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SUMMARY AND SELECTION

1.1 SUMMARY

At the outset of this investigation to select a
site for the Puerto Rico Nuplexa, a series of meetings were
held with Government Agencies to obtain information and
guidance. One of these meetings was with the.Planning Board
who advised that consideration could be given to Guayanilla.
in the southwest region, Bay of Jobos (Aguirre) in the south-
east region and the area east of Arecibo in the -north central
region. The sites were inspected by project management. .,Pre-
liminary site requirements were compiled and tentative layouts
were prepared. Further meetings were held with Federal and
Puerto Rican Agencies to discuss the sites and obtain addi-
tional information. A team of engineers and agronomists
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, meteorology, transport, finance and
socio-economics. Estimates of the relative capital cost. of
the sites 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 transmission lines, power plant foundations and
circulating water system. Operating costs were capitalized
for pumping stations and for the cost of industrial water.
The total relative estimated costs for capital and capitalized
operating costs indicated the Aguirre area was lower in cost
than Guayanilla and the Arecibo site exceeded both by a wide
margin.

On the basis of the general undesirability as
well as costs, Arecibo was dropped from further consideration.
Qualitative factors were compared for Guayanilla and Aguirre
including land availability, meteorological safety, conserva-
tion aspects and agronomical considerations.

A draft report was submitted to the Energy Center

Committee recommending that the Nuplex be located at Aguirre.

a. In this supplement the terms Nuplex and Energy Center

are used synonymously.
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This recommendation was accepted by the Committee with the re-
quest that a further comparison be made of the industrial area
located west of Aguirre as described in the original draft
and alternately with it located east of Aguirre i.e., between
Aguirre and the Phillips plant. For both cases the nuclear
plant would he located as originally proposed just west of
Aguirre.

A draft of a supplement to the Site Selection Re-
port was submitted to the Committee. The Committee reviewed

the draft and requested that further consideration be given to
the matter with the East Aguirre Site modified to drop the
western portion in the areas of San Felipe and Chun Chin and
to substitute an equivalent area north of Highway 3 opposite
the Central Guamani Area (East Aguirre Site A).

For the East Aguirre sites alternative locations
of the harbor were considered, one being in the Bay of Jobos
just east of the dock at Central Aguirre. The other harbor
location was at Las Mareas based on expanding the existing
harbor which currently serves the Phillips Plant. The rela-
tive dredging cost for the harbor and channel at Las Mareas
is lower than the harbor and channel for the Bay of Jobos and
it was therefore decided that for both East Aguirre sites the
harbor would be at Las Mareas.

Preliminary plant layouts were made of the West
and the East Aguirre sites. Relative cost estimates for the
three sites indicated that the procurement and development
costs of the West Aguirre site is about 15.8 million dollars
lower than East Aguirre Site A and 17.1 million dollars lower
than East Aguirre Site B. The cost difference between the
West and both East Aguirre sites is primarily due to the need
to run the steam supply from Aguirre, where rock is available
to support the nuclear power plant, to the Jobos area where
the industrial steam loads are located.
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1.2 RECOMMENDATIONS

1.2.1 Choice of Region

It is recommended that the Aguirre area in the

southeast region be used to develope the Nuplex.

This area is recommended on the basis of the
following:

A. Availability of the amount of land needed in a
desirable configuration that is nicely sloped
that will afford a good plant layout at a mini-
mum cost.

B. Indicated acceptability of the site from a
nuclear safety standpoint by virtue of a good
rock foundation for the reactors that has been
geologically investigated, 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 a nuclear power plant has been given.

C. Lowest cost to acquire and develop the land.

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

E. Good possibilities for developing a harbor.

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

from the landside.

G. Availability of arable, level land to serve as

a demonstration farm.

H. Relative stability of ecological factors.
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Choice of West Aguirre Versus East Aguirre site

It is recommended that the Nuplex be located at
the West Aguirre site. The advantages of the West Aguirre
site that form the basis for this recommendation are as
follows:

A. Use of a dual purpose nuclear power plant as
opposed to a dual purpose fossil power plant
results in an annual savings of about 6
million dollars. Use of the West Aguirre
site permits this savings to be realized,
whereas use of the East Aguirre sites results
in a large fraction of this savings being lost
due to the cost of utility lines connecting
the power plant to the industrial area. The
superior economics of the West Aguirre site
increase the chances of success of the Nuplex
which in turn enhances the prospect of achiev-
ing Puerto Rico's social objective of creating
jobs for men with good rates of pay and long
term stability.

B. The site has a desirable configuration, is
nicely sloped and permits flexibility in plant
layout. Present and future areas are separate
and contiguous within themselves to allow
efficient use of the land both for the present
and the future.

C. Minimal danger of flooding from the land side.

D. Availability of arable, level land within the
plot limits to serve as a demonstration farm.

1.2.3 Site-Selection

The Energy Center Committee selected the West
Aguirre site to serve as the reference design basis for the
further study of the Nuplex.

1.2-2
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INTRODUCTION AND APPROACH TO WORK

2.1 INTRODUCTION

The Puerto Rico Water Resources Authority (PRWRA)
has contracted with the United States Atomic Energy Commission
to study the application of an Energy Center in Puerto Rico.
The Authority in turn has retained Burns and Roe, Inc. as a
subcontractor and The Dow Chemical Company as a major sub-
subcontractor to carry out this study.

The Scope of Work of the contract calls for the
following items related to site selection:

A. Organize, process, and analyze data and other
information on the resources and requirements
of the southwestern, southeastern, and north-
central coastal regions of Puerto Rico. Partio-

ular attention shall be given to water, raw
materials, power, labor, and other factors,

including planning projections for economic
development of Puerto Rico as they relate to

the specific areas to be considered.

B. Make market analyses of- products and technical
assessments of industrial processes offering
potential beneficial conjunctive use with a
nuclear desalting installation (e.g. energy
center) for application in Puerto Rico.

C. Give particular attention to the role of de-
salting including its conjunctive use for

municipal and industrial utilization, and. its

potential application to agriculture of the

region.

D. Comparison of alternative sites. This will
draw on the information and data previously
developed, and specific sites for energy
center complexes will be evaluated. Recommen-
dation for detailed analyses of specific com-

plexes will be made.
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2.2 APPROACH TO WORK

At the outset of this investigation a series of

meetings was held with agencies of the Government of Puerto

Rico including Water Resources Authority (PRWRA), Economic

Development Administration, Planning Board, Department of
Agriculture, Ports Authority, and Land Authority for the pur-

pose of obtaining information and guidance.

The meeting with the Planning Board was of special

importance to insure that the sites to be considered for the

Nuplex would conform to their plans for the development of
Puerto Rico. The Planning Board was advised as to the nature
of the Nuplex and its general requirements. After discussion

and consideration of a number of sites, the Planning Board
rendered their decision that the study could consider for the

northcentral region, the area east of Arecibo up to the Manati
River; for the southeast region, the Bay of Jobos area (re-
ferred to in this report as Aguirre); and for the southwest

region, the Guayanilla area. Use of sites in the southwest
corner of Puerto Rico which were of possible interest were
specifically not allowed on the basis that those areas were

reserved for the development of tourism.

Preliminary visits were made to these sites by

proj ect management.

The preliminary requirements for the site were
compiled and possible arrangements for the Nuplex on the sites
were prepared.

A second series of meetings was held with PRWRA,
Land Administration, U.S. Geological Survey, U.S. Corps of
Engineers, U.S. Weather Bureau, Aqueduct and Sewer Authority
(PRASA) and Bureau of Master Planning to obtain further infor-
mation and guidance relative to the sites being considered.

A team of engineers and agronomists visited each
of the sites.

Time and funds did not permit additional borings
to be taken that would have permitted estimates of the cost of
site preparation, foundations and harbors to be made with
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greater certainty but the existing body of data was used and
they are believed to be adequate for the purpose of site se-
lection.

A draft report was submitted to the Energy. Center
Committee recommending that the Nuplex be located at Aguirre.
This recommendation was accepted by the Committee with the re-
quest that a further comparison be made of the industrial area
located at West Aguirre as described in the original draft and

alternately with it located east of Aguirre, i.e. between

Aguirre and the Phillips Plant. This site is referred to in
the report as East Aguirre Site B. For both cases the nuclear
plant would be located as originally proposed just west of

Aguirre.

A draft supplement to the report was submitted to
the Committee. After reviewing the matter, the Committee re-
quested that further consideration, in greater detail, be

given to the comparison so that the impact of the site choice

on the economics of the Nuplex could be more fully assessed.
For this further comparison, the East Aguire site was modified
by dropping the portion in the area of San Felipe and Chun

Chin and adding an equivalent area north of Highway 3 opposite
Central Guamani. This site is referred to in the report as
East Aguirre Site A.

The final site requirements (as compiled for the
purpose of the site selection) are given in Section 3.0 of

this report. The sites are described in Section 4.0 and a

comparison of the sites is given in Section 5.0 of the report.

References noted in the text are listed at the end

of each section of the report.

The site selection study reported herein was per-

formed early in the study so that certain of the criteria

used in selecting the site may not agree exactly with the

values later developed in the study. as reported in the main

body of the report.
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SITE REQUIREMENTS

3.1 GENERAL

This section of the report gives the site require-
ments for the Nuplex. It must be borne in mind that the in-
dustrial, agricultural, sea water desalting and power segments
were still under study while the site selection was being made
so that the site requirements as herein listed may differ
somewhat from the final requirements. The fact that these re-
quirements differ is not believed to invalidate the data put
forth herein as a basis for selection of the preferred site.

The requirements are grouped according to the seg-
ments of the study; namely, industrial, agricultural, sea
water desalting and nuclear power.
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3.2 INDUSTRIAL

3.2.1 Land

Approximately 1000 acres of land is needed for the
integrated industrial complex with the assurance that an ad-
ditional 1000 acres of adjacent land will be available for fu-
ture expansion of the basic production facilities and for the
location of satellite industrial and "second-generation"
product manufacture. The stated area requirement includes the
areas needed for office buildings, shops and service buildings,
tank farms, raw material stock piles and storage yards, but
excludes that required for port facilities, any water reser-
voirs, and storm and flood protection structures. Ideally,
the area should approximate a rectangular shape, with an im-
portant provision being that the minimum width be 2000 feet.

The site should be protected against flooding from
storm tides or inundation from the land side drainage.

Surface topography should be reasonably level to
minimize site preparation costs.

Bearing capacities of soils greater than 2000 lbs.
per sq.ft. are desirable; otherwise, foundations of structures
must generally be piled, increasing total plant cost by
approximately 2 to 4%.
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Transportation

Ship

3.2.2.1.1 Annual Tonnage Movements (Design Values) Inbound

60,000 bbl/day Crude Oil from North Africa

Nominal size ship
Number of ships required
Approx. frequency of arrival
Annual ship trips
Days unloading per trip
Annual days @ Puerto Rico dock
Vessel Particulars:

Draft
Depth of water
Length Overall
Breadth

Estimated ship freight rate

100,000 dwt.a

3
each 10 days

36
1 day
36 days/yr

48 ft.
55 ft.

830 ft.
130 ft.

$2.94/stb

150,000 dwt.
2

each 15 days
24

1.5 days
36 days/yr

55 ft.
65 ft.

990 ft.
155 ft.
$2.47/st

a dwt. - dead weight tons
b st - short ton

250,000 stpa Alumina from Jamaica

Nominal capacity of barge
Number of barges required
Approx. frequency of arrival
Annual barge trips
Unloading & cleaning days/trip @ P.R.
Annual days at Puerto Rico Dock
Vessel Particulars:

Draft
Depth of water
Length overall
Breadth

10,750 st
1

each 15 days
24
3

72 days/yr

20 ft.
22 ft.

300 ft.
80 ft..

3.2.2
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Annual Tonnage Movements (Design Value)Outbound

500,000 stpa Ethyl Benzene to U.S. Gulf
401,000 stpa Cumene to U.S. Gulf
212,500 stpa Ethylene Dichloride to U.S. Gulf

Nominal capacity of multi-product tanker
Number of ships required
Approx. frequency of arrival @ dock
Annual ship trips
Time at plant dock per trip
Annual days @ Puerto Rico dock
Vessel Particulars:

Draft
Depth of water
Length overall
Breadth

40,000 st
1

each 13 days
28

1.25 days
35 days/yr.

36 ft.
40 ft.

680 ft.
90 ft.

362,500 stpa Ethylene Glycol to New York Area
150,000 stpa Polyethylene to New York Area

Nominal capacity of multi-product tanker 40,000 st
Number of ships required 1
Assume 3 days diversion each trip to fill up
Annual ship trips required 27
Approx. frequency of arrival @ P.R. dock each 13.5 days
Time at plant dock per trip 1.25 days
Annual days @ P.R. dock 34 days/yr.
Vessel Particulars:

Draft 36 ft.
Depth of water 40 ft.
Length overall 680 ft.
Breadth 90 ft.

3.2-3
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211,000 stpa Propylene Oxide to U.S. Gulf

Nominal size of L.P.G. pressure barge
Number of barges required
Approx.frequency of arrival @ P.R. dock
Annual barge trips
Time at plant dock per trip
Annual days @ P.R. dock
Vessel Particulars:

Draft
Depth of water
Length overall
Breadth

130,000 stpa Aluminum to U.S. Gulf

Nominal size of deep sea dry cargo barge
Number of barges required
Approx. frequency of arrival @ P.R.dock
Annual barge trips
Time in port per trip
Time @ dock in P.R.
Vessel Particular:

Draft
Depth of water
Length overall
Breadth

153,000 stpa Caustic Solution to Jamaica

11,000 st
1
each 19 days

19
1 day
19 days/yr.

20 ft.
22 ft.

350 ft.
75 ft.

8,000 st
1
each 21 days

17
2 days
34 days/yr.

19 ft.
21 ft.

260 ft.
60 ft.

Nominal size of barge - part load 10,750 st Alum.
No. of trips/yr same as inbound Alumina 24
Extra days @ P.R.dock to load Caustic/trip 1
Total extra days @ P.R. dock 24 days/yr.
Dimensions same as inbound Alumina barge

3.2.2.1.3 Harbor

Based on the inbound and outbound shipping re-
quirements as given in the previous section, three types of

vessels with three classes of draft, length, and breadth must

be accommodated by the harbor as follows:
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A. Inbound Crude via large ships

10U,000 dwt or 150,000 dwt

Draft
Depth of water
Length overall
Breadth
Annual days @ the dock
Est. ship freight
Est. annual tons

48'
55'

830'
130'

36 days/yr.
$2.94/st
3,380,000

55'
65'

990'
150'

36 days/yr.
$2.47/st
3,380,000

B. Multi-product chemical tankers

40,000 st cap.

Draft
Depth of water
Length overall
Breadth
Annual days @ the dock

36'
40'

680'
90'

69 days/yr.

C. Inbound and Outbound barges

8-11,000 st cap.

Draft
Depth of water
Length overall
Breadth
Annual days @ the dock

20'
22'

350'
80'

149 days/yr.

The dock utilization should not exceed 55% of the
time. The combined dock time of the above three sets of
vessels is 254 days or 70% of the year so that a combination
docking facilities must be provided to reduce this to meet the
55% criteria. Uses of the dock facilities other than for the
needs of the Nuplex would have to be taken into account in
meeting the criteria.

No requirement for general cargo ships is en-
visioned as part of the Nuplex except for incidental shipments
which could be made through other ports if necessary. However,
the ability to handle general cargo ships will be desirable
during construction.
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3.2.2.2 Road

Road access from the public highway system to

both the port area and the industrial complex should be via

paved, heavy-duty road, designed to accommodate gross vehicle
loads of 70,000 pounds, and should preferably be four lane.

The port area should communicate, via such roads, directly

with the public highway system, in addition to its off-high-

way road connection with the industrial area.

3.2.2.3 Air

Convenient access and close proximity to an air-

port having scheduled service is an advantage in the emer-

gency delivery of spare parts, mail, and for the convenience

of personnel, but it is not a necessity. None of the indus-

trial products contemplated can be moved economically by air.

3.2.2.4 Pipeline

The following pipelines will be needed for mater-

ial transfer between the Nuplex Industrial Area and the Port

Area:

Liquid Transfer via Steel Pipe

8 in. - Salt Slurry
10 in. - Ethylbenzene
10 in. - Cumene

10 in. - Ethylene Dichloride
10 in. - Propylene Oxide
10 in. - Ethylene Glycol

16 in. - 50% NaOH - Insulated and Traced
6 in. - Diethylene Glycol

2-18 in. - Crude Oil
6 in. - Triethylene Glycol

8 in. - Propylene Dichloride
3-10 in. - Provisions for Future
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Solid Transfer via Pipe

Alumina-Pneumatic
Polyethylene-Pneumatic

Solid Transfer via Truck

Aluminum Pig
Polyethylene

The following pipelines will be needed for utili-
ties transfer between the Nuplex Industrial Area and the Nuc-
lear Power Plant Area:

3 - 36" 150 psig Steam Lines
1 - 24" 400 psig Steam Line
1 - 36" 40 psig Steam Line
1 - 36" Desalted Water Line
1 - 12" Brine Line

3.2.3 Utilities

A. Electric Power

568,000 kw total demand

B. Steam and Condensate

400 psig @ 50-100 F superheat- 400, 000 lbs/hr.
Condensate Return - 70%

150 psig @ 50-100F superheat-3,000,000 lbs/hr.
Condensate Return - 70%

40 psig @ Saturated - 1,200,000 lbs/hr.
Condensate Return - 95%

C. Cooling Water (Salt)

450,000 gpm @ 65 psig
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D. Fresh Water

17,000 gpm

E. Potable Wat

600 gpm

F. Compressed

Air:
Nitrogen:

Air and _Nitr gen

21,000 Bcfm
44,000 scfh

3.2-S
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3.3 AGRICULTURE

The scope of work of the contract gives the follow-
ing as one of the parameters to be considered in the agricul-
tural studies:

"Explore the potential for a demonstration and for
commercial irrigated agriculture of up to 10,000
acres, based upon information to be provided by
Puerto Rico."

The interpretation that has been placed on this re-
quirement insofar as it bears on this site selection report,
is that the commercial irrigated agriculture of up to 10,000
acres would be carried on by the farmers of the general area
on lands they presently hold and using the methods that this
study will hopefully show to be economically attractive. If
the study makes a positive recommendation in regard to agri-
culture, it may be necessary to demonstrate the proposed tech-
niques in order to show that they work, that they have the
economics that are projected and to convince the local farmers
of their validity so that they will be sufficiently interested
to use the method. The site selection effort has therefore
concerned itself with the availability of land in the vicinity
of the Nuplex site that could serve as a demonstration farm.

It is estimated that 500 acres of good, arable,
flat land, contoured for irrigation is required. The esti-
mate is based on the need for a minimum of two acres per plot
to make the results significant to farmers. Each plot treat-
ment or practice will need to be replicated several times for
proper significant statistical analysis. Based on a maximum
of ten crops, the 500 acres will allow for six variations and
four replications.
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SEA WATER DESALTING

3.4.1 Land

The area requirement for the sea water desalting
plant is approximately 4 acres per 10 mgd capacity. It is
assumed that the plant will be owned by PRASA or PRWRA. As
such, it is believed that the sea water desalting plant could
be located within the nuclear power plant exclusion radius on
the basis that this plant could by virtue of the cooperative
attitude of its ownership and the nature of the process, be
safely shut down and the plant evacuated within 30 minutes in
the event of a nuclear incident.

3.4.2 Products

3.4.2.1 Desalted Water

The size of the sea water desalting plant is
assumed to be in the range of 20 mgd to provide water for in-
dustrial needs. It is assumed that this plant will be opera-
ted conjunctively with existing systems using natural water
sheds and reservoirs which will provide storage for the com-
bined system.

3.4.2.2 Brine

Up to 10 mgd of brine at 3 times natural concen-
tration to be transferred to industrial area for salt recovery
Alternately, this brine must be wasted to the sea by dilution
with the cooling water if no salt recovery plant is installed.

3.4.3 Utilities

A. Sea Water Makeup - 30 mgd

$. Sea Water for Cooling - 80 mgd

C. Steam at 40 Psia - 620,000 pounds per hr.

3.4-1
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3.5 NUCLEAR POWER

3.5.1 General

The location of the nuclear power installation is

to be based upon safety and economic considerations normally
used for siting this type of plant.

3.5.2 Safety

3.5.2.1 Distance Factors

The site must insure a low risk of public expos-
ure in the unlikely event of a serious accident. This is ac-
complished by selecting a site that has:

A. An exclusion area within which there are
normally no permanent residents. A tentative
radius of 0.38 mile (2000 feet), which re-
quires an area of approximately 315 acres will
be used.

B. A low population zone within which the total
population and density are such that safety
measures can be taken on their behalf. The
outer radius of this zone varies from 1.5 to 4
miles depending on reactor type and extent of
iodine removal.

C. A distance to the nearest population center
(over 25,000 residents) which is 1-1/3 times
the distance to the outer boundary of the low
population zone. The distance varies from 2
to 5-1/2 miles.

3.5.2.2 Foundations

The reactor building, all other Class I structures,
and Class I equipment are to have foundations bearing direct-
ly on rock, if at all possible.
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3.5.2.3 Flooding

The site is to be capable of being protected from

high water levels from the ocean due to hurricanes and tsuna-
mis and from the land side due to heavy rains and ground water
rise.

3.5.2.4 Back Up Power

In addition to the auxiliary power of approximate-
ly 20 mva supplied directly from the turbine-generator, an in-
dependent source of auxiliary power equal to approximately 20

mva will be required for back up. A second independent source

of auxiliary power is required for shut-down of the reactor.

This independent power source requirement will be approximate-
ly 6 mva and will also be suitable for station startup. In

case of a maximum credible accident and all of the above
sources of power are lost, two diesel generator sets are re-
quired for safe shut-down of the reactor. Each diesel gener-

ator set, its switchgear and reactor shut-down equipment must

be completely redundant from the second diesel generator set,
its switchgear and reactor shutdown equipment. Both systems

must be physically and electrically isolated.

3.5.3 Energy Transport

3.5.3.1 Electrical Power

For the purpose of this site selection, the

Nuplex will be assumed to include two light water reactors

rated at 2500 mwt. This size was selected on the basis of

the estimated power and steam loads in the Nuplex and the

ability of the PRWRA system to contain a unit with an electri-

cal power capacity of 570 mwe. The firm power loads in the

industrial area will be backed up by the PRWRA system at 115
or 230 KV as applicable and a capacity of 500 mva is assumed
to be needed.

3.5.3.2 Steam

The steam load is estimated to be as follows:

A. 400 psig @ 50-100 F superheat-440,000 lbs/hr.
Condensate Return 70%

3.5-2



B. 150 psig @ 50-100 0 F superheat-3,000,000 lb/hr.
Condensate Return 70%

C. 40 psig - saturated - 1,200,000 lb/hr.
Condensate Return 95%

D. 25 psig saturated - 600,000 lbs/hr.
Condensate Return 95%

Economic consideration makes it desirable for the
industrial steam users to be located close to the steam plant
but outside the exclusion radius with the exception of the de-
salting plant.

3.5.4 Sea Water Cooling

Sea water cooling flow of 1,000,000 gpm will be
required for the power plant condensers and the industrial
cooling requirements. Discharged hot water must be prevented
from recirculating to the water intake.

3.5.5 Accessibility

Port facilities should be reasonably accessible to
the site for the off-loading of construction materials during
construction. Extra heavy loads such as the reactor vessel
will probably be transferred by barge and moved on shore using
special rigging techniques.

The reactor power plant should be accessible by
highway for transfer of equipment, supplies and personnel both
during construction and operation. Spent fuel caskets are
assumed to be transferred by ship to the continental United
States for reprocessing.

3.5-3



DESCRIPTION OF SITES

4.1 GENERAL

This section of the report describes the five
sites being considered for the Nuplex. Following a general
statement given below intended to orient the reader as to the
location of the sites within Puerto Rico, each of the sites is
described in general plan. The detailed considerations of geo-
logy, seismology, hydrology, demography, meteorology, trans-
port, finance,and socio-economics are then discussed.

The island of Puerto Rico is 110 miles long by
40 miles wide having a total area of 3435 square miles. The
interior of Puerto Rico is mountainous with peaks up to 4389
feet. Puerto Rico is ringed with a coastal plain of varying
width up to 5 miles. A highway map of Puerto Rico is shown in
Exhibit 4.1-1. For administrative purposes Puerto Rico is di-
vided into Regions, Sub-Regions and Municipalities as shown
in Exhibit 4.1-2.

The locations for the three areas being considered
for the Nuplex are shown in Exhibit 4.1-2; Guayanilla in the
southwest, Aguirre in the southeast and Arecibo in the north-
central region.

4.1-1
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4.2 ENERGY CENTER LAYOUTS

4.2.1 Guayanilla

The Nuplex site at Guayanilla is shown in Exhibit
4.2.1. The site is located in the Ponce Region, Ponce Sub-
Region and Municipality of Guayanilla. The site lies on the
west side of Guayanilla Harbor, the only major land parcel
left undeveloped in this port. The areas to the east and
northeast of the main channel into the port have been and are
being developed for petro-chemical industries and are the sites
of plants owned by CORCO, Union Carbide, PPG, Air Reduction,
and others. In addition, PRWRA has their large South Coast
Power Station located at the north end of this harbor.

The plant site utilizes the lands of the coast-
al plain on the west side of the harbor which are presently
used for growing sugar cane. This land is privately owned.

The lands utilized correspond. closely to those requested by
Fomento to be set aside by the Planning Board for industrial
development. The area available is 1890 acres, which is

slightly below the industrial area requirement. Additional
land is not easily obtained. Punta Verraco, which has 520
acres, is owned by the Texaco Co. and may be developed as an

oil refinery. The areas to the west and northwest are
blocked by a combination of population areas, hill formations
and forest preserves. An exception to this is the lands im-
mediately around Central San Francisco where an additional 200

to 300 acres are available. Central San Francisco is still

operating and the land in its immediate environs is good agri-
culture land. For these reasons plus the fact that Fomento
did not include this land as part of its request for industri-
al zoning this land was excluded from the site plan.

At the northwest corner of the site there are
some additional lands around Central Rufina. Central Rufina
is shut down at present. These lands were not included in the

industrial zoning request made by Fomento and they were there-
fore excluded.

The area at the north end of the site is
blocked by the Playa and the start of industrial lands that
have already been committed.

4.2-1



0u

"lit

lk~ 1r$A In ,-- Mu'ntcfpaI " 0.

PROPERTY LINE \ U B -

9 -
LEVEE Id f 

A!pser erinoc b f

Central '" J 17 , B 27

3, -*j,';:'7,P'\LA-Y) A

SR F I N A.

- DEMONSTRATION "
oZ ndiws ". / nFARM SITE

s - \El Faro

---

- - INDUSTRIAL AREA

SBAHIA DE GUAYANIL

3 HARBOR

35$ CH ANNEL I

DEMONSTRATION
FARM SITE 

s

DEMONSTRATION:
FARM SITE Puerto de

G-2

6 - s

- o -e NUCEA POE LN_ 6

G E USI AREA1- z

Arrecife Unas

Pta Ventana 1  5 26 0 6 Ii

f 2.1 ~CIRCULATING WATER LINES f e G u a Y

TAR OF FOREST
PRESERVE

- SCALE 1:20000

BURNS AND ROE,INC. THE DOW CHEMICAL 00.
NEMPSTEAD, NEW YORK MIDLAND, MICHIGAN 3000 0 5000 00 0F

1 5 0 1 KILOMETER

GUAYANILLA ENERGY CENTER LAYOUT CONTOUR INTERVAL 10 METERS
DASHED LINES REPRESENT 5-METER CONTOURS
DOTTED LINES REPRESENT 1-METER CONTOURS

PUERTO RICO ENERGY CENTER STUDY DATUM IS MEAN SEA LEVEL
DEPTH CURVES AND SOUNDINGS IN FEET-DATUM IS MEAN LOW WATER

PUERTO RICO WATER RESOURCES AUTHORITY SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER
THE MEAN RANGE OF TfE IS APPROXIMATELY 0.3 METERS

EXHIBIT 4.2-1



The nuclear power plant has been located at the

south end of the site at Punta Ventana to take advantage of
rock foundations. It will be necessary to blast the rock to
achieve a level area that can be used to locate the Class I
structures that must be able to withstand an earthquake. This
location has the advantage that about half of the exclusion
area to the south and east is water. To the west (i.e., the
downwind direction) is a large forest preserve, a most desir-

able condition from a meteorological standpoint. The power
lines which must go northward around the entire site to tie in

to the switchyard at the PRWRA South Coast Plant, can skirt
the site generally following the high ground.

The petro-chemical plant and the expansion area
for petro-chemicals could be located in the south end of the
site in proximity to the steam source at the power plant,and

to the Texaco property which may later accord opportunities
for across the fence transfers.

The electro-metallurgical processes, such as
aluminum, could be located at the north end of the site plac-
ing them in close proximity to the harbor for the handling of

dry cargo. The caustic-chlorine plants could be centrally loc-
ated in proximity to the dock for receipt of salt, shipment of
liquid caustic solution and transfer of chlorine to the petro-
chemical area.

4.2.2 Aguirre

At Aguirre three Nuplex sites were considered, one
with the industrial area west of Aguirre as shown in Exhibit

4.2-2 and referred to as the West Aguirre Site. The other two
have the industrial area located east of Aguirre as shown in

Exhibit 4.2-3 and will be referred to as East Aguirre Site

A and B, respectively. For all Aguirre sites the power plant
is located just west of Central Aguirre. All of these sites

are located in the Ponce Region and the Guayama Sub-Region.

4.2.2.1 West Aguirre

The Nuplex site at West Aguirre is shown in Ex-
hibit 4.2-2. The site is in the Municipality of Salinas. The

site lies to the west of Central Aguirre, north of the Lugo
Vina mangrove area, and south of Route 3. The land is private-
ly owned including the Lugo Vina mangrove area, a portion of

4.2-2
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which is used for the Nuplex. The land is currently used for

raising sugar cane. The land in the southeast corner to be
used for the nuclear power station is a parcel that is current-
ly 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 proceed-
ing with two 450 my fossil units at this site.

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 sea water
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 (Ref. 4.2-1,-2). The earlier studies
considered the site adequate for four nuclear power units.
The cooling water required for the power plant will be taken
out of the Bay of Jobos, and the effluent discharge line run
southeast to a point in Lugo Vina to prevent recirculation of
hot water to the intake.

The power lines will run north from the power
plant to the connection point with the 230 kv lines that run
east and west, north of Route 3. One of the 230 kv lines
would go north.through the transmission right of way and then
turn west to serve the industrial area.

The sea water 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.

It is proposed to relocate the people in Las

Mareas on the basis that a settlement in such close proximity
on the downwind side of the industrial development is undesir-
able. A few other habitations scattered throughout the plot
would also be moved.

The industrial area of the Nuplex comprises a
total of 2398 acres. The land contour lines of the industri-
al area run generally east and west so that the most economi-
cal development of the site would be achieved by terraces

stepping down toward the sea.
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The harbor is shown in Mar Negro and this was the
basis of the initial cost comparisons with Guayanilla and

Arecibo but later studies indicated the desirability of locat-
ing the dock facilities offshore to minimize dredging and en-
dangerment of the underground aquifer that underlies this site.

4.2.2.2 East Aguirre Site A

East Aguirre Nuplex Site A uses the same location

as the West Aguirre site for the power and water desalting
plants. The bulk of the industrial area lies south of Route 3

between Chun Chin and the Phillips Plant. An additional in-
dustrial plot lies north of Route 3 opposite Central Guamani.

As such, the power plant is in the municipality of Salinas and
the industrial area and the harbor are in the Municipality of
Guayama.

The industrial area of the Nuplex comprises a
total of 2392 acres. The land for the most part is privately
held with the exception of mangrove areas at the east end of
the Bay of Jobos which belong to the Commonwealth. The exist-
ing port area at Las Mareas is owned by the Port Authority.
Those portions of the site other than the mangrove and inhab-
ited areas are used principally for raising sugar cane. Cen-
tral Guamani shown in the exhibit no longer exists.

It is proposed to relocate the people living in

Puerto de Jobos in order to eliminate their need for access
across the site and their close proximity downwind of the in-
dustrial area. It is proposed to relocate the people of Jobos

living south of Route 707, to widen the industrial plot at
this point and give more freedom for plant layout.

Electrical power would reach the industrial area
by a transmission line from the 230 kv lines running north of
Route 3.

A right-of-way for the steam and other pipe lines
through Central Aguirre would have to be acquired.

A connecting road from Route 3 to the harbor at
Las Mareas has been constructed. This road must be maintained
through the industrial property to give public access to the
port as well as to Punta Pozuelo.
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East Aguirre Site B

The Nuplex site at East Aguirre uses the same lo-

cation as the West Aguirre site for the power and water de-

salting plants but the industrial area lies south of Route 3

between Route 705 at Aguirre and the Phillips Plant. As such,

the power plant and a portion of the industrial area are in

the Municipality of Salinas. The remainder of the industrial

area and the harbor are in the Municipality of Guayama.

The industrial area of the Nuplex comprises a
total of 2300 acres. The land for the most part is privately

held with the exception of mangrove areas northeast of Cen-
tral Aguirre and at the east end of the Bay of Jobos which be-

long to the Commonwealth. The existing port area at Las

Mareas is owned by the Ports Authority. Those portions of the
site other than the mangrove and inhabited areas are used

principally for raising sugar cane. Central Guamani shown on
the Exhibit no longer exists.

It is proposed to relocate Escuela Luce and the
people living in San Felipe and Chun Chin in order to get the

minimum 2000 acres needed. It is proposed to relocate the
people living in Puerto de Jobos in order to eliminate their

need for access across the site and their close proximity
downwind of the industrial area. It is proposed to relocate

the people of Jobos living south of Route 707, to widen the
industrial plot at this point and give more freedom for plant
layout.

4.2.3 Arecibo

The Nuplex site at Arecibo is shown in Exhibit

4.2-4. The site is in the lowlands just east and south of the
City and Port of Arecibo. This land belongs to the Puerto

Rico Land Authority. The land was reclaimed to be used as

agricultural land by the installation of a pump house at

Jarealito to pump the water from Cano Tiburones into the sea.

A series of drainage canals exist throughout the length of the
valley up to the Manati River to the east. The land is

currently used for raising sugar cane.

There is adequate acreage in this valley for the
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present and future needs of the Nuplex. Additional acreage is

available to the east but it is a long narrow strip squeezed
between the barrier reef ridge to the north and the higher
ground to the south. For this reason, the area toward the
western end of the valley was chosen.

The nuclear reactor has been located as shown be-
cause of the availability of a small island of rock at this
spot and the present mangrove area around it which can be part
of the exclusion area. A disadvantage of this reactor loca-
tion is the long circulation water lines to supply and return
the cooling water to the sea. No satisfactory location along
the coast was evident from the preliminary investigation.

The dock facilities have been developed as an ex-
tension of the present harbor. It has been brought south of
Route 681 to obtain adequate area to develop the turning basin
and dock. A draw bridge would be constructed over the ship
channel to permit vehicular traffic to flow normally.

The petro-chemical plants could be located in the
northeast area to place them in proximity to the steam plant.
The electro-metallurgical plants could be in the southeast
quadrant as an intermediate location.
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4.3 GEOLOGICAL

The surface rocks of most of the mountainous in-
terior of Puerto Rico comprise of series of igneous, pyroclas-
tic and sedimentary rocks of Cretaceous age. These rocks are
highly folded and intruded by igneous dikes and sills. They
formed the source material for, and the basement platform on
which Tertiary and later materials which form the coastal
plains of Puerto Rico, were deposited.

The Tertiary rocks lie unconformably on the Cre-
taceous rocks and lie in strips along both the north and south
coasts. The north shore of Tertiary outcrops are the larger,
extending as much as 100 miles eastward from the west coast

with a width of as much as 50 miles. On the south coast, the

Tertiary deposits are limited to the southwestern portion of
Puerto Rico. The maximum width on the south is almost as wide
as in the north, although the average is somewhat smaller.
The basal portion of the Tertiary deposits is made up of clas-
tic sediments with the remainder of the deposits largely lime-
stone. These are marine deposits ranging from middle Oligo-
cene to lower Miocene in age.

On the southeastern coast, the Tertiary deposits

are discontinuous with the Cretaceous volcanics coming close
to the shore.

The Tertiary deposits, and locally the Cretaceous

beds, are unconformably overlain by sands, sandstones, sandy

limestones, silts and clays of Pleistocene and Recent Age.

These are to a large extent mantling deposits resulting from

reworking of the older rocks with limited transport. In the

main, they are unconsolidated.

The general geology of Puerto Rico is the conse-

quence of the geologic history of the area which will be des-

cribed briefly below as an aid to understanding the mechan-

isms by which the deposits of interest came into being and

which determine their character.

During Cretaceous time (100,000,000- years ago),

the area now occupied by Puerto Rico was a shallow sea sur-

rounded by islands built up by volcanic deposits from a series
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of active volcanoes. Mud flows and erosion placed many feet
of sediments on the shallow sea floor. With continuing subsi-

dence of the sea floor, many thousands of feet of sediments

accumulated.

Coral reefs fringed the volcanic islands and at

times spread widely over the floor of the shallow sea.

During late Cretaceous and early Tertiary times

the volcanic activity diminished, the old sea floor was raised
above the sea and the sediments were intruded by basic igneous
magmas. As the old sea bottom was elevated the sediments were
subjected to folding and faulting.

Through the remainder of Tertiary time, the emerg-
ent island was subjected to erosion and thick sequences of
limestones and associated deposits were exposed along the
shores.

In the following Pleistocene Epoch, and extending
into recent times, fluctuations in sea level resulted in
erosion followed by deposition in valleys extending into the
coastal areas.

Appendix A of this report gives excerpts taken
from a report (Ref. 4.3-1) prepared for the Port Authority by
Dr. Ta Liang, consultant. It gives geological data marked on
Topographic maps of the harbors which may prove helpful in
following the detail discussions of the site geology that
follows.

4.3.1 Guayanilla

In the vicinity of Guayanilla two large valleys

have been cut into the Tertiary limestones and filled with un-
consolidated Pleistocene materials. The village of Guayanilla
lies in the eastern valley and the Yauco River in the western.

The two streams have combined to deposit a broad plain north
of Puerto de Guayanilla.

An outlier of Tertiary limestones forms the penin-
sula extending out to Punta Verraco which protects the port on

the south. The bedrock in the area is the Ponce limestone
which is made up of two members. The lower member is chalky
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and contains interbedded shales and occasionally sandstone.

The upper member is a crystalline limestone, cavernous in
most areas.

From the engineering point of view both members
represent foundation rocks requiring careful investigation and
possibly treatment for use as a reactor foundation.

It is planned to place the reactor on limestone
just west of Punta Verraco. Examination of excavations in the
vicinity indicate that the limestone is highly weathered. At

the reactor site, however, forty to fifty feet of rock will be

removed to establish plant grade. At this level, unweathered
rock can be anticipated.

Little data is available on the character of the
unconsolidated Pleistocene deposits underlying the proposed
industrial area. However, on-site observations indicate that
these soils, where covered by rock fill to raise the grade,
can support roadways and light structures. Major loads will
probably require piling in off-rock locations.

4.3.2 Aguirre

At Aguirre an outlier of Eocene sediments, sand-
stone, silt stone and sandstone breccia, is found. surrounded
by alluvial fan materials of Pleistocene Age. This "hill"

mass has been eroded around its edges and some younger uncon-
solidated sediments deposited. In relatively recent times

swampy areas have developed along the margins of Bahia de
Jobos.

The bedrock "hill" has been well explored and its
engineering character is well known. The area can be evalua-
ted by reference to the existing studies to a better degree
than can the alternate sites.

The West Aguirre industrial area consists of up-

land soils, quite variable in texture. However, the boring
data available indicates that they can safely support light to

moderate loads. Major equipment may require pile support.

No boring data were obtained for the East Aguirre

industrial area but it is probably similar to equivalent areas
of the West Aguirre site.
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4.3.3 Arecibo

The north shore of Puerto Rico between Arecibo

and Palmas Altas represents the late stages of typical margin-
al lagoon development. The barrier beach has been reworked by
winds to form dunes, in part cemented. The lagoon has been

filled by swamp deposits, largely peats and mucks.

Within the lagoon are outliers of Tertiary lime-

stones which were formerly islands in the lagoon and are now
islands in a sea of mud.

The bedrock exposed in the lagoon islands is the

Camuy limestone, the upper formation in the Tertiary section.
It is quite variable in character, ranging from pure calcium
carbonate limestone to clayey limestone. Interbeds of chalk

and marl occur with rare beds of quartz sandstone.

rrom the point of view of the engineering geolo-
gist, the Camuy limestone requires careful investigation and
may require treatment for utilization under heavy foundation
loads.

At this site the upper, peaty, deposits underlying
the proposed industrial area will require special handling if
fill is to be placed to create a reasonable plant grade.
These deposits lie at very low levels. Extensive canal works
and constant pumping is required to keep the area above water.

The peat soils may require removal and replacement
to depths of as much as nine feet, or, if it is unusually firm
peat a controlled fill may be used. The rate of placement
must be controlled to limit pore pressure buildup. To hasten

consolidation of the surface soils, the fills should be placed
some five feet above the finish grade as a surcharge. The
rate of fill placement, time of surcharge and other details of

the development of the industrial area will require a detailed
soil mechanics study. Piling will be required under any im-
portant structures.
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SEISMOLOGICAL

Puerto Rico must be regarded as a moderately

active seismic zone. While relatively few seismic events

have epicenters on the island itself, the island is bounded
on the east, north and west by zones of continuous seismic
activity.

Shallow focus earthquakes associated with the

Anegada Fault Trough occur to the east and southeast of
Puerto Rico, while shallow focus earthquakes associated with
the south wall of the Puerto Rico Trench occur to the north-

east, north and northwest of Puerto Rico. The Mona Passage
immediately northwest of the island is probably a southerly

extension of the Puerto Rico Trench and has been the center
of some of the most damaging quakes that have been experienc-
ed in Puerto Rico. West of Puerto Rico, in the eastern
portions of the island of Haiti an active area of shallow and
intermediate events is found.

The seismic history of Puerto Rico including tsu-
namis has been reviewed in detail on at least two occasions
by Weston Geophysical Research, Inc. (Ref. 4.2-2 and 4.4-1)

and will not be repeated here. However, the conclusions made

and recommendations presented in the Weston Reviews is con-

sistent with the conclusions that Puerto Rico lies in an area

in which special consideration of seismic effects must be
given in the selection of sites for nuclear reactors. This

view is substantiated by the language contained in the Atomic

Energy Commission - Tentative Regulatory Criteria - Seismic

and Geologic Siting Criteria for Nuclear Power Plants, dated

March 19, 1969 in which Puerto Rico is grouped with the con-
tinental United States west of the Rocky Mountain front,

Alaska, 'and Hawaii insofar as special consideration of sur-
face faulting is concerned.

From a review of the literature and consideration

of the foregoing it is concluded that seismic effects are a
significant factor in the design of important facilities in

Puerto Rico and make it virtually mandatory to locate nuclear

reactors on bedrock.
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4.4.1 Guayanilla

The Guayanilla site is located near the center of

the southern coast of Puerto Rico. The nature of seismic

events most likely to be significant at this site are:

(a) medium focus earthquakes associated with the island struc-

ture, (b) shallow focus earthquakes associated with the
Anegada Fault Trough or, (c) a major event on the Mona Passage.

The distance and focal depth effect not only the probable base

acceleration to be used in design but more importantly the
frequency of the base shear input.

For Guayanilla it is expected that the design
basis ground acceleration would be not less than 0.20 g at the
bedrock surface.

4.4.2 Aguirre

The critical seismic event felt in the Aguirre
area would probably originate in the Mona Passage, along the

south wall of the Puerto Rico Trench or along the Anegada
Fault Trough. Based on the historic record, the maximum in-
tensities from events known to have originated along these
trends is a Modified Mercalli VI. However, if the maximum
events along the trends are assumed at the point nearest the

site, the Anegada Fault Trough structure could produce a base
acceleration in the bedrock as high as 0.20 g.

4.4.3 Arecibo

For a site in the Arecibo area the most probable
source of seismic inputs appears to be the south wall of the
Puerto Rico Trench to the north, or from the Mona Passage to
the west. For Tortuguero, to the east, Weston Geophysical

recommend a site ground acceleration of 0.25 g. The Arecibo
site lies somewhat closer to the Mona Passage than Tortuguero.

The value of 0.25 g appears to be reasonable for Arecibo; how-
ever a detailed investigation of the seismicity of the site
may indicate need for modification.
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4.5 HYDROLOGICAL

4.5.1 Water Availability

If the island of Puerto Rico is considered in its
entirety, there is adequate water available to supply the
present and future needs. The problem, however, is one of
collection and distribution. The average annual rainfall in
Puerto Rico is approximately 69 inches, but this varies from
60 inches along the northern coastal region to 100 inches at
the Cordillera Central (the island divide which determines
whether the drainage flows to the north or south) and down to
about 35 inches along the south coastal plain. Thus in terms
of current and future needs there is a surplus of water in the
northern region and a shortage in the south. Most of the
better impoundable areas and underground aquifers in the south
have already been developed and the major step presently being
taken to solve the water supply problem is the Toa Vaca pro-
ject in which water from the north will be diverted to the
south. The Toa Vaca project (Ref. 4.5-1) is scheduled to be
completed in five phases and produce water as follows:

Scheduled for Expected Yield
Phase Completion million/gals/day

1 10/71 23
2 6/75 20
3 6/77 60

4 6/80 25
5 1/89 100

Phase 1 of Toa Vaca, 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.

Phases 2, 3, 4 and 5 of the project, collect and divert water

from the north of the Cordillera Central to the Toa Vaca Dam

for distribution on the south coast. Funds have been appropri-

ated to initiate studies on Phases 2 and 3 of the project.

Water is distributed to the Ponce Sub-Region in which the Guay-

anilla site is located starting in 1971. Water is scheduled

to be distributed in the Guayama Sub-Region in which Aguirre
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is located starting in mid 1977.

Buck, Seifort and Jost, consultants to the Aque-
duct and Sewer Authority, have studied (Ref. 4.5.2) the water

demands on the south coast with regard to the yields from the

Toa Vaca project superimposed on the water supplies currently
available on the south coast. Their estimate of the anticipa-
ted supplies in relation to the projected future demands for
the southern region has led them to the conclusion that if the

Toa Vaca project proceeds as planned the future municipal and
industrial water requirements of the Ponce Sub-Region in which

the Guayanilla site is located, can be met (without the Nuplex
present). If the Nuplex with its demand of 27 mgd were super-
imposed on the Ponce Sub-Region it is not clear that the de-
mand could be met without the addition of a desalting plant to

meet at least a portion of the Nuplex demand.

This study has considered the water needs of the

Nuplex in relation to the Guayama Sub-Region in which the

Aguirre sites are located and has concluded that a desalting
plant is needed to meet the demands cf the Nuplex in the time
period 1975 to 1990 if it is located at Aguirre.

In summary then, water at Arecibo would be ob-
tained from wells. Water at Guayanilla and Aguirre would be
obtained in whole or in part from a desalting plant with the
remainder coming from wells and Toa Vaca.

4.5.2 Flooding

4.5.2.1 General

Assurance that the investment in the Nuplex will
be safe from floods is an economic necessity. The possibility

of flooding of these coastal plain sites comes from both the
sea and land sides during major storms. Storm tide protection
levees will be required at all three sites and some form of
protection from stream flooding will be necessary at all sites
but particularly at Guayanilla and Arecibo. The levees esti-
mated to be required for each site are shown in the Nuplex
Layouts.

The height of tidal surges have been correlated

with the central barometric pressure recorded in the eye of 24
hurricanes (Ref. 4.5-3) visiting the Gulf Coast of the United
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States since 1893. Mr. R. J. Calvesbert, Commonwealth Climat-
ologist of the U.S. Weather Bureau in San Juan, believes that
this correlation applies to Puerto Rico. The minimum pressure
recorded during Hurricane San Felipe which visited Puerto Rico
in 1928 corresponds to a tidal surge of 15 above mean sea
level. Mr. Calvesbert further advised that to design for a
tidal surge of 15 feet elevation is the accepted practice of
the industry recently located on the south coast of Puerto
Rico. Mr. Calvesbert believes that a slightly lower tide
height could be expected for the north coast.

In addition, some freeboard above the tidal surge
is required to take care of wave action and 3 feet has been
selected for the purpose of this site selection report, giving
a crown height of 18 feet above mean sea level. Storm protec-
tion levees would have a crown width of 30 feet and side
slopes of 1 on 5 on this configuration was assumed in estimat-
ing the costs of levees.

4.5.2.2 Guayanilla

At Guayanilla additional protection is required
from the possibility of flooding due to surface runoff down
the Yauco and Guayanilla valleys. The Yauco River traverses
the site with a main branch flowing on the north side of the
valley and a minor branch flowing on the south side. Levees
would be required on either side of the main branch and across
the back of the site to guard against the river overflowing
its banks further up the valley. It has been assumed that the
minor branch can be cut off further up the valley so that it
would not be necessary to dike this stream as it cuts across
the property.

Flooding in the flood plain of the Guayanilla
River has been documented by the Corps of Engineers (Ref.4.5-4)
Large floods occurred in 1899, 1925, 1928 and 1954. It is
estimated by the Corps of Engineers that during the worst of

these, the 1899 flood, an area approximately 1 mile wide was
flooded parallel to the river with most of the flooded area
lying to the southeast of the river and reaching beyond Cen-
tral Rufina. To protect against flooding from this direction,
a levee would be run along the westerly side of- the Guayanilla
River over past Central Rufina until high ground is reached to
the west. This leaves a small tract of about 100 acres unpro-
tected on the north end of the plot. This solution would pro-
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tect the Nuplex but would create additional problem for the
upstream area near the town of Guayanilla and the Playa by
virtue of having restricted the effluent channel of the flood

water. The proposed diking could only be used if it was com-
patible with a comprehensive flood plan for the entire area
and this would be very expensive.

4.5.2.3 Aguirre

The West Aguirre site is not traversed by rivers
and creeks so that no significant flooding from the land side
is expected.

The East Aguirre site is traversed by several
rivers and creeks; however, flood flow data for these is not
available. The USGS advises that in the 1961 flood water
levels at various points north of Route 3, such as in Coqui
and in Jobos reached a depth of about one foot.

4.5.2.3 Arecibo

At Arecibo the site is endangered by flooding from
the land side from two different sources. The first source of
water is the natural drainage that continuously flows in the
area from underground springs fed via the limestone from the
hills to the south. This water is continuously drained from
the site by the drainage system, flows via the Cano Tiburones

to the pump house where it is pumped into the sea. The water

level at the Cano Tiburones side of the pump house is normally
maintained at 4 feet below mean sea level. Rain in the hills
to the south increases the flow into the valley in a matter of
hours. If the pumps stop, as has happened on at least one oc-
casion (even though three of them are diesel engine driven),
the valley will flood in a matter of hours. To utilize this

site, it would be necessary to provide a levee to the east, a

new pump house to supplement the existing unit for safety and

a well-defined system of ground drainage.

The second source of flood danger at Arecibo is

from the Arecibo River (Ref. 4.5-5). The flood of 1899 was
the worst that has occurred. The 1928 flood was the second

greatest from 1899 to 1966. The 1954 flood was the greatest

from 1929 to 1966. During the 1920 flood almost all of the
site presently being considered was inundated. In 1954 the
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Arecibo River overflowed again but a levee inside of the pro-
posed property line to the west held the water with only small
break-through of undetermined extent.
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4.6 AGRONOMICAL

The 500 acre demonstration farm, will be needed
for a relatively short time, perhaps five years, in order to
serve its purpose. As such, the land set aside for future ex-
pansion of the industrial area can be used for this purpose,
if it has the proper agronomical characteristics. In addition,
land adjacent to the Nuplex sites at Guayanilla and Aguirre
was investigated.

The agronomical characteristics of the Arecibo
site were not investigated because the abundance of natural
rain-fall in this area does not make it suitable for the de-

velopment of the technique of irrigated agriculture.

There are no climatic restrictions as to minimum
nor maximum temperatures or available sunlight in either the
Aguirre or Guayanilla areas to restrict development of crops
normally grown in Puerto Rico such as tomatoes, taniers, plan-
tains, peppers, citrus, mangoes, and avocados.

There are no major agronomic obstacles preventing
the use of either the Aguirre or Guayanilla area for agricul-
ture. Nor is there any major agronomic factor giving prefer-
ence of either area over the other.

Within the areas, agricultural sites can be selec-
ted in preference to soil texture, drainage, and crop range.
All sites considered have good access roads, and irrigation
water. All sites considered are sufficiently level for irri-
gation by furrow or overhead methods. All sites considered
are sufficiently level or require minimum land leveling for
agricultural mechanization from planting to harvesting.

The Guayanilla sites are light to medium textured

soils easier to work and with a bit higher fertility than the
Aguirre sites. The Aguirre soils run to the heavier textured

clay soils in certain sites. However, sites 4 and 5, as des-

cribed below, give a good range of soil texture.

4.6.1 Guayanilla

The agricultural soils in the Guayanilla area are
some of the best soils in Puerto Rico. These soils are pre-
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dominately light to medium textured, sandy loams to silty

clay loams, well drained and fertile. They are presently
in sugarcane receiving irrigation from deep wells, rivers,
and government irrigation systems.

Three sites were chosen in the Guayanilla area as
the only suitable agricultural sites in this area with acre-
ages of about 500 acres each. Site G-1 lies up the Barinas or
Yauco valley. Site G-2 lies south of the Yauco River partly
in industrial site as well as in the lands around Central San

Francisco. Site G-3 .lies north of the Yauco River and in-
cludes the Central Rufina lands. The soils of the sites are
given below with a rough approximation of the areas occupied
by the leading textural classes.

Site Soil Soil

Gl San Anton loam San Anton clay

San Anton fine sand loam River wash
San Anton clay loam X95%
San Anton silty clay loamf

G2 San Anton loam Vayas silt loam
San Anton silt loam 50% Vayas silty clay
San Anton silty clay loam

G3 San Anton silt loam Vayas clay
San Anton clay loam Cintrona clay
San Anton silty clay

loam 80%
Santa Isabel silty

clay loam i
Vayas silt loam
Vayas silty clay loam)

Site Gl, located in the Barinas valley, is one of
the most fertile agricultural areas in Puerto Rico being suit-

able for vegetables, fruits, and root crops. These alluvial
soils are level, suitable for mechanization, and there is irri-
gation water available.

Site G2 has a small operative sugarcane factory,
San Francisco, in its midst. The soils are level, deep, and
well drained. Its upper border can be used for tree fruit
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crops.

Site G3 comprises lands belonging to a non-operat-

ing sugarcane factory, Rufina, located on its north-central

border. The soils are level, mostly medium textured, with
some clays.

Sites G2 and G3 have coastal borders which have
slight to moderate salinity problems. Irrigation water is
less available for these two sites than Gl.

4.6.2 Aguirre Area

The agricultural lands in the Aguirre area are
level and fertile. The land is predominately in sugarcane un-
der the control of Central Aguirre. There is irrigation water
now available from deep wells and government irrigation canals.

4.6.2.1 West Aguirre

In West Aguirre six potential 500 acre sites have
been chosen, because of the large area of agricultural land
available at the Aguirre area. These six sites allow a more
diverse selection depending on the industrial site needs.
Sites Al, A2 and A3 lie along the coastline south of Route 3
between Central Aguirre and Salinas. Sites Al and A2 lie in
the area being considered for the industrial site. Site A3
lies closer to Salinas. These three sites have some salts in
the soil, but the salinity is slight to moderate giving no
serious problem. Sites A4, A5, and A6, which lie parallel to
Al, A2 and A3 but north of Route 3, have a higher elevation
and more slope than the Al-3 sites, but the former are still
gentle enough for furrow irrigation.

The soils of the six sites are given below with a
rough approximation of area occupied by various textural
classes.

Site Soil soil

Al Aguirre clay San Anton loam
Teresa clay 50% Santa Isabel silty
Guanica clay clay loam
Serrano clay
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Soil

A2 Santa Isabel clay
San Anton loam

A3 Aguirre clay
Guanica clay

A4 Altura loam

A5 Santa Isabel clay
Altura silt loam

40%
30%

35%
35%

San Anton silt loam
Altura loam
Vayas silt loam

San Anton loam
San Anton silt loam
San Anton silty clay

loam

75% San Anton loam
San Anton silt loam

60%

30%
Altura loam
San Anton loam
San Anton silt loam

A6 Santa Isabel clay 100%

Site A4 has the lightest textured soils in great-
est quantity. It is quite suitable for vegetable, root crops,
and tree fruits. Site A5 has less area in light soils, but
sufficient for testing crops under various soil textures from
loams to clays.

The Aguirre, Guanica, and Santa Isabel clay soils
are productive soils when adequately drained. Sites Al, A2,
A3 along the coastline might present problems of salts and
high water table for fruit trees such as citrus and mango.
However, the upper portions of Al and A2 close to highway No.3
would possibly be suitable for such tree crops. Sites A4, A5,
A6 are more suitable for tree crops.

4.6.2.2 East Aguirre

The East Aguirre sites contain arable land but do
not contain a single 500 acre plot within the industrial prop-
erty limits that could be used for the demonstration farm.

Various areas within the East Aguirre sites and just outside

of them are discussed below.

Hacienda Reunion: From Route 3 south to the rail-

road but still north of Phillips Plant, there are about 250

acres of good agricultural land now in sugarcane. About half

4.6-4
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of this is under option to Phillips for industrial expansion.

Central Guamani: From Route 3 south to Route 707
and the bay, there are about 500 acres of land but not all of
this is suitable for agriculture. There are approximately
300-400 acres of usable agriculture land. The rest of the
acreage has severe salinity problems due to proximity of the
bay and mangrove swamps.

Melania: This area north of Route 3 directly
opposite from the Reunion area and west of Fibers Internation-
al has about 100 acres of usable land. Expansion to the north
is not possible since the land becomes steeper and unusable
for irrigation.

San Felipe: South of Route 3 from Escuela Luce to
San Felipe, there are about 100 acres of agricultural land but
it is heavy clay with drainage problems.

Jobos: North of Route 3 from Jobos west to San
Felipe, there are about 300-400 acres, but the major part of
this land lies further north and is not adjacent to Route 3.
The major portion of the land adjacent to Route 3 is in salt
grass and scrub due to salts and poor drainage. This land may
be recoverable, but it would be rather expensive.

Machete: South of Route 3 running east of Route
710 there are about 500 acres of good agricultural land.

4.6-5



4.7 DEMOGRAPHICAL

Exhibit 4.7-1 shows the projected population of
Puerto Rico from 1970 to 1990 by municipalities. The popula-
tion data is further broken down into urban and rural classi-
fications. There may be more than one concentration included
in the urban population of a municipality. Nevertheless, the
urban figures are an indication of whether a population center
(population greater than 25,000) exists in the context of the

USAEC site criteria.

4.7-1
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POPULATION PROJECTIONS BY MUNICIPALiTY a

SUB-REGION

San Juan

Fajardo

MUNICIPALITY

San Juan
Metropolitan b

Loiza

Rio Grande

Comerio

Corozal

Dorado

Naran jito

Toa Alta

Toa Baja

Vega Alta

Orocovis

Barraqu it as

TOTAL ........

Fajardo

Ceiba

Luquillo

Naguabo

Culebra

Vieques

TOTAL ,.......

a. (Ref. 4.7-1)

b. The San Juan Metropolitan Area includes the municipalities of Bayamon, Carolina,

Guaynabo, San Juan and Trujillo Alto.

1970 1980

URBAN

783,900

12,000

11,700

7,700

8,400

5,300

5,300

5,500

8,000

7,500

5,800

7,600

868,700

15,200

2,900

3,500

7,800

000

3,600

33,000

RURAL

85,900

20,500

12,500

12,300

16,600

11,900

13,500

12,500

19,000

12,500

15,000

12, 900

245,100

6,000

7,300

7,100

10,500

700

3,900

35,500

URBAN

1,191,000

20,400

23,200

10,500

12, 900

9,500

7,500

9,800

18,200

11,800

7,900

10,600

1,333,300

19,000

4,200

5,700

11,400

000

4,500

44,8oo

RURAL

70,600

16,800

10,800

11,500

13,300

12,500

12,500

10,7CC

19,830

10,800

13,000

11,500

213,800

6,000

7,100

7,600

8,000

900

3,300

32, 900

URBAN

1,867,900

29,500

37,700

13,500

17,000

15,200

10,300

14,100

30,900

16,300

10,100

13,500

2,076,000

23,000

5,800

8,500

14,300

000

5,500

57,100

1990

RURAL

45,200

13,500

9,300

10,500

10,800

13,300

11,500

9,300

20,100

9,400

11,000

10,400

174,300

6,000

6,900

8,300

6,200

1,100

2,700

31,200



MUNICIPALITY
1970

URBAN RURAL
1980

URBAN RURAL
1990

URBAN ~~ RURAL

San Juan
(Con't)

Caguas Caguas

Aguas Buenas

Gurabo

Juncos

San Lorenzo

TOTAL........

Cayey

Albonito

Cidra

TOTAL........

Humaco

Las Piedras

Yabucoa

TOTAL.......

Barceloneta

Manati

Vega Baja

Ciales

Morovis

TOTAL........

72,300

5,300

8,4oo

10, 00

8,500

1o4, 0

26,000

7,300

6,300

39,600

13,600

5,100

7,600

26,300

7,200

13,600

10,300

5,300

4,700

41,100

30,000

14,200

11,500

13,400

21,000

90, 100

16,000

13,200

17,000

46,200

24,000

13,100

24,400

61,500

13,200

19,400

23,200

13,200

13,800

82,800

133,500

8,300

13,400

14,700

11,500

181,400

32,100

9,100

9,300

50,500

19,300

7,100

11,200

37,600

12,000

17,900

16,800

7,200

7,000

60,900

26,500

14,000

10,400

11,800

19,500

82,200

13,900

13,700

15,700

43,300

22,800

12,400

22,800

5 8, 000

9,500

19,100

20,200

11,700

11,900

72,400 78,800 64,200

REGION SUB-REGION

226,500

11,600

18,800

19,200

14,500

?90, 600

38,000

10,900

12,500

61,4oo

26,500

9,100

14,800

50,400

15,700

22,000

23,200

8,700

9,200

23,500

13,900

9,500

10,300

18,300

75,500

12,000

14,100

14,300

40,400

21,500

11,700

21,200

54,400

6,800

19,000

17,800

10,400

10,200

Cayey

Humaco

Manati

mn
(o >c

CD-
CD ~

O ..
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MUNICIPALITY URBAN 17 RURAL URBAN 1=2RURAL URBAN 1990 RURAL

San Juan
O wo (Con't)

S -4

A 1

Arec ibo

Total

Mayaguez Mayaguez

Aguadilla

Arec ibo

Utuado

Hatillo

Canuy

Quebradillas

Lares

TOTAL .........

Mayaguez

Anasco

Hormniueros

Cabo Rojo

Las Marias

Laj as

Maricao

Sabana Grande

San German

TOTAL .........

Aguadill a

Aguada

Isabela

Moca

Rincon

San Sebastian

TOTAL .........

48,000

17,200

6,400

5,600

5,000

7,000

89,200

36,000

23,800

15,600

14,500

9,200

19,000

118,100

1,880,000

77,900 27,100

4,800 13,500

3,000 5,200

5,070 24,930

1,500 8,000

4,000 13,100

2,500 4,900

6,000 10,800

11,900 17,200

116,670 124,730

25,600 26,400

7,300 17,600

12,200 18,800

4,000 18,900

2,500 6,700

6,400 26,500

58,000 114,900

410,000

68,000

23,900

10,100

8,900

7,800

9,100

127,800

105,100

7,200

4,500

12,670

3,000

9,000

3,800

9,000

16,000

170,270

35,100

10,300

17,700

7,000

4,200

10,200

84,5 oc

32,000

18,000

13, 900

12,000

7,600

16,200

99,700

2,430,000

25,800

12,300

4,900

23,730

6,800

10,000

4,000

8,600

15,000

111,130

21,900

15,900

16,100

16,500

5,600

21,800

97,800

92,000

28,200

13,700

11,000

10,100

11,000

166,000

28,000

14,000

12,300

10,000

6,400

13,800

84,500

3,300,000

145,600 24,400

9,000 11,700

5,600 5,200

22,000 18,400

5,400 4,700

11,000 10,000

4,250 3,950

11,000 7,400

20,000 13,000

233,850 98,750

44,800 18,200

13,600 14,300

23,000 14,000

9,200 15,300

5,700 4,600

16,300 15,500

112,690 81,900

460,000 510,000

REG ION SUP-REGION

Total

T



MUNIC IPALITY
1970

URBAN RURAL
1980

URBAN RURAL
1990

URBAN RURAL

NAX Total

CD
O c FOOTNOTES:

c*

-1

O .

Ponce Ponce Ponce

Guanica

Guayanilla

Penuelas

Yauco

Ad jun t as

Jayuya

Coamo

Juana Diaz

Santa Isabel

Villalba

TOTAL .........

Guayama

Salinas

Arroyo

Patillas

Maunabo

TOTAL .......... 38,500 83,400

540,000

2,830,000

164,200

6,700

5,300

7,000

17,200

7,000

4,000

18,700

9,200

6,400

3, 000

248,700

25, 000

5, 000

4,500

2,500

1,500

30,100 315,200 29,800
30,800

10,100

14,700

10,400

20,800

12,500

11,100

11,800

24,300

10,500

13,500

170,400

27,000

21,000

10,500

15,500

9,400

1. Based on "Regional Domestic Water Demand Estimates, 1970-1990, " Puerto Rico Aqueduct and Sewer
Authority, February 1969.

2. The San Juan metropolitan Area includes the municipalities of Bayamon, Carolina, Catano,

Guaynabo, San Juan and Trujillo Alto.

REGION SUB REGION

229, 900

11,000

9,200

13,000

-24,200

9,500

7,000

25,200

23,000

8,600

7, 000

367,600

66, ooo

13, 000

11, 000

8,500

4,400

102,900

3

30,100

9,100

13,300

7,300

16,8oo

9, 600

8,700

9, 800

14,800

10,900

9,900

140,300

14,000

16,000

6,000

10, 100

6,600

52,700

666,000

3,550, 000

Guayana

315, 200

18,000

15,700

17,800

31,500

10,500

9,000

32,800

29, 000

11,700

9,000

499,400

95, 000

17,000

13, 000

11,800

5,600

142,400

29,800

6,200

9,800

6,800

13,500

8,4oo

7,200

8,200

13,000

11,100

8,100

122,100

28,000

16,o00

6,000

7,500

5,400

62,900

Total
830,000

4,640,000



4.8 METEOROLOGICAL

4.8.1 Climatology

4.8.1.1 Wind

Puerto Rico is a tropical hilly island which lies
directly in the path of the easterly trade winds throughout
the year. These winds are steady and blow without exception
from an easterly direction, i.e. between north-northeast and
south-southeast. More specific wind data is presented below
in the evaluation of the specific sites.

4.8.1.2 Precipitation

Rainfall in Puerto Rico varies markedly from place
to place over relatively short distances. The majority of all

Puerto Rico's rainfall is orographic in nature. Moisture-
laden air from the ocean is carried by the trade winds inland

and forced to ascend over the mountains. It is then cooled,
causing condensation in the form of rainfall. The majority of
these orographic showers are rather brief. Abundant sunshine
prevails throughout the year, even during the so called rainy

seasons. The lowest annual precipitation averages are along

the southern coast from Aguirre westward. A rainfall map of

Puerto Rico is shown in Exhibit 4.8-1. Exhibit 4.8-2 shows
total precipitation during the ten year period 1951-1960 for
each of the three sites under consideration.

4.8.1.3 Temperature

Mean temperatures in Puerto Rico have a very small
range between the warmest and coldest months. The smallest

range is generally found in areas near the coast, with only

4.7 F at Patillas. In the interior a slightly larger range
is observed with 7.30 F at Utuado the largest. These small

annual temperature ranges are due in part to the fact that
Puerto Rico is an island surrounded by waters whose tempera-

ture changes but little from the warmest to coolest season
(82.5 F in September to 77.9 F in February and March). Over

practically the entire island the lowest mean maximum temp-
eratures occur in January. The warmest daytime temperatures

are recorded in the northern section of Puerto Rico. Freezing
temperatures are unknown in Puerto Rico, even at the higher

4.8-1



SA T L A N T 1 C 0 C E A N

.~* 4,uo0,-

' ~ TOA ACA DAN~lTE

-__ U.-".r -aL

C A R IB B E A N S E A

BURNS AND ROENC. THE DOW CHEMICAL CO.

bEPT A ,E Y0R MIL N , I IA

RAINFALL MAP OF PUERTO RICO

PUERTO RICO ENERGY CENTER STUDY

PUERTO RICO WATER RESOURCES AUTHORITY



AVERAGE TOTAL PRECIPITATION AT ENERGY CENTER SITES (INCHES)

Normal - 10 year periodH
w
H

OD

A M

2.28 4.49

2.37 4.94

3.77 7.40

J J A S

3.51 2.74 4.69 5.93

4.73 4.17 5.28 5.93

4.24 4.14 4.96 4.98

0 N

5.31 3.70

5.77 4.36

5.58 5.58

*Guayanilla

Ponce*

Aguirre

Arecibo

J

.86

1.07

4.25

F

1.07

1.29

3.27

M

.61

.76

2.57

D

1.34

2.10

4.79

ANNUAL

36.53

42.77

55.53



elevations. The coolest ever recorded is 400F at Aibonito in

March 1911. Exhibit 4.8-3 gives a mean temperature for the
1951-1960 period. In addition highest and lowest temperature
tables are presented for the sites under consideration.

4.8.1.4 Storms

Hurricanes and tropical storms are an important
feature of Puerto Rico climate during summer and early autumn.
The tropical cyclone season in the North Atlantic region ex-
tends from June through November. The Puerto Rico area, how-
ever is outside the main paths of these most severe tropical
atmospheric disturbances, except from August through the first
half of October. The storms which severely affect Puerto Rico
develop over the waters of the southern North Atlantic. The
paths of the storms are usually between west and northwest and
they may pass either to the south or to the north or directly
over the island. Additional "near misses" of intense hurri-
canes or tropical storms, which produce little wind damage,
may cause extensive rain (flooding) and/or tidal damage.

Areas of Puerto Rico most susceptible to flooding
include the flatlands in the vicinity of the rivers. The ann-
ual average is about one serious local flood together with one
or more lesser floods.

4.8.2 Factors Affecting Dispersion

4.8.2.1 Land-Sea Circulation

In addition to the trade winds already described,

the most important factor to consider in studying surface

winds over the coastal areas of Puerto Rico is the sea breeze

circulation. Because of the orientation of the coasts in
Puerto Rico, the land-sea circulation produces in the after-
noon a north component along the north coast; a south compon-
ent along the south coast; a west component in the west coast;

and an east component over the east coast. Over the north

coast the component is nearly perpendicular to the prevailing

trades and the sea breeze is characterized by a difference be-
tween northeast winds in the afternoon and southeast winds at

night and in the early morning. Over the south coast the

difference is between southeast winds in the afternoon and

the northeast winds at other periods of the day.

4.8-2



AIR TEMPERATURES AT ENERGY CENTER SITESxi
H
w
H

J F M A M J J A S 0 N D ANNUAL
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Over Puerto Rico the wind speed is minimum around
2 to 4 a.m.; it increases rapidly after sunrise to a maximum
around 2 p.m., and decreases gradually from 3 to 8 p.m. Over
the north coast on an annual average the afternoon maximum is
15-16 mph, the minimum at night is 7-8 mph. In Ponce, the
afternoon maximum is around 12 mph, the night time minimum is
3-4 mph.

The wind conditions at any specific locality in
the coastal sections of Puerto Rico need to be interpreted
within the framework of the two main factors mentioned so far:
the prevailing trade winds and the land-sea circulation. The
wind at a particular locality would also be influenced by the
terrain in the vicinity. Such factors as physical obstruction
provided by buildings and trees, significant water bodies,
hills and valleys, etc., would introduce noticeable effects.
For localities away from the coast, in the interior, the
terrain would be the main factor to consider. There are no
records of the penetration inland of the land-sea circulation.
A good guess is that it is probably felt inland to about 10-15
miles, or to such distance where the effects of the mountains
would dominate. Aside from the variability and highly unpre-
dictable effects introduced by friction and obstacles, one
effect noticed frequently in mountainous territory is the
mountain and valley breeze. In the daytime, air near a moun-
tain slope increases its temperature more rapidly than the air
at the same pressure away from the mountain, it ascends and an
upslope flow develops. At night, cooling near the mountain
proceeds more rapidly and a downslope motion is introduced.

4.8.2.2 Inversions

Night-time radiation inversions at the surface are
frequently observed in winter at San Juan; they are less fre-
quent in summer. In the winter these inversions would start

about midnight and hold until about 8 or 9 a.m. and then lift.
An inversion never persists during the day. The inversions on
the south coast are weaker and shorter than those on the north

coast.

4.8.3 Meteorological Evaluation of Sites

4.8.3.1 Guayanilla

The towns of Guayanilla, Yauco and Guanica are 3,

4.8-3



6 and 8 miles respectively from the Guayanilla site. Even
allowing for the projected three-fold growth of Guayanilla by
1990, its population will only be 15,700. By 1980, the urban
population of Yauco will be 24,200 and by 1990 it will be
31,500. Guanica's population is expected to increase from
6,700 in 1970 to 18,000 in 1990. Thus, in the foreseeable fu-
ture only Yauco will have a population which is sufficiently
large for it to be classed as a population center (over 25,000)
in terms of the USAEC site criteria. Use of standard cal-
culational models for accident analyses would not preclude the
siting of a light water cooled power reactor at the site.

Consideration of site wind data would probably
give better results for the accident analyses than the stan-
dard model. This site, does not have any wind data available.
Since wind structure along the Puerto Rican coastline is con-

trolled by the trade winds plus superimposed land-sea circula-
tion, one can use with reasonable confidence wind data of a
neighboring coastal location. The Ponce site which is approxi-
mately 12 miles east of Guayanilla on the southern coast line
has extensive (over a three year period) wind data. This data
shown in Exhibit 4.8-4 has been used as the wind structure of
the Guayanilla site.

Examination of the data indicate that the wind
blows from the site to Guayanilla, the closest town, less than
one per cent of the time. Although the wind direction fre-
quencies for the directions of Yauco and Guanica are higher
than desirable, they are no worse than in the standard calcula-
tional model. The average velocities tend to improve disper-
sion and make the site more acceptable from a nuclear reactor

licensing standpoint.

On the basis of the discussion above, it is con-

cluded that this site is acceptable for the location of a

power reactor.

4.8.3.2 Aguirre

Salinas, Coqui and Central Aguirre are situated in
the general vicinity of the reactor site. They all are part

of the municipality of Salinas for which the projected popula-
tion in 1990 will be 17,000. Thus none of these towns is suf-
ficiently large to be classed as a population center (over

25,000) in accordance with the USAEC site criteria.

4.8-4



PONCE, P.R.

SURFACE WIND DATA

ANNUAL

(April 1941 thru July 1944)

PERCENTAGE FREQUENCY TABULATION OF SURFACE WINDS

DIRECTION
N

NNE
NE
ENE
E
ESE

SE

SSE

S
SSW

SW
WSW
W
WNW
NW

NNW

TOTAL %

CALM

1-3

4.18
2.21
4.65
1.33
1.46

.23

.29

.09

.17

.04

.05
0
.12
.08

1.01
2.33

18.24

VELOCITY

4-12
6.69
3.53

12.00
6.21
6.92
4.43
6.13
1.87
1.04

.35

.29

.05

.08

.11
1.44
5.80

56.95

(mph)

13-24
18

.25
1.35
1.24
1.91
4.25

10.30
.84
12

.06

.04
0
0
0

.01
.08

20.63

%of

25-31 Total
11. 1
6.0

18.0
8.8

.01 10.3
8. 9

.04 16.6
2.8
1.3

.5

.4

.1

.2

.2
2.5
8.2

.05

Average

Velocity
4.6

5.1
6.1
7.6
8.4

12.2
13.6
10.9
8.2
8.8
7.7
7.3
3.6

4.3
4.6

5.2

4. 13%

ElHIBIT 4.8-4



Guayama, situated about 8 miles to the east of the site is ex-
pected to have a population approaching 95,000 in 1990. It
must, therefore, be considered as a population center. The
distance between the site and Guayama is sufficient to permit

siting of light water reactors at Aguirre.

The proximity of the town of Central Aguirre to

the site boundary is worthy of consideration. There is an
available exclusion radius ranging from 1580 feet to 2280 feet
for each of the proposed reactors at this site boundary. Due
to the elevated release from a boiling water reactor, there is
no difficulty in siting such a reactor. Consideration must be
given to iodine removal in siting a pressurized water reactor.
For the range of exclusion radii, iodine removal factors must
range from 2.3 to 3.4 in order to just meet siting require-
ments. A construction permit has recently been issued to
Maine Yankee on the basis of an iodine removal factor of 4.5.
Therefore, exclusion radius considerations would not preclude
locating a pressurized water reactor at this site.

Use of on-site meteorological data would probably
have a significant influence in the matter of selecting a site
so close to Central Aguirre.

This site has fragmentary (5 months) wind data
available. It has been spot-checked for the reported months
with the extensive Ponce data and for these months shows an
overall similarity of wind structure and of frequency of wind
directions so that the annual Ponce wind data can be used with

confidence for this site also. Ponce is approximately 26
miles west of Aguirre. The Ponce wind data is given in Ex-
hibit 4.8-4.

As can be seen from the Ponce data, the wind blows

from the site towards Central Aguirre only 0.2 percent of the
time. This is such a low frequency that a strong case can be

made to obtain credit for actual site meteorological data in

the safety analyses needed for reactor licensing.

Proving that this site is an acceptable location
for a power reactor will require careful presentation and use

of on-site meteorological data in a license application. How-
ever, this should not present any serious difficulty, and it
must be concluded that Aguirre is an acceptable site for a

power reactor.
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4.8.3.3 Arecibo

The urban population of the municipality of
Arecibo is projected as 48,000 for 1970 and 92,000 for 1990.
While some of these people will be in outlying communities,
the majority will reside in the city of Arecibo. Thus,
Arecibo must be considered as a population center in terms of
interpreting the distance factors in the USAEC site cri-
teria. The Arecibo city limits are located about 2.1 miles
from the proposed reactor site. The required low population
zone radius for this site is 2.1/1.33 = 1.6 miles. Using
standard calculational models for accident analyses, the site
would be marginal for a pressurized water reactor and unaccept-
able for a boiling water reactor-

The conservatism of standard calculational models
can be avoided by using models based on meteorological data
obtained at the site. In the present case, detailed wind data
over a 9 month period does exist for this site. Comparison
with extensive San Juan data (over 8 year period) is not poss-
ible in all cases mainly due to the differences in wind ranges
and calm-interval specification. In addition San Juan is
approximately 44 miles east of Arecibo. In spite of these
considerations, comparison of the overall features of the two
sets of data give a high degree of confidence in the limited
Arecibo wind data. This data is summarized in Exhibit 4.8-5.

Examination of this data indicates that the wince
blows from the reactor site towards the city of Arecibo a high
percentage of the time. The only favorable feature of the
wind data is the high frequency of high wind speeds. Thus the
probability of improving the licensability of this site by us-
ing on-site meteorological data is small.

On the basis of combined consideration of popula-
tion, distance and wind direction frequencies, this site is
not presently recommended from the standpoint of nuclear
safety.
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ARECIBO, P.R.

SURFACE WIND DATA

ANNUAL
(9 Month Period)

PERCENTAGE FREQUENCY TABULATION OF SURFACE WINDS

DIRECTION

N

NNE

NE
ENE
E
ESE

SE
SSE

S
SSW

SW
WSW

W

WNW

NW

NNW

TOTAL %

CALM

1-3

.66

.53

.70

.60

.76

.43

.73

.73

.73
1.37
2.44
1.43
.30
.23

.20

.27

12.10

4-12

1.70
2.66
5.70
7.05
6.62
6.90
3.66
1.47
.70

1.47
1.80
1.26
.12

.16

.46

2.20

43.90

Mph) % of
13-24 25-31 Total

.07

.83
1.17

18.70
11.10
4.55
.46
13

.03
16

.53

.03
13

.03

37.30

2.4
4.0
7.6

26.9
18.5
12.0
4.9
2.3
1.5
3.0
4.2

2.7
.4
.4
.7

2.5

Average

Velocity

6.2
8.7
8.5
15.1
13.4
11.4
7.3
5.5
4.7
4.7
3.8
4.1
2.9
4.0
5.6
7.8

.70

6.0%

EXHIBIT 4.8-5
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4.9 TRANSPORTATION

4.9.1 Ship

The cargos shipped into or out of the Nuplex will

for the most part be shipped to or from locations at consider-

able distances outside of Puerto Rico. As such, the location

of the Nuplex site on the relatively small island of Puerto
Rico will not have a major impact on shipping costs. Addition-

ally, there will tend to be compensating effects in that a

shorter import haul may be offset by a longer export haul or

vice versa. As such, no relative advantage is seen from the

standpoint of shipping between the three sites on the basis of

location as such.

Consideration was given to the following alterna-
tives for ship unloading and loading at each of the site lo-
cations:

A. Use of existing harbors for dry cargo and
bulk solids.

B. Enlarging existing harbors to accommodate dry
cargo, bulk solids and berthing "super tankers"

of 200,000 dead weight tons.

C. Construction of a new harbor, adjacent to the

Nuplex, with conventional dockside berthing of

200,000 dead weight ton tankers as well as dry

cargo vessels and bulk-solids carriers.

D. Construction of a new, adjacently-located har-
bor for the dockside handling of dry cargo,

bulk solids and chemical products, plus an

off-shore mooring facility for off-loading
crude oil from a 200,000 dead weight ton
tanker.

4.9.1.1 Guayanilla

A land-cut harbor dredged from the cove on the

west shore of Guayanilla Bay as shown in Exhibit 4.2-1 would

give a port facility centrally located with respect to the

plant. Some rock would be unavoidable in channel dredging.
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An alternate harbor site would be further north

on the site in the area recommended by Dr. Ta Liang (see
Appendix 4.9-1. While this might warrant further investiga-
tion, it would have the disadvantage of not being as centrally
located in the Nuplex.

An alternate harbor location at Punta Ventana
would probably require rock blasting and dredging and would be

poorly located with respect to the bulk solid handling plants.

The submarine trench located south of Punta

Ventana is too narrow at the required depth for an off-shore
mooring facility.

4.9.1.2 Aguirre

4.9.1.2.1 West Aguirre

For West Aguirre a harbor dredged from Mar Negro

was considered and used in the preliminary cost comparison be-
tween sites. However, later investigation of the underground
aquifers indicate that this location would probably violate
the silty seal between the aquifer and the sea, resulting in
considerable loss of fresh water and increasing the possibil-
ity of salt water intrusion during periods of heavy pumping or
drought. Accordingly, the harbor was located to the south-

west to take advantage of the naturally existing depth and yet

keeping it within the barrier reef islands to afford protec-
tion against swells and heavy seas. A trestle that carries
pipe lines, conveyors and roadway is provided to reach the
wharf area which consists of a filled core dock to afford pro-

tection against the sea. Barge docking will be on the west,

or lee side of dock where a natural depth of 22 feet exists
that is adequate for the barges. For the chemical tankers,

the turning basin, dock and channel area have been dredged
from the natural depth of about 30. feet to the required depth

of 40 feet. The dock for the chemical tankers has been

arranged in an east-west direction to orient it into the pre-
vailing wind and the general direction of the swells, which
will be westerly except to the extent they are refracted by

the presence of the land.

The large crude oil tankers will be unloaded off-
shore at a depth of 65 feet. This unloading facility will con-

sist of a mooring platform with dolphins. The crude oil will
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be unloaded via a submerged pipe line, 7,000 feet in length,
that rises at the dock.

It cannot be stated unequivocally that the dredg-
ing of this harbor will not have an effect on the aquifer
underlying the West Aguirre site. However, moving the dredg-
ing operation southward and limiting it to 10 feet beyond the
existing depth should minimize any effects and reduce them to
acceptable levels.

4.9.1.2.2 East Aguirre

The existing harbor at Las Mareas has a present
depth of 38 feet alongside the dock and 40 feet in the turning

basin. This harbor can be expanded along the lines presently
envisioned by the Ports Authority to provide an additional dock
for chemical tankers and a wharf for barges, while keeping its
general depth at about 40 feet. The channel width must be in-
creased to 350 feet.

The large crude oil tankers will be unloaded in 65
feet of water at an offshore facility similar to that proposed
for West Aguirre. This facility requires 5,000 feet of sub-
merged pipeline.

The change to the harbor may result in some fur-

ther loss of water from the aquifer, but it should be small

compared to the loss that occurred due to the construction of

the original harbor.

The Ports Authority proposes to have a general
cargo handling area in Las Mareas for use of industry in the
region.

An alternate harbor location for the East Aguirre

site to be located just east of the dock at Central Aguirre
was considered. This harbor would have a channel following

the existing 27 foot channel and reaching the sea through Boca

del Infierno. The cost of this harbor exceeded the cost of
development of the Las Mareas Harbor, so that the Bay of Jobos

Harbor was dropped from further consideration.
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4.9.1.3 Arecibo

This location has by far the highest estimated
dredging costs of the three locations, resulting from the ex-
pected massive limestone nature of the bottom through which
the channel must be cut. The expected cost of a land-cut har-
bor is far greater here than at either Guayanilla or Aguirre.
During the last three months of the year rough seas and ground
swells can occur that would probably necessitate a greater

bottom width for the channel and might result in some shipping

delays.

Although the distance to 80 feet water depth at
Arecibo (about 1 mile) is less than at either Guayanilla or
Aguirre, this advantage for an off-shore mooring facility is
partially offset by the rough seas, possibly necessitating a
breakwater.

4.9.2 Highways

The availability of a modern high-speed highway
system is an important consideration to the Nuplex, particu-
larly during the construction period when it will be necessary
to draw on a wide labor market, as well as during operations
when the existence of the system will permit workers to com-
mute substantial distances. Thus the highway system is the
single most important element in the diffusion of the economic
impact of the Nuplex to benefit a greater portion of the
island and reduce the need for intensive development of infra-
structure in the environs of the site.

Most of the industrial imports and exports to the
Nuplex will be by ship from outside Puerto Rico but there will,
of course, be need for highway trucking in connection with
miscellaneous supplies for operation and maintenance.

Agricultural products to be marketed in Puerto

Rico will benefit from good highways connecting with the San
Juan area, the major center of population.

The Puerto Rico Highway Authority has underway a

highway improvement program covering the period 1969 to 1973.
This program calls for the construction of modern four-lane

divided highways around the coastal perimeter of the island,
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as well as across the mountainous interior, to connect the
north and south shores. This primary highway program is es-
timated to cost $156,000,000. In addition, improvement pro-
grams for secondary roads costing $44,000,000 and for urban
roads costing $124,000,000 are under way. The completion of
these programs will give good highway access to all the sites.

At Guayanilla, the new highway from Ponce to
Guayanilla has been completed. This highway passes the north-
ern end of the property being considered for the Nuplex. The
completion of this road to. Mayaguez on the west coast of the
island is scheduled for 1972. This road will facilitate
access to the new international airport to be built in the
Lajas Valley. The road to the east of Ponce along the south
shore to Salinas and across the mountains to San Juan is
scheduled to be completed by 1972. A secondary road into the
site from Route 2 to the Texaco property on Punta Verraco has
been partially completed and is scheduled to be completed by
Texaco and the Highway Authority.

At Aguirre, the junction point between the new
highway connecting Ponce to San Juan and the branch going to
the east toward Yabucoa is almost directly north of the Nuplex
site, a distance of 2 or 3 miles. A direct connecting road
from this point to the Nuplex would give excellent highway
communication with San Juan, Ponce and the areas to the east

in the direction of Yabucoa. The latter stretch of highway
is scheduled to be completed in 1973. In addition, the exist-
ing Route 3, which is scheduled for improvement, will give
good local access to Salinas and Guayama.

At Arecibo, the new highway to San Juan is
presently under construction and is scheduled to be completed
after 1972. The new highway to the Aguadilla area on the west
coast is scheduled for completion in 1973. Route 10 going
south to Utuado is scheduled for completion in 1971.

4.9.3 Railroads

In general, railroads are not a major means of

transportation in Puerto Rico, as they are in the continental

United States. The systems that do exist are narrow gauge

roads used primarily for hauling sugarcane and are generally

not interconnected so as to form a system covering the island.
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At Guayanilla there was a small system serving

Central Rufina but it is apparently no longer in use since the

Central is shut down.

At Aguirre, the proposed sites are traversed by
the Ponce-Guayama Railroad which, as its name implies, runs
from Ponce to Guayama. This narrow gauge system is owned by

the Aguirre Co. and is operational at the present time. They
have 18 small diesel engines, 800 pieces of rolling stock and

a round house located at Central Aguirre. Most of the rolling
stock is cane cars but some solid bulk handling and tank cars

are available. This railroad might be worked into the develop-
ment of a Nuplex at this site with a view to providing a se-

cond means of transferring cargo between the Nuplex and se-

condary industries in the area, as well as facilitating use
of the port facilities by industries in the area served by
the railroad.

At Arecibo there is a railroad system that tra-
verses the site and serves Central Cambalache and Central
Plazuela. The condition of this system is not known.

4.9.4 Air

Air transport is of interest to the Nuplex in
connection with executive travel, receipt of replacement parts

in maintenance emergencies and the shipment of high value
perishable products, such as fruits. The latter consideration,

namely the shipment of perishable agricultural products, would
probably have to be done by jumbo jets if it is to be economic.
The other considerations, for executive travel and parts ship-

ment, can be handled by the jet planes normally used in inter-
national travel at the present time.

At present the San Juan International Airport is

the only airport in Puerto Rico capable of handling jumbo jets.
However, steps have already been taken to acquire land in the

Lajas Valley in the southwest corner of the island for the

construction of a second international airport, which is
scheduled for operation by 1974. This airport, which is being
constructed mainly in connection with plans to develop the
southwest corner for tourism, will be well located to serve
the Guayanilla site.

The Aguirre site can use both the Lajas Valley
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Airport or the San Juan Airport. It is the opinion of the
PortsAuthority that the Lajas Valley Airport would probably be
used more often because the driving time along the coastal
road is estimated to 80% of the time to San Juan, which is
nearer but over the mountains.

In addition the Aguirre site can also use the
Salinas Airport which is directly north of the site, across
Route 3. This airport is currently capable of handling light
commercial aircraft but is scheduled to be upgraded to a 5,500
ft runway capable of handling DC-9 jets.

The Arecibo site would use the San Juan Airport.
There is a small airfield at Arecibo that presently handles
light commercial aircraft. The Ports Authority indicates they
have no plans for upgrading this field but it could be upgraded.
to a 5,500 ft runway if the load projections warranted.

4.9.5 Electrical Power Transmission

The PRWRA power generating and transmission sys-
tem is shown in Exhibit 4.9-1. At present power is delivered
at 38 and 115 kv and will be transmitted along the south coast

on 230 kv lines by 1973. The 500 mva of capacity needed Lo
back up the outage of a Nuplex power unit will be transmitted
on the 115 or 230 kv system.

4.9.5.1 Guayanilla

The tie-in point for power at Guayanilla will be
the 230 kv lines at the switchyard of the South Coast Plant.

It is understood, based on discussion with PRWRA, that the

system will have sufficient capacity both in transmission and
interrupting ratings at this point to permit tie-in without

major modification of the transmission system.

The station startup and auxiliary backup power
will be obtained from a tie-in to the 38 kv and the 115 kv
line in this same switchyard.

The transmission distance from the Nuplex switch-
yard to the South Coast Plant switchyard is about 7 miles.
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4.9.5.2 Aquirre

The tie-in point for power at Aguirre will be the

east-west 230 kv line. It is understood, based on discussions

with PRWRA, that the system will have sufficient transmission

capacity and interrupting capacity at this point to permit
tie-in without major modification to the system. For West

Aguirre the industrial area would be fed directly from the

Aguirre Station switchyard, whereas the industrial area of the

East Aguirre site would be a transmission line tying into the

east-west 230 kv transmission line.

The station auxiliary power will be obtained from

a tie-in to the 38 kv and the 115 kv line in the substation

north of the Phillips Plant. The transmission distance from

the Nuplex power plant switchyard to the 230 kv tie-in point
is about 4 miles and to the 38 kv and 115 kv tie-in point is
about 6 miles.

4.9.5.3 Arecibo

The 230 kv system does not presently exist in the
vicinity of Arecibo and no plans exist for constructing 230 kv

transmission by 1975. Power transmission for this site would
therefore presumably be at 115 kv. The 115 kv system would

have to be reinforced to supply the required capacity. No de-
tailed study has been made of the modifications needed. For
the purpose of this site selection study, it is assumed that a

tie to Aguadilla, a distance of 30 miles, would be needed. A
tie to the Dos Bocos Hydroelectric plant, a distance of about

10 miles, would also be needed. An additional tie somewhere

in the San Juan area would be needed that might be 30 miles in
length. This would be a major undertaking and this would re-

quire a total of about 70 miles of transmission lines. How-

ever, a short circuit analysis of the system would have to be

made to determine if the proposed transmission line terminat-

ing and tap substations will have sufficient interrupting

capacity when the generating station is energized.

The backup power would presumably tie-in to the

38 kv line but the independence of two 38 kv circuits would

have to be investigated.
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4.10 FINANCIAL

The Government of Puerto Rico offers as an induce-
ment for industry to come to Puerto Rico a period of time in
which no business tax need be paid or alternately a longer
period in which tax is paid on only a percentage of profits.
The length of this period differs at various locations on the
island, being greatest in those areas that the Government of
Puerto Rico wants to be developed.

At Guayanilla, the period is 17 years and at
Aguirre and Arecibo, the period is 15 years.

Other than as discussed above, there is no other
known significant financial distinction between the three
sites.
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4.11 SOCIO-ECONOMICS

The Socio-Economics data considered covered the

municipalities of Guayanilla, Penuelas and Yauco for the

Guayanilla site and the municipalities of Guayama and Salinas

for the Aguirre site. These communities are those which are

most likely to be involved and affected by the complex if

built at Guayanilla or Aguirre.

At the present time the Guayanilla area has a

larger population, more school rooms, more houses, more employ-

ment and is farther along the development process than the

Aguirre site. This is probably due to the earlier start of
CORCO, but the Phillips Project in Guayama is expected to

furnish the push which will remove most of these differences
by 1975.

The Planning Board's 1968 Economic Report to the

Governor points out that 59% of the employees of CORCO live in
Ponce. Phillips is reported to be bussing employees from as

far away as Caguas. Penuelas has not developed enough infra-

structure over the years to attract a majority of the commun-
ity dependent upon CORCO.

These factors raise some questions about the fu-

ture developments of infrastructure being in the immediate
vicinity of the site selected. If it is possible to develop

the community close to the plant there would appear to be

little choice between the sites based on socio-economic fac-

tors. On the other hand, if Ponce continues to provide most

of the infrastructure for the Guayanilla area, the socio-

economic impact would be less than at Aguirre.
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COMPARISON OF SITES

5.1 GENERAL

This section of the report compares the sites and
discusses various aspects of the site selection.

The sites were compared on a general basis includ-
ing site development costs and the choice was narrowed down to
the Aguirre area. The sites at Aguirre were then compared in
greater detail before making the final choice of the West
Aguirre Site.

There are many considerations that enter into the
site selection. Some of these considerations can be quanti-
fied and reduced to dollars. Others can only be stated in
qualitative terms but may, nevertheless, constitute important
factors that must be weighed in making the final judgment.
Those considerations that can readily be reduced to cost will
be discussed first followed by the qualitative considerations.

All sites were considered acceptable from the

standpoint of general conformance with the Planning Board's

program for promoting industrialization of Puerto Rico. The

Nuplex industries as finally selected did not utilize native

raw materials and as such all sites were equal from this

standpoint. The cargos shipped into and out of the Nuplex

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 Nuplex sites were considered equal from the stand-

point 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.
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5.2 COST COMPARISON

Exhibit 5.2-1 compares the relative cost of the

five Nuplex sites, both for capital cost and for capitalized
operating costs. It should be emphasized that these are rela-

tive, not absolute costs, and take into account only those

items that vary from site to site. They do not take into

account the cost of running utility lines between the power
plant and the industrial area, which can have considerable
bearing on the problem as will be shown later. The cost esti-

mating sheets are given in Appendix 5.4-1.

5.2.1 Capital Cost

It can be seen from Exhibit 5.2-1 that the East
Aguirre Site A has the lowest cost and is about $2,597,000 be-

low West Aguirre, about $5,276,000 below East Aguirre Site B,
about $6,937,000 below Guayanilla, and about $45,273,000 below
Arecibo. All of the Aguirre sites are below Guayanilla and
far below Arecibo.

5.2.1.1 Land

The average value of the land at Guayanilla was

taken at $6,000 per acre, at Aguirre at $4,000 per acre and at
Arecibo at $2,000 per acre. The Guayanilla price was set high-
er than the Aguirre price on the basis of the greater industri-
alization presently existing in the area and the diminishing

availability of industrial land at Guayanilla. The Guayanilla
and Aguirre land costs were established based on discussion
with Fomento and the Land Administration. The Arecibo land

belongs to the Commonwealth so that the value assigned was
chosen on the basis of lower value agricultural land.

The estimated cost of the land at Guayanilla is

based on 1890 acres of industrial land which is 110 acres be-

low the minimum amount desired. The additional 110 acres

would increase the Guayanilla estimate by $660,000, should

this land be required.

5.2.1.2 Houses

The cost of expropriating houses that would have

to be removed was based on the number of houses shown on the
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RELATIVE COST COMPARISON OF ENERGY CENTER SITES

(In Thousands of Dollars)

Guayanilla

1. CAPITAL COSTS

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)

$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

Aguirre

West East A

$10,600
1,392

1,392
965
0

19,415

900
338
388

$35, 390

0
21,500

$56,890

38, 200

$73,590

$10,700
1,816

1,844
723
0

16,134

900
338
388

$32,793

0
21, 500

$54,293

38, 200

$70, 993

NOTES:

a. Alternate A - Industrial water at Guayanilla and Aguirre supplied by PRASA at an assumed rat-s of 28,'103
gallons. Water at Arecibo obtained from wells at 30/103 gallons.

b. Alternate B - Industrial water at Guayanilla and Aguirre supplied by desalting plant at 50/103 gallons.
Water at Arecibo obtained from wells at 3/103 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.

East B

$10,400
4,954

3,553
1,452
0

16,134

900
338
388

$38,119

0
21,500

$59,619

38, 200

$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

m

1-

-- I
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USGS topographic maps, with an allowance to compensate for

the increase since the maps were printed in 1960. An average

of $1,000 per house was assumed, plus an additional allowance
of $5,000 per structure for relocating the people. The
Arecibo and Guayanilla sites have an advantage in this regard
since there are fewer people that must be moved out of their
homes and relocated. The East Aguirre Site B requires reloca-
tion of many more people than East Aguirre Site A or the West

Aguirre site and places a heavy cost penalty against the East
Aguirre Site B.

5.2.1.3 Site Preparation

Levees and Flood Protection: The cost allowance

for levees was based on the length of levees shown in the ex-

hibits and the volume of fill required based on a levee crown

height of 18 ft. above mean sea level and the existing grade

level of the land. The crown width was taken as 30 ft. with
the sides sloped 1 on 5.

For the East Aguirre sites there are several small

rivers and creeks that cut across the sites and money was

allowed for conducting this water across the site in buried

closed concrete pipe or else diverted around the site in open

trenches.

Land Fill: Land filling and compaction costs were
based on the amount of marshy or mangrove type land that would

have to be reclaimed for use as industrial land. At Guayanilla
this was taken as 200 acres, at West Aguirre 162 acres, at

East Aguirre Site A as 112 acres, and at East Aguirre Site B

as 225 acres, each of which was assumed to require 2 feet of

compact backfill at $2 a cubic yard. At Arecibo the entire
site, with the exception of parts of the reactor site were

assumed to require 5 ft. of compacted backfill because of the

peaty nature of the soil. This represents a severe cost

penalty agains Arecibo and while more detailed investigation

might develop schemes to reduce this cost, the generally poor

character of the soil and the drainage problems in the area

will likely result in a major cost penalty under any scheme.

Drainage Pumping Station: At Arecibo it has been

assumed that the existing Cano Tiburones pump house would have

to be supplemented with a modern installation to achieve the

reliability that should be available to insure safety and to
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protect a major capital investment against the constant flow
of water into this site. The fact that this pump station
needs high reliability is a detrimental consideration for this
site. All sites will be protected by levees so that they will
all require some form of catch basins and pump stations to
take care of rain water during heavy storms but this is only
for the water that falls on the site and its immediate en-
virons. These pumping facilities have been assumed equal for
all sites and have not been included.

5.2.1.4 Harbors

For the initial cost comparison it was assumed
that the harbors would all be excavated to permit the large
crude oil tankers to come into the harbor. The cost of the
harbors at Aguirre are less than at Guayanilla and greatly
less than Arecibo, which requires rock excavation. The modi-
fications to the East Aguirre harbor at Las Mareas are about
$3,575,000 less than a new harbor at West Aguirre.

5.2.1.5 Power Plant

The cost of the power plant foundations at
Guayanilla is about the same as those at Aguirre after credit
is taken for the value of the rock that will be blasted out.

The circulating water system costs are highest at
Arecibo because of the long distance from the sea. At Guayan-
illa they are higher than Aguirre because of the deep intake
structure, which is brought out to water 35 feet deep.

The cost of the electrical transmission at the
Guayanilla site is higher than Aguirre because of the slightly
longer run to the tie-in point. At Arecibo the tie-in runs
are much longer.

5.2.2 Capitalized Operating Costs

5.2.2.1 Pumping Station Operation

The pumping station at Arecibo must be operated

continuously and the estimated cost of power and labor for

this has been capitalized. The site at Guayanilla and Aguirre

do not have a comparable cost.
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5.2.2.2 Water

The cost of the 19,000 gpm of fresh water for the
industrial processes and demonstration farm has been capital-
ized in Alternate A based on PRASA supplying water at
Guayanilla and Aguirre at an assumed rate of 280 per thousand
gallons. This assumption is based on Toa Vaca water being
available when required

In Alternate B the water at Guayanilla and Aguirre
is assumed to be obtained from a desalting plant at 50 per
thousand gallons. In both alternates, water at Arecibo is
assumed to be obtained from wells at 30 per thousand gallons.

The annual charge for the water was capitalized
using a fixed charge rate of 13%. This fixed charge rate was
based on an average industrial plant economic life of 15
years and 10% interest on money, which are the factors an in-
dustrialist might use in deciding the capital investmen'- that
could be justified to reduced water comsumption.

It can be seen that the low cost of water at
Arecibo does not overcome the other capital cost penalties
associated with this site. If a desalting plant was needed at
Aguirre but not at Guayanilla, then the total capitalized cost
of these two sites is then in favor of Guayanilla. On the
other hand, the Toa Vaca Project brings water to Guayanilla
before it does to Aguirre. If at Guayanilla, PRASA provided
50% of the Nuplex water from outside sources at 280 per thou-
sand gallons and the other 50% was obtained from a desalting
plant, the capitalized cost of Guayanilla would be about eaual
to that of Aguirre with an all-desalted water supply.
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5.3 QUALITATIVE SITE CONSIDERATION

5.3.1 General

The Arecibo site has several major detrimental
qualitative considerations including the poor prospect of

being licensed from a nuclear safety standpoint, the need for
continuous pumping of water to prevent flooding and the prob-
lems associated with harbor development and use in winter.
These factors, taken in conjunction with the high development
cost for this site, lead to a decision to drop Arecibo from
further consideration and concentrate further comparison be-
tween Guayanilla and the Aguirre sites. The remainder of this
section compares these two areas only. The conclusion drawn
was that the Aguirre sites are preferable to the Guayanilla
site.

5.3.2 Meteorology

The site at Guayanilla with the forest preserve
occupying most of the downwind area is preferred to Aguirre
from a nuclear safety standpoint.

5.3.3 Land Avaability

The land availability at Guayanilla is marginal in
terms of the space needed for future expansion. The area re-
quirements, and especially the future area requirements, are
not that well known at this time but there is no question that

this factor is more restrictive at Guayanilla than at Aguirre.

The addition of Punta Verraca to the Guayanilla
Nuplex would help but the uncertainty of Texaco's plans make

any assumption regarding the availability of this land a poor
basis on which to proceed. Furthermore, this is rocky, hilly
land and would be costly to develop for the purposes of the
Nuplex.

Additional land could be acquired if some addition-
al agricultural lands of Central San Francisco or Central

Rufina were taken into the site.
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5.3.4 Nuplex Layout

The Nuplex layout at West Aguirre is on a roughly

rectangular plot which gives considerable freedom in plant
layout. Other than for the Ponce-Guayama Railroad which could
be moved, the site is not fragmented by natural obstacles.

The site is gently graded toward the sea which will facilitate

the installation of sanitary and storm sewers. The highway
gives good access to the site and harbor. The present and fu-
ture areas can be clearly separated so that only the present

areas need be developed at the outset. When the future areas
are developed they will also have good access to the highway
and the harbor.

The East Aguirre Site A is irregularly shaped and
is fragmented by two public roads, the combined effect of
which is to reduce flexibility of plant layout and the
efficiency of use of the 'plot. The present and future areas
may have to be fragmented and interspersed in order that fu-
ture expansion units can be grouped with present generation
plants. The nearest part of the plot is 3.3 miles from the
power plant and the furthest part is 6.2 miles, which will in-
volve extra cost for the steam, condensate and water lines.
The plot is traversed by the Ponce-Guayama Railroad, which
could be moved. The site is crossed by several creeks and
rivers and, even though money has been allowed to conduct the
water through or around the site, the use of the land is in-
hibited to a degree. The main highway gives good access to
the entire site. The harbor is well located with respect to
about half of the plot, with the other half being between 2
and 3 miles distant. The PortsAuthority envisions expansion

of the Las Mareas Harbor for general cargo.

The East Aguirre Site B is on a long narrow plot.

The plot is separated from the.power plant site by a distance
of 0.6 of a mile, which will involve extra costs for steam,

condensate and desalted water, but less than East Aguirre Site

A. The plot is traversed by the Ponce-Guayama Railroad, which

presents problems because the track runs through the long di-

mension of the plot and through the narrowest part, giving

less freedom to work around it. The site is generally lower

than the other Aguirre sites. The site is crossed by several

more creeks and rivers than the East Aguirre Site A and, even
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though money has been allowed for use of buried conduits to
conduct the water through the site, they inhibit the use of
the land to a degree. The main highway gives good access to
the entire site. The present and future areas may have to be
fragmented and interspersed in order that future expansion
units can be grouped with present generation plants. This may
mean that much of the site may have to be developed at the out-
set with respect to roads, sewers, power wiring and utilities
distribution systems. The harbor at Las Mareas is well loca-
ted with respect to about half of the plot with the other half
being between 1.5 to 5 miles distant.

The Nuplex layout at Guayanilla is on a long
narrow curving plot which is fragmented by the Yauco and
Guayanilla Rivers and their levees, as well as the existing
highway into the Texaco property. The site is generally lower
and flatter that the Aguirre sites,which will make sewer in-
stallation more difficult. The main highway is at one end of
the site, making travel more difficult. The present and future
areas may have to be fragmented and interspersed in order that
future expansion units can be grouped with the present genera-
tion of plants. This may mean that much of the site may have
to be developed at the outset with respect to roads, sewers,
power wiring and utility distribution systems. The harbor
does not lend itself as readily to future expansion without
encroaching on industrial land as the Aguirre layouts. As
such, its potential for development into a public industrial
harbor is limited.

In short, the West Aguirre site is felt to be su-
perior to the East Aguirre sites, which in turn are superior
to the Guayanilla site from a layout standpoint. Further site
study would probably support the belief that it would cost
many additional millions of dollars to use these less desir-
able sites. Since the cost comparisons that were made indica-
ted the superiority of the Aguirre sites, these additional con-
siderations could be expected to only reinforce the conclusion

that the Aguirre sites are superior to Guayanilla.

5.3.5 Demonstration Farm

From the standpoint of a demonstration farm the

Guayanilla and West Aguirre sites are about equal and the East

Aguirre sites are inferior to both. The Guayanilla land is a

little better farm land than West Aguirre, but this is not
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necessarily an advantage for a demonstration farm since better

yields due to the quality of the soil would have to be dis-

counted in projecting results that could be obtained by the
farmer in applying the method to his land. The Aguirre lands

are probably more representative of the average farm land of
the south coast.

At Guayanilla and East Aguirre a demonstration
farm might have to be broken into several parcels if the future
industrial expansion land is to be used, but this is not
necessarily a disadvantage.

The possible effect of industrial air pollution on
crop data would have to be taken into account in selecting
land for the demonstration farm. In the case of Guayanilla
the prevailing wind is across the narrow dimension of the plot
so that air pollution might be expected to have the least
effect in this case. Of course, the entire Guayanilla plot is
downwind of the petro-chemical plants at Penuelas and the

PRWRA fossil-fired South Coast Power Plant.- The West Aguirre
site has the land available for the demonstration farm down-
wind of most of the industrial plants and will also be down-
wind of the PRWRA fossil-fired power plants at Aguirre. The
East Aguirre Site B has three areas that could be used for the
demonstration farm, of which the one north of Route 3 would
probably be least subject to industrial air pollution, the
others south of Route 3 being subject to air pollution either
from the Nuplex or from Phillips.

For East Aguirre Site B it may be necessary to
lease lands outside of the plot to get sufficient arable land.

5.3.6 South Coast Balance

Placing the Nuplex at Guayanilla would practically
double the capital investment in this area, resulting in an un-
balanced condition on the South Coast. Placing the investment
in Aguirre would roughly balance the two areas.
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5.3.7 Conservation

The presence of the forest preserve downwind of a
major industrial installation at Guayanilla could conceivably
have an effect on the forest. Furthermore, the location at
Guayanilla is close to the phosphorescent bay at Parguera and
this could be another source of concern to conservationists.

5.3-5



FURTHER COMPARISON OF THE AGUIRRE SITES

5.4.1 General

The site comparison presented ii, the previous sec-
tion established the basis of narrowing the choice down to one

of the Aguirre sites. In order to make a final choice of one
of these three sites it was necessary to go into more detail
concerning the plant layout, harbor design, cost of utility
line between power plant and the industrial area, cost of pipe
lines to the harbors, as well as additional qualitative fac-
tors concerning the relation of the site selection to social
objections of the Government of Puerto Rico. This section of
the report develops this more detailed comparison. The con-
clusion reached is that the interests of the Nuplex favor tne
choice of West Aguirre, whereas many of the social objections
tend to favor the East Aguirre sites. The West Aguirre site
was recommended and accepted by the Energy Center Committee
as the basis for the further study of the Nuplex Energy Center
concept in Puerto Rico.

5.4.2.1 Plant Layouts for West and East Aguirre

The cost comparison as summarized in Exhibit 5.2-1
did not include all of the additional costs associated with
the layout problems that were previously discussed. To reduce
some of these costs to quantitative terms, preliminary layouts
of the West and East Aguirre Site A were prepared as shown in
Exhibits 5.4-1 and 5.4-2, respectively. A layout for East
Aguirre Site B was not prepared but the costs were developed

based on assumptions relative to the cost of East Aguirre Site

A. It must be borne in mind that the layouts are only for the
purpose of developing relative costs and are not necessarily

optimum arrangements in either case.

5.4.2.1 West Aguirre Layout

The plant layout for West Aguirre that provided
the basis of the cost comparison is shown in Exhibit 5.4-1.
The present generation of plants occupy the southeast half

of the site with the northwest half available for the demon-
stration farm and future industrial growth. The aluminum

plant battery limits contain within them an allowance for ex-

pansion of this unit. Public roads would be run down the west

5.4-1
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and east sides of the plot to give good access to the entire
industrial area and harbor without the public roads traversing
the site so as to limit flexibility of use. These public
roads would also give access to Lugo Vina, which may be
necessary since current plans do not call for the purchase of
this mangrove area as part of the Nuplex. The Ponce-Guayama
Railroad is proposed to be relocated just south of Route 3 to
minimize interference with the use of the land. However, this

need not be done until the future plant areas are to be used,
some time in the 1980's, at which time this railroad might be
out of business if Central Aguirre is closed in the interim.

The industrial site has been graded in a series of
terraces that curve to follow the existing contours. The
width of the terraces have been set to conform to standard
plot widths that will suit most of the plants.

The harbor has been located in deeper water to re-
duce excavating costs and reduce any damage to the aquifer
underlying the site. A trestle to carry pipe lines, conveyors
and truck roadway is provided to the barge and chemical tanker
unloading area. The large crude oil tankers will be unloaded
offshore at a depth of 65 feet by means of a submerged pipe
line, 7,000 feet in length that rises at the dock.

The plant layout has taken into account three

inter-relationships for each plant, namely, (1) with other
plants. (2) with the power plant and (3) with the harbor.
Those plants with the larger steam demands such as salt and

chlorine have been placed in close proximity to the steam
plant. The polyethylene plant, which is a large user of steam,

has been placed further away to put it in better proximity to
the dock since its product is a solid and must be conveyed to
dock for bulk shipments. 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.

5.4.2.2 East Aguirre Site A Layout

The plant layout for East Aguirre Site A which pro-

vided the basis of the cost comparison, is shown in Exhibit

5.4-2. The present generation of plants has been divided into

two groupings, those in the southwest portion near the harbor

that have a solids-handling problem and the petro-chemical
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plants located in Central Guamani tract that have interrela-
cions with the steam plant and the harbor. The future expan-
sion area has been broken into three areas with some in good
proximity to the harbor, with some in good proximity to the
petro-chemical plants and steam supply and with the remainder
north of Route 3. This break up is more or less dictated by
the shape of the plot and the fact that it is cut by Route 3
and the road leading from Route 3 to the harbor at Las Mareas.
An alternate possibility would be to relocate Route 3 around
the northern perimeter of the plot and to relocate the road to
harbor to the east and parallel to the Phillips' property
line. This would give greater freedom in plant layout; how-
ever, it has not been allowed for in the current differential
cost estimates.

The Ponce-Guayama Railroad would be relocated to
follow Route 3 to eliminate its interference with plant lay-
out and operation. The portion through the Central Guamani
tract would be relocated-at the outset. The portion from

Jobos to east of the Phillips' optioned property could be re-
located at a future date and would have to be coordinated
with Phillips' plans.

The industrial site has been graded in a series of
terraces conforming to the general lay of the land and the di-
mensional needs of the plants.

As mentioned previously, the existing harbor at
Las Mareas will be enlarged to handle chemical tanker and
barges and the channel will be widened. The large crude oil
tankers are unloaded offshore in 65 ft. of water by means of a

submerged pipe line, 5,000 ft. in length that goes directly to
the tank storage area.

The plant layout has taken into account the same
interrelationships as mentioned for the West Aguirre site.

A pipeline right-of-way is provided between the
power plant and the industrial area. This right-of-way is

a minimum of 75 ft. wide to provide space for the following:
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3 - 48" 150 psig steam lines

1 - 30" 400 psig steam line

1 - 36" Water Line
1 - 6" Salt Bitterns Line
1 - 6" Salt Solution Line
1 - Truck Service Road

The right-of-way runs north out of the steam plant
to get around Central Aguirre, it then more or less follows

the Ponce-Guayama Railroad to the site.

As a safety precaution, the entire length of the
pipe line right-of-way would be fenced. In spite of this,

there is an element of danger that must be acknowledged in
such a long steam line traversing areas that are accessible to

the public and crossing railroads and public highways. The
danger exists both from the standpoint of the lines failing

and endangering the public as well as the public endangering
the lines. These lines are vulnerable to sabotage, which must

be considered in view of the recent activities of proponents
of independence for Puerto Rico.

Additional failure of these long steam lines even
if no one is hurt, represents increased maintenance and opera-
ting costs for the plants.

The salt recovery plant must stay in proximity to
the power plant since it utilizes 40 psig steam which cannot
be-piped economically more than about 1/2 mile. The salt re-
covery plant could be located within the power plant exclusion
radius along with the desalting plant or alternately it could
be located in a small separate enclave abutting the PRWRA
property. The salt, after being crystallized and washed, is

put back into solution and shipped via pipeline to the caustic-
chlorine plant. The bitterns from the salt recovery plant are
transferred via pipeline to the industrial area for recovery
of brome, KCl, and MgCl2 , should these plants prove to be
economic.

5.4.3 East Aguirre Site B Layout

As previously mentioned, no specific industrial
plant layout was made for East Aguirre Site B but it was

assumed that the petro-chemical plants and the chlorine-caustic

plant would be located at the western end of the site to re-
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duce the cost of the utility lines to the power plant. The
savings is partly offset by the longer pipeline to the harbor
at Las Mareas. The aluminum plant was assumed to stay near
the harbor at Las Mareas.

5.4.3 Additional Capital Costs for West and
East Aguirre Sites

The additional relative capital costs for the
West and East Aguirre sites, based on the layouts shown in
Exhibits 5.4-1 and 5.4-2 and as described in the preceding
section are summarized in Exhibit 5.4-3. Backup details of
these estimates can be found in Appendix 5.4-1. It can be seen
from Exhibit 5.4-3 that the major cost item against the East
Aguirre Site A is the pipelines connecting the power plant to
the industrial area which cost 17.6 million dollars more than
West Aguirre. Other than for this, most of the cost items
are about the same or in favor of East Aguirre Site A. East
Aguirre Site B costs $11,187,000 more than West Aguirre,
saving money on the utility lines to the power plant but los-
ing part of the savings on the transfer lines within the com-
plex.

The existing harbor at Las Mareas was built by
Phillips, who were reimbursed by the Port Authority, who now
own the harbor and charge fees for its use designed to re-
cover for the Port Authority the full cost of the harbor.
Therefore, in order to put the capital cost of the Las Mareas
Harbor on an equal footing with the West Aguirre Harbor some
portion of the capital cost of the existing part of the Las
Mareas Harbor must be added to the capital cost of the modi-
fications to the harbors. The original cost was about
$6,000,000 and based on the size of the Nuplex relative to the
Phillips plant, 2/3 of this cost was assigned to the Nuplex.

The fact that a harbor already exists at Las
Mareas that is capable of expansion at reasonable cost is an
important consideration with regard to the initial hurdles to
be overcome in bringing the Nuplex into existance. It re-
duces the interdependence of the triangle of the harbor,
petro-chemical units and the aluminum plant in coming to a
mutual agreement before the Nuplex can proceed. With rela-
tively minor changes to the existing harbor, bulk unloading
facilities for alumina could be added. Initial operations of
the petro-chemical plant could be started using the chemical
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ADDITIONAL RELATIVE CAPITAL COSTS FOR COMPARISON

OF

WEST AND EAST AGUIRRE SITES

(In Thousands of Dollars)

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

2. Services-Nuclear Station to Industrial Load
Center (R-O-W, 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

West

$ 7,147

3,500

9,350

Same

3,145

6,010

$29, 152

m

-.

U'

East A

$ 4,657

21,100

9,340

Same

2,720

2,435

4,000

$44,252

East B

$ 4,734

12,750

13,700

Same

2,720

2,435

4,000

$40,339



tanker docks, pending future addition to the offshore facil-

ity needed for the more economical operation associated with

large oil tankers. As such ; the aluminum and petro-chemical

areas are relatively independent of one another and need not

mutually agree in order that the harbor costs will not be

overburdensome as they might be if independent actions were

taken.

Sharing use of the harbor with Phillips will re-

duce the fee schedule for all users.

Exhibit 5.4-4 combines the cost data from Exhibits
5.4-1 and 5.4-3 and shows that the total relative cost of West

Aguirre is about 16 million dollars lower than East Aguirre

Site A and 17 million dollars lower than East Aguirre Site B.

If rock existed at East Aguirre adequate to found

the nuclear reactor, the East site would be preferable to the
West site on the basis of cost by about 1.5 million dollars.
It must be understood that there is not an absolute prohibi-

tion against placing the nuclear power plant on a non-rock
foundation. Technically this can be done with safety by de-
signing for increased earthquake accelerations that result
from the alluvial geology of this area. This would result in

designs that would consume part or possibly all of the sav-

ings that would result from eliminating the steam lines. But

even if it cost as much as the steam line, it would have the

advantage of eliminating the uncertainty in reliability of
the steam line. However, another aspect of the problem of

building on a non-rock foundation and perhaps the crucial one
is the problem of licensing the power plant with the AEC.

Most attempts that have been made to license nuclear power

plants on non-rock foundations in earthquake areas of the
continental U.S. have cost the applicants considerable time

and money and have been unsuccessful.. It is this uncertain-

ty that leads us to recommend that for a nuclear power plant

in Puerto Rico only a rock foundation be considered at this

time.

Fossil fired power plants do not have the same

licensing problems as nuclear power plants. A dual purpose

fossil plant could be built at Jobos that would eliminate the

steam line. In this regard a comparison was made of the cost

of generating the power and steam required for the Nuplex
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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

m
=

-1

East B

$38, 119

-16,134

$21,985

40, 339

$62 , 324



with dual purpose nuclear plants versus a dual purpose fossil

fired plant. The annual cost savings for a dual purpose nuc-

lear plant was about $3,000,000 and these then are the savings

that can be realized by application of the nuclear energy cen-
ter concept as it applies to the West Aguirre site. When the

industrial site is moved away from the nuclear power plant as

it is in the case of the East Aguirre sites, substantial frac-

tions of the potential savings are lost due to the cost of the
steam lines.

In addition to the economic effect of the long
steam line to East Aguirre, there is concern for the relia-
bility of these lines.

The Dow Chemical Company has experienced failures
of large steam lines due to slugs of condensate rupturing the
pipe walls. Nevertheless, The Dow Chemical Company is plan-
ning on installing two 48"-150 psig, and one 24"-400 psig

steam lines from the Consumers Power Plant to The Dow Midland
Plant, a distance of 1 to 2 miles. However, when the question
arose of increasing the separation up to 3 to 4 miles in the
interest of safety, Dow advised the AEC that the project
would be dropped because of their concern with the reliability
of the steam supply and safety consideration.

Burns and Roe, Inc. and The Dow Chemical Company
are unaware of any other installation in the world with so
many large steam lines of such great length as would be needed
in the East Aguirre sites. The New York Steam Company oper-
ates steam lines ranging up to 24 inch in the 200 psig range
with a few degrees of superheat that are 6 to 7 miles in length..
These lines run under the streets of New York City. Expansion

is taken care of by loops, bellows, expansion joints and slip
joints. New York Steam Company has been in business since
1885 and report no unusual difficulties.

5.4.5 Other Factors In Comparing the Aguirre Sites

The East Aguirre sites have an advantage from the

viewpoint of the Government of Puerto Rico in regard to the
conservation of insular lands.

It is the policy of the Government of Puerto Rico

to conserve agricultural land for agricultural use. When a
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choice must be made between areas such as West and East
Aguirre, the policy would call for industry to use the plot
that is least desirable from an agricultural standpoint. In

this instance the East Aguirre plots are less desirable from
an agricultural standpoint.

An estimate of the financial impact of agricul-

ture on the choice between the two sites has been made.

During the first 10 years of the Nuplex project, i.e. 1972

to 1982, the industrial complex would require about 1250
acres of land. Based on the layouts the use of this indus-

trial land would remove about 1000 acres of land presently in

sugar cane on the West Aguirre Site and 500 acres for the
East Aguirre Sites or a net difference of 500 acres. Based

on a gross income of $500/acre for cane, this would reduce
the gross income for agriculture by about $250,000/year.

For the second 10 year period, i.e. 1982 to 1992,
the remaining industrial land of 1000 acres would be used
which would displace about 250 acres more of cane at the West
site as compared to the East site. This increases the loss

in gross income for agriculture to $375,000/year.

East Aguirre sites are also less desirable from
a residential standpoint since they are downwind of the
Phillips Plant.

Use of the East Aguirre Site B would afford an

opportunity to eliminate considerable substandard housing
and permit these people to be relocated in other more desir-
able areas.

Use of either East Aguirre site would result in
a single industrial development zone consisting of the
Phillips Plant and The Energy Center, rather than two indus-

trial developments separated five miles apart.

Use of the Las Mareas Harbor eliminates the ex-

istence of two harbors in the area that would be competing
for available construction and maintenance funds. If there
is hope of getting Federal aid to construct and maintain
these harbors, the chances may be diminished by the existence

of two harbors.
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Excavating harbors endangers to some extent the
underground fresh water aquifers and use of Las Mareas would
restrict this to a single aquifer and only change the degree
of the problem which already exists.

5.4.6 Final Choice of Site

The West Aguirre Site involves lower capital and
annual operating costs than the East Aguirre Sites. The
superior economics of the West Aguirre Site increases the
chances of success of the Nuplex, which in turn enhances the
prospect of achieving Puerto Rico's social objectives of
creating jobs for men with good rates of pay and long term
stability. These considerations were felt to outweigh the
more intangible benefits to be achieved through use of the
East Aguirre Sites and the West Aguirre Site was recommended
to the Energy Center Committee, who accepted the recommenda-
tion as the basis for completing the remainder of the study.
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6'.1 APPENDIX 4.3-1
EXCERPTS FROM REPORT BY DR. TA LIANG

This appendix gives information excerpted from a
report by Dr. Ta Liang, Consultant of Ithaca, New York, en-
titled "An Investigation of On-Shore and Off-Shore Physical
Features of Potential Port Sites" prepared in December of
1960 for the Puerto Rico Ports Authority. The excerpts which
continue to carry the designations and page numbers used in
the original report, cover the following:

3. Jobos and Aguirre

5. Guayanilla

11. Arecibo

The excerpts are of interest since the author
gives his opinion on the potential of these harbors as ports
as well as his opinion regarding on-shore and off-shore geo-
logical conditions.

6.1-1
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3. Jobos and Aguirre

Sources of Information: Topographic map, agricultural soil map, geologic map, 1:15.000

scale airphotos, 1:20,000 scale hydrographic chart; field reconnaissance, and communications

from Gahagan Overseas Dredging Company.

The on-shore area consists of fan and flood plain soils with extensive swamps. salt

flats and some beach sands along the coast. There is an igneous rock hill situated directly

west of the town of Central Aguirre.

Off-shore, the area is well protected from waves by coral islands. Conditions of

sediments are variable; the sediments are generally deep and poor.

The Jobos Bay is very shallow, filled with fine-textured sediments. Most of the Bay

is surrounded by low, swampy land except at Point Pozuelo area where extensive beach sand

developed. Because of its sandy soil and favorable approach from sea, Point Pozuelo area

itself might provide a good possibility for development and is so indicated in the accompanying

map.

In Central Aguirre, the on-shore topography varies from rolling to hilly; the harbor is

muddy but becomes more sandy toward the sea. Between the harbor and the sea, there is a

chain of coral islands with patches of sand on top of them.

West of central Aguirre, there is an extensive area of swamps and salt flats, although

a narrow band of beach sand developed along the coast. Mud and some rock are expected

directly off-shore. A relatively deep sandy channel is reported between these mud areas and

the coral chain toward the sea. Development along the coastal area at Mar Negro and vicinity

is a possibility. If such a development is contemplated, a limited probing to ascertain bay

bottom conditions directly adjacent to shore would be desirable. This area is also indicated

in the accompanying map.
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In summary, the overall physical condition of this general area is not favorable

because of the swampy low land on-shore and the deep mud bottom off-shore. However,

if because of economic reasons, serious consideration for port development is required

in this location, then the Point Pozuelo and Mar Negro areas should be further explored and

a limited probing program executed. Detailed information is shown in the accompanying

map, Plate IV, which also indicates potential port and probing locations.
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Plate IV Jobos and Aguirre
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Condensed Legend*

On-Shore Features

Map Units
General Engineering Characteristics

Excavation Drainage Foundation

I Rock and Residual Soil
Ia Granite
lb Limestone
Ic Tuff, Shale
Id Sandstone

II Talus, Alluvial Cone and Fan
Ilo Talus
Ha Alluvial Soils (related to Ia)
IIb Alluvial Soils (related to Ib)
IIc Alluvial Soils (related to Ic)

III Flood Plain
IIla Silts and well-drained Soils
IIIa* IIIa over granular Soils
IIIb Clays and poorly-drained Soils

IV Sand
IVa Beach Sand
IVb Ridge Sand
IVc River Sand
IVc* Shallow silt over granular Soils

V Tidal Area
Va Low land
Vb Swamp

Variable
Variable
Variable
Rock primarily

Easy
Medium to Easy
Medium to Easy
Medium to Easy

Easy
Easy
Easy to Medium

Easy
Easy
Easy

Easy

Easy to Medium
Medium to Difficult

Good
Good
Fair
Good

Good
Fair
Fair
Fair

Good
Good
Poor

Good
Good
Good
Good

to Good
to Good
to Good

Fair to Poor
Poor

Good
Good to Fair
Fair
Good

Poor
Fair to Good
Fair to Good
Fair to Good

Good to Fair
Good
Poor

Good
Good
Good to Fair

Good to Fair

Poor
Very Poor

Off-Shore Features

A Coral
B Coral or Rock
C Silts and Clays primarily
D Sands primarily
W Water depth greater than thirty feet

Recommendations

P Potential Area for Port Development
x General Location for Limited Probing Program

* Note: 1. For a more detailed description see Part I of this report.
2. Compound symbols: A/B indicates A overlying B at relatively shallow .
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5. Guayanilla

Sources of Information: Topographic map, agricultural soil map, geologic map, 1:15, 000

scale airphotos, 1:10, 000 scale hydrographic chart; field reconnaissance, communications

from Gahagan Overseas Dredging Company.

The on-shore area consists of limestone hills, well-drained fans and flood plains and

coastal swamps. At the east wing, Punta Guayanilla, there is a prominent development of

sandy beach ridges along the coast.

The off-shore conditions are variable. In the middle portion of the harbor, where the

waves are active, there is a sandy bottom. At Puerto de Guayanilla, the western bay, there is

an accumulation of deep fine-textured sediments. In both the west and east outlying areas of

shallow and relatively quiet waters, there are fine-textured soils overlying rock. Many coral

reefs and islands scattered throughout the off-shore regions of the coast. However, navigation

would not be difficult.

In summary, the area is a natural, well-protected harbor. Furthermore, both on-shore

and off-shore features are generally favorable for development in the vicinity of Playa de

Guayanilla and in Ponta Guayanilla area; a special point for consideration is the coral and mud

deposit at certain locations off-shore. A limited probing program should be undertaken in the

off-shore locations immediately adjacent to the above mentioned land areas prior to detailed

planning. Detailed information and the potential development areas are shown in the accompany-

ing map, Plate VI.
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Plate VI Guayanilla
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Condensed Legend*

On-Shore Features

Map Units
Genc.ra l Enginccriig Characte rit.i cs

Excavation Drainage Fou ndation

Rock and Residual Soil
la Granite
Ib Limestone
Ic Tuff, Shale
Id Sandstone

II Talus, Alluvial Cone and Fan
IIo Talus
IIa Alluvial Soils (related to la)
IIb Alluvial Soils (related to Ib)
IIc Alluvial Soils (related to Ic)

III Flood Plain
IIIa Silts and well-drained Soils
IIIb Clays and poorly-drained Soils

IV Sand
IVa Beach Sand
IVa**I Va, primarily corals and shells
IVb R1ige Sand
IVc River Sand

Variable
Variable
Variable
Rock primarily

Easy
Medium to Easy
Medium to Easy
Medium to Easy

Easy
Easy to Medium

Easy
Easy
Easy
Easy

Good
Good
Fair
Good

Good
Fair to Good
Fair to Good
Fair to Good

Good
Poor

Good
Good
Good
Good

Good
Good to Fair
Fair
Good

Poor
Fair to Good
Fair to Good
Fair to Good

Good to Fair
Poor

Good
Fair
Good
Good to Fair

V Tidal Area
Va Low land
Vb Swamp

Easy to Medium
Medium to Difficult

Fair to Poor
Poor

Off-Shore Features

A Coral
B Coral or Rock
C Silts and Clays primarily
D Sands primarily
W Water depth greater than thirty feet

Recommendations

P Potential Area for Port Development
x General Location for Limited Probing Program

* Note: 1. For a more detailed description see Part I of this report.
2. Compound symbols: A/B indicates A overlying B at relatively shallow depth.

Poor
Very Poor

I
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11. Arecibo

Sources of Information: Topographic mup, agricultural soil map, geological map, 1:15, 000

scale and 1:4, 800 scale airphot:os, 1:20, 000 hydrographic chart; field investigation, and

communications from Mr. A. Dauway, Puerto Rico Ports Authority.

The on-shore area consists of sedimentary rock hills, flood plains, beach sands and

some swamps. There is also some land filled with dredged material. The on-shore soil

condition is generally satisfactory for engineering purpose, although the areal extent of land

is relatively limited.

Off-shore, the harbor bottom material is primarily sandy;rocks are found at. shallow

depths in scattered locations, particularly when close to the rock headland. A relatively

small part of the harbor has been dredged to a depth of twenty-five feet. This small area is

now protected by breakwater and is suitable for small crafts. The remaining major portion

of the harbor, southwest of the dredged area, is composed of deep sand. The wave action

there is exceedingly strong; some substantial protective structure would be required for the

development of this area.

In summary, the overall condition of this area is not favorable because of the strong

wave action affecting the major portion of the harbor. The already developed area is satis-

factorily protected by the breakwater, but there, both on-shore and off-shore spaces are limtcx

Detailed information is indicated in the accompanying map, Plate XII.
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Plate XII Arecibo
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Condensed Legend*

On-Shore Features

Map Units
General Engineering Characteristics

Excavation Drainage Founidation

Rock and Residual Soil
Ia Granite
Ib Limestone
Ic Tuff, Shale
Id Sandstone

II Talus, Alluvial Cone and Fan
lo Talus

Iha Alluvial Soils (related to 1a)
Ilb Alluvial Soils (related to Ib)
IIc Alluvial Soils (related to Ic)

bIb Flood Plain
Uba Silts and well-drained Soils
UIb Clays and poorly-drained Soils

IV Sand
IVa Beach Sand
IVb Ridge Sand
IVc River Sand

V Tidal Area
Va Low land
Vh Swamp

Variable
Variable
Variable
Rock primarily

easy
Medium to Easy
Medium to Easy
Medium to Easy

Easy
Easy to Medium

Easy
Easy

Easy

Easy to Medium
Medium to Difficult

Good
Good
Fair
Good

Good
Fair
Fair
Fair

Good
Poor

to Good
to Good
to Good

Good
Good
Good

Fair to Poor
Poor

Good
Good to Fair
Fair
Good

Poor
Fair to Good

Fair to Good
Fair to Good

Good to Fair
Poor

Good
Good

Good to Fair

Poor
Very Poor

Off-Shore Features

A Coral
B Coral or Rock
C Silts and Clays primarily
D Sands primarily
W Water depth greater than thirty feet

* Note: I. For a more detailed description see Part I of this report.
2. Compound symbols: A/B indicates A overlying B at relatively shallow depth.

W* Water depth twenty-five feet; dredged area
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6.2 APPENDIX 5.4-1

COST ESTIMATION DATA SITE SELECTION SUPPLEMENT

FOR PUERTO RICO ENERGY CENTER
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