinas and Patillas and over and

above that presently being obtained is between 15 and 38.5 mgd.

An independent estimate of the additional amount of

well water available has been made by Black and Veatch, Con-
sulting Engineers, who are making a study of the water resour-

ces of Puerto Rico for PRASA. Their preliminary study for the

Juana Diaz-Patillas District, which includes all of the Guayama
Sub-Region except for Maunabo has been completed. Their estim-
ate (Ref. 5.5-5) for the Guayama Sub-Region i.e. Salinas to
Patillas is 17.9 mgd of groundwater flowing to the sea during

normal rainfall years. They also estimated that during the
drought of 1967-68 the groundwater flow to the sea was reduced

to 12 mgd. Both estimates of groundwater discharge to the sea

are based on water table observations compiled by USGS.

Black and Veatch's estimate of 17.9 mgd falls be-
tween the minimum estimate of 15 mgd and the maximum estimate

of 38.5 mgd based on the USGS information. The average of all
three values is 23.8 mgd. The amount of this water that could

be recovered reliably, economically and without endangering

the aquifer due to salt water intrusion is probably below 50%,
say 10 mgd. This agrees with the Buck et al estimate men-

tioned earlier.
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Quite apart from the problem of the physical avail-
ability of a reliable well water supply is the problem of con-
trol of underground pumping so that this supply can be used as

a basis of planning. At present, there is virtually no control

over the pumping of underground water. A landowner is free to
drill a well and pump as much water as desired. The only lim-
itation is that the well is not to be located within 100 me-
ters of a stream or the edge of the property, so that it does

not interfere with the neighbor's water supply. This is in
contrast to surface water supplies that can be removed from

surface streams only with a permit. Proposed legislation to

control underground water has been sent to the Governor, but
has not as yet been forwarded to the legislature. Attempts
have been made for the past 4 or 5 years to obtain this legis-
lation. PRASA plans to continue their efforts to obtain this

legislation. However, even if the legislation were passed,
while it can bring control to the problem, it cannot create

water. Priorities could be established to insure the avail-
able supplies for municipal purposes, but this would not nec-

essarily guaranty water to industry over the prior rights of
agriculture. While governmental agencies may prorate the

available supply in what appears to them to be an equitable

fashion, the ultimate resolution of rights in these matters

can only be established by the courts. The Legislature of

Puerto Rico can reallocate the water in the greater interest

of the people of Puerto Rico under the Government's power of

eminent domain, but only after just compensation.

A more definitive estimate of the amount of well

water available in the Guayama Sub-Region could only be made

after a detailed study of the entire water balance of the

coastal aquifer in the region is completed and controls were

established to obtain the maximum potential from the aquifers.

USGS is currently running tests on an electronic model of that

portion of the aquifer around the City of Guayama. These tests
will hopefully enable them to determine the maximum safe yield

of the aquifer without salt water intrusion. A similar model

must ultimately be established for the complete aquifer from
Salinas to Patillas and when the recommendations are set forth,

they must be put into effect to obtain the maximum benefit

from this potential water supply.
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5.5.1.2.2 PRASA Wells

PRASA's current municipal water usage and sources
are as follows:

Location Use-mgd Source

Guayama-Arroyo 1.8 Carite-Filter Plant

Guayama 0.30 Wells
Arroyo 0.30 Wells
Salinas 0.70 Wells

5.5.1.2.3 Industrial Wells

Industry in the Guayama Sub-Region has an installed
well capacity of about 5 mgd of which Phillips has 3.6 mgd ca-
pacity and is presently using about 2.6 mgd and Central Aguirre

has a capacity of about 1.4 mgd.

5.5.1.2.4 West Aguirre Wells

Well data for the West Aguirre site as listed by

USGS in 1964 (Ref. 5.5-6) are shown in Exhibit 5.5-2. A total
of eight wells were listed with a combined capacity of 13,665
gpm or 19.6 mgd. USGS (Ref. 5.5-2) indicates that the combined

pumpage from these wells in 1961 was about 8 mgd average since

the wells are only operated when needed. In the interim, some

of these wells have been relocated and drilled to greater depths

as a result of the pumping difficulties experienced during the

drought of 1967-1968, but by and large, the overall well in-
stallation is about the same since their use for irrigation

water remains essentially unchanged.

Based on the assumption that the average pumping

rate of 8 mgd could be increased somewhat, but also discount-

ing for the fact that industrial usage will not recharge water

to the ground, it is estimated that about 6 mgd could be ob-

tained from wells on the West Aguirre site. During the initial

phase of the Energy Center development covering the first 10

years, the Energy Center project would use only 1,300 acres of

the plot, of the other 1,000 acres, 500 acres would be used

for crops other than sugarcane for which normal rainfall and

the 4 acre-feet per acre supplied by the South Coast Irrigation
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District are adequate. Therefore, about 4 mgd could be used

for municipal and industrial use for the first 10 years.

Exhibit 5.5-2 also shows the specific conductance

of the water and in parenthesis the total dissolved solids
(Ref. 5.5-2). The increase in specific conductance corresponds

approximately to the depth of the alluvium. The longer the
water is in contact with the alluvium (i.e. the more slowly it

moves), the greater the dissolved solids.

If the capacity of each well as shown in Exhibit

5.5-2 is multiplied by its total dissolved solids and a weighted
average is obtained, the average total dissolved solids for all
wells on the site is 490 ppm which is within the upper limit of

total dissolved solids acceptable for potable water.

Detailed chemical analysis as shown in Exhibit
5.5-3, was provided by USGS (Ref. 5.5-7) for a pumping well
and two test wells on the West Aguirre site which lie in the

peak conductance area as shown in Exhibit 5.5-2. The high
chlorides appear to indicate seawater encroachment into a so-

dium bicarbonate water. In addition, the chloride analyses

vary considerably with time, apparently reflecting an increase

or decrease in groundwater flow to the sea.

5.5.1.2.5 Brackish Wells

Some industrial processes can use water with a

total dissolved solids as high as 1,500 ppm which opens up the
possibility of using brackish well water directly for this pur-

pose. The word "brackish" could be defined as a water having

a mineral content that is objectionable, the value of which

depends on use. For potable purposes, the objectionable level

is 550 ppm in order to meet standards (Ref. 5.5-8). For the

irrigation of sugarcane, the objection is not to total dis-

solved solids but to sodium chloride content which is limited

to 1,000 ppm. For industry, in the case of the Energy Center

for selected processes, the limit is 1,500 ppm.

The West Aguirre site has some water that can be

classified as brackish for potable purposes. Conceivably,ad-

ditional wells could be located closer to the sea and water of

higher mineral content could be obtained. This has potential

advantages and disadvantages. The total amount of water avail-
able from the Salinas fan is fixed by the water balance. There-
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fore, if the brackishness of this water comes from the intru-
sion of seawater, it makes no difference if fresh water was
pumped from wells and seawater mixed with it above ground to
obtain the same effect. However, as a practical matter, it

is not possible to intercept all the water going to the sea,
so that locating wells nearer the interface with the salt water

may permit a higher fraction of the fresh water to be inter-

cepted at the risk of some salt water intrusion which in this

instance is not objectionable from a use standpoint. However,
a problem with this approach is the difficulty of knowing the

degree of .brackishness that would be obtained and keeping it
from getting much higher under a high demand or low rainfall

condition. Once salt water intrusion had occurred to any great

extent, the aquifer might not rid itself of the salt for a long

time.

In general, the pumping of brackish water result-

ing from salt water intrusion appears to be a hazardous pro-

cedure and its use should be deferred to a later stage in the

development of the area when more is known about this matter

and the need for water is greater than it is at present.

East of Aguirre in the Coqui-San Felipe area, there

are some brackish wells with a total dissolved solids of about

1000 ppm which is objectionable for drinking purposes but might

be acceptable for irrigation use. These are sodium bicarbonate
waters and show little salt water intrusion. The problem is

that this area contains a clayey material that results in gen-

erally low yield wells running around 100 gpm. The uncertainty

and expense of developing these low yield wells and piping the
water to West Aguirre plus the fact that the area would prob-

ably not produce too great a quantity of water leads us to con-

clude that this water should not be counted on as a supply at

present, although it might be developed at some future date

when more marginal sources are being developed.

5.5.1.2.6 Well Water Costs

It is not possible to give exact costs for well
water supplies since they depend on the depth of the well and
the yield which effects unit cost of water. General costs can

be given as they apply to the West Aguirre site based on the

experience of the Aguirre Company.
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Chemical Analysis of Water
From Wells on West Aguirre tea

Hardness

Non Spec.
Date I)2 Fe Ca _Mg Na+K H SO Cl~ F Nog T.D.S. Ca+Mg Carb. Cond. pH Tep.

57-66.14-2-32 10-19-60
57-66.14-2-32 10-20-64 31

57-66.14-5-32 7-14-64
2-14-67
2-8-68
8-15-68

57-66.14-6-63 7-14-66
(at 15'-80') 2-14-67
(at 6'-15') 2-14-67

2-8-68
8-15-68

68 32 126 452 74
175
80 0.7

31 .02 76 28 137 502 68 84 0.3 0
32 .00 84 44 93 508 61 70 0.3 16
36 .05 48 46 146 454 103 100 0.3 7.7
34 .00 58 24 144 440 80 80 0.4 7.6

435
301

620 304
678 390
647 316
638 243

26 .00 108 61 119 408 146 200 0.4 12 936 520
29 .00 290 126 303 438 362 825 0.4 0.4 2420 1242
31 .00 382 155 397 428 476 1140 0.4 0.3 3260 1590
36 .00 66 51 130 504 102 98 0.5 0.0 638 375
35 .oo 83 52 140 376 27 203 0.4 0.0 860 421

1350 bo F
1070 8.0 80*F

0 1110 7.7 84 F
0 1080 7.6 8o F
0 1280 8.4 81 F
0 1060 8.1 81 F

186 1480 7.8 86*F
883 3700 7.5 81*F

1239 4760 7.6 81 F
0 1290 8.3 820F

113 1430 7.9 84 F

a For Well Locations See Exhibit 5.5-2. In. Exhibit 5.5-2 the wells are numbered 2, 5 and 6 corresponding
to the third digit from the end of the well number.

x

w
--1

U'
CJI

Well
No.



A well sunk recently by the Aguirre Company on the

West Aguirre site has been sunk to a depth of about 270 feet
and an 18 inch diameter casing was installed. A Worthington

turbine type of pump driven by a 75 horsepower motor was.in-
stalled. The water yield was 2,200 gpm. The cost of the well
drilling was about $5,500 and the pump cost was about $6,000.
Based on this capital cost and assuming fixed charge factor of
7.835% based on PRASA financing, then the annual cost of a
2200 gpm well water is as follows:

Fixed Costs $ 899

Maintenance Costs $ 8000

Pumping Power $ 6570
Total $15,469

The unit cost for the water is then 1.30 per thou-

sand gallons based on 100% duty. To this cost must be added
additional pump and power costs to raise the water to any sys-

tem pressure that may be needed and the cost of pipe line to
transport the water to the point of use.

5.5.1.3 Toa Vaca Project

The Toa Vaca Project (Ref. 5.5-9) is being planned
by PRWRA with the assistance of the Bureau of Reclamation as
a multipurpose dam project for the collection of surface water

for distribution on the south coast of Puerto Rico for munici-

pal, industrial and agricultural use.

The Toa Vaca Project is planned in five stages as

shown in Exhibit 5.5-4. Stage 1 which is presently under con-

struction, will dam up the Toa Vaca River and improve control

of the water flowing into Guayabal Dam, a portion of which is

currently wasted due to siltation of the Guayabal Reservoir.

Stage 2 covers the Bauta-Toa Vaca Tunnel and Bauta Dam and
Reservoir. Stage 2 will bring water from north of the Cordi-

llera Central to the Toa Vaca Reservoir for distribution on the

south coast. A feasibility design study of Bauta-Toa Vaca

Tunnel was recently completed (Ref. 5.5-10). A feasibility

design study of Bauta Dam and Reservoir remains to be done.

Stages 3, 4 and 5 collect additional water on the north side

collection system.

The scheduled completion dates, water yields, costs
and unit costs of water of the Toa Vaca Project are shown in
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Exhibit 5.5-5.

PRASA is responsible for making plans for the dis-
tribution of Toa Vaca Project water and Buck, Seifort and Jost,
Consulting Engineers, have performed a study (Ref. 5.4-5) for
PRASA on the best methods for distributing the water. The dis-
tribution scheme for the Guayama Sub-Region recommended by
Buck et al is shown in Exhibit 5.5-6. The exhibit has been
modified to show a possible supply line running to the West
Aguirre Energy Center site as well as a possible water line

from West Aguirre to Guayama.

Present schedules for the distribution and the
estimated unit costs of distribution and filtration are shown
in Exhibit 5.5-5. Water is to be available in the Guayama
Sub-Region at the completion of Stage 3 of the Toa Vaca Project
which is scheduled for mid 1977, provided that the demand for
water justifies completion of Stage 3 by that date and finan-
cial arrangements can be made.

It can be seen from Exhibit 5.5-5 that the de-
livered unit cost of raw water for Stages 1 and 2 is 31.30 per
thousand gallons whereas the unit cost for Stages 3, 4 and 5

is 16.00 per thousand gallons. It can, therefore, be concluded

that once Stage 2 has been accomplished, it pays to go on to
completion of the Toa Vaca Project provided there is adequate

demand for the water.

In regard to quality, the design report (Ref.

5.5-10) on the Bauta-Toa Vaca Tunnel states the following:

"Water quality requirements, particularly from the

standpoint of turbidity, should be carefully considered during
more detailed studies. A large portion of the divertible run-

off occurs as flood flows, which carry heavy sediment loads.

The detention time in the small diversion reservoirs along the
conveyance system from Caonillas Reservoir may be rather short,

with the result that fine sediments may pass into the Bauta-Toa

Vaca Tunnel. Some of the water conveyed through the tunnel

will flow into Toa Vaca Reservoir where the detention time will

be longer, permitting deposition of most of the sediment car-

ried through the tunnel. The selective-level inta1ce to the

Toa Vaca Dam outlet works will permit further improvement

through some control of the quality of reservoir withdrawals.

A large portion of the imported water will be diverted from
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TOA VACA PROJECT DATA

Completion
Stage Date

1
2
3
4
5

Total

10/71
6/75
6/77
6/80
1/89

Yield
mgd

23
20
60
25

100

Cost 1969
Dollars

$17,550,000
55,000,000
55,000,000
31,000,000
48,000,000

Per Thousand Gallons

Incremental Cumulative

13.2
47.6
15.9b
21. 5b
8. 3b

228 $206,550,000

13.2
29.2
21.5
21.5
15.7

15.7

DELIVERED UNIT COST OF WATER FROM TOA VACA PROJECT

Cost per Thousand Gallons

Stages

1 & 2

(Ponce)Items

Dams

DistributionC

Total for Raw Water

Filtration

Total for Filtered Water

29.2

2.1

31.3

6.6

37.9

Stages
3, 4 & 5
(Guayama)

12.6

3.4

16.0

6.6

22.6

a. Based on fixed charges of 6.33% (6% interest on money and
50 year amortization period) and 100% use of water.

b. The unit cost for Stages 3, 4 and 5 combined is 12.60 per

thousand gallons.

C. Based on cost data given in Ref. 5.4-5.

EXHIBIT 5.5-5

Total

15.7

3.2

18.9

6.6

25.5
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the turnout at the tunnel outlet above Toa Vaca Reservoir to
the southeast and Guayama, and there may be some adverse ef-
fects from fine sediments.

During operation of Stage 2 alone, the sediment
problem should be relatively minor because storage in Bauta
Reservoir should allow adequate detention time for deposition
of most of the fine sediment.

The reconnaissance designs and estimates provide

for a selective-level intake to the outlet works at Bauta Dam

to permit withdrawal of the better quality water. When better
flow and sediment data are available, the desirability of the

selective-level intake should be considered further."

The assumption that has been made for the Energy

Center study is that the Toa Vaca Project water will not re-

quire filtration for general industrial use.

It is estimated that the total dissolved solids

of the Toa Vaca water will be about 250 ppm.

5.5.2 Agricultural Water Demand

Water for agriculture in the Guayama Sub-Region is

obtained from rainfall, from the South Coast Irrigation Dis-

trict and from wells.

5.5.2.1 Rainfall

The average annual rainfall in the Guayama Sub-Re-

gion is 32 inches. Additional data on the geographical varia-

tions of the rainfall in the region and variations within the

year are given in the Site Selection Supplement to this re-

port.

5.5.2.2 The South Coast Irrigation District

The South Coast Irrigation District (Ref. 5.5-11)

is shown in Exhibit 5.5-7. The Eastern Division which runs

from Salinas to Patillas covers the Guayama Sub-Region with

the exception of Maunabo on the stern end. A description

of the Eastern Division is given in Appendix 5.5-1 (Ref. 5.4-4).

Briefly the Eastern Division consists of two independent sys-

tems, one supplied from the Patillas Reservoir and the other
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from Carite Reservoir. The average flow in the Patillas

system is 54 cfs or 35 mgd and serves 12,420 acres at the

lower elevations in the area by gravity over a distance of

25 miles. The average flow in the Carite system is 28 cfs

or 18 mgd and serves 4,918 acres of land lying adjacent to,
but at a higher elevation than the Patillas System.

A description (Ref. 5.5-11) of the operation of
the system is given in Appendix 5.5-2. Briefly, it supplies
4 acre-feet per acre for which the farmers pay $.16.00 per year

per acre for the service for the first 500 acres and $19.00

per year.per acre over 500 acres. When the water is not avail-

able, it cannot be supplied and provision is made for adjusting
the tax when the amount falls below 3 acre-feet per acre per

year.

Agricultural water demand of the District is fixed

by law to the acreage included within the District and cannot

increase. In fact, the demand decreases slightly due to the

diversion of agricultural land to nonagricultural use, in
which case the water rights of the land revert to the District.

New agricultural enterprises on land outside the District have

no right to surface water and would have to rely on underground

water on the property.

The average cost of water supplied for irrigation

by PRWRA (Ref. 5.5-12) in fiscal year 1968-1969 for the South

Coast Irrigation District was about 2.40 per thousand gallons.

Of this amount the farmer paid about 1.30 per thousand gallons.

The difference of 1.1 per thousand gallons was covered with

government subsidies coming from the 5% of the gross elec-

trical revenues contributed by PRWRA to the state treasury

in lieu of taxes.

5.5.2.3 Irrigation Wells

The quantity of 4 acre-feet per acre of irrigation
water provided by the South Coast Irrigation District has

proved sufficient for a good part of the land included in the

irrigation district, but for porous sandy soils which abound

in this area, it falls short of meeting the irrigation re-

quirement for sugarcane. To supply the deficiency, the planters

use a large number of purnpi.ng installations scattered over the

area to obtain underground water which they bring to the sur-
face by means of tubular wells and pumps. This source of sup-
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ply is constantly replenished by rain, by the District irriga-

tion water and by the well water itself. It is estimated that
between 1/3 and 1/2 of all the water placed on surface of the
ground reaches the underground aquifer.

It is estimated (Ref. 5.4-5) that in 1960, 20 mgd
was being pumped from wells in the area between Salinas and
Patillas or about 38% of that supplied by the Irrigation Dis-
trict. Many additional wells have been drilled in recent
years in part, at least, to make up for deficiency of supply
by the Irrigation District due to drought. However, since the

basic agricultural demand is fixed, it would be expected when
the South Coast Irrigation District delivers the normal quota
of water,that the total water pumped from wells would remain
about the same regardless of the number of wells that exist.
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DESALTING PLANTS

5.6.1 Seawater Pretreatment

5.6.1.1 Introduction

The analysis of normal seawater is given in Ex-

hibit 5.6-1 for ionic constituents and probable combinations

for the seawater dissolved solids. This analysis is typical

for Caribbean Sea water at Guantanamo Bay, Cuba and should be

representative for the Energy Center exclusive of any local

contamination from surface runoff, groundwater, or wastes.

Reference is made to this analysis in the evaluation of the
various seawater pretreatment methods and in estimating treat-

ing chemical requirements.

For a 20 mgd seawater conversion plant, the evap-

orator seawater makeup requirements are listed below as a

function of the concentration factor:

Brine

Conc. Seawater Product Brine Dissolved

Factor Makeup Water Blowdown Solids

c f gpm g pmpm %

1.5 42,000 14,000 28,000 5.3
2.0 28,000 14,000 14,000 7.0
2.3 24,700 14,000 10,700 8.1
3.0 21,000 14,000 7,000 10.5

4.0 18,670 14,000 4,670 14.0
5.0 17,500 14,000 3,500 17.5

As used in this report the term concentration

factor, cf, is the ratio of the dissolved solids content of

the evaporator brine to the makeup seawater solids and is
numerically equal to the feed water flow divided by the blow-
down.

The object of treating seawater prior to evapo-
ration is to prevent scale formation on heat transfer sur-

faces at elevated temperature. Without pretreatment, alkaline

scale formation becomes a problem at evaporator temperatures

above about 1600 F. The scale is predominately CaCO3 below

5.6-1
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NORMAL SEAWATER ANALYSES

(Ionic Constituents)

Chloride, Cl

Sodium, Na

Magnesium, Mg

Sulfate, SO4

Calcium, Ca

Potassium, K

Bromine, Br

Alkalinity, as CaCO3

Alkalinity, as HCO3

Strontium, Sr

Boron, B

Fluoride, F

18,980 ppm

10, 560

1,270

2,650

400

380

65

116

140

13

4.6

1.4

(Probable Combinations)

NaC 1

MgCl2

MgSO4

KCl

NaBr

CaSO4

SrSO
4

Ca(HCO
3 )2

Ca(HCO3)2 as CaCO 3

pH value

Total Solids

Qpm

26,840

3,170

2,300

725

85

3,200

27

(188)

116

7.5-8

34, 463

Percent

Dry Basis

77.90

9.20

6.66

2 . 10

0.25

3.48

0.08

0.33

100.00

EXHIBIT 5.6-1



about 1800 F and predominately Mg(OH)2 at higher temperatures.
At temperatures above about 2500F calcium sulfate scale be-

comes a problem if the concentration of the evaporating sea-
water increases above about 1.8 to 2.0 times the concentration

of the normal seawater.

The acid treatment process prevents the formation
of alkaline scale deposits, CaCO3 and Mg(OH) 2 . With acid
treatment the multistage flash (MSF) process can be operated

at temperatures up to 2500F and at concentration factors up to

2.0. These limitations on the MSF process are due to precipi-

tation of CaSO4 scales which may form because of the inverse

solubility characteristic of CaSO 4 as shown in Exhibit 5.6-17.
However, as shown in Exhibit 5.6-19, higher temperatures (to
2700F)- and concentration factors (to 3.0) are obtainable in
vertical tube (VTE) and the multi-effect, multistage processes
where normal strength seawater is heated to the highest temp-
erature and the concentrated brine is rejected at the lowest
temperature of the process.

The acid treatment process used with either the
MEMS or the VTE process could provide concentrated brine of
concentration factor 3 for manufacture of by-product salt.
Other pretreatment processes, still in development, may ulti-

mately prove to lend themselves to concentrating brine for
feed to a salt manufacturing process.

The acid process is used extensively for treating
seawater makeup for MSF plants and is the recommended method
for seawater pretreatment for this project. However, the

obvious advantage of concentrated brine in the manufacture of

by-product salt makes it prudent that other seawater pretreat-

ment processes be considered as part of this evaluation even

though these processes are still in development stages.

The alternate seawater pretreatment processes con-
sidered as having potential merit after being fully developed
include the following: the caustic process, the lime-magnesium

carbonate or LMC process, the ion exchange process and the

barium desulfating process. The main objective of these pro-

cesses is to appreciably reduce the calcium or sulfate content

of the treated seawater to be used for evaporator makeup. A

substantial reduction in these constituents will permit calcium
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sulfate scale-free operation of an MSF plant at temperatures
above 2500F and concentration factors above 2.0.

The desulfating process is in reality a major
chemical process whose economics are almost completely depen-
dent upon the cost of raw materials and sale of chemical

by-products. Hence, direct comparison with the acid process
would not be meaningful. The other three alternate processes,
caustic, LMC, and ion exchange are compared with the acid pro-
cess using the following assumptions and guidelines:

A. The seawater intake pumps and steam jet vacuum
system were considered a part of, and are
charged to, the evaporator plant.

B. The development work on each process, as des-
cribed in the literature, with appropriate
modifications described in this report, and
which form the basis for the cost estimates,
will be confirmed by large scale operation.

C. Each of the processes; acid, caustic, LMC, and
ion exchange would require a vacuum deaeration
system to remove oxygen for protection of the
evaporator wetted surfaces.

D. It was assumed that the caustic process would

work satisfactorily in a conventional, cold-
process, clarifier-precipitator system but
would require a conservative design of two

hours retention time and a minimum rise rate

of 1.0 gpm per ft2 of clarifier cross section.
It was also assumed that the clarifier efflu-
ent would require acid stabilization or pH

adjustment prior to subjecting the treated
seawater to evaporation.

E. The ion exchange process would require a con-
centrated brine having a minimum concentration
factor of about 3.0 or approximately 10.5 per-
cent solids for satisfactory regeneration of
the resins.
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F. Removal of calcium from the treated water
would result in the following permissable
brine concentration factors operating at a
top temperature of 2500 F.

Treatment
Process

Acid
Caustic
LMC
Ion Exchange

Calcium
Removal
Percent

0
20
70
70

Conc.
Factor

cf

2.0
2.3
3.0
3.0

Brine
Conc.
Percent

7.0
8.05

10. 5
10.5

Treated
Seawater

gpm

28, 000
24,700
21,000
21,000

G. In arriving at the comparative annual and
treated water costs the following delivered
costs of consumables would apply:

Sulfuric Acid

Caustic Soda
Limestone
Coagulant
Fuel Oil

$/ton of 98% H2 SO4

$/ton of 100% NaOH
$/ton
$/ton
$/ton

A description, including comparative estimated

capital, annual, chemical and water costs, for each process
is presented in this study. A brief description of the
major capital cost items of equipment is also included. The
estimated seawater pretreatment costs for each process are

as follows:

Treatment
Process

Acid
"

Caustic
"m

UIC

Ion Exchange

Conc.

Factor

cf

2.0
3.0
2.3
3.0
3.0
3.0

Treated
Seawater

Cost
C/kgal

2.76
2.85
3.46
3.52
5.89
6.20

45

40
3.5

60
18

Product

Water

Cost

4/gal
5.52
4.27
6.12
5.30
8.96
9.30
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5.6.1.2 Conclusions and Recommendations on Pretreatment

Among the commercially undeveloped seawater pre-
treatment processes, the caustic process appears to be more
economic than the LMC or ion exchange process. It may become
potentially competitive with the acid process for the Energy
Center where lower cost caustic may be available from the
chlorine-caustic plant.

Because the caustic process is conceivably an

economic substitute for acid and will produce a clarified

feed that might improve desalting plant performance, it is

recommended that a development program be undertaken to ex-
ploit its potential.

Until the caustic process can be demonstrated on
a pilot plant scale, and because of the uncertainty of the
timing of a development program, it is recommended that acid

be used for the Energy Center. At the present state of the

art, the commercially proven acid process is the lowest cost
process that can be used in the production of water and con-
centrated brine for the salt plant.

The LMC and ion exchange processes warrant further

investigation because, by removing calcium from the seawater,

they offer the potential of more efficient desalting through

higher temperature operation. Additional operating data is

needed on a larger scale to verify technology, performance

and process economics.

The barium desulfating process is not recommended
for the Energy Center despite its potential for economic pro-

duction and recovery of saleable chemicals. The economic

potential of this process is intimately tied in with the use

of, and recovery of, chemicals which are unattractive for a

site in Puerto Rico remote from potential suppliers and users

respectively. Moreover, the removal of potential toxicity in

the form of carry over of barium compounds into the potable

water must be demonstrated. In this study it is proposed that

the desalting plant be owned by the Puerto Rico Aqueduct and

Sewer Authority, whose charter covers furnishing water but not
engaging in commercial chemical business.
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5.6.1.3 Acid Process

The acid process involves mixing a sufficient
amount of acid with the seawater to reduce its total alkalinity
to about 10 - 15 ppm and removing the dissolved carbon dioxide
formed by the chemical reaction (Ref. 5.6-1). To inhibit cor-
rosion, dissolved oxygen and other noncondensible gases are
subsequently removed also before subjecting the treated sea-

water to high temperature evaporation. To further retard

evaporator equipment corrosion, provision is made to adjust

the pH value of the treated seawater to above about 7.5 by the

addition of a few ppm of sodium hydroxide.

A simplified flow sheet of the acid process is

shown in Exhibit 5.6-2. For this project, the system is based
on using two independent acid feed and control systems, one

for each 10 mgd evaporator train. Although not shown on the
flow sheet, provision for sodium hydroxide addition to adjust
the seawater pH and an anti-foam feed system are included in

the acid process capital cost, Exhibit 5.6-3.

In addition to the estimated costs of equipment,

an equipment list giving the size of major equipment is indi-

cated in Exhibit 5.6-3 for use with a SEMS and MEMS, or VTE,

plant. The acid plants for each system can be distinguished

by their respective concentration ratios, 2.0 and 3.0. The

estimated cost of major equipment items were derived from

estimates obtained from equipment vendors. The rubber lined
vacuum deaerator costs are based on using the largest avail-

able shop fabricated units (12 ft. diameter x 26 ft. high)
with two sets of three (3) units connected for operation in

parallel for 28,000 gpm of treated seawater, and two sets of

two (2) parallel units for the smaller 21,000 gpm treating

plant. The latter plant reflects the lesser makeup require-

ment for the MEMS and VTE plants. Before final designs are
completed, a more detailed study should be made on potential

savings that might be realized from using single large field

fabricated deaerating units.

A summary of the capital, annual and water costs
for the acid process as developed in this study follows:
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ACID PROCESS CAPITAL COSTS

20 _mgd PIANT

QUANTITIES

Treated Seawater

gpm

gpd x 106

gpy x 106 @ 85% Capacity

cf = 2.0

28,000

40

12,400

cf = 3.0

21,000

30

9,300

EQUIPMENT INCLUDING EXPORT PACKING

Acid Storage Tanks

2 - 15,000 gal

Acid Metering Pumps (4)

Caustic Feed System
2 Tanks, 4 Metering Pumps

Anti-Foam System

2. Tanks, 2 Pumps

Decarbonator System
(2)21'x21'x18'Ht.W/3Ohp Fan
(2)18'x18'x18'Ht.W/25hp Fan

Vacuum Deaerators

12'Dia x 26'Ht., R.L.Steel
6 Units Shop Fabricated
4 Units Shop Fabricated

Deaerator Pumps

4 @ 7000 gpm, 75 hp
4 @ 5250 gpm, 50 hp

Process Piping

Electrical

Instrumentation

Total Equipment Costs

Foundations, Supports and
Equipment Erection

Total Direct Costs

Indirect Costs, Including Shipping
TOTAL CAPITAL COST

EXHIBIT 5.6-3

$20,000

6,000

5, 500

2,500

70,000

$20,000

5,000

5, 500

2,500

52,000

210, 000
140,000

37,000

15, 000

10,000

386,000

115,000

501.000
77,000

$ 7~~00

28,000

12,000

9,000

10,000

284, 000

97,000

381,000
59,000

$440,-000



Treated Seawater,

gpm 6 28,000 21,000

gpy x 10 12,400 12,400

Product Water,

gpy x 106 6,200 6,200

Capital Costs, $ 578,000 440,000

Annual Cost, $/year

Fixed Charges 46,000 35,000
Acid 258,000 195,000
Caustic 4,000 3,200
Operating Labor 20,000 20,000

Utilities 10,000 7,200
Maintenance Material 5,800 4,400

Total, $/year 343,800 264,800

Cost of Water, /gal

Treated Seawater 2.76 2.85
Product Water 5.52 4.27

5.6.1.4 Caustic Process

Caustic soda, NaOH, is often used for brine puri-

fication in electrolytic chlorine-caustic production plants
since dilute caustic wash waters are readily available at low

cost. The probable availability of this inexpensive source of
caustic for the Energy Center prompts its consideration for

pretreatment of evaporator makeup seawater.

Pretreatment of seawater with caustic would in-

volve equipment and reactions similar to those for a cold

water softening process commonly used for well water treat-

ment. For seawater treatment with caustic, the chemical re-

action would be as follows:

2NaOH + Ca(HCO3)2 + CaSO4 2CaCO3 + Na2SO + 2H20 (Eq.5.6-1)

5.6-7
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From the above reaction it will be noted that the
reduction in calcium is due to calcium carbonate precipitation
with the amount of reduction limited by the amount of raw sea-
water alkalinity and the solubility of CaCO3. For a raw sea-
water alkalinity of 116 ppm, which is equivalent to 188 ppm as
Ca(HCO 3 ) 2 , the maximum stoichiometric reduction of calcium is:

Amount of CaCO3 formation:

100
188 x 2 (162.l) = 232 ppm

Amount of theoretical Ca removed:

232 x -4= 93 ppm

Amount of theoretical NaOH required:

188
162.1x 80 = 93 ppm

162.1

For 400 ppm calcium.in normal seawater, removal of
93 ppm of calcium results in about a 23 percent reduction. In
this study a 25 ppm solubility for CaCO3 was assumed in the
treated water effluent corresponding to a calcium reduction
of about 20 percent. It is estimated that a 20 percent reduc-
tion in calcium would permit scale-free operation at a con-
centration factor of 2.3 at 2500F in a SEMS plant as compared
to a cf of 2.0 for the acid process. This results in a reduc-
tion of about 3300 gpm of seawater requiring caustic treatment
for the 20 mgd fresh water production plant.

A flow sheet of the suggested caustic process is
shown in Exhibit 5.6-4. Two independent treating systems, one
for each 10 mgd evaporator train is provided. The caustic
process as depicted in the flow sheet is basically a cold pro-
cess water softening process complete with a clarifier-preci-
pitator, chemical feed equipment for feeding caustic and co-
agulant, and controls for proportioning the.chemicals in re-

lation to the seawater flow. Provision is made for adding

acid (estimated to be 15 ppm) to the clarifier effluent to
stabilize the water by depressing the pH value to about 7.5
prior to vacuum deaeration and evaporation. The feed is

deaerated to remove dissolved oxygen.
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The assumed type and size of the caustic process

major equipment items, and estimated capital costs are listed

in the capital cost Exhibit 5.6-5 for plant capacities of
24,700 gpm and 21,000 gpm, respectively. The major equipment
prices for the caustic process have been derived from estimates
obtained from equipment vendors.

A summary of the capital, annual, and water costs
for the caustic process as developed in this study follows:

cf = 2.3

24, 700
11,000

6,200

783,000

ITEM

Treated Seawater,

gpm
gpy x 106

Product Water,

gpy x 106

Capital Costs, $

Annual Costs, $/year
Capital Charges
Caustic

Acid
Coagulant

Operating Labor
Utilities
Maintenance Material

Total - $/year

Cost of Water, C/kgal

Treated Seawater
Product Water

62,200
184,000
30,600
56,000
30, 000
10,000
7,800

379,600

3.46
6.12

cf = 3.0

21,000
9,300

6,200

680,000

54, 000
157,000
26,600
46,500
30,000
7,200
6,800

328, 100

3.52
5.30

In obtaining the water treatment costs for the
caustic and acid processes, the chemical costs used were $40.00
per ton for NaOH and $45.00 per ton for H2 SO4 . Comparative
water costs on this basis are summarized below.

Treatment

Process

Acid
Caustic

Acid

Caustic

Conc.

Factor
cf

2.0
2.3
3.0
3.0

Treated Seawater
Costs - c/kgal

2.76
3.46
2.85

3.52

Product Water

Costs
C/kgal

5.52
6.12
4.27
5.30
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CAUSTIC TREATMENT PROCESS CAPITAL COSTS
20 mgd PLANT

QUANTITIES

Treated Seawater
gpm
gpd x 106
gpy x 106 @ 85% Capacity

EQUIPMENT INCLUDING EXPORT PACKING

Clarifiers-Precipitators
Sludge, Contact Type

2 @ 140'Dia x 23'Ht.
2 @ 130'Dia x 23'Ht.
Including Chem. Feeders

Acid System (For Stabilization)
8000 gal Stor. Tks. (2)
Acid Metering Pumps (4)

Anti-Form System
2 Tks. 2 Metering Pumps

Vacuum Deaerators

12'Dia x 26'Ht.R.L. Steel
5 Units Shop Fabricated
4 Units Shop Fabricated

Deaerator Pumps

4 @ 6200.gpm, 75 H.P
4 @ 5250 gpm, 50 H.P.

Process Piping

Electrical

Instrumentation

Total Equipment Costs

Foundations, Supports and

Equipment Erection

Total Direct Costs

Indirect Costs, including Shipping

TOTAL CAPITAL COST

cf = 2.33

24, 500
35

11,000

$220, 000

10,000
3,000

2,500

cf = 3.0

21,000
30

9, 300

$200,000

10,000
3,000

2, 500

175,000
140,000

33,000

20,000

12,000

12,000

487, 500

195,000

682,500

100, 500

$783,000

28,000

18,000

10, 000

12,000

423,500

168,000

591, 500

88, 500

$680,000

EXHIBIT 5.6-5



The presence of a chlorine-caustic plant in the

Energy Center introduces the possibility of lower cost caustic

and also lower cost H2 SO4 that is used for drying the chlorine

gas. An analysis was made of the effect of changes in these

chemical costs on the pretreatment costs. In Exhibits 5.6-6
and 5.6-7 the approximate break even points for variable NaOH
and H2 SO4 costs are plotted. For a cf of 3.0 the results show
that when acid costs $45.00 per ton, for example, the break

even point for NaOH is $22.50 per ton for both the treated sea-
water and product water costs. At a cf of 2.0 for the acid
process and 2.3 for the caustic process, the corresponding
break even points are $22.50 per ton of NaOH for treated sea-
water costs and $32.00 per ton of NaOH for the product water
costs. The spread reflects the variation in the amount of
seawater being treated as a result of the difference in con-
centration factors. The latter cost is the significant one in
the study.

As mentioned above, it was assumed that the caus-
tic process would work satisfactorily in a cold process type
of water softener with the clarifier-precipitator designed
conservatively for a minimum of two hours retention time and
a minimum rise rate of 1.0 gpm per ft2 of clarifier cross sec-

tion. It was also estimated that about 100 ppm of NaOH would
be required for treatment on the assumption that the pH value

of the treated seawater for optimum calcium carbonate removal
would be sufficiently low to preclude appreciable precipita-
tion of magnesium hydroxide. Until these technical aspects

are verified, the process fully developed, and the economics
reexamined, the caustic process cannot be recommended for the

Energy Center. However, because of its potential, and parti-
cularly since caustic soda from the proposed chlorine-caustic
plant may be available at low cost, it is recommended that

further development work be undertaken on this process. An-

other possibility is that caustic directly from the chlorine

cells (i.e. before it goes to the evaporator) could be used

for seawater pretreatment and although wasteful of salt might

be still lower in cost.

5.6.1.5 LMC Process

The LMC or lime-magnesium carbonate process is
a recent method for seawater treatment still undergoing researc
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and development. This process is described in detail in the
W. R. Grace Report RS-67-57 (Ref. 5.6-2) prepared for the
Office of Saline Water. A flow sheet, Exhibit 5.6-8, shows
the process steps and unit operations involved in this process.
The basic equations include:

Reagent Preparation;

CaCO3 limestone & heat = CaO + CO2  (Eq. 5.6-2)

CaO + H20= Ca (OH) 2  (Eq. 5.6-3)

Mg(OH)2 + CO2 + 2H20 = MgCO3-3H20 (Eq. 5.6-4)

Calcium Removal;

Ca(HCO 3 ) + Ca(OH) 2 = 2CaCO3+ 2H20 (Eq. 5.6-5)

CaSO4 + MgCO3-3H20=CaCO3 + MgSO + 3H20 (Eq. 5.6-6)

A reduction of 70 to 80 percent of the original
calcium present in seawater is claimed for this process which
provides for the necessary carbonate ions for calcium carbonate
precipitation by addition of magnesium carbonate hydrate,
MgC03 -3H2 0 formed from reacting Hg(0H)2 with C02 as shown in
Equation 5.6-4 above. A 70 percent calcium reduction would
permit scale-free operation at a concentration factor 3.0 at

2500F in a SEMS plant. Alternately it would permit operation
at temperatures up to 3500F at lower concentration factor, a
feature that can be of economic interest where the energy

source is used exclusively for desalting but does not have an
economic advantage when extracted steam is used as in this case.

For comparison purposes, capital and operating

costs were estimated for 28,000 and 21,000 gpm treated water

plants corresponding to concentration factors of 2.0 and 3.0.

In W. R. Grace report, cost estimates were pre-
pared for treating seawater by the LMC process for conversion

plants ranging in size from 10 to 50 mgd. Capital costs shown

in Exhibit 5.6-9 were based on applying a scale up factor of

0.61 to the capital cost estimate for a 12,750 gpm (18.36 x

106 gpd) treated seawater LMC process plant (Case A in
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LMC PROCESS CAPITAL COSTS

20 mqd PLANT

QUANTITIES cf = 2

Treated Seawater
gpm 28,000
gpd x 106 40
gpy x 106 @ 85% Capacity 12,400

LMC TREATED SEAWATER PLANT COST
Per OSW REPORT RS-67-57:

$1,890,000 for 18.35 x 106gpd
of treated seawater

LMC PLANT COSTa

12,400 x 106 gpy $3, 060, 000
9,300 x 106 gpy

Additional Equipment
(Not included in Report)

Vacuum Deaerators

12' Dia x 26' Ht.,R.L.Steel

6 Units Installed 250,000
4 Unite Installed

TOTAL INSTALLED LMC PLANT COST $3,310,000

.0 cf = 3.0

21, 000
30

9,300

$2,580,000

170,000

$2,t750, 000

a. Cost of

Larger Plant
_ Cost of Larger Capacity Plant 0.61

Smaller Plant( Smaller Capacity Plant

EXHIBIT 5.6 -9
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Ref. 5.6-1). Estimated costs for a vacuum deaeration system

(which would be similar to the system considered for the acid

process) are added as a necessary requirement for oxygen re-

moval of the treated seawater.

A summary of the capital, annual, chemical and
water costs for the LMC process as developed in this study

follows:

ITEM cf = 2.0 cf = 3.0

Treated Seawater

gpm 24,700 21,000
gpy x 106 12,400 9,300

Product Water

gpy x 106 6,200 6,200

Capital Cost - $ 3,310,000 2,750,000

Annual Costs - $/year

Capital Charges 264,000 219,000
Limestone 169,000 127,000
Fuel Oil 112,000 83,000
Operating Labor 76,000 76,000

Utilities 30,000 22,500
Maintenance Material 33,000 28,000

Total - $/year 684,000 555,500

Cents per 1,000 gal

Treated Seawater 5.50 5.98
Product Water 10.10 8.96

In obtaining the above water treatment costs for
the LMC process, the limestone and fuel oil costs of $3.50 and

$18.00 per ton, respectively are those used in Report RS-67-57.

A feature of this process wherein precipitated CaCO3 sludge is
dewatered by a drum filter and conveyed to the calciner to
effect a savings in makeup limestone has not been included in

this study. Even though incorporated in a fully developed LMC

process plant, the potential savings of this feature (estimated

to be less than one cent per 1,000 gallons of treated water)
would not overcome the economic advantage of the acid or caus-

tic process.
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A lime-magnesium carbonate process plant has been
installed in California for feeding the 1 to 2 mgd Clair Engle

Plant evaporator. Tests made in June 1968 (Ref. 5.6-3) on the
various unit operations involved were apparently satisfactory

with the exception of the Mg(OH)2 carbonator which "was not

achieving desired efficiency of utilization for either C02 or
Mg(OH)2, resulting in a deficiency of MgCO3.3H2 0 for calcium
precipitation". The results of further development work in
this area are unknown. Until all the technical aspects are
verified, the process fully developed, and economics reexamined
the LMC process cannot be recommended for the Energy Center.

5.6.1.6 Ion Exchange Process

The ion exchange process for seawater pretreat-
ment as proposed by Chemical Separations Corporation is a
recent application for softening seawater to effect high cal-
cium removal. The equipment comprises continuous counter-
current ion exchange modules which are separated by valves
into sections performing different functions simultaneously

as indicated in Exhibit 5.6-10. The resin is moved in small
increments by hydraulic ram action in the pulse cycle while

calcium and some of the magnesium is removed in the process

cycle. The economic potential of this process is based on the

use of concentrated brine from the evaporator as the sole

regenerant. To effect efficient calcium removal (65 to 70

percent) by this process the brine should be at a minimum

concentration factor of 3.0 corresponding to 10.5% dissolved
solids.

According to estimates by Chemical Separation

Corporation, 15 continuous ion exchange modules (one a spare)
would be necessary for the project requirements of 21,000 gpm

of treated seawater. Their estimated installed cost for a

fully automatic installation was $2,200,000. This apital

cost is in addition to the cost of the acid treatment process

since the ion exchange process does not remove alkalinity. It

is essential that the alkalinity be removed by acid treatment

or otherwise the alkalinity upon heating in the evaporator
will form CO3 and OH ions which will react with the residual

Ca and Mg ions to form CaCO3 and Mg(OH)2 scale. The partial

removal of the Ca and Mg by ion exchange will reduce the rate

of deposition of this scale but will not prevent it completely.
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The total estimated capital cost of $2,630,000 for this pro-
cess shown in Exhibit 5.6-11 includes the cost of the acid
process.

A summary of the capital, annual, chemical, and
water costs for the ion exchange process as developed in this
study follows:

ITEM
Treated Seawater

gpm 6
gpy x 106

Product Water

gpy x 106
Capital Cost - $
Annual Costs - $/year

Capital Charges
Acid
Resin Replacement
Operating Labor
Utilities
Maintenance Material

Total - $/year

cf = 3.0

21,000
9,300

6,200
$2,630,000

$ 209,000
195, 000
75,000
50,000
22,500
26,000

$ 557,500

Cents per 1,000 gal
Treated Seawater
Product Water

6.20
9.30

The apparent high cost of 6.2 and 9.3 cents per
1,000 gal for treated seawater and product water, respect-
ively, does not justify its use for the Energy Center.
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ION EXCHANGE PROCESS CAPITAL COSTS

20 mgd PLANT

QUANTITIES

Treated Seawater

gpm

gpd x 106

gpy x 106 @ 85% Capacity

ION EXCHANGE EQUIPMENT

15 (one spare) continuous Ion Exchange
Units, each rated at 1500 gpm and de-
signed for regeneration with brine at
3.0 concentration factor. The system
complete with resin, controls and fully
automatic instrumentation.

Installed Cost

ACID TREATING SYSTEM

Acid Storage Tanks

Acid Metering Pumps

Anti-Foam System

Decarbonator System

Vacuum Deaerators

Deaerator Pumps

Process Piping

Electrical

Instrumentation

Installed Cost

TOTAL INSTALLED COST

cf = 3.0

21,000

30

9,300

$2,200,000

430,000

$2,630,000

EXHIBIT 5.6-11



Barium Desulfating Process

The barium desulfating process is described in
detail by Messrs. George, Riley, and Crocker of the Bureau of

Mines (Ref. 5.6-4) for application on brine from the Great
Salt Lake. Catalytic Construction Company evaluated this pro-

cess for OSW (Ref. 5.6-5) for the pretreatment of seawater.

The barium desulfating process produces chemicals
in addition to treating seawater for the removal of sulfate
ion. As a pretreatment process, the use of desulfated water

for evaporator makeup would permit calcium sulfate scale-free
operation above 3000F and possibly up to 3500 F, at concentra-
tion factors of about 2.0.

A flow diagram of the desulfating process includ-
ing modifications made by Catalytic is shown in Exhibit 5.6-12.
The basic steps are as follows:

A. Contacting brine with the barium-form of a
cation exchange resin. This removes the sul-
fate ion (and some of the carbonate ion) as
the barium salt, converting the resin to the
sodium form.

B. Separating the desulfated brine from the resin
and precipitated salts. The separated brine

is the feedwater to the desalting plant.

C. Converting the barium carbonate to barium sul-
fate by treatment with salt cake (sodium sul-

fate).

D. Converting the barium precipitate by roasting

in a reducing atmosphere to convert the barium

to a soluble form. For this purpose, the bar-

ium precipitate is made to react with carbon

from pulverized coal.

E. Leaching the calcine to dissolve the soluble

barium salts, forming barium hydrosulfide and

barium hydroxide.

F. Regenerating the sodium form of the resin with
the soluble barium salts.

5.6-15
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G. Recovering by-products from the solutions

leaving the regeneration step to produce sale-
able 94% H2 S04 , 50% NaOH, and soda ash.

5.6.1.7.1 Process Development

The OSW has just recently placed a small desul-
fating plant in operation in Wrightsville Beach having a ca-
pacity of 75,000 gpd. Before a commercial size unit can be
constructed, certain operations must be further developed and

technical feasibility determined. These are as follows:

A. Barium Hydroxide Recovery: The efficient sep-

aration of barium hydroxide from the leaching
liquor is desirable for economic reasons.
Being a new concept, its validity has to be
proven and the most efficient operating condi-
tion must be defined. This phase of the pro-
cess must be efficient if the potential of the
brine desulfating process is to be realized.

B. Barium Ion Control: A satisfactory method

must be developed for monitoring the barium
ion concentration in treated seawater and for

controlling the ratio of seawater to resin to

insure that only a slight excess of barium ion

is maintained in solution.

C. Calcining: Although this operation has been
carried on for many years by industry for

roasting barytes, process conditions must be

confirmed because the precipitated barium
sulfate has a very small particle size.

D. Carbonate Removal: Barium carbonate precipi-

tates readily in water. Additional work must
be done, however, to determine the conditions

for complete removal of this scaling component

from seawater.

E. Resin Regeneration: Application of the moving
bed technique to large size towers must be
confirmed.
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Of the foregoing operations, control and monitor-

ing of barium and recovery of Ba(OH)2 is most crucial, not

only because of the high unit cost of barytes, but also to

avoid the discharge of barium containing wastes. The presence

of barium introduces a potential poisonous chemical into the

evaporator. The evaporation process should effectively elimi-

nate barium from the product water. This entails stringent
operating procedures and continuous monitoring, not only of

all process streams, but of the operators' health as well.

Additionally, in developing conditions for the

precipitation of barium carbonate it is likely that calcium

carbonate will also precipitate which would require modifica-
tion of calcining step.

5.6.1.7.2 Economic Projection

In OSW Report No. 289 (Ref. 5.6-5) an economic
evaluation was made for a 105 mgd seawater barium desulfating
plant for a 50 mgd desalting plant operating at a concentration

factor of 1.9. The economic evaluation of the 105 mgd desul-
fating plant was based on a site in Southern California with
stateside prices used for raw materials and by-product chemi-
cals. An economic projection based on factoring and scaling

down the desulfated seawater for a 20 mgd desalting plant oper-

ating at a concentration factor of 3.0 is shown in Exhibit
5.6-13. The values in the exhibit are based on stateside
raw material and chemical costs and show a return of 9.9% on

the capital investment with no allowance for taxes when using

a fixed charge rate of 7.835%. This approach to estimating

costs for desulfating differs from that used for the other
pretreatment processes previously discussed because the eco-

nomics of the process is intimately tied to the production of

by-product chemicals with credit taken for the pretreated wa-

ter production at equivalent cost of acid treatment.

For this study, it is proposed that the desalting

plant be owned by a governmental agency instituted to provide

water and sewer service and not to go into chemical production

in competition with private enterprise. As such, this process

is not felt to be applicable in this instance. It is conceiv-

able that a chemical company would pretreat the seawater and

then sell it to the governmental agency for desalting. However,

in this instance the fixed charge rate of 7.835% used in the
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ECONOMIC PROJECTION FOR A
30 mQd DESULFATING PLANT

(For a 20 mdg Desalting Plant)

Capital Investment

Manufacturing Cost

Chemical
Coal
Barytes
Salt Cake
Other

Utilities
Labor
Fixed Charges
@7.835%

Products Revenue

Desulfated Water

Caustic Soda-50%

Soda Ash

Sulfuric Acid-94%

Less Sales Cost @ 10%

Profit (Before Taxes)

Net Return (Before Tax

$24,000,000

28,000 t/yr @ $10/t
3,900 t/yr @ $30/t
6,200 t/yr @ $22.50/t

$ 280,000
117,000
119, 000
20,000

382, 000
702,000

1,880,000
$3,520,000

30 mgd @ $0.0285/kgal

82,000 t/yr @ $27.50/t

63,000 t/yr @ $31.00/t

107,000 t/yr @ $27.00/t

& Discounts @ 10%

$ 265,000

2,260, 000

1,950,000

2,880,000

$7,355,000
5,884,000

$2, 364,000

9.9%

EXHIBIT 5.6-13



economic analysis would no longer apply and a value in the

range of 15% would have to be used which would modify the
economics. In addition, taxes might then have to be applied
against profits.

5.6.1.8 Economic Comparison

A summary of the chemical and utility requirements
and economic comparisons of, the various seawater pretreatment

processes considered is listed in Exhibits 5.6-14 and 5.6-15.
In progressive order of economy, the processes are acid, caus-
tic, LMC, and ion exchange. The barium desulfating process
has not been included in these tabulations since this process
is in reality a major chemical process, the economy of which
is intimately tied in with raw material costs and by-product
sales.

It should be borne.in mind that the comparison of
pretreatment costs as given herein is based on the assumption
of a desalting plant that will use extracted steam from a tur-
bine-generator plant. As such there is little or no economic
incentive in going to higher temperatures in the desalting
plant. As such the full potential for higher temperature
operations offered by the LMC and ion exchange processes,
and to a more limited extent by the caustic process, is not
utilized to effect savings in the desalting plant as it might
in a plant where the energy is used exclusively for desalting.

5.6.2 Multistage Flash Distillation

5.6.2.1 SEMS Process Description

The multistage flash or MSF distillation process
is used in over 90 percent of the total installed desalting

plant capacity. The single effect, multistage flash distil-
lation plant (SEMS or MSF) and the multi-effect multistage
flash distillation plant (MEMS) are the basic cycle arrange-
ments.

A typical SEMS process flow diagram is shown in
Exhibit 5.6-16. At one end the brine heater provides a source

of heat. At the other end, a heat rejection section dis-
charges the heat to the circulating seawater. Between these

is a heat recovery section in which there is an exchange of

heat between the heated brine and the seawater.
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CHEMICAL AND UTILITY REQUIREMENTS

FOR SEAWATERPRETREATMENT PROCESSES

ACID PROCESS

cf=2.0 cf=3.0
SEAWATER FLOW

gpm 6
lb/hr x 10

lb/day x 106
gpd x 106
gpy x 106

PRODUCT WATER
gpd x 106

gpy x 106

CHEMICALS
Acid
ppm
t/day
t/year

CAUSTIC

ppm
t/day
t/year

COAGULANT

ppm
t/day
t/year

28, 000
14

336
40

12, 400

20
6,200

110
18.5

5,730

2
0.34

100

21,000
10.5
252
30

9, 300

20
6,200

110
14

4,300

2
0.25
80

CAUSTIC PROCESS

cf=2.3 cf=3.0

24, 500
12.3
295

35
11, 000

20
6,200

15
2.2

680

100
14.8

4,600

20
3

930

21,000
10.5
252
30

9, 300

20
6,200

LMC PROCESS

cf=2.0 cf=3.0

28,000
14

336
40

12, 400

20
6,200

21,000
10.5

252
30

9,300

20
6,200

15
1.9

590

ION E. 'HANGE
PROCESS

cf=3.0

21,000
10.5

252
30

9,300

20
6,200

110
14

4,330

100
12.6

3,920

20
2.5

775

LIMESTONE
t/day
t/year

FUEL OIL
t/day
t/year

ELECTRI CITY
kwhr/day
kwhr/year

155
48,200

20
6,200

6,500 4,600

2.0x106 1.4x106

116
36, 200

14.8
4, 600

6,500 4,600 19, 200 14, 500
2.0x10 6 1.4x10 6 6.0x10 6 4.5x10 6

tRI

H
W-

H'

14, 500
4.5x106
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ITEM

CAPITAL COSTS

ANNUAL COSTS
Capital Charges

7.835%
Chemical Costs
Acid

Limestone
Caustic
Coagulant

Operating Labor

Utilities

Fuel Oil

Maint. Material

Resin Replacement

TOTAL

TR. SEAWATER 106 gpy
PRODUCT WATER 106 gpy
CENTS PER 1000 gal
Treated Seawater
Product Water

ECONOMIC COMPARISON OF
S EAWAT ER PRETREATMENT PROCESS ES

CAUSTIC PROCESS

cf=2.3 cf=3.0

$783,000 $680,000

62,200 54,000

30,600 26,600

184,000
56,000

30,000

10,000

7,800

379,600

11,000
6,200

3.46
6.12

157,000
46, 500

30,000

7,200

6,800

328, 100

9,300
6,200

3.52
5.30

IMC PROCESSACID PROCESS

cf=2.0 cf=3.0

578,000 $440,000

46,000 35,000

258,000 195,000

cf=3.0

$2,750,000

219,000

ION
EXCHANGE

PROCESS

cf=3.0

$2,630,000

209,000

195, 000
127,000

cf=2.0

$3, 310,000

264, 000

169,000

76,000

30,000

112,000

33,000

684,000

12, 400
6,200

5.50
10.10

50,000

22, 500

26,000

75,000

577,500

9, 300
6,200

6.20
9.30

76,000

22,500

83,000

28,000

555, 500

9,300
6,200

5.98
8.96

4,000

20,000

10,000

5,800

343,800

12, 400
6,200

2.76

5.52

3,200

20,000

7,200

4,400

264,800

9,300
6,200

2.85
4.27
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Cold seawater enters the tubes of the condensers

in the heat-rejection section. In condensing the vapor from

the flashing recycled brine, the seawater temperature is

raised incrementally in each stage. It is discharged at a

temperature approaching that of the flashing brine which leaves

the last stage of the heat rejection section.

The seawater effluent from the heat rejection sec-

tion is split into two streams. The first provides the makeup

stream required to balance the concentrated brine which is

ultimately wasted and the product water which is removed. The

second is discharged to the sea to reject the degraded process

heat.

The makeup stream is acidified with sulfuric acid

to neutralize the alkalinity. The acid addition converts the

calcium bicarbonate to calcium sulfate and CO2 . The CO2 and

the oxygen in the makeup stream are then removed in the degas-

sing tank and the deaerator, respectively, before it is com-

bined with the recycle brine stream. Prior to this stream

mixing, the blowdown stream of concentrated brine is removed

from the cycle, and discharged to the sea.

The recycle brine stream is pumped forward within

the tubes through the condensing section of the heat recovery

section. Proceeding from stage to stage, the recycle brine

condenses the vapor of the flashing brine outside the tubes

and absorbs its latent heat of vaporization. The heated re-

cycle brine is fed to the brine heater where the temperature
is raised further to provide the thermal gradient for flashing.

The effluent stream from the brine heater then becomes the

flashing brine stream and proceeds sequentially in counter-

current flow through each stage of the heat recovery section

and the heat rejection section, thereby completing the cycle.

The operating temperature limits of the cycle are
within a range established by the seawater temperature, which

is the heat sink, on the one hand, and the solubility limit of
calcium sulfate in the heated recycle brine, on the other.

For the Energy Center the seawater temperature used for design

is 850F. With acid treatment, a maximum brine temperature of

250 0 F precludes the precipitation of calcium sulfate scale on

the heating surfaces. This is shown by overlaying the tempera-

ture-concentration profile of the SEMS plant on the CaSO 4

inverse solubility curve in Exhibit 5.6-17.

5.6-19



S E kG- CaS04 PQ0CES5 CURVE

2.5

2.0

1 aI.

1.0 I --

LIMI1T

OS-$

[BLOW DOWN

0

RECY'CLE gk c F

n 4

IJO SCALE

7,00

I-

v70

7-oo

1 11 1 4

100 150 200

TE M PE PATUL2&

250

(*F '3

300

EXHIBIT 5.6-17

0
F.-
4

:2

0

LU

TL - X-F

I 
4 Ar

Jr

R

GYPSVA

IL

I I "Or



5.6.2.2 MEMS Process Description

A typical MEMS process flow diagram is shown in

Exhibit 5.6-18. The essential difference in the MEMS process

is that there are a number of recycle brine streams. Each

effect of a MEMS plant operates over a discreet temperature

range and has a separate recycle brine stream. Thus, the MEMS

cycle can be visualized as a series of SEMS cycles in which

the heat rejection section of the higher temperature effect

acts as the heater for the lower temperature effect. The

advantage of this cycle lies in the separation of the recycle

brine streams. In this manner, the recycle brine streams of

the lower temperature effects can be maintained at progres-

sively higher salinities without scaling by taking advantage

of the inverse solubility of calcium sulfate. The blowdown
concentration ratio can, therefore, approach 3, whereas in a

simple SEMS cycle it would be limited to about 2 times that

of seawater. This is illustrated in Exhibit 5.6-19. As a

correlary, the MEMS cycle reduces the amount of seawater to

be treated for the same water production.

5.6.2.3 Evaporator Design and Plant Arrangements

The design of the SEMS and MEMS plants were based
on the ground rules summarized in Exhibit 5.6-20, along with
the comparable data used for the VTE type plants which are

described later. The design data for the SEMS and MEMS plants

are summarized in Exhibits 5.6-21 and 5.6-22.

Each of the SEMS and MEMS evaporator trains are

arranged in two symmetrical sections separated by a common

wall, as shown in Exhibit 5.6-23. Each section comprises its

own individual tube bundles, product trays and flashing brine

space. The evaporator trains and all of their components,

are sized for a capacity of 10 mgd of product water utilizing

current state-of-the-art design concepts. As an example, the

tubes which are 225 feet long are made up of smaller lengths
which are butt welded both at the fabricators' shops and in

the field. The long tubes are similarly used in the MSF por-
tion of the VTE-MSF evaporators, which will be discussed la-
ter in this section.

With the long tube bundle concept, the optimum

plant design is characterized by plants of higher performance

ratio. This occurs because the cost of each of the more num-

5.6-20
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DESALTING PLANT

DESIGN GROUND RULES

DESIGN VARIABLE S EMS

Maximum Brine Temp.,
F

Plant Size, mgd

Number of Trains,
each plant

Seawater Feed Tem-
perature, F

Seawater Feed
Salinity, %

Concentration Ratio

Steam Pressure, psig

Number of Effects

In Tube Velocity, fps

Condenser Material

Performance Ratio

Product Water, of

Product Water-Total
Dissolved Solids
(TDS) ppm

Steam Makeup Stream
(2.5 mgd), TSD, ppm

250

10;20

2

85

250

20

2

85

3.45

2.0

25

1

5

Cu-N i:90-10

9-13

100

50

2

260

10;20

2

85

3.45

3.0

25

2

5

Cu-Ni:90-10

9-13

100

50

2

3.45

3.0

a

14 approx.

5

Cu-Ni :90-10

9-13

100

50

2

aThe W. L. Badger design used 25 psig whereas the ORNL and

Aerojet-General designs used about 35 psig.

EXHIBIT 5.6-20
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ECONOMIC SELECTION OF FLASH EVAPORATION

WATER DESALTING PLANTS - SEMS

SEEMS 10MG0 21kA6 NS

PROElCllON= 3461600. LHS/HR. RFCYCLE RATIO= 7.52 LbS/I 8 PRODUCE

,AKF1-P= 6939161. LHS/HR. lLIIWDOWN= 3477560. LBS/HR.

CONCENTRATI(N RAl10= 1. 73,a TOTAL d11I1t1R (1F SIAGES IS 34

TIMPFRATIIRE (IF FLASHING HRINF FROfM FRI(4F HEATED( IS 250.00 DEG F.

SFA WATFR TFMPFRATI1RF IS 85.00 DEG F. APPROXIMATF TTD= 6.50 DEG F

SIA6E FLASHING
N1n. HFk IN,ML-/HR

1

3
4

6

7
P

1 r,

II
1'

12 .

16
16
1

1 /
20I l

?n
2)

J?
24
216

27
?7

29

30
31

32
33
34

?5899.

25773.

256CR.

?5526.
25404.
25285.
?5167.
?5051.

?49 37.
24R?4.
24714.
24605.
24497.

24391.
24288.

24185.
?4085.

? 3)86.
23889.
2 3794.

?3f99.

2 3611.
23516.

23427.
2i339.
23254.

23170.
23088.
2 i007.
22929.

22852.

22/55.
22660.
22565.

11 SI ILL ATF
PROD,ML ,/HR

128.
254.
379.
50?.
623.

742.
860.
976.
1(90.
1203.

1314.
142 3.
1 "30.

1636.
1 740.
184?.
1942.

2041.
2138.
2233.

2328.
24?0.

2511..
2600.
2688.
2773.
2857.
2940.
3u20.
30'48.

3175.

327?.
3367.

3462.

RFCYCL F
6R INF,ML k/HR

2(017.
26027.
260?7.
?60?7.
26027.

26027.
26027.
26027.
26027.
26027.
26027.
2 6027.
26027.
26077.

?6027.
26027.
76027.
26077.
26027.
26027.
10?7.

26027.
26021.

26077.
2? 1()27.
2 602 7.
? 6027.
26027.
2602 /.

26027.
26027.

HEAT
RAW SFA WATFR

25338.
25338.
25338.

CONC FNTRAT I ON
JT. PFRCFNT

6.1849
".11'7

6.1444
6.1740
6.7035
6.23?8
6.2619
i. .29(39
6.3191
6.3484
6.3769
6.4091
6.4332
6.4611

6.4887

6.5161
6.5433

6.702
6.5969
6.6234
6.6497
6.6758

6.7016

6.7271

6.7523
6.7772
6.8018
6.8260
6.8498
6.8733

6.8964
REJECTION SECTION

6.9256
6.9548
6.9839

PROPDUC TI (IN
M LR/HR

128.

1)6.
125.
123.

119.
118.
116.

114.
113.
111.

109.
1 (7.
106.

1(4.
102.
1 (0.
99.
97.
95.
94.

9 3.
91.
89.
8/.
86.

84.
82.
80.
79.

77.

96.
95.
95.

PRESSURE VAPOR FLOW KRINE-OIST
PSIA CU FT/SEC TEMP DIFF DEG F

26.11749

/3.9652

21.9185
?0.025?

18.2763
16.66311
15.1766
13.8088

17.5521
11.3984

1C. 3414
9.3736
8. i4i88
7.680)
6.9447
6.2731
9.6626
5.1077
4.604?

4.1462
3. 7398
3. 3634
3.0230
2.7158
2.4386
2.1889
1.9641
1.7619
1.5803
1.4173

1.2710

1.1104
0.9632
0.8327

568.57
611.61

658.47
709.49
765.05
8?5.49
891.47
963.47

1(C41.49
1127./ 0
1221.27
1323.38
1434.90
1556.59
1689.42
1834.4?
19"?.5 o

2165.42
2353.3?
2567.23

279h.73
31)5(1.34
33?3.63

3620.27
3943.38
4294.6')

4676.20
5089.66
5536.56
6019.09

6538.80

9321.25
10631.36
12159.14

2.4784

2.4800

2.4823
2.4859
2.4901
.445?

2.5016

?.5096
2.518?

7.5287
2.54115

2.553 9
?. 5643
2.5869

2.6064

2.628F.
2.64

2.082
7

2.7144
2.7528

2.7031
2.7348

2.7699
2.8(192
2.8534

2.9034
2.9 94
3.0224
3.0934

3.1729

3.1036
3.2043
3.3315

a AT INLET OF FLASH EVAPORATOR THE CONCENTRATION FACTOR IS 1.73 BUT AT THE BLOWDOWN POINT IT IS 2.0.



STAGE TEMP FLASHING
NO. BRINE, DEG F

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

245.10
240.22
235.35
230.51
225.69
220.90
216.13
211.39
206.68
201.99
197.34
192.73
188.15
183.60
179.10
174.63
170.21
165.83
161.50

157.20
152.92
148.69
144.51
140.38
136.31
132.28
128.32
124.41
120.57
116.79
113.07

108.37
103.69
99.02

TEMP DIST
PROD, DEG F

242.62
237.74
23?.87
228.02
223.20
218.40
213.63
208.88
204.16
199.46
194.80
190.17
185.58
181.02
176.49
172.00
167.55
163.15
158.78
154.44
150.24
145.99
141.78
137.61
133.50
129.4?
125.42
1 1 .45
117.54
11 3. 69
109.90

105.27
100.49
95.69

TEMP RECYCLE
BRINE, DEG F

236.12
231.21
226.32
221.44
216.59
211.76
206.96
202.18
197.43
192.71
188.03
183.37
178.75
174.16
169.61
165.10
160.62
156.20
151.81
147.47
143.16
138.89

134.66
130.47
12'6.34
122.26
118.23
114.26
110.34
106.49
102.70

98.97
94.29
89.59

TERMINAL TEMP LOG MEAN TEMP HEAl TRANSFER OVERALL U
DIFFERENCE, F DIFFERENCE, F MBTIJ/STAGE BTU/FT2/F/HR

6.5000
6.5272
6.5546
6.5819
6.6099
6.6386
6.6667
6.6944
6.7225
6.7502
6.7776
6.8048
6.8315
6.8574
6.8829
6.9070
6.9300
6.9508
6.9708
6.9733
7.0771
7.0980
7.1189

7.1397
7.1582
7.1741
7.1868

7.1962
7.?018
7.2025
7.1980

HEAT REJECTION
6.2936
6.2033
6.0931

8.7267
8.7468
8.7665
8.7855
8.8044
8.8233
8.8411
8.8577
8.8742
8.8896
8.9040
8.9175
8.9297
8.9405
8.9500
8.9575
8.9629
8.9657
8.9664
8.9543
9.0470
9.0496
9.0505
9.0499
9.0462
9.0390
9.0276
9.0118
8.9911
8.9645
8.9316

SECTION
8.4218
8.3300
8.2164

121676.
121086.
120468.
119820.
119138.
118409.
117663.
116888.
116080.
115241.
114373.
113469.
112532.
111559.
110550.
109507.
108424.
107321.
106153.
105288.
104505.
10 3411.
102232.
100978.
99685.
98349.
96968.
95537.
94051.
92514.
90924.

114454.
114509.
114496.

697.13
692.10
686.95
681.68
676.09
670.58
664.97

659.26
653.45
647.55
641.56
635.50
629.36
623.15
616.88
610.55
604.17
597.75
541.29

584.86
577.74
571.10
564.42
557.72
551.00
544.28
537.57
530.86
524.17
517.51
511.02
TOTAL AREA=

464.78
457.78
450.69
TOTAL AREA=

GRAND TOTAL AREA=

AREA
SO FT/STAGE

20000.
20002.
20004.
20007.
20014.
20013.
20014.
20017.
20018.
20020.
2002?.
200??.
20024.
20024.
20023.
20023.
20022.
20025.
20022.
20104.
19994.
20009.
20013.
20006.
19999.
19990.
19981.
19970.
19956.
19942.
19921.

620203.

29240.
30029.
30919.
90187.

710390.



DESIGN DATA
a

REAT RECOVERY SECTION

NUMBER OF TUBES PER STAGE IS 9135.
VELOCITY OF RFCYCLE BRINF IN TUBES IS 5.00 FT/SEC
PRESSURE DROP THROUGH THIS SECIIr N IS 22.55 PSI
LENGTH OF TURFS IS 11.15 FEET
OUTSIDE DIAMETER OF TUBES IS 0.7500 INCHES
WALL THICKNESS OF TURFS IS 0.0350 INCHES
TOTAL WEIGHT Of TIURFS IN EACH STAGF IS 31041. POUNDS
NUMBER Of MOOIpLi. IS ?

HEAT REJFCTION SECTION

NUMBER OF TUFS PER STAGE IS 8735.
VELOCITY OF RAW SEA hATFR IN TUSES IS 5.000 FT/SEC
PRESSURE DROP THROUGH THIS SECTION IS 3.89 PSI
LENGTH OF TUBES IS 17.53 FFEF
OUTSIDE DIAMFIER OF TUFS IS 0.7500 INCHES
WALL THICKNESS OF TUFS IS 0.0350 INCHES
TOTAL WEIGHT OF TIHFS IN EACH STAGE IS 46643. POUNDS
NUMRFR OF NODIL ES IS 1

BRINF HEAlER

TOTAL NUMBER OF TIUBFS IN HEATER IS 8837.
VELOCITY OF RECYCLE BRINF IN TUBES IS 5.000 FT/SEC
PRESSURE DROP THROUGH THIS SFClIOn~ IS 0.75 PSI
LENGTH OF TURFS IS 13.51 FEET
OUTSIDE DIANETF:{ OF TUFS IS 0.7500 INCHI.S
WALL THICKNESS OF TURFS IS 0.0350 INCHES
TOTAL WEIGHT (IF TUIHFS IN RRINF HEATER IS 36376. POUNDS
SfFAM PRt-SSIRF= 39.7 PSIA, STEAM TEMPERATURE= 266.8 DFG F.
TFMPFRATIIRF RISE (OF BRINE THROUGH HEATER= 13.880 DEG F. LOG MEAN TEMPERAlURE DIFFERENCE= 23.037
OVFRALL HEAT TRANSFER COEFFICIENT = 638.60 RTU/FT2/F/HR
HFAI RFOUIREMFNT OF HFATER IS 344.917 MMBTU/HP, AREA REQUIREMENT OF HEATER IS 23445. So.FT.

S1FAM kFOUIRFENT= 369?5?. LR/HR
SIFAM I-CfINOMY RAl(I 1'> 10.04 LPS PRODUCI/MBIU

PUMP IN, REO(TIKEREK IS

SEA WATER PUMP RECYCLE BRINE PUMP

-FAT "FJECTION IIRF PRFSSIIRF DROP= 3.89 PSI HEAT RECOVERY TUBE PRESSURE DRUP= 22.55 PSI
HFAOFR, PIPING, FNTPA-CF ANn PXIT L'lS= 5.00 PSI BRINE HFATER TJBF PRESSURE DROP= 0.75 PSI
STATIC HEAD= 17f.66 PSI HFADER, ENTRANCE AND EXIT LOSS= 7.00 PSI

STAGE PRESSIIRE DIFFERENTIAL= 25.34 PSI
11TAI SEA WAlF PUMP HEAD= ?6.55 PSI SAFETY ALLwANCF= 1?.03 PSI

TOTAL RECYCLE BRINE PUMP HEAD= 67.67 PSI



VAPOR SPACE LOSSES PFR STAGE

OFMIST-R TIRE RINOLF BOILING POINT
STAGF NUMBER 1F PRFSSIRF PRESSURE ELEVATION
NUMBER OFEMISIERS DROP PSI DROP PSI 1)F.G 1

1

3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
1N
19
20
21
22
21
24
25
2E
27
2R
29
30
31

32
33
34

36
36
36
36
36
36
36
l6
36
36
36
36
36
36
36
36
36
36
36
36
84
A4
14
84
84
84
84
A4
84
A4
84

160
160
160

0.0044
0.0047
0.0050
0.0053
0.0056
0.0059
0.0063
0.0067
0.0071
).0(1176

0.0080
0.0086
0.0091
0.0097
(1.0104

0.0110
0.0118
0.0125
0.01 34
0.0143
0.0040
0.00413
0.0046
0.0049
0.0052
0.0056
0.0159
0.0063
0.0067
0(.0171
0.0076

0.0044
0.0049
0.0055

FACF AREA OF OFMI STFR IS 2.000 So FT
THICKNESS Oi OEMISTER IS 0.333 FT
SPECIFIC SURFACE ARFA OF nFMISTER IS 46.o SQ FT/CO FT
VOID FRACTION OF OFMISTFR IS 0.990
MAXIMUM NIfM4FR OF DnMISTFRS PER STAGE IS 160

0.0012
0.0013
(1.0013
0.0014
0.0015
0.0016
n.0017
0.001-
0.0019
0(.000
0.0021
0.0023
0.002 4
0.00?A
(1.0027
0.0029
0.0031
0.0033
0.0035
0.003 t
0.0040
0F.004
0.(1040,
0.0049
0.005?
0.0055
0(.00059
0.0062
0.0066
0 .0070
0.0074
HEAl REJECTION

0.0058
o.0)65
0.007 3

1.9708
1.9541
1.9371
1.9201
1.9028
1.8855
1.8680
1.8503
1.8325
1.8146
1.7966
1.7785
1.7603
1.7420
1.7236
1.7052
1.6867
1.6682
1.6496
1.6309
1.6122
1.5934
1.5746
1.5559
1.53/3
1.5184
1. 499(
1.4913
1.4628
1. 4445
1.42F2

SEC T ION
1.4029
1.3194
1. 3556

NON-FOIII L IHR IUM
ALLOWANCE

DEG F

0.5000
0.5169
0..5344
0.5525
0.5712
0.5906
0.6105
0.6312
0.6526
0.6747
0.6975
0.7211
0.7455
0.7708
0.7969
0.8238
0.8517
0.8806
0.9104
0.9412
0.9730
1.0060
1.0400
1.0752
1.1.116
1.1493
1. 1882
1.2284
1.2700
1. :130
1.3574

1.4034
1.4509
1. 5000

111TAL
BRINE-DISf.
TEMP UIFF
DEG F

2.4784
2.48v0
2.4h7i

2.4859
2.4901
2.44 2
?.5016
2.5096
?.5182
2.5287
2.5405

2.5539
2.5693

.6064
?.6288
2.6542
2.6827

2.1149
2. 1528
2.6754
2.-1031
2.7348
2.769E
2.8092
2.8534
2.9034
2.9594
3.0224
3.0934
3.1719

3.1036
3.2043
3.3315



DESIGN DATA - 20 mgd MEMS PLANT

2 - 10 mgd TRAINS

2 EFFECTS; 40 STAGES

PERFORMANCE RATIO = 9.00

U

(Btu/Ft2 oF) (106 Btu)

Heat Recovery

Heat Recovery

Heat Recovery

Heat Reject

6.75 11,380

10.0 18,114

10.05 18,205

18.95 33,140

11.5

8.81

9.10

8.36

655

601

551

458

85.75

95.95

91.20

127.0

Average stage length

Average condenser surface area per stage

Average log mean temperature difference across condensers

Average overall heat transfer coefficient for condensers

Average heat duty per stage

EXHIBIT 5.6-22

EFFECT
MODULE

L
(Ft)

A
(Ft2 )

8 M
(OF)

1

1

2

2

LEGEND:

L =

A =

eM =

U =

Q =
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erous tube sheets and end plates needed for the shorter tubes
is much higher than the cost of a stage divider plate. Thus,
the long tubes effectively reduce the number of modules re-
quired in both the heat recovery and heat rejection sections.
The net result is to decrease the capital cost component of
the optimization and favor a higher performance ratio. The
annual fixed charge rate determines the amount a given total
capital cost will contribute to the annual cost of the plant.

Thus, the higher the fixed charge rate the greater is the con-
tribution of capital cost to the annual operating costs. By
comparison a high fixed charge rate favors plants of low capi-
tal cost and consequently of lower performance ratios.

5.6.2.3.1 SEMS Evaporator

For the 20 mgd SEMS plant, each of the symmetrical
sections of the evaporator shown in Exhibit 5-6-23, handles 5
mgd in parallel flow to give a total of 10 mgd per evaporator
and 20 mgd for the two evaporators. For the 10 mgd plant, a
single section of the evaporator is folded in half to yield
5 mgd in a down and back flow pattern. Thus, two trains are

used for plants of 20 mgd capacity and one train for 10 mgd
capacity. The overall 20 mgd SEMS plant arrangement is shown

is Exhibit 5.6-24 and comprises two heat recovery modules and
one heat rejection module.

5.6.2.3.2 MEMS Evaporator

The design of the MEMS plant is like that des-
cribed above for the SEMS with certain exceptions. One dif-
ference is that a greater number of modules is needed to iso-
late each effect and its respective heat rejection section.

Consequently two brine recycle pumps are needed, one for each
effect. The makeup is preheated in tubes which comprise part
of the condenser tube bundles for the second effect heat re-
covery section and the first effect heat rejection section
It then joins the first effect recycle flow. In other re-
spects, the MEMS plant is designed to function similarly to a

SEMS plant of equivalent capacity. The MEMS plant arrange-

ment is shown in Exhibit 5.6-25.

5.6-21
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5.6.3 ORNL Multi-Effect Vertical Tube Evaporator
(MEVTE)

The MEVTE conceptual design which has been under
development at Oak Ridge National Laboratory (ORNL) embodies
a number of vertical tube evaporator (VTE) effects with a
multistage flash distillation (MSF) preheater. This design
was furnished by ORNL. The cost estimates were prepared as
part of this study.

The process flow diagram for the ORNL VTE-MSF
is shown in Exhibit 5.6-26. The layout for the 20 mgd plant
is shown in Exhibit 5.6-27. A cross section and a partial
longitudinal section are shown in Exhibits 5.6-28 and 5.6-29,
respectively. A summary of design data is given in Exhibit
5.6-30. The process is described in the remainder of this
section.

5.6.3.1 Process Description and Plant Layout

The process used in this design is a forward feed,
eleven effect falling film, vertical tube evaporator with a
thirty-six stage flash evaporator for the feedheater as
shown in Exhibit 5.6-26. After the incoming seawater has
been screened and chlorinated, it is pumped through the con-
denser tubes. A portion of this stream is rejected to the
sea; the remainder is acidulated and piped to the deaerator
as feed.

The 100 F deaerated feed is pumped into the con-
denser tube bundles of the multistage flash evaporator at

Stage 36. The continuous tubing carries the seawater through

all 36 MSF stages as its temperature is increased to 2410F

by the heat from condensing water vapor in each stage. The

average LMID in the feedheater is 13.50 F. The brine is
heated to the saturation temperature of 2600 F in the first

effect by steam at about 35 psig condensing on the shell side.

The brine effluent from the first effect flows
into the first flash evaporator stage, where steam flashes
at the reduced pressure, cooling the seawater to the satura-

tion temperature of that stage. The vapor passes through an
entrainment separator, condenses on the feedheater bundles,

and falls into the product tray on the same floor level as

5.6-22
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DESIGN DATA FOR ORNL-MEVTE-MSF PLANT

CASc 42 alURNS ANL ROE VE WITH STEEL SHELL , 3 REJECT STAbUS

SUMMAFY JF PLANT LATA

GENEPAL
PLANT CAPACITY, AG0
SEA WATEK CUN ENTkATI:N
PrU3ULT CuNCE'JTRATION
OEA .ATL FiE- CLN;.
CP-NCL.TAT IIN V AT I3
NUMik 'I rFrFCTS
Nr ST..;ES iN PiEHATE&

TEMPEPATUKES - Lad F
STi AM
FAXIMjM umlNE
FINAt iFF CT
EL( P+DOwN
PIN. E7LT
LEAFR.TL0 FEEJ)
JC EA4r

CCENEI'R APPAJACH

II DESCRIPTION JF PHYSICAL PLANT

PLANT CIML4I3NS, FT
OVFAALL VE LENGTH
OVERALL PHTA LENGTH
MIN 01JTH ( ;ST ::.FL*CT)

MAX WIDTH (LAST EFFECT)
NO JF TRAINS
TOTAL Nu jF MJuULES

TUbIIG DESJ.IPTIJN

OUTSI. CiA, INCHES
WALL THICKNESS, INCHES
K,ETU/HA FT2 F
FOULING e SIST ANCL a
FLCJCI1'VG -ACT~R
NO OF TUii
TUBE LLNGTM FT
SUFFACL AmEA, FT4
AVG JvEkALL UL-AW

10.00
u.035U0

0.000025
0. U3500

.i.OLOO
11
36

275.240
460.000
1.2.000
102.250

966
d5.000
a?.000

5.000

2c1.219
261.195

13.283
2u.062

2
2

VE
3.000

20.000
0.0

ti151.
0.000

0.24191377L 06
11 a3.522

PcAFwRMANCt RATIOS
OVCKALL
VTE
PHTk (ALTUAL )
MSF CONVENTIONALI

FLw*S, L6 b/Hk
TGTAL STEAM
VE TEAM
PHTR STEAM
TOTAL PRODUCT
Vi PRODUCT
PhT PRODUCT
dLJaJWiNN
,LA INTAKE
CCNJLNSiR REJECT
TuaE V=LUCITY, FPS

OVERALL HEIGHT
VL HEIGHT
PHTK HEIGHT
VE SHELL VOLUME, FT3
PHTA SHELL VOLUME, FT3

NSF PR.-iATER
0.750
0.035

2a. 0QU
0.00050
1i. LOO
Ld66.

256.:95
0.94oUo542u U5

575.473

9.5140
11.1696
5.0644
7.9487

0.388714D
0.3887140
0.0
0.345030D
0.2965320
0.C94y16D
0.172392D
0.2069090
0.15330tiD

06
06

07
07
06
07
08
08

5.044

25.000
15.000
10.000

0.6181260 05
0.435768E 05

CONDENSER
0.750
0.049

26.000
0.00070

19. 000
4750.

48.214
0.449645600 05

436.522

a Fouling resistance is included in the overall Ubar
listed at the bottom of the column.

0
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CASE 42.kRNS AND RJE VE WITH STEEL SHELL , 3 REJECT STAGES

II_ HEAL REUUIRMENTS, FT

SEA WATER DELIVERY
PRLHEATL8 FEED
PRODUCT DELIVERY
ELChDGAN 0IS1AARG
r-FARATuk BuOSTER

37.407
205.433
108. 621
40.000
0.0

PUMPING POWER REQUIREMENTS, MW

INTAKE PUMPS
PiTR FEED PUMPS
PRJUUCT PUMPS
BLJwOUNN PUMPS
bJOSTEL PUMPS
EiFcCT PUMPS
TOTAL

1V.SUbSIIARY SECTIJNS
NO BRINE HEATER

LM[-T, F
. INShjE, 6/HR FT2 F
H OUTSIDE, B/HR FT2 F
OVERALL U, B/HK-FT2-F
HEAT RATE, bTU/Hk
FOULING RESISTANCE
SURFACEA EA, FT2
NO OF TUBES_
TUBE LENGTH, FT
TEMP-COOLANT EXIT, F
TUBE FLOW

CONOtNSER

13.,01
1243.64
201k.b u
436.541

0.2650070 09
0.00070

0.4496463 05
4750.

48.214
103.14o

0.15331U0 0

DEAERATOR

TEMP IN-HOT, F
TLMP IN-COLDt F_
TEMP OUT, F
TEMP TO EJECT, F
FLOW IN-HOT, LB/HR
FLOW IN-COLD, LB/HR
FLOW OUT, LB/HR
VAPUR TO EJECT
INERTS, LB/HR

0.0
85.000
85.000
85.000

0.0
0.5174220 07
0.5174220 07
0.0
0.0
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0.0
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CASE 42 3UkNS A b ROc VE WITH zTEEL SHcLL , 3 eEJECT TAdcy

VTE EFFECT BATA

NJ U1AK

i a410.0
2 137?..8_
2 133:.2
4 !2au.5
5 124,.4
6 11,.2
7 1134.0
e 1077.1
9 1006.1

10 92U.9
11 810.7

0.52 74D
0.2336,

0.1 10;
0.197,5
0.2U.50
0.2Cs00
O.Ga013
0. 0b40
0.2014D
0.1 oL

C7

U7
J7
07
07
07
07
07
07

07

Cb T6
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0.U3500 2oU.00
0.03739 .'7.56
0.0-t005 2.10
0.04304 22..45
0.04045 20y.;5;
0.0;037 iy .2y
0.05493 18i.4b
0.06031 17.oO
0.Chb77 151.bo
O.074o6 132.34
0.06464 1is..00

Hb T

209.04
19o.4i
183.3
170.07
157.41
143.03
129.25
113.71
90.39
75.b b
75.14

17?.24
250.40
245.76
i1.-'.06
220.23
207.16
193.71
175.69
164.82
14.6 6,
130.35
106.52

JRVE-3P -

ACTUAL 6X TUBE
AREA (FT21

0.io37i
0. .7ia0
U.i7o70
0. 736

0. 27.9Li
0.2o96

0. t'*0i

0. L3.2D
U.2595U
0.25:u

06
06
06
U6
Oo
06
06
06
06
06
06

0.1679D
0.1782D
0.1865D
0.19350
0.19940
0.20400
0.20680
0.20700
0.2034D
0.19440
0.1781D

05
05
05
05
05
05
05
05
05
05
05

PLANT
NUMBER DELTA-T ALPHA WIDTH

0.1679D
0.178210
0.18650
0.1935L
0.1994D
0.2040C
0.20680
0.2070D
0.2034D
C.1Q441
0.17810

04
04
04
04
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04
04
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04
04

11.19
10.84
10.66
10.61
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18.35

1.6038 13.2826
1.7988 14.0940
2.0469 14.9160
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2.3871 16.4237
2.5730 17.1832
2.7721 17.9391
2.9876 18.6602
3.2241 19.2961
3.4876 19.7829
5.3250 20.0620 _

UBAR =EFFECT UbAK, bTU/HR-FT2-DEG F
T =BRINF _TEMP OF Wb, DEG F
EV=STEAM FLOW FMUM EFFECT, LbS/Hk

WT= BRING FLOW TO TUbLSL3S/HR
HB=6RINE ENTHALPY OF wd,bTU/LB .-
Q =EVAPORATUR HEAT RATL, bTU/HR

CB=wT FR SALT ENTERING TUBES
T =SATURATED VAPOR TEMP, DEG F
ALPHA = BPE + VE BUNDLE LOSS, F
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u
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CASE 42 BURNS ANU ROL VE kITH STEcL SHELL , 3 REJECT STA.cS

CUST SUMMAkY PAGE

C1MP ivENTS

EFFECT TUBES L SHEETS
PHTR TUJ3S . SETS
VE & PHTr% SHELL
PUMPS AND MUTUl3
SFA-WATck INTAK
VALVtS ANJ PIPING
CHEMICAL CAPITALL
INSTPUAE4TS
tLECTkICAL
DEAE4ATOK
CGNCE NSCn
BkINE hE4TLR
SITE, BLUvS, CRANES

TCTAL CAPITAL

R ETU9ING

HEAT
CHEMICAL
POWER
OPERATINu
MAIN L 'UPPLIES
EJECTUR TCAM

TCTAL OPERATING

TJTAL CCAPLRETUBELOPER<
COST FACTURS

OCAT 4 /MMBTU< 0.'2000
PCWR YS/KWHC
ANN LHARGt RATE
INTCdAST kATc
HIGiER CCST FACTOR

MISC. TOTAL UNIT COSTS
S/CU.FT. S iLL

0.0000
0.07.t 0
0.06000
1.00000

CUST-S/VR

U.7t 3890o01
U.2d3991o4C
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05
05
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u. 0
0.%5,344u& 05
0.225b2,V30 05
0.0
0.15539 2U 65
0.0
L. 0

C.4729.332D 06

U.0

0.5372413.D 06
0.10463a.70 Oo
U.3619279& 03
C.0
U.0
U. 566074j130 U4

0.t8573o0.) 06

0.11620[55G 07

PLANT LIE-, Y

6,F-l/KL.AL

0.9.3tL357-0..
0.030o707ao-0 1
0.b570 c;49D-04
0. 0
0.'2c07u527-03
0.0
U. -I 44yLuUl
U.7"7d7i 3i-02
U. 0

0. G
0. u

U.. $1915 00

c. U

0.17j1402D 00
0. 7270550-01
U. iii0i97D-01
0.u
0.U
0.idi457 &D-02

0.Z220 565U 00

U.j747470ij 00

'RS 30.00000
VTE TubE LIFE, YKS 3U.00000
PHTR TUBE LIFE, YR, 30.00000
CNONsk TUBE LIFL, YkS 30.00000

s/SQ.FT. VE AREA 5.1552

COST-S DIRECT

0.109245940
0.362234230
0.331948370
0.2603,L9420
0.0
U.11109282C
0.0
0.579520530
0.28d03S'50
0.0
0.249226020
0.0
0.0

07
06
07
06

05

06
06

06

0.c1b13875D 07

COST-SOIR&IND

0.616138750 07

L)AD FACTOR

S/GPO

0.616138750 00

0.85000
VTE RETUBING CHGE RATE 0.0
PHTR RETUBING CHGE RATE 0.0
CNCNSR RETUBING CHGE RATE 0.0

S/SQ.FT. PHTR AREA 3.8268

CHANNEL USEU IN a.A INTAKE COST.
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the flashing brine stream. The brine and condensate then
flow separately through orifices into Stage 2, where both
streams flash down to the saturation temperature of that
stage. The vapor from both streams condenses on the con-
denser tube bundle and falls down to join the condensate
stream. This process continues through Stage 36, at which
point the condensate is pumped into the product water system
and the brine, at a concentration ratio of 3.0, is pumped to
the salt plant. The temperature-concentration factor profile

of the brine is shown in Exhibit 5.6-31.

The depth of the brine and product streams is one
foot under normal operating conditions, and the mass flow
rates vary from about 850,000 lbs/hr per foot of width at the
high temperature end of the plant to about 300,000 lbs/hr
per foot of width at the low temperature end.

The 11 vertical tube effects are located direct
above the flash evaporator stages. Condensate and brine flow

by gravity from the VTE effects to the appropriate MSF stages.
Steam at 275.2 0 F is supplied to the steam chest of the first
effect, where it condenses on the outside of the vertical
tubes. The condensate from Effect 1 is returned to the power
plant. The latent heat of condensation is transferred through

the vertical tube wall, heating the brine to saturation temp-

erature and evaporating a portion of it. This vapor dis-

engages from the brine at the tube exit, passes through the
entrainment separator at the face of Effect 2 tube bundle,

condenses on the tubes, and is collected and combined with
the condensate stream from the first flashing stage. For
each vertical tube effect, brine is pumped to the brine chest

from a flash stage at the same temperature as the VTE effect.
The brine enters the tubes through individual spray nozzles.
Vapor is generated as the seawater flows down the vertical
tubes; the vapor and brine flows are concurrent. The seawater,

still at the same temperature as the flash stage from which
it was pumped returns to that stage.

The vapor, after disengaging from the brine at
the bottom of the vertical tube, passes through the entrain-
ment separator, condenses in the next effect, and is sent

to the condensate stream in the flash stage at the same temp-

erature. This process continues through the eleventh effect
where the vapor released from that effect is condensed in the

5.6-23



ORNL MEVTE - CaSO4 PROCESS CURVE

S ALINcG

F T'-'-------------T --

4if- , I - - 4--v - - -. 'a ..

I20 140 2oo 4O0
TEMPERATE URE

3.G- - - --

A

0

:2
O

2
tu
Li
*2

O

0
U

x

-4

(31

100 240

TIJ,.

1
I

SGp ,1

.- -

. .,._.

m n I

3.0 - -

- _ _ _ ___W- y 
_ _ _ I

aI y,

2.4 4

No SCALE

1.0
'.4 .. .- .

1.2 -- - - -~ ___ _

AN'fD \TE e ASTA~b \TY LI IT
O.$

2 GO 28sO



final condenser and the condensate sent to the MSF preheater.
In this fashion, all of the heat supplied to the first effect
beyond that required for feed heating is passed as latent

heat to the final condenser; each effect has the same heat
duty and there is virtually no gain or loss of heat between
the vertical tube evaporator and the MSF preheater. Vapor
equalization passages between associated effects and stages
are provided to accommodate design uncertainties and operat-
ing upsets.

A description of the startup and operating pro-
cedure is given in Appendix 5.6-1.

5.6.4 W.L. Badger Multi-Effect Vertical Tube Evaporator

The W.L. Badger multi-effect vertical tube
evaporator is designed to produce 20 mgd of distilled water
from seawater when using 25 psig steam as the heating medium.
This production is achieved in two 10 mgd modules, each of
which can be operated entirely independent of the other. The
general design ground rules are summarized in Exhibit 5.6-20.
The plants are designed to operate at a performance ratio of
12 pounds of water per 1,000 Btu of heat extracted from the
steam and to produce desalted water containing no more than
50 ppm total dissolved solids. In addition, about 2.5 mgd

of the product water can be bled from each module at an
impurity content no greater than 3 ppm solids, for use as
boiler makeup.

A secondary objective of this evaporator plant is
to produce concentrated brine, at three times the salts con-
centration of seawater, for subsequent recovery of salt.

5.6.4.1 Process Description and Plant Layout

The VTE evaporator contains 16 effects arranged
in two vertical towers as shown on the heat and material
balance diagram in Exhibit 5.6-32. The design data for this
plant is summarized in Exhibits 5.6-33 and 5.6-34 for the low
temperature and high temperature towers, respectively. A

process description is given in the remainder of this section.

Operating requirements of each 10 mgd module, when
operating at the design 10 mgd output, all as cooled product

5.6-24
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water (i.e. - no withdrawal of hot boiler makeup),.are as
follows:

25 psig steam 289,000,000 Btu/hr (total heat extracted)

Elect. Power 1280 kw (exclud. Prod. del'y under press.)

Sulfuric acid 550 lb/hr (calculated as 100% acid)

Total seawater 12,700 gpm

The main product water stream will leave the plant
at a temperature of approximately 1160F. Boiler makeup water
can be made available at any temperature desired, but it is

most convenient to withdraw it from the plant at a temperature

of about 2450F. Withdrawal in this manner makes it available
at a pressure (measured at grade) of about 30 psi above its
saturation pressure, without need for a pump.

Hot blowdown brine will be available from the plant
at a concentration factor of 3.0 and a temperature of about
1900F. This is practically the highest concentration and
temperature that can be achieved without risk of scaling and
is in the condition most advantageous for subsequent process-
ing. Withdrawal of hot blowdown has a major secondary
advantage in that it greatly reduces the amount of seawater

that must be pumped through the plant simply as a means of
rejecting heat. The saving in seawater intake costs and

pumping costs offsets the increase in heating surface needs

(about 6%) occasioned by this method of blowdown withdrawal.

General arrangement of the VTE evaporator with its

auxiliaries is shown in Exhibit 5.6-35. The low temperature
tower houses the main feed preheating condenser and the last
seven effects. The effects are arranged to operate with in-
creasing temperatures from top to bottom. Seawater is fed

to the condenser at the top and flows downward by gravity,
eventually being removed at the bottom as concentrated blow-

down. All heating surfaces are doubly-fluted 90-10 copper-

nickel tubes. Pressures are higher in the steam than on the
brine side of the tubes, which precludes product contamination

by tube leakage. A tube leak, if it occurred, would merely

bleed a small amount of vapor around the effect of the evapor-

ator containing the defective tube and would represent a

negligible loss in performance.
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The high temperature tower, although it is not as

high and contains tubes generally twice as long as in the low
temperature tower, houses the first nine effects of the evapo-
rator. The shortened height is achieved by use of a split-
feed sequence (U.S. Patent 3,303,106). All tubes here, also,
are double fluted 90-10 copper-nickel alloy. Pressure differ-

ences are such as to preclude product contamination by tube
leakage.

In both towers, and especially in the high tempera
ture tower, the physical needs for housing the heating surface
dictate vessel sizes large enough so that special demisters
are unnecessary. Heating surfaces in both towers have been
sized on the basis of experimental work on performance of
these tubes on seawater and include allowances for slightly
more fouling than has been encountered in extended operation
of a large bundle of these tubes in the OSW test bed plant at
Freeport, Texas.

A feed heater train is needed between the high
and low temperature towers. These consist of a series of
shell and tube heat exchangers as listed in Exhibit 5.6-36.
Ten of the units are used to cool the product water while
heating the seawater. These can be pressurized to a product
pressure greater than the seawater pressure to avoid the
possibility of product contamination by leakage. The remain-
ing feed heaters are heated by vapor extracted as vents from
the high temperature tower. This is the only place in the
plant where product contamination by tube leakage can occur.

The product condensed in these heaters is, therefore, handled
separate from the main product so that it can be monitored for
quality and dumped if necessary. This product constitutes
only 6.5% of the total plant output and would represent only
a minor loss, even if it all had to be dumped. In practice,
each heater would be equipped with provisions for its own
manual diversion so that the plant could be kept on-stream

indefinitely at a loss of less than 1% of the product per de-
fective heater. Tube leakage anywhere in the plant should,

therefore, not be a cause of a plant shutdown.

Exhibit 5.6-32 shows the flow sequence through
the plant and the operating conditions at slightly over the
design 10.0 mgd per train production rate. Except for the

use of a common deaerating condenser, the seawater flows

through the two towers are independent of each other.

5.6-26
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W. L. BADGER HEAT EXCHANGER DUTIES

(FOR EACH 10 mgd TRAIN)

Tubeside conditions

Duty Liquid
Heat Reject Sea W.

Cond. cool. DA S.W

" " "

on VIII vap.

on VII vap.

on VI vap.

on V yap.

on IV vap.

on III vap.

on II vap.

on I vap.

T

"-r

SF 0 F k lbs Heat Load
in out per hr m Btu/hr

85 100 1054 15.17

105 178

178 187

187

" 198

207

216

" 225

233

240

247

Materials:

198

207

216

225

233

240

247

254

3170

"

"

St

"S

SN

"

"1

"t

1900

26.1.68

31.43.

39.3.9

32.44

32.49

32.54

28.97

25.40

25.42

13.04

Fluid

Vapor

Cond.

Cond.

Vapor

",

"o

I

"1

"1

"S

"'

Shells ide
0 o
F F

in out
105

189.

203

116

189-

203

212

221

230

238'

245

252

259

ST

im

10.8

11.0

13.4

9.45 .

8.73

8.73-

8.73-

8.35

8.00

8.00

8.00

Fou 1.
Factor

..0005

.0003

I

11

S" j

1.

11

11

"'

"

Remarks

200 lb/hr air
entering

Liq-Liq heat exc

Ditto - plate
type?

After computing
size; average
all these and
install same
size for each
unit

Tubeside - 90-10 Copper-nickel - 0.042" wall tubes
Shellside - mild steel



Seawater descends through both towers by gravity and concen-

trated brine is withdrawn from the base of both towers. This

flow sequence is adopted to produce the highest strength

brine at the highest practical temperature without risk of

scale formation. The discharge concent-rations and tempera-

tures from each effect are plotted on Exhibit 5.6-37. In the

low temperature tower, gypsum is the scaling component that
must be considered. A backward feed sequence is used. This

gives a high temperature brine and precludes the need for

preheaters for that portion of the seawater fed to this tower.

In the high temperature tower, a forward feed sequence is

needed to keep the concentration at a minimum at the highest
temperatures, thereby avoiding hemihydrate or anhydrite scal-
ing. The forward feed sequence requires that the feed heaters
be added to achieve a reasonable performance ratio in this
part of the plant.

A difficulty with large tube bundles which must
be used in any large desalting plant is in the need to elimi-
nate noncondensible gases that might blanket a portion of the

heating surface and render it ineffective. This is avoided

in the proposed VTE plant by effective deaeration, by keeping
air in leakage at a minimum, and by venting substantial quanti-
ties of vapor from each large heating element. The evaporator

is arranged so that tubes can be inspected and replaced, if
necessary, from within, thus making unnecessary large flanged

heating element heads. The condenser atop the last effect is
arranged to expose the seawater to a high vacuum while it is

being heated as it flows down the tube walls as a film. This
alone should be effective in reducing the oxygen content to as
low as 0.06 ppm. The seawater falling from the tubes is then
swept by a large flow of steam on its way to the reject con-

denser to insure final deaeration. Any residual noncondens-

ible gases and any air inleakage are swept from the evaporator

tube bundles by withdrawing a substantial flow of vapor from

each bundle at the point farthest from the vapor inlet.

In the high temperature tower, these vapors are

withdrawn in the small feed heaters, which can be vented more

effectively. In the low temperature tower, the vent gases

are used to reheat the condensate from the lower temperature

effects above, by direct contact. This heated condensate is

then used as a means of seawater feed heating. A temperature

sensor in the condensate lines from each direct contact con-

denser is then a useful indication of the amount of ultimate

5.6-27
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venting needed. Vents from the reject condenser and from the

direct contact condensers on the last few effects are removed

by a conventional steam jet ejector system. Other vents are
passed to the tail leg of the condenser serving the ejector
system, where they are removed hydraulically, without adding
to the ejector system load. This is a fairly common practice
in large evaporator plants.

Exhibit 5.6-38 lists the pumping requirements for
this plant. Although the vessels are high, the volumes handled
are relatively small, resulting in the low total power demand.
There are no special demanding pump applications where high
pump heads are required, adequate net positive suction head
(NPSH) will be available to permit use of inexpensive types
of pumps. Where NPSH available is at a minimum, only low
head pumps are needed of relatively small volumes.

A plant startup and operating description is
given in Appendix 5.6-2.

5.6.4.2 Process Development

The present design has been based on a two module
plant and use of 90-10 copper-nickel tubing throughout. The
two modules were specified primarily to assure continuity of
water supply. This may be quite important in a MSF type
plant, where any tube leak soon develops to the point where a
shutdown is required. For a 10 mgd plant W.L. Badger
Associates estimates the number of leaks occurring in 90-10
tubes each year in such a plant as the tubes age as follows:

1st year 10 leaks 15th year 55 leaks
2nd " 3 " 20th " 120 "

5th " 6 " 25th " 260 "
10th " 20 " 30th " 500 "

A VTE plant, on the other hand, can be kept in operation even
with a number of tube leaks at no sacrifice in water quality
and little sacrifice in performance. Any leaks that might
develop could be left for repair until the plant is down for
maintenance. Thus, the major cause of forced outages is
eliminated and a single module plant might be practical.
Also, such a module can be designed so that part of it can be
kept in operation while the other part is down. In the plant
design presented herein, for instance, the low temperature

5.6-28



W. L. BADGER PUMP LIST

(FOR EACH 10 mgd TRAIN)

Pump NPSH Flow- in pph

No. Duty F Avail Actual Design

P-1 S.W. Intake 85 high 6650 7000

P-2 Decarb. S.W. 85 " 5348 5500

P-3 Deaer. S.W. 105 3710 4000

P-4 VIII BD 205 med. 716 1100

P-5 IX BD 195 low 1227 1800

P-6 X BD 180 low 550 750

P-7 Heater cond. 203 med. 224 250

P-8 IX Cond. 203 " 2000 2200

P-9 X Cond. 189 1340 1500

P-10 Reject cond. 105 low 15 30

Deaerator air blower 15,000 cfm at 7.5" water

TOTAL OPERATING PUMP LOAD

NOTE: Blowdown and product pump heads do

elsewhere under pressure.

U,

(4

Head

ft.

33

160

240

20

20

25

170

170

190

150

WQrthing-

bhp ton Size

140 20 KM

500 14LN-24

570 14LN-24

15 12MC-1

25 barrel

25 "f

30 3CNE-72

220 1OLN-22

170 8LN-21

5 1 CN-62

25

1715 Horsepowe

Remarks

Head may depend on intake line
and Rej. Cond. press. drop
Pump curve to give 190 ft head

at lower flow for startup
Head req. = 80 ft plus Exchanger
and piping press. drop

Pump curve to give 30 ft at

lower flow
Pump curve to give 35 ft at

lower flow
Head req. = 0 ft plus Exchanger
losses and delivery press. req.

Head req. = 0 ft plus Exchanger
losses and delivery press. req.
Head req. = 10 ft plus Exchanger
losses and delivery press. req.

r

not include allowances for delivery



tower could be run independently (at about 40% of the total

capacity and a performance ratio of 6) merely by adding a
prime steam connection to the vapor crossover from the high
to the lower temperature tower.

Because the consequence of evaporator tube leak-
age is less severe than in an MSF, the VTE can potentially

utilize alloys of lesser corrosion resistance than 90-10

copper-nickel. This is important, not only from the unit
metal cost standpoint, but also because the somewhat lower

conductivity of copper-nickel imposes a significant resistance

to heat transfer in the high performance fluted tubes used.

Possible replacement materials are admiralty, aluminum brass,
and 98-2 copper-iron alloy. Admiralty has shown excellent
service at Freeport and is the least expensive. The copper-
iron alloy (CDA-194) also shows promise but has seen no ex-
tended service. However, simply replacing only the fluted
tubes (except those in the main deaerating condenser) with

aluminum brass, which has the lowest conductivity of the
group, would save about 6% in surface requirements and its
associated capital cost.

5.6.4.3 Summary of Characteristics of the W.L. Badger

VTE Plant Design

A. Biowdown brine delivered hot and of the

highest practical concentration.

B. Low power consumption and minimum seawater

usage.

C. Pumps of standard design are largely used.

D. Possibility of contaminating condensate

returned to the power plant is slight.

E. Plant availability should not be influenced

by tube leakage.

F. Nuclear steam condensate and boiler makeup
are returned hot, by gravity; not by pumping.

G. Operating controls are relatively simple.

H. The plant can be started up and shutdown
rapidly.
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Aerojet-General MEVTE-MSF Concept

The Environmental Systems Divisions of Aerojet-

General Corporation is willing to bid lump sum on furnishing
the complete design, procurement, fabrication, erection and

startup testing of a warranted modular type multi-effect VTE-

MSF desalting plant. In order to permit comparison of the

cost data from a manufacturer's design approach with the

other desalting plants described in this report, Aerojet-

General furnished a report in a proposal form that would

furnish the necessary information. The information thus pro-

vided is included in this report in an abridged form. The

cost data is given later in this report.

The Aerojet-General desalting plant is a multi-
effect falling film vertical tube evaporator that uses a

process data is shown in Exhibit 5.6-39. A sectional iso-
metric view of the evaporator is shown in Exhibit 5.6-40.

The general arrangement of the plant is shown in Exhibit

5.6-41. The plan and elevation view of one of the 10 mgd
trains is shown in Exhibit 5.6-42. Design data on the plant
is summarized in Exhibit 5.6-43.

5.6.5.1 Process Description

The falling film VTE evaporator receives heating

steam from an outside source at 50 psia. The feed to the

evaporator is taken from the feed header at 85 F. The non-

deaerated feed pump will supply the deaerator. The rate of

flow to the plant is set at an appropriate value that yields

the desired production without an overconcentration in the

latter effects. Heating steam is supplied to achieve the

design concentration in the evaporator of 3.0 times feed sea-

water. Plant feed is on a once through basis, resulting in

the highest temperature brine having the lowest possible salt

concentration. Therefore, for each pound of normal seawater

fed, approximately 0.67 pound of water is extracted, and 0.33

pound of concentrate is rejected. Operation at the design

concentration ratio will assure scale-free operation with

minimum pumping energy requirements. It also assures the

minimum use of acid, based on throughput.

The seawater is deaerated to avoid corrosion

resulting from dissolved oxygen and decarbonated to avoid the

formation of calcium carbonate and magnesium hydroxide scale

5.6-30
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at higher temperature and concentration. These functions are

accomplished by lowering the pH of the feed (acid injection).

This releases carbon dioxide which is removed by the dual

action of stripping steam and maintaining subatmospheric

pressure conditions in the deaerator-decarbonator. Sulfite

is added to reduce the dissolved oxygen level to 0, as the

feed leaves the deaerator.

The carbon dioxide removal also reduces the rate

of noncondensible gas buildup in the higher temperature
effects.

The seawater is primarily preheated by the long
tube MSF feedheaters which heat the feed in the tubes and

condense the product vapor which comes from the flash of

brine and product as it flows in series from stage to stage

of the feedheater. The preheating of seawater is accomplished

in progressive stages, two per effect, as the feed flows toward

the first effect. The multistage heating thus provided is

more efficient and uses heat transfer surface more effectively

than single heating over large temperature differences. The

final stage heats the feed to the flashing temperature as it

enters the water box of the first effect. That portion of the

feed required to feed the VTE tubes is fed to the first

effect, and the balance is throttled directly into the brine
channel of the MSF feedheater.

The heating steam is admitted to the shell-side

of the first effect falling film bundle, and the final feed-
heating stage. In the VTE effect, the steam surrounds the

tubes, giving up the heat of evaporation to the preheated,

deaerated seawater which is gravitating as a film on the in-

terior surface of the tubes. This latent heat causes the sea-

water to boil, resulting in the generation of a quantity of

seawater steam that is approximately equal in weight to that

of the condensed steam. The mixture of brine and steam issues

forth from the bottom of the VTE tube bundle into the sump of

the evaporator. Here, disengagement of vapor and seawater

concentrate takes place. The sizing of the free volume and

flow areas in the vessel is important to assure that separa-

tion will be essentially complete, and thereby assure the high

quality of distilled water. All effects are filled with

knitted wiremesh entrainment separators to insure this

quality.

5.6-31



DtA&E0ATO -DVCARO oATaR

EVAPORATOR
F r> PaUMPi .A

10)

u.,,g - 3

Liu L'fl 
C oe Fe1

- RAwr Y4<-44
- - ----- ----

I ~I'I PRODUCT CooLER

- - -. - - - -- - -

'.7 __.-_ "TO _ __ __ _

------------ - --- -- 4- ---
r- - I -- _ I I tAyaAroR .

41 f ---- - VERTIC AL TU5E EVAPORATOR F6Et3 PUMFE 1

0!
.. MAuLTISTACst F:LASH " - OStR 6

i F n \Y A FErD MrATrR (' Lo-

F ".oj1 vAMCI"RA7ORi) n W

__ _ _ _ _ _ _ 14- VERT CAL TV** RVAPORATOR -

-F & eYO

O- -
.COOLCr

C '-\ -1 - ----

HEAT RE J&CTIOU FEEtD oWMPS
c~~Csw C. *"D*4*

CAST IC- e

5Y0 w

-

' m ~ " O OTOR

EVAPORATOR -
FEiD PUMPS UEAsE4TOR"AC-TO

0L C A R9 cATouReo

row VFssF L L CFr.O rF - 1

510-0' (PL FNT AE& A LIMITS)

PW SEF.F'T EAR

-OTE'.
CETAIU FE-TUE_ F.OWJ u&REIJ
U. TI ,U JECT O P -WT J_

VS P.TEUT_&PPLCCF..TFOe4

DRMc Na. 1401322

PARTS LIST

AEROIET-GENERAL CORPORATION

SGC AOCCAE 4,10 u u uCN C O F ' RaT u

PLOT PLJ f BATTEEY LIMIT5
(DUAL MCX O HIBIT5.64)

mi o I .... p...le...I- -EXHIBIT 5. 6-41
R'-VISIONS

4

-f

-





DESIGN DATA ON AEROJET-GENERAL MEVTE-MSF PLANT

Capacity - mgd

Number of trains

Water Quality TDS - ppm

Number of effects

Number of MSF stages in preheater

Performance ratio, lbs water/1000 Btu

Blowdown
Quantity lbs/hr
Concentration - %
Temperature - OF

Estimated onstream efficiency - %

Utilities and Chemicals

Steam - 35 psig Sat.- pph

Steam - 150 psig Sat. - pph

Power - kw

Cooling Water - lbs/hr

H2 SO4 - (95%) lbs/hr
NaOH - Anhy. lbs/hr

Na 2 SO3 - lbs/hr

20

2

- 25% < 5

-100% < 5

12

24

9.56

4,619,000

10.5
112.4

95

Predicted Warrantable

784,100 800,000
23,230 23,500
3,450 3,600

34,377,600
643 1,350

65 135
1.7 1.8

EXHIBIT 5.6-43
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The concentrated seawater falls into the sump

and is flashed or pumped to the next effect. The steam is
directed to the next effect evaporator bundle and preheater
through the passage enclosed by the horizontal cylindrical
shell on each side of the VTE tube bundle. Here, the steam
performs the same function as the heating steam did in the
first effect, as it flows across the tube bank in a direction
perpendicular to the long axis of the evaporator vessel.

The condensate from the evaporator bundle is
collected and delivered to the product flash channel within
the MSF feedheater. Upon passing into the downstream flash
chamber, the condensate is exposed to the lower pressure of

the n-- stage. Consequently, a portion of the liquid
(condensate) flashes into steam; and this flashing continues

until the temperature of the liquid is lowered to the satura-
tion temperature at that pressure by the removal of the heat
of vaporization. The steam, thus produced, is condensed on

the feedheater tubes, and returns to the stream as cooled
product. The condensate stream volume is increased with the
addition of condensate product from each effect, and con-

tinues to flash in stages to the final stage where it is with-
drawn and pumped through the product cooler. The product

cooler heats the feed and cools the product to 950 F.

The seawater concentrate, flows from the first
effect sump to the appropriate feedheater stage. It is hotter

than the boiling temperature corresponding to the pressure in
this stage. The seawater, therefore, flashes upon entering

the stage brine channel and continues to flash until it
approaches the equilibrium temperature. The flashing of brine

provides a significant proportion of the total production in
this process. The vapor formed condenses on the feedheater

tubes and falls as liquid product into the product channel.

This process is repeated in the second stage, after -hicn the
saturated brine is withdrawn and is fed to the top ':the
falling film tubes of the second effect and forms a liquid

film, which boils and gravitates, as in the first effect.

These essential processes are repeated through the last

effect, with each effect operating at a reduced temperature

and pressure.

The steam that is formed in the last effect is

converted to condensate in the final surface condenser at a

temperature of 110 F. Seawater, circulating in the tubes,
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removes the latent heat, which is thus rejected. The remain-

ing concentrated sea water in the sump of the final effect is

pumped to waste.

The flashing of the feed for all stages of the
feedheater is an important design concept. By allowing the
flashing and concurrent liquid cooling in the feedheater sump,
the available temperature difference for heat transfer is maxi-
mized. Likewise, the falling film essentially permits unre-
stricted boiling (since hydrostatic head on the boiling
liquid is negligible),thus decreasing the irreversibility to
a minimum. Heat and mass transfer, therefore, can proceed
with the minimum interference; accounting for the outstanding
heat transfer rates that are achieved in the falling film
process. This also makes the enhancement techniques more
effective, since the thin films both inside and outside offer
very low resistance to heat transfer. Furthermore, stage

throughput need not be equal to the liquid rates fed to the
effect tubes. More or less can be withdrawn from and returned
to a given stage, thus making it possible to apply the optimum
film to each VTE tube, regardless of plant throughput.

The temperature concentration factor profile of
the brine as it passes through the desalt plant will be
similar but not identical with that shown for the ORNL plant
in Exhibit 5.6-31.

5.6.5.2 Description of Plant

The falling film vertical tube evaporator will
consist of two (2) lines of twelve (12) effects, and two (2),

lines of MSF feedheaters, with twenty-four (24) stages each,
which recover heat. Each line is equipped with a heat re-

jection condenser, external to the body of the evaporator.

Each effect of the plant is equipped with a single pass fall-
ing film section with doubly-fluted straight vertical tubes
14 feet long, with .035" minimum wall, CDA 689 alloy, an

arsenical inhibited aluminum brass roller expanded into tube

sheets, top and bottom. As described later in the cost

section, money is allowed for changing these tubes to 90-10

copper-nickel for uniformity of cost comparison between
designs. The falling film tube diameter is 2" in all effects.

These elements are contracted with 90-10 copper-nickel clad

tube sheets and water boxes.
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The feedheaters, condensers, and product coolers
use 90-10 copper nickel, 0.035" average wall rope tubes,

roller expanded into tube sheets at each end. The feedheaters
are long tube type, with the tubes continuous from Stage 1
through 22, and through 23 and 24. Twelve (12) sheets and
channels are solid copper-nickel or copper-nickel clad.
Interstage baffles are carbon steel with remote expansion
of the tubes forming the interstage seal. The preheaters
heat the feed regeneratively as they condense water vapor
within each stage. All stages except the first are equipped
with flash channels and devices for product and brine.

All effects of a given train are incorporated
into a modular evaporator vessel built to the ASME Code
Section VIII. The modular evaporator vessel is divided into
effects, sumps and vapor passages by properly designed bulk-
heads and provides for all required multiple effect process
functions within the vessel. Each effect contains one falling
film evaporation bundle. The vapor flows from effect to
effect without external piping. Knitted wiremesh entrain-
ment separators (stainless steel), 4" thick, are provided in
all effects and feedheater stages to assure separation and
excellent purity. All inner carbon steel plates are designed
with a corrosion allowance not less than 3/16", and in addi-
tion, those portions below the entrainment separators are
coated with at least 1" thickness of a monocalcium aluminate
cement mortar lining.

The evaporator tubes in each effect are fed by a
falling film feed pump which takes liquid from an appropriate
stage sump and pumps it to the top of each bundle. Special
distributors are inserted in each tube to minimize local vari-

ations in flow rates and to establish an optimum film. The
brine from Effect 12 sump is blown down by a pump which dis-
charges to the blowdown header. Product water is removed

from the reservoir in Stage 24 by the product pump. Heating

steam condensate is returned from the condensing side of
Effect 1 and the final feedheater stage to the battery limit.

Each effect and stage is vented for noncondensible
gas removal. Effect 1 is cascaded to Effect 2. A vent to the
atmosphere is provided from the condensing side of the second

effect. The next group of effects and flash stages are cas-

cade vented to Effect 6 where they are vented to the suction

of the barometric condenser. Effects 7, 8 and 9 are vented
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to the condensing side of Effect 10, where they flow out to

the vent header and then to the jets. The heat rejection
condenser and the evaporating side of Effect 12 are vented
to a 2 stage steam jet air ejector system which maintains
the operating vacuum, and serves to remove the gases released
in the deaerator-decarbonator. Two (2) deaerator-decarbonators
serve the plant. Prior acid injection by a metering pump pro-
motes the decomposition of the bicarbonate in the seawater,
releasing CO2 . The CO2 is removed, along with oxygen and the
other dissolved gases, in the deaerator. Subsequent to de-
carbonation the feed pH is adjusted to neutral. The deaerator-
decarbonator consists of a vessel equipped with spray nozzles,
a packed section, and a sump. The deaerator-decarbonator
elevation provides adequate liquid head for the suction of the
deaerated feed pump.

Stripping steam is taken from the twelfth effect
and is introduced below the packing of the deaerator which is
supported on a corrosion-resistant support plate. The feed
has been preheated to approximately 1100F to improve the
release of gases. Deaeration reduces oxygen content to less
than 30 ppb, and decarbonation in the decarbonator reduces
residual "total" carbon dioxide to approximately 4 ppm. The
pH of the feed is then automatically adjusted to near neutral
by injecting caustic soda, and the residual dissolved oxygen
is scavenged by the addition of sodium sulfite. The deaerator
sump is connected to the suction of the deaerated feed pump,
which forces the feed through the balance of the condensing
heaters and into the distributor section of the first effect.
100% spare pumps to serve either train are provided for the
aerated feed pump, deaerated feed pump, blowdown pumps, the
product pumps, and condensate pump. These spare pumps are
installed to permit critical pump maintenance while the plant
remains on-stream. In addition, each pair of falling film
feed pumps is provided with a common spare. These spares,
combined with proper material selection for construction,

plus the inherent process operational features, assures a high

on-stream factor for the plant. All seawater and brine pumps

are basic 316SS, horizontal, split case, double suction.
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5.6.5.3 Optimization

Normally an optimization study would be made, in-
cluding maximum first effect brine temperature and concentra-
tion ratio; but in this case, both were fixed by the Ground

Rules given in Exhibit 5.6-20. Fixing these conditions then
fixes the acid addition rate.

Experience in costing designs of the VTE type plants
indicates that the gain ratio of this plant would produce a
minimum cost of water at some value between 8.5 and 10.5 pounds
of water per 1000 Btu of heat supplied to the first effect and
brine heater. A preliminary series of runs established that
the water cost curve would be near its minimum at a gain ratio

of 9.3 to 10.0. At this point the remaining decisions could
be reached by selecting the lowest capital cost process con-
figuration which had a gain ratio between these values. This
was accomplished by selecting the number of effects, feedheater

stage terminal temperature difference, and heat rejection tem-
perature which minimized surface requirements without unduly in-
creasing pumping loads. It should be recognized that the plant
could be configured as either 11 or 12 effects, and still meet
the performance requirements.

Since two 10 mgd trains were specified, no op-
timization was attempted on train size. Had this been done,
a reliability study would have been required along with the
design and costing of a single 20 mgd evaporator train.

If the fixed charge rate were significantly higher,
but the heating steam cost held at 20 cents per 10 Btu, it
would be expected that the plant would be less efficient, prob-
ably with fewer effects, and perhaps with only one stage of
product and brine flash per effect. If a rather significant
(say 3 or 4 mils) increase in power cost was set into the Ground
Rules, it would be expected that the heat rejection temperature

would optimize at a higher level, in order to minimize the pump-
ing of cooling water; but little else would change.

f heating steam costs were set at as much as 30

cents per 10 Btu, and the fixed charge rate held at the stated
7.85%, the optimum gain ratio would be found above the 10.5 lbs
of water per 1000 Btu of heat fed to the first effect,'which
could be accomplished by several process configurations, but
none with less than 12 effects.
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Desalting Plant Capital and operating Costs

5.6.6.1 SEMS, MEMS and ORNL-VTE Plants

The cost of water for the SEMS, MEMS and ORNL-VTE
considered in this report is a direct function of the basic
ground rules assumed as design criteria. In general, the

evaporator width is a function of the flashing brine flow rate.
Further, the recycle brine flow together with an assumed con-
denser tube size and in-tube velocity determine the total num-
ber of condenser tubes in parallel. Once the number of tubes
is known, standard calculations for the overall tube bundle

duty yield the required heat transfer area, which in turn, di-
rectly determines the tube bundle length. These calculations

establish the evaporator stage length and width. The stage

height is obtained from the tube bundle projected area, the
brine flow depth and a suitable vapor space. Once the shell
volume is known, the pressure gradient and liquid head deter-

mine the applied loading on the vessel. This information is

used to size the evaporator shell, necessary reinforcing, foun-

dations, etc., and the cost analysis is estimated on the basis
of the material takeoff.

This cost data is combined with the process re-
quirements and fed to a computer. This information, along
with the cost of money, the cost of fuel and the cost of
power, are used to calculate a large number of evaporator

plants (staging), and the plant yielding the lowest cost of
water is chosen as optimum for the site.

5.6.6.1.1 Plant Capital Cost

The material takeoff cost data is factored to
yield unit cost data such as the cost of shell per foot of

length, the cost of a stage divider plate, and the cost of

a module end.

The cost of shell per foot of length is the cost
of the evaporator envelope surrounding a one foot long section

of tube bundle. Multiplying this cost by the length of the
evaporator yields the total shell cost.

The cost of a stage divider plate includes the
stage costs not associated or dependent on length. These
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include the cost of the flashing orifice and the tube bundle
perforations in the stage divider plate. Multiplying this cost
by the number stages (less the ends) yields the staging costs.

The cost of a module end includes the end vessel
costs such as tube sheet, expansion joint, piping and plenum
chamber connections. This module end cost is generally very
high as compared to the foregoing staging costs and has a sig-
nificant effect on the plant optimization.

The optimun plant design depends upon the maximum
condenser tube length that is commercailly or technologically
available. The tube length establishes the number of stages
per tube. In the optimization calculation the cost of adding
a stage for improving efficiency has to be considered in light
of the tube length and the need for an additional vessel. For
each additional vessel the cost of the module ends must be

added. In order to maintain a compatible set of economic
ground rules and design parameters for all the processes stud-
ied, the evaporator heat recovery vessels are divided into two
sections, the high temperature vessel which operates from 2500 F

down to 1800 F, and the low temperature vessel which operates
between 1800 F and 100F. This arrangement of vessels for the
SEMS and MEMS processes is identical to the preheater section
of the Multiple Effect Vertical Tube Evaporation (MEVTE) pro-
cess.

The capital costs for the three types of plants
(SEMS, MEMS, ORNL-MEVTE) were developed in a similar fashion
to 'insure the compatibility of the estimates. Unit costs for
the evaporator shells were made from material takeoff sheets
based on Exhibits 5.6-21 and 22. The evaporators, brine heat-
ers and some pumps were sized by the computer programs used to
optimize the multistage flash plants. Other site and process-
related costs not included in the computer program were de-
veloped and added to the computer calculated costs to yield a
total capital cost. Summary capital costs are contained in
Exhibit 5.6-44.

Evaporator: Unit cost data for the steel fabrica-

tion, shipping and erection were based on manufac urers' esti-

mates. The unit cost of condenser tubing in $/ft was deter-

mined from current manufacturers' price lists. These costs
were used in the input data for the computer programs. For a

given number of stages the program establishes the area of
condenser tubing, the length of evaporator shell, and the num-
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ber of modules required. The program multiplies these numbers
by the appropriate unit cost inputs and arrives at a capital
cost for the evaporators.

Other Costs: The capital costs for the chemical
treatment were developed separately, (see Section 5.6.1). The

prices for deaerators, decarbonators, and steam jet air ejec-
tors were obtained from vendors. Piping and valve costs were

based on current quotations, as were costs for sitework, foun-

dations, instrumentation, electrical facilities, administra-

tion buildings and steam vent condensers. These costs as well

as the costs for spare equipment were added to the computer

calculated costs under the heading "additional capital".

A unit cost for brine heaters was determined on

the basis of current manufacturers' quotations. This unit

cost formed a separate computer input and the program deter-

mined both the size and total cost of the brine heater, where
required.

Pumps: For the distillation plants, several addi-
tional pumps not included in the computer program were sized.
These included the deaerator pumps which pump the makeup to
the deaerator, the seawater pumps which pump seawater through

the tubes in the heat rejection section, the recycle pumps
which pump the recycle brine through the tubes in the heat re-

covery section, the blowdown and product pumps which pump the
blowdown and product water respectively from the last heat re-

jection stage. All pumping is done by pairs of 50% capacity

pumps. The header and pipe losses and static head necessary

for the seawater and recycle pumps were estimated from the

plant layout, Exhibits 5.6-24 and 25. The capacities of these
pumps, as well as the in-tube losses and the difference in

pressure of the first and last stages, were developed in the
computer. The flow rates, estimated pumping head and pump and

motor efficiencies were used to calculate the horsepower of

the additional pumps. The calculated horsepower was then mul-

tiplied by $85/hp to arrive at the capital cost of the sea-
water and recycle pump and motors. The formula, $1.10 per gpm

plus $20 per horsepower, was used to estimate the capital cost

for the smaller pumps and motors.

The pumps for the ORNL-MEVTE plant differ signifi-
cantly from those for an MSF plant. There are no recycle

pumps and the seawater pump is smaller due to higher tempera-

ture differences in the heat rejection sections. A booster

pump is, however, provided to satisfy the extra head needed
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CAPITAL COST COMPARISON OF DESALTING PLANTS

COST ESTIMATE

20 mgd CAPACITY

(Based on two 10 mgd trains)

MULTISTAGE FLASH
DISTILLATION MULTI-EFFECT EVAPORATION - VTE

SEMS

Evaporator (including erec- $ 14,124,000
-tion, assembly & testing)

All Other Equipment 2,720,000

Electrical & Instrumentation, 440,000
including Panels

Site Work, Structures and 226,000

Foundations

TOTAL DIRECT COSTS $ 17,550,000

Engineering, Construction

Management & Startup 1,170,000

Interest during Construction 1,313,000

Temporary Facilities 47,000

TOTAL INDIRECT COSTS

TQTAL CAPITAL COST

2,530,000

$ 20,080,000

MEMS

$14, 599,000

2,542,000

540,000

270,000

$17, 951,000

1,209,000

1,342,000

47, 000

2,598,000

$20,549,000

ORNL

$12, 322, 000

1,737,000

440,000

297,000

$14,796,000

939,000

1,106,000

47,000

2,092,000

$16,888,000

WLB

$14, 266, 000

1,517,000

600, 000

278,000

$16,661,000

1,061,000

1,244,000

47,000

2,352,000

$19,013,000

A-G

$10, 710,000

2,333,000

440,000

392,000

$13,875,000

750, 000

1,035,000

47, 000

1,832,000

$15,707,000

x
H
w
H

U,
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to send makeup seawater through the decarbonator. There is a

pump to raise the water to the top of each effect, except for
the first effect and the makeup pump must supply the head nec-
essary to force the makeup through the preheater condenser
tubes and overcome the static head and steam pressure of the
first effect. The product, blowdown and deaerator pumps are
similar to those in the MSF plants.

The total capital cost is the sum of the cost of
the brine heater, evaporators, and seawater and recycle pumps

and motor, and the additional capital costs. For a single 10

mgd SEMS train designed as part of a 20 mgd plant this figure
came to $9,462,000 (see Exhibit 5.6-45). Added to this were

indirect costs of $1,547,000, which yielded a total capital
cost of $11,009,000. The second 10 mgd SEMS train was priced

similarly as the first. However, on the basis of previous ex-
perience with the production of two identical trains the evap-

orator cost for the second train would be about 15% lower.

This savings, along with the lack of need to duplicate non-

installed spare equipment for the second train and lower in-

direct costs led to a total capital cost of $8,088,000 for the
installed second train or a total of $20,080,000 for both
trains, including all direct and indirect costs.

The direct capital cost of a single 10 mgd MEMS

train designed as one-half of a 20 mgd plant is $9,652,000.
Indirect costs came to $1,587,000, yielding a total capital
cost of $11,239,000. Using the same estimating basis as in

the cost of the SEMS plant, a total cost of $20,549,000 was
obtained for a two-train MEMS plant.

The direct capital cost of a single 10 mgd ORNL-
MEVTE train is $7,524,000. Indirect costs for the train came

to $1,248,000 and the total cost is $8,772,000. Because there
is not the same experience in the construction of large scale

MEVTE plants as there is in the MSF plant, no reduction was
taken in the shell costs for the second 10 mgd evaporator
train. However, the savings in spare equipment and indirect

costs for a second train were considered and the total cost

of the second train was $8,116,000, yielding a total capital

cost of $16,888,000 for both trains.

5.6.6.1.2 Operating Costs

Besides paying off the debt the operating costs
for a desalting plant are as follows: chemical, power, steam

and labor. Of these, the cost of steam is the most significant,
accounting for about two-thirds of these latter operating costs.
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CAPITAL COST COMPARISON OF DESALTING PLANTS

10 mgd CAPACITY a

COST ESTIMATE

Evaporator

All Other Equipment

Electrical & Instrumentation,
including Panels

Site Work, Structures and
Foundations

TOTAL DIRECT COSTS

Engineering, Construction
Management & Startup

Interest during Construction

Temporary Facilities

TOTAL INDIRECT COSTS

TOTAL CAPITAL COST

MULTISTAGE FLASH
DISTILLATION

SEMS

$ 7,500,000

1,494,000

285,000

183,000

$ 9,462,000

780,000

720,000

47,000

$ 1,547,000

$ 11,009,000

MULTI - EFFECT
EVAPORATION

ORNL - MEVTE

$ 6,161,000

938,000

245,000

180,000

$ 7,524,000

626,000

575,000

47,000

$ 1,248,000

$ 8,772,000

a. Based on one 10 mgd train

J1,



The annual steam cost is a function of the unit steam cost,
the plant capacity, and the plant performance ratio (lbs prod-
uct/1000 Btu). For an increasing performance ratio the annual
steam cost decreases and the capital cost increases, reflect-

ing the merits of improved plant cycle efficiency. In fact,
optimization of a desalting plant is largely the process of

finding the most economical balance between steam cost and
capital cost. The plants for the SEMS, MEMS and ORNL-MEVTE
range from 9.0 to 10.4 in performance ratio and are at or near
optimum. Annual steam costs range from $1,028,000 to $1,140,000.

The power cost depends on pumping requirements
which differ with each type of plant. The annual power costs
comprise from 9% to 12% of the annual operating costs, or
$138,000 to $200,000 a year.

The annual chemical cost is due principally to the
cost of sulfuric acid necessary to convert the calcium carbon-
ate in the makeup to calcium sulfate. Anti-foam chemicals and
caustic soda contribute only small amounts to the chemical costs.

Thus the annual chemical costs depend mainly on the unit cost
of sulfuric acid and the makeup flow. The unit cost of acid
for Puerto Rico is $45/ton, and the makeup flows for the SEMS

is about 40 mgd. For the MEMS and the ORNL-MEVTE the makeup
flow is about 30 mgd. The annual chemical costs are $202,000
for the MEMS and the ORNL-MEVTE plants and $270,000 for the

SEMS plant.

Annual labor costs were estimated to be about
$154,000 for each plant. This estimate was based on experience
with smaller SEMS plants and is probably not conservative

enough for the more complex ORNL-MEVTE and MEMS plants. This
will only be borne out by operating experience.

The itemized operating costs are listed in Exhibit
5.6-45. The total annual operating costs, exclusive of capital
costs, are $1,640,000 for the SEMS; $1,696,000 for the MEMS;
and $1,568,000 for the ORNL-MEVTE.

5.6.6.1.3 Water Unit Costs

For each type of plant several performance ratios
were studied. Each performance ratio requires a different
plant design. The studies indicated that performance ratios

between 8.9 and 10.1 were at or near optimum, with variations
of a few tenths of a cent per thousand gallons for each type

of plant.
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The unit cost of water is determined by dividing
the total annual costs by the annual production. The annual
cost of writing off the capital investment is, however, always
present irrespective of the production. Unlike the cost of
consumables, the annual fixed charges increase in direct pro-
portion to a decrease in plant capacity factor.

The unit cost for water was first calculated on
the basis of an 85% capacity factor, with the following re-
sults: For the SEMS it is $.518; and for the MEMS it is $.533;
for the ORNL-MEVTE the cost per thousand gallons is $.466.
For a 90% capacity factor the values are $.502, $.517 and $.452
for the SEMS, MEMS and the ORNL-MEVTE, respectively. These
values are presented in Exhibit 5.6-46.

The unit cost of water for a 10 mgd SEMS and 10mgd
MEVTE were developed for comparative purposes. Exhibit 5.6-47.
contains the economic comparison.

5.6.6.2 W. L. Badger MEVTE Plant

5.6.6.2.1 Plant Capital Cost

The capital cost for the W. L. Badger MEVTE was
based on designs furnished by W. L. Badger Associates, Inc.
The plant is designed at two 10 mgd trains each consisting of
two vertical towers. The dimensions of the towers, the tubing

requirements, the pump sizes and the heat exchanger duties

were all furnished by W. L. Badger Associates, Inc. Metal

thicknesses and structural support requirements for the towers

were estimated and material takeoffs were developed. With
these material takeoffs, and the tubing and heat exchanger
information furnished by W. L. Badger, an estimate was made
of the evaporator cost. The larger pumps were estimated at
$85/hp. The smaller pumps were estimated at $20/hp, plus
$1.10/gpm.

The cost for the chemical treatment facility was
developed separately based on makeup requirements. The decar-

bonator and steam jet air ejector costs were obtained from ven-

dors. There was 'no separate deaerator in the design and the

cost is not included. Costs for foundations, site work, in-
strumentation, and electrical facilities, as well as require-

ments for spare equipment were estimated on a comparison basis

for all evaporator plant concepts.
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U,

Performance Ratio,a
Capital Cost, $

ECONOMIC COMPARISON OF DESALTING PLANTS

20 mgd CAPACITY

(Based on tow 10 mgd trains)

MULTISTAGE FLASH

DISTILLATION MULTI-EFFECT EVAPORATION - VTE

SEMS MEMS ORNL WLB A-G

10.04 9.00 9.56 12.03 9.56

20,080,000 20,549,000 16,888,000 19,013,000 15,355,000

Annual Charges, $/yr.

Capital

Labor

Steam

Chemicals

Power

1,573,000

154,000

1,028,000

270,000

188,000

1

1

TOTAL 3,213,000 3

Cost of Water ($/kgal)
a 85% Plant Capacity

Factor 0.518

Cost of Water ($/kgal)
90% Plant Capacity

Factor 0.502

aPounds of product water per 1000 Btu of steam.

,610,000

154, 000

,140,000

202,000

200,000

,306,000

0.533

0.517

1,323,000

154, 000

1,074,000

202,000

138,000

2,891,000

0.466

0.452

1,490,000

154,000

855,000

202,000

56.000

2,757,000

0.444

0.431

1,232,000

154,000

1,074,000

202,000

134,000

2,806,000

0.452

0.438



ECONOMIC COMPARISON OF DESALTING PLANTS

10 mgd CAPACITY a

MULTISTAGE FLASH
DISTILLATION

SEMS

MULTI-EFFECT

EVAPORATION

ORNL-MEVTE

Capital Cost, $ 11,009,000 8,772,000

Annual Charges, $/yr.

Capital

Labor

Steam

Chemicals

Power

TOTAL

863,000

154,000

514,000

135,000

93,000

1,759,000

687,000

154,000

537,000

101,000

69,000

1,548,000

Cost of Water ($kgal)
@ 85% Capacity Factor

a. Based on a single train

0.570

EXHIBIT 5.6-47

0.499



The total direct capital cost was the sum of the
evaporator, pump, and other costs. The direct capital cost

for the first 10 mgd unit was $8,581,000. Indirect capital
costs including engineering management, interest during con-
struction and temporary construction, were estimated at
$1,408,000, yielding a total capital-cost of $9,989,000. The
direct cost of the second 10 mgd unit, taking into account
savings in spare equipment and other costs, was $8,080,000 and
the indirect cost was $944,000. This yields a total of
$9,024,000 for the second unit and a total cost of $19,013,000
for the 20 mgd plant.

5.6.6.2.2 Operating Cost

The W. L. Badger VTE has a relatively high perfor-
mance ratio of 12.03 pounds of product per 1000 Btu. This is
achieved by a relatively large condenser surface area and
leads to higher capital costs. However, the higher perfor-
mance ratio also yields lower annual steam costs. In this
case, the annual steam cost, the product of the cost per thou-
sand Btu and the annual production divided by the performance
ratio, is $855,000. Labor costs were estimated at $154,000 a
year.

Chemical costs come to $202,000 a year for this
VTE plant with a makeup flow of 30 mgd. The unit cost of
power was chosen at $.005 per kilowatt-hour and with the pump-
ing requirements specified by W. L. Badger the annual power
cost is $56,000.

5.6.6.2.3 Water Unit Cost

The unit water cost is the cost to the operator
per thousand gallons of product water. It is obtained by
taking the total annual costs and dividing by the annual pro-
duction. The annual capital cost, the total capital cost

multiplied by the fixed charge rate of 0.07835, is $1,490,000

for the W. L. Badger VTE. The annual operating costs are

$1,267,000 for an .85 capacity factor and, thus, the total

annual costs are $2,757,000. These costs divided by the an-
nual production for a .85 capacity factor yield a unit water

cost of $0.444 per thousand gallons. For a .90 capacity fac-

tor the operating costs are $1,342,000 a year, and the total

annual costs are $2,832,000. This yields a unit water cost

of $.431 a thousand gallons with a .90 capacity factor.
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Aerojet-General MEVTE-MSF Plant

5.6.6.3.1 Capital Costs

The Aerojet-General lump sum estimate for the com-
plete 20 mgd desalting plant, erected and tested is as follows:

Equipment & Material
Fabricated structural steel
Special process equipment

Standard process equipment
Piping and valves

Electrical
Instrumentation

Miscellaneous material

Subtotal - Equipment & Materiala
fob - U.S. Port

Export packing, ocean freight,
and off loading

Subtotal, Equipment & Material,
Site

Site work & foundations,
in place
Control building
Erection, assembly & testing

Field supervision of testing

Price

$ 150,000
9,000, 000

680,000
1,000,000

150,000
230,000
90,000

11,300,000

300,000

11,600,000

300, 000
20, 000

1,300,000

and performance test 80,000

Total installed & tested planta $13,300,000

aHome office engineering, contractor overhead

been distributed to each item.

Location in
Exh. 5.6-43

All other
Evaporator
All other
All other

Elec. & Instr.
Elec. & Instr.

All other

All other

Site Work,etc.

Site Work,etc.

Evaporator

Evaporator

and profit have

This cost data has been rearranged for inclusion

in Exhibit 5.6-44 to permit comparison with the other desalt-

ing plants as noted. In addition, certain modifications have

been made to place all desalt plants on a comparable basis as

follows:

A. The allowance for Miscellaneous Material was

increased from $90,000 to $203,000 to cover

more spare parts.

5.6-44
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B. The allowance for Electrical and Instrumenta-
tion was increased -from $380,000 to $490,000.

C. The allowance for control building was in-

creased from $20,000 to $92,000.

D. An item of $750,000 was added to cover Archi-

tect-Engineer fees for preparation of speci-

fication and supervision construction.

E. The cost of the evaporator was increased

$330,000 to cover changing CDA 689 alloy(alu-
minum brass) to 90-10 copper-nickel for the

VTE fluted tubes.

5.6.6.3.2 Operating Costs

The estimated operating costs of the Aerojet-

General Plant are summarized in Exhibit 5.6-46.

The data was obtained on a comparable basis to that
used for the other plants previously described. The amount of

sulfuric acid differed greatly between the predicted and war-

ranted performance so the chemical costs were made the same as

the other VTE plants on the basis that there would be no funda-

mental reasons why they would differ.

5.6.6.3.3 Unit Cost of Water

The unit cost of water for the Aerojet-General

Plant is summarized in Exhibit 5.6-46. It is Aerojet-General's

opinion that their plant could achieve a 95% on-stream effi-

ciency and if this were the case, it would further reduce the

unit cost of water approximately 1 per 1,000 gallons.

5.6.7 Process Development

5.6.7.1 Seawater Pretreatment Processes

The caustic pretreatment method holds promise of

being competitive with acid pretreatment provided the caustic

price is low enough and the equipment performance is equal to

or better than that assumed in the design given in this report.
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It is recommended that consideration be given to a program to

develop more accurate data needed to design the caustic pre-
treatment equipment.

5.6.7.2 Desalting Processes

The SEMS, MEMS and ORNL-MEVTE evaporators all rely
on the use of condenser or preheater tubes over 200 feet in

length. Since this development requires design advances re-
garding thermal expansion, production, and general operating
difficulties due to tube life, investigation into the feasi-
bility of this type of evaporator configuration should be made.

The multi-effect VTE process holds promise of
reducing the cost of desalted water. It is recommended that
support be given to further detailed design and development
work to determine which of the VTE designs holds the greatest

promise and to the construction and operation of such a plant
to demonstrate its capability. The superior performance of

this type of plant is based in part on the projected operating
data for enhanced (fluted) vertical tubes and the program

should be designed to further verify this data.

Particular effort should be made to reduce the
ratio of shell cost to heat transfer surface cost in the MEVTE.

Recent work regarding the use of polymerized concrete vessel

shells indicates the possibility of additional capital cost

reductions. This work should be expanded to test the feasi-
bility and economics of the polymerized concrete vessel shell.

5.6.8 Environmental Effects

A desalting plant affects three of the important
abiotic factors influencing the growth and survival of marine

bio systems. These are temperature, salinity and dissolved

copper. Because of the complex environmental situations nor-

mally present near the outfall or discharge canal of a de-
salting plant, care must be taken to insure that the enriched

(thermal and salt) plant effluent does not adversely affect

the natural balance.

In addition to the salt enrichment, the desalting

plant adds other ionic components particularly copper to the

effluent brine. Normal seawater contains approximately 0.004
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mg/l of copper, while desalting plant effluents have been
found to contain approximately 0.130 mg/l of copper. Copper
concentrations of 0.05 ppm in continuous supply have been
found to be toxic to diatoms and Dinoflagellata, the two most
important primary producers in the marine environment. Other
effects include the concentrating species; i.e. photoplankton,
which will concentrate the copper in the ratio of 5000:1 to
10,000:1, thereby transferring the copper to other trophic
levels in the food chain.

The desalting plant effluent can be effectively
rendered harmless by virtue of the two alternate operating

modes of the plant.

A. Where the enriched brine is utilized for salt
recovery, the desalting plant effluent is not
returned to the sea but continues to undergo

further distillation and crystallization.

B. Where the enriched brine is not utilized for
salt recovery, the enriched brine is diluted
by the power plant discharge, thereby reducing
the copper and salt concentration. The sea-
water flow through the dual purpose power
plant condensers is about 70 times the desalt-

ing plant brine effluent flow so that the
salt concentration in the mixed effluent would
be only 4% higher than in normal seawater.
The increase in the copper content of the
mixed effluent due to. the desalting plant
would be 0.002 mg/l. The thermal affects are
combined with that of the power plant which
is discussed in Section 4 of this report.
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5.7 RESERVOIRS

It is essential that the water supply to the
Energy Center be reliable. Reliability can be achieved
through redundancy of sources as well as through the use of
reservoirs to store water so that demand can be met for a
period in which there may be an interruption in water supply.

5.7.1 Reservoir Size

Establishing storage for desalting plant shut-
down is difficult because of the uncertainty in the reason
for the shutdown and hence the duration of the shutdown.
The desalting plant would be made up of at least two units,
each with a capacity of 10 mgd and the salt production plant
with a capacity of 8.3 mgd. It might arbitrarily be assumed
that one of the desalting units could have difficulty and
would cut the production of the salt unit in half and the
outage would last 2 months. This gives a loss in water pro-
duction of approximately 840 million gallons which would
have to be recovered from storage at the rate of 14 mgd.
Alternately, this 840 million gallons of storage could
correspond to the outage of the entire water production for
a period of about 30 days, but in this instance, the water
would have to be retrieved at the rate of 28 mgd.

5.7.2 Energy Center Reservoir

There are two types of reservoirs that can be
considered, namely, surface and underground reservoirs.

5.7.2.1 Surface Reservoirs

At the present time, there are three surface
reservoirs in the Guayama Sub-Region namely, Patillas,
Carite and Melania, all of which are part of the South Coast
Irrigation System and for this reason are not necessarily
available for the use of the Energy Center. The Carite

Reservoir is 1783 feet above sea level and the system is

capable of supplying 28 cfs or 17.8 mgd which is not equal to
the full flow required. Its storage capacity is 9500 acre-
feet or approximately 3.1 billion gallons or about 4 times
the amount required.
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The Patillas Reservoir is 222 feet above sea

level, can deliver water at 54 cfs or about 35 mgd, which is

more than the full flow required. Its storage capacity is
14,000 acre-feet or approximately 4.6 billion gallons or

about 6 times the amount required.

The possibility of using the irrigation system as
an emergency backup source of water was considered, however,
PRWRA feels that this might not prove satisfactory since the

canals can be out of service for any number of reasons and

they are not in a position to assure the reliability of this
source. Furthermore, this raw water can have high turbidity
due to the open canals and would require further treatment

for most industrial uses.

The Melania Reservoir is small and it is already
planned to enlarge it and incorporate it into the Toa Vaca
Project to serve as a regulating basin between the supply
line from Toa Vaca and the filtration plants. As such, it
probably cannot be counted on as a reservoir for this project.

There appears to be no other satisfactory surface
water site in the region.

5.7.2.2 Underground Reservoirs

The coastal plain between Salinas and Patillas is
a series of alluvial fans at the outlets of the river valleys
that constitute good aquifers that store fresh water both
above and below sea level. The water stored above sea level

is in dynamic storage, i.e. it is stored above the level of
the sea by virtue of the resistance of the earth that impedes

its progress toward the sea. The alluvial fans located be-
tween Salinas and Guayama are shown in Exhibit 5.5-1. In

addition to the fans shown in this figure there is another
fan in the Arroyo-Patillas area.

The Salinas alluvial fan which is of special in-
terest since it underlies the West Aquirre site, will serve
to illustrate the capability of this type of aquifer.

The Salinas fan (Ref. 5.5-2) is principally east
of Salinas with its easterly boundary coninciding with the
east end of the West Aquirre site. USGS computes that
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80,000 acre-feet of fresh groundwater is in storage above
sea level and the total quantity in storage below sea level
probably exceeds 80,000 acre-feet. In 1961, 26,000 acre-feet
(7.5 billion gallons) was withdrawn from the permeable sedi-
ments at an average rate of 23 mgd. At the present time, it
is estimated (Ref. 5.5-1) that 30 mgd is pumped from the fan.

"The groundwater table in November 1961, sloped
from about 80 feet above sea level near the head of the

Salinas fan to less than 10 feet at the southern terminus.
The change in the water table between seasons in most years
is small, which means that the corresponding change of ground-
water storage also is small. Based on the decline of water
levels from the wet to the dry season from November through
March, it is computed that there was a temporary loss from

storage of only about 4,000 acre-feet." (Ref. 5.5-2)

"About 11,000 acre-feet was pumped during these 5
months which shows that a considerable amount of recharge
entered the area of pumping. The temporary loss of storage,
however, was replaced during the succeeding rainy period. At
the end of the rainy period, the groundwater reservoir once
again was at full capacity, which is typical." (Ref. 5.5-2)

The droughts of 1967 and 1968 and increased pump-
ing have reduced water levels in the fan about 10 feet below

normal and have lowered some areas over toward Salinas to

about 5 to 10 feet below sea level. Minimal seawater intru-

sion took place during this period due to the presence of

silt layers along the coast that help to keep fresh water in
and salt water out. The fan is now recovering since rains
are returning to normal.

As an illustration of the capacity of this fan,

the area under the 2400 acres of the West Aquirre site would
yield 100 million gallons for each foot of change of water
level based on a void fraction of 15%. The average water

level under the West Aguirre Site in normal years is about

10 feet above mean sea level so that this plot contains about

1 billion gallons of water stored above sea level. The depth
of the aquifers under the West Aquirre are 150 feet below sea
level and the average depth is probably about 100 feet deep.
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ENERGY CENTER WATER SUPPLY SYSTEM

The preceding sections have discussed the require-
ments for water in the Energy Center and in the Guayama Sub-

Region and the possibilities and costs of supplying these re-

quirements from wells, from the Toa Vaca Project and from de-

salting plants. This section of the report evaluates this

information for the purpose of developing potential solutions
to the Energy Center water supply problem as well as its inter-

relations with that of the Guayama Sub-Region.

The information given in the preceding sections
contained elements of uncertainty, some of which are due to
the physical facts, some of which are due to the need for
legislation, some of which are due to decisions that must be
made on whether or not to develop a project and under what

conditions and at what pace. These uncertainties will be re-
solved in the course of time, but presently, they are unre-

solved and it is, therefore, necessary to make assumptions

and develop alternate solutions depending upon the assumptions.

Therefore, this section develops four alternative approaches
to the water supply problem which covers the spectrum of ap-

proaches and indicates the considerations that will enter
into future decisions. Variations on these solutions can
later be developed depending upon future developments and
guided by the general information set forth in this report.

5.8.1 Energy Center Water Supply Alternatives

An Energy Center water supply system based on the

use of desalted water is shown in Exhibit 5.8-1. In this

system, two 10 mgd desalting plants are provided along with a
salt production plant that produces 8.3 mgd to give a total

desalted water capacity of 28.3 mgd. The sizing of this de-
salting and salt production plant is based on obtaining all
the salt required for the chlorine-caustic plant from this
source. In addition to the water from the desalt plants,
there is 1.4 mgd available from the chlorine-caustic plant to

give a total capacity of 29.7 mgd, compared to a total demand
of 26.8 mgd, leaving a surplus of 2.9 mgd of desalted water

that can be sold outside of the Energy Center to meet other
demands in the Guayama Sub-Region.

5.8-1
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In addition, the West Aquirre wells can continu-
ously and reliably provide about 4 mgd, making a total surplus
production of 6.9 mgd available to the Guayama Sub-Region.

The surplus water would be distributed by pipe line as shown
in Exhibit 5.5-6. The availability of this water and in par-
ticular the West Aquirre well water could be helpful in re-

lieving the water shortage that will develop in the near
future as a result of the Phillips development.

The cost of the pipe line from the West Aquirre
to Guayama and the booster pumps will be about $5,000,000 so
that the annual cost of this line and the pump operation will
be as follows:

Fixed Charge @ 8% = $400,000

Cost of Power = 75,000

Maintenance & Operation = 60,000

$535, 000

This gives a unit cost for water of about 23C at

100% load factor not including the cost of the water itself.

The line from West Aquirre to Guayama should be
thought of not simply as a transmission line between two
points but as a 'collection and distribution header since there
may be opportunities to collect additional water from other
wells along the line and to supply water to intermediate load
points such as Phillips.

A total well supply of about 22 mgd would be pro-
vided so that in an emergency, well water could be used to

replace the production of desalting plant and the water pro-

duction of the salt recovery plant for a period of one month.

A connection might or might not be provided to the

Toa Vaca water distribution to serve as an emergency backup
for the Energy Center water supply.

The flow diagram shown in Exhibit 5.8-1 makes the
Energy Center independent of all external projects and whether
or not they proceed or maintain any established schedules. It
is dependent on the Guayama Sub-Region only as a consumer of
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surplus water and possibly on the Toa Vaca Project as an
emergency backup. The role of the Guayama Sub-Region as a
consumer effects only the economics of the scheme as discussed
in Section 5.9.

Alternate 2, shown in Exhibit 5.8-2, is similar
to Alternate 1, except that the sizing of the desalting plants

is no longer based on satisfying the salt feed to the chlorine-
caustic plant, but is now based on satisfying the Energy
Center requirements for water, taking into account the well
water capability of the West Aquirre site. Again, the Energy

Center is independent of the Guayama Sub-Region including not
needing it as a consumer of surplus water. For this scheme,
some salt must be purchased to supplement the production of
the salt plant. Alternate 2 effects the economics of the
salt recovery plant adversely because of the size reduction
which may effect the practicability of this plant.

Alternate 3 shown in Exhibit 5.8-3 is based on
eliminating the salt production plant and buying all the salt
needed for the chlorine-caustic plant. The Energy Center
would rely on well water, Toa Vaca water, chlorine-caustic
plant water and desalting plant water as needed.

Alternate 4 shown in Exhibit 5.8-4 is similar to
Alternate 3 except that no desalting plants are used and all
the water is obtained from Toa Vaca, from the West Aquirre
wells and the chlorine-caustic plant. Alternate 4 is not be-
lieved to be practical because the water is not available and
is included only for the purpose of showing the effect on
cost in Section 5.9.

Alternates 1 and 2 make the Energy Center independ-
ent of water from the outside, but Alternates 3 and 4 are de-
pendent on outside sources so that the water requirements and
supplies of the Guayama Sub-Region and the Energy Center must
be viewed as a whole for the latter two alternates. Exhibit
5.8-5 shows the water requirements of the Guayama Sub-Region
based on the data given in Exhibit 5.4-3 along with the
potential sources of water as discussed in Section 5.5 and
Section 5.6. Exhibit 5.8-5 superimposes the capacities of
available sources including the South Coast Irrigation District
water, existing PRASA wells, existing industrial wells, West
Aquirre wells, Toa Vaca and the chlorine-caustic plant. The
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difference between the total capacity of these sources and the

total demand at any given time must be made up out of a combi-

nation of other wells and desalting plants.

The shortage of capacity reaches two peaks and is

then relieved by additional water from Toa Vaca. In 1977, a

peak shortage of about 28 mgd is reached and in 1989 the short-

age peak is 33 mgd. As discussed in Section 5.5, the amount
of additional water available from wells is uncertain for

both physical reasons as well as reasons of control of the

supply, but the limit of the average reliable supply for lower

than the normal rainfall that can be economically developed is

probably about 10 mgd. This falls short of the peak needs in
1977 by about 18.0 mgd and the 1989 peak by 23 mgd. The pos-
sibilities of overcoming this shortage are as follows:

A. Take greater risks

B. Slow down the.development of the area

C. Accelerate the water delivery schedule
for Toa Vaca

D. Build desalting plants

In regard to taking greater risk, the additional
capacity available from wells is only an estimate. It is

possible that more well water could be obtained from this
source. It is also possible that additional well service

might be developed outside the Gugyama Sub-Region, perhaps

further west in the area of Santa Isabel. The first shortage
peak is not reached until 1977 which allows some time for

studying these possibilities in greater detail and sinking

wells so that additional wells as a source of water might be

firmed up in the interim. Generally speaking, taking risks

on a utility as vital as the water supply is not a good basis
for attracting industry.

Restrictions could be placed on the development of

the Phillips and Energy Center projects and failure to supply

the water will have this effect. However, since the purpose
of this study is to create employment, limiting the rate of

industrial buildup is not an acceptable solution within the

context of this study. While restricting development of these

projects is not in order, it is in order to monitor their de-
velopment to insure that decisions are being made on the latest

and best data. The water shortage that will build up until

1977 when Toa Vaca becomes available, largely results from the
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Phillips development so that changes in the Phillips schedule
can have major effects on the need for water.

The Toa Vaca Project can be studied for ways to
accelerate the delivery of water to Guayama possibly by di-
verting some of the water from Stages 1 and 2 to the Guayama
Sub-Region. Stages 1 and 2 of Toa Vaca only produce 43 mgd
so that the 14 mgd needed is a substantial fraction. PRWRA
is now giving consideration to the possibility of proceeding
with Stage 5 before 3 and 4 to bring more water to Guayama at
an earlier date. However, to meet the need, Toa Vaca water
would have to reach Guayama by 1975.

The other alternative is to build desalting plants.

The existence of two 7.5 mgd desalting plants would keep the
demand on other well sources within the average allowable of
10 mgd through 1985 as shown in Exhibit 5.8-6. The two de-
salting plants should go into operation in 1974 and 1976 and
with a two-year lead time, decisions will have to be made on
the respective plants in 1972 and 1974. This gives time for
other projects to develop and for firmer data to be available
on requirements and supplies so that final decisions under
Alternate 3 can be better made at that time.

Alternates 3 and 4 just discussed, viewed the prob-
lem from an overall viewpoint, but Alternates 1 and 2 viewed
it only from the standpoint of the Energy Center. Adoption
of Alternates 1 or 2 has an effect on the overall picture. If
Alternate 1 were adopted, it would produce 29.7 mgd of desalted
water by 1979 and this superimposed on top of the Toa Vaca
water, which is presently scheduled to become available in
1977, would result in a surplus of about 25 mgd. To avoid
such a large surplus, the schedule for Toa Vaca might be modi-
fied as shown in Exhibit 5.8-7. Based on this plan, Toa Vaca
Stage 3 water would be brought to Guayama in 1981 or four years
later than presently scheduled. If Alternate 2 were adopted,
a similar situation would exist except that the surplus would

be about 18 mgd and Stage 3 of Toa Vaca would then be scheduled
to bring water to Guayama by 1980.

One feature of Alternates 1 and 2 that should be
understood is that the capacities chosen are related to salt
production so that when a surplus of water exists, these plants
cannot be shut down or cut back because of their obligation to
produce brine for the salt production plant. A consequence of
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this is that the production of wells must be cut back which
is generally a lower cost source of water than that from de-
salting plants.

5.8.2 Recommended Alternative

In Section 6 of this report, the economics of a
salt recovery plant are discussed and it is recommended that
it be included in the Energy Center. It is, therefore, recom-
mended that Alternate 1 or Alternate 2 be used with the final
choice being based on the details of specific negotiation with
prospective industries and the progress of other projects that
have a bearing on availability of water.

The West Aquirre wells should be developed as soon
as possible to help meet the needs for water for Phillips and
Guayama. The desalting plant schedule should be based on the
needs of the Guayama Sub-Region including the Energy Center
and on this basis, the desalting plants will be installed
prior to the time they would be needed for the Energy Center
alone.

Regardless of whether or not the Energy Center
negotiations have advanced to the point of including a salt
plant, the desalting plants should be of the multi-effect VTE
type on the basis of cost of water and the production of a
brine concentrate three times seawater feed concentration that
will help the economics of the salt recovery plant if and when
it is decided to construct one.
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5.9 ENERGY CENTER WATER COSTS

This section of the report develops the approxi-
mate costs of the Energy Center water supply based on the
alternatives considered in the previous section of the report.
The approximate Energy Center water costs are shown in Exhibit
5.9-1. Exhibit 5.9-1 also shows income from the sale of water.
It is not within the scope of this study to establish rates to
be charged for water. The prices for water shown in Exhibit
5.9-1 are chosen on a variety of bases and are intended solely

for the purpose of striking a balance between costs and income

and showing how the water rates might be effected by the vari-

ous alternatives considered.

For Alternate 1, where the Energy Center makes all
its own water and sells its surplus to the Guayama Sub-Region,

the average cost of water is 39.70 per thousand gallons based
on crediting the salt and chlorine-caustic plants for water at

the cost of desalted water. If instead they are credited at
the price charged for industrial water, then the average cost

of water is 33.9c per thousand gallons.

Alternates 3 and 4, which eliminate the salt pro-
duction plant and make the Energy Center dependent on outside

sources of water, result in lower average costs of water based

on the assumption that Toa Vaca water will be available at

cost, i.e. about 200 per thousand gallons.

Alternate 4 assumes that additional water is ob-
tained from sources outside the Energy Center and no desalting

plants are built. Demineralization is used for the boiler

feed water and low quality desalted water based on the assump-

tion that it will be Toa Vaca water at about 250 ppm total
dissolved solids. The cost break-even point for demineraliza-

tion versus flash distillation is in the range of 500 ppm.

As stated previously, the establishment of rates

for industrial water is beyond the scope of this study. How-

ever, a statement regarding the philosophy on which these

rates should'be based is in order since these rates will ef-

fect the Energy Center. The cost and income balance shown

in Exhibit 5.9-1 treats the problem from the narrow view-
point of the Energy Center. In considering the establish-

ment of industrial water rates, a wider viewpoint should be
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used, possibly for the entire district that will be served

by Toa Vaca or possibly for the whole of Puerto Rico.

The problem is to create employment by attracting
heavy industry to Puerto Rico, and an adequate supply of in-
dustrial water is essential to do this. The water require-

ments will be met from many sources including wells, Toa Vaca
and desalting plants all of which have different unit costs.

The industrial water rates should be based on the

philosophy of having industry pay for the water they use but
on a uniform rate schedule within the geographical area chosen

and not dependent on the specific location within the area.

The proposed philosophy is the same as that used
in the establishment of power rates wherein PRWRA has many

plants all with different production costs, but the rate sched-
ule is uniform for the whole of the geographical area which in
the PRWRA's case is all of Puerto Rico.

In short, the Energy Center should not be charged
higher industrial water rates because it happens to be located
next to the desalting plants and because it is helping to solve
the problem of supplying industrial water.

The industrial water rates should be set differ-
ently based on the quality of water furnished when the con-
sumer specifies a quality other than standard.
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APPROXIMATE ENERGY CENTER WATER COST AND INCOME

SOURCE OF COSTS

Desalted Water
Salt Recovery Plant

Chlorine-Caustic Plant

West Aguirre Wells
Toa Vaca Water
Demineralizing Cost

Total

SOURCE OF INCOME

ALTERNATE 1

Amt. Cost Cost

mqd t/k GaL $/Day

20

8. 3

1.4

4.0

45
45a

(26.5)
45a

(26.5)
5

9,000
3,730
(2,200)

630

(371)
200

33.7 39.7 13,360

(34.8) (11,771)

Amt. Rate Income

mqd C Gal $/Day

ALTERNATE 2

Amt. Cost Cost

md l 4/k GaL $/Day

15.2 47
6.2 4 7a

(29)
1.4 4 7a

(29)
4.0 5

7,140
2,920

(1,800)
658

(406)
200

26.8 40.7 10,918
(35.6) (9,546)

Amt. Rate Income

mid C /k Gal $/Day

ALTERNATE 3

Amt. Cost Cost
md /k Gal $Da

15.0 47 7,050

1.4 47
(26)

4.0 5
6.4 20

658
(365)
200

1,280

26.8 34.3 9,188
(33.1) (8,895)

Amt. Rate Income

mgd /k Gal $/Day

ALTERNATE 4

Amt. Cost Cost
mgd /A Gal $/Day

1.4 2 0 b

4.0
21.4

( 3 60)d

5
20
60

288

200
4,280
1,800

26.8 24.5 6,568

Amt. Rate Income
mgd /k Gal $/Day

Boiler Feed
Low Quality Desalted
Industrial

Potable-Tn Energy Center
Sale Outside Energy Center

1.4 90d
3.3 6 0 d

21.5 34.1
(26.7)

0.6 24
6.9 37 C

1,260
1,980
7,330
(5,741)

140

2,550

1.4 90
3.3 60

21.5 35
(28.6)

0.6 24

1,260
1, 980
7,538

(6,166)
140

1.4 90
3.3 60

21.5 27
(25.6)

0.6 24

33.7 39.7 13,367
J34.8) (11,771)

26. 40.7 T aT"1-
(35.6) (9,546)

7Z3 3.T 9,188
(33.1) (8,895)

26.8 24.5 6,568

a. An allowance equal to cost of desalted water; an alternate allowance closer to the charge for industrial
water is shown in parentheses.

b. Allowance approximately equal to cost of Toa Vaca Water
c. Based on an average sale of water in Puerto Rico of 30 cubic meters per month with an income of $4.75 under

the new rate schedule which equals 62/k gallons less 250/k gallons for Pump, Pipeline and Distribution Costs
d. The water from Toa Vaca will contain about 250 ppm of total dissolved solids compared to the criteria for low giality desalted

water of 150 ppm so that the water would have to be demineralized at a cost of about 30/k gallons over and
above the cost of the water. For boiler feed water, the demineralizing cost is about 60/k gallons. For these

two classes of water, the cost of the water itself was taken as 30 /k gallons average except for Alternate 4
where it was taken as 20/k gallons

C:,

Total

1,260
1,980
5,808

(5, 515)
140

1.4
3.3

21.5

0.6

80
.50
17

24

1,120
1,650
3,658

140
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