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I. INTRODUCTION

The Florida Power & Light Company hereby submits this report
concerning environmental aspects involved in the operation of
two nuclear power reactors known as Turkey Point Units No. 3 and
No. 4, for which U. S. Atomic Energy Commission operating licenses
have been applied {Docket No. 50-250 and No. 50-251). This re=
port is being submitted in response to a request, from -the
Director of the Division of Reactor Licensing, U. S. Atomic
Energy Commission, dated May 6, 1970. The information contain-
ed herein is designed to assist the Commission in the preparation
of a detailed statement, concerning the environmental aspects of
a proposed Federal action as reguired by the National Environmental
Policy Act (Public Law 91-190). The proposed Federal action
involved is the issuance of an operating license for the first.
of the two nuclear power reactors, Unit No. 3*, application for
which has been made in accordance with the terms of the Atomic
Energy Act of 1954, as amended, and the Rules and Regulations
of the Atomic Energy Commission.

The Applicant has made a detailed study of the environmental
impact of the operation of the nuclear units now under construc-
tion, and several reports which have resulted from this study
are appended to this document as exhibits.

The Turkey Point Units 3 and 4 reactors are, pressurized light
water moderated and cooled systems. Each is designed to produce
initially 2200 MNt, and is expected to be capable of an ultimate
output of 2300 MHt. Each steam and power conversion system, in-
cluding its turbine-generator, is designed to permit generation of
760 Mw of gross electrical power.

The nuclear power units incorporate a closed-cycle pressurized
water nuclear steam supply system and a turbine- generator system
»tilizing dry saturated steam. Equipment includ'es the radioactive
waste disposal system, fuel handling system, main transformers,
main condensers and all auxiliaries, structures„ and other onsite
facilities required to provide complete and operable nuclear power
units.

* Unit No. 4 is scheduled for fuel loading November 1, 1971 ~
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II. LOCATION AND DESCRIPTXON OF THE ENVIRONMENT
IN THE AREA OF THE TURKEY POINT PLANT

The site is on the shore of Biscayne Bay, about 25-miles south
of Miami, Florida. The area immediately surrounding the site is
low and swampy, very sparsely .populated and unsuited for construction
without raising the elevation with fill.

The immediate area surrounding the nuclear units is flat and
rises very gently from sea level at the shoreline of Biscayne Bay
to an elevation of about 10 feet, above mean sea level (MSL) at a
point some 8 to 10 miles west of the site. To the east, 5 to 8
miles across Biscayne Bay, is a series of offshore islands running
in a northeast-southwest direction between the Bay and the Atlantic
Ocean, the largest of which is Elliott Key. These islands are un-
developed with the exception of approximately 60 part-time residents
scattered throughout the Keys. A Dade County public park is located
about 1.8 miles north of the northern containment (Unit 3) and is
occupied on a daytime transient basis.

Air movement at the site prevails almost 100 percent of the
time. prevailing winds are out of the southeast. The atmosphere
in the area is generally unstable with diurnal inversions occurring
fairly frequently. Inversions are almost invariably accompanied by
continually shifting wind directions most of which are from the off-
shore quadrants.

The Miami Area has experienced winds of hurricane force periodi-
cally, and the plant may be subjected to flood tides of varying heights.
The two nuclear units have been constructed on compacted limerockfillto elevation +18 MLW, and flood protected to an elevation of
+20 MLW,. which is well above any experienced or,predictable flood
tides. The plant has been protected against flood tide and wave
runup to 22'-6" MLW associated with a maximum probable hurricane
having occurrence probability of once in 10,000 years.

Circulating water discharged from Units 1, 2, 3 and 4 will flow
south through the existing north-south canal to a canal which will
discharge into Card Sound. This is shown in Figure 2C-1. The three
existing east-west discharge canals will be blocked when the Card
Sound reach is put in service. Dilution water will be pumped from
the intake area and pumped to near the Boy Scout Camp into the
circulating water discharge for temperature control. When all
four generating units are in service, the circulating water dis-
charge flow wi;11 be about 1.8 x 10 gpm. Units 1 and 2 each have6

two circulating pumps with a capacity of 137,000 gpm/pump, and
Units 3 and 4 each have four circulating water pumps, with a capacity
of 156,000 gpm/pump. A nine-pump dilution pumping station is being
designed with a dilution capacity of 150% of the total circulating
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water discharge Q.ow with eight pumps in service.

The normal direction of natural drainage of surface and ground
water in the area of the site is to the east and south toward
Biscayne Bay and will not affect offsite wells. A radiological
background study of the Turkey Point, area has been initiated and

samples of air, soil, water, marine life, vegetation, etc. in the
area are being collected and studied.

The site has underlying limestone bedrock on which has been
placed compacted: limestone rock fillto elevation +18 MLW. The major
structures have been founded on this fill. The bedrock beneath
is competent with respect to foundation conditions for the nuclear
units. The area is in a seismologically quiet region, as all of
Florida is classified Zone 0 (the zone of least probability of
damage) by the Uniform Building Code, published by International
Conference of Building Officials. Despite the lack of any sub-
stantiating earthquake history, the units have been designed for
an earthquake of .05g and all safety features have been checked to
determine that no loss of function will occur in case of an earth-
quake of .15g horizontal ground acceleration.

The Applicant has submitted a detailed description of the
location and topography, as well as the population, land use,
meteorology, hydrology and oceanography characteristics of the area
surrounding the Turkey Point Plant in Section 2 of the Final Safety
Analysis Report submitted in connection with its, application for
an operating license for the plant. (Reference 1)

Figures 2.2-1, General Location Map, 2.2-2, Aerial photo
of the site, and 2C-1, Discharge Canal, are reproduced here to
illustrate the site location. Figure 2.5-1 has been reproduced here
to illustrate the generalized land use pattern which exists near the
site. Figure 2.4-3 has been reproduced here to show population
distribution in the site area.
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III. PROBABLE IMPACT OF THE PROPOSED ACTION ON THE ENVIRONMENT

A. Introduction and Summar

The environmental impact of .a large power implant occurs in three
pxincipal areas of concern: ecology, land use and aesthetics.

The many aspects of the ecological impact of the plant have
been under intensive study by Florida Power 6 Light Company for
many years and this study will continue for some years to come.
Results of these studies have been and will continue to be widely
circulated in academic as well as regulatory circles and will contri-
bute to a .massive nationwide investigative effort. underway by all
segments of the power industry — public and private. Despite the
extensiveness of investigations, in some areas of ecological impact,
notably the effects of thermal discharges, results remain indetermi-
nate. Concern for adverse effects is not warranted, however, since
effective monitoring and regulatory schemes exist for detecting
and mitigating such effects. In other areas such as radiological
effects, sufficient experience exists to provide assurance that
the impact of such discharges will not be adverse.

The land occupied by the site is consistent with the master
plan for development of Dade County and is sufficiently extensive
to provide an adequate buffer to other uses. Experience has demon-
strated that power plants do not spur extensive land developments
in the adjacent areas. Large areas of the site will remain in
their natural state as a preserve against encroaching development
while other areas have been developed for controlled recreational
usage.

Nuclear power plants are significantly less intrusive and
more pleasing structures than other types of industrial installations.
Careful attention has been given to colors, landscaping and the.
maintenance of natural values.

B. EcoiocCE

l. Studies

The impact of the Turkey Point Plant upon the ecology has
been extensively studied for several years. Following is a list
of ecological investigations together with the consultants who
conducted the studies:
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Meteorolo

Regional Climatology Messrs. Hiser, Senn University of Miami
S Gerrish

Site Atmospheric
Diffusion

Mr. Lester Cohen
Dr. John Koogler

Brookhaven Natl. Lab.
Environmental Engr.Inc.

Meteorological
Effects of Card
Sound Canal

Dr. Gordon Dunn Ret. Director Natl.
Hurricane Ctr-ESSA

Dr. Mariano Estoque University of Miami

Dr. John Koogler Environmental Engr.Inc.

Marine H drolo

Mixing & Flushing
of Biscayne Bay

Dr. Wm. S. Richardson University of Miami

Circulation patterns
around Turkey Point

Dr. Donald Pritchard
Dr. James Carpenter

Johns Hopkins Univ.

Recirculation &
Temperature Effects
of Card Sound Canal

Dr. Robert Dean University of Florida

Mixing a Flushing
in Card Sound

Dr. Robert Dean University of Florida

Effects of Card Sound'r. John Michel
Discharge on Bottom
Stability

University of Miami

Ground Water H drolo

Effects on Ground Mr. Wm. Greenslade
Water Hydrology of Mr. Benjamin Persons
Card Sound Canal

Dames & Moore
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Marine Biolo

Chemical Effects—
Turkey Point Plant

Mr. Roger Yorton
FPL personnel

Biological Effects of Dr. James B. Lackey
Thermal Discharges
from Cutler &
Turkey Point Dr. Charles Wurtz

Retired — University
of Florida

LaSalle College

University of Florida

Effects of Thermal Mr. Richard Nugent
Discharges on Fishes
& Larger Invertebrates

University of Miami

Survey of the Biota Dr. Edward Iversen
of Card Sound Dr. Martin Roessler

University of Miami

Photo-Biological
Survey of Card Sound

Mr. Terry Davis Florida Ocean Science
Institute, Inc.

Effects of Thermal
Discharges — Turkey
Point and Card Sound

Dr. Richard Bader(PE I.)University of Miami
Dr. Martin Roessler(P:.I.)

The latter study is currently underway, with portions of the
study being variously funded by the Atomic Energy Commission,
Federal Water Quality Administration and Florida Power & Light
Company, and it will continue for some time after the plant is
in operation.

2. Radiolo ical Dischar es

Discharges from nuclear installations have been extensively
studied by the AEC to determine their impact upon the environment
and a,wealth of literature exists concerning the impact of these
discharges on the environment and on man. Regulatory limits on
discharges, while having been designed primarily for the pro-
tection of human health and welfare have to date operated to pre-
vent observable adverse effects on other species (Reference 2).

A waste disposal system has been installed in the plant to
collect, process, and prepare for disposal of potentially radio-
active liquid, gaseous, and solid wastes produced as a result of
reactor operation.
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The limits .placed on plant radioactive effluent release
by 10 CFR 20 and 10 CFR 100 have been considered in the, design
and operating plans for the plant. The objective of the design
and operation of the waste disposal system is to maintain re-
lease concentration at the site boundary below natural background
activity and thus only a minute fraction of 10 CFR 20 limits.
To achieve these objectives the facility has been designed and
will be operated as follows:

a. Liquid wastes will be collected in tanks and processed
by an evaporator and a polishing demineralizer. Either
can reduce activity well below established limi;ts; to-
gether they represent a design for reducing activity
to the lowest practicable value. Analyses of liquid
prepared for release will be made to determine that
activity levels have been minimized before release is
permitted. Activity, except. for tritium, will be
reduced near to or equal to natural background, and
tritium is expected to be about 3 hundreths of 1% of
MPC.

b. Gaseous wastes will be stored in decay tanks for
natural decay. Gases will be released through the
monitored plant vent, and at the site boundary the
annual dose will not exceed the natural background
radiation from the secondary effects of cosmic rays.
Cover gases in the nitrogen blanketing system will
be reused to minimize waste releases.

c. Solid wastes will be drummed at the highest con-
centrations practical to minimize the number of
containers shipped.

The Applicant's expectations are reinforced by the fact that
experience from operating nuclear power plants has indi.'cated
that actual discharges have been only a few percent of regulatory
limits (Reference 3).

A detailed discussion of radiological releases may be
found in the Final Safety Analysis Report, Section 11.
(Reference 4)
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The chemistry and biology portions of the University of
Miami's study of ecology in Card Sound are specifically de-
signed to observe the effects of water-borne discharges on
marine organisms. Additionally, the environment will be con-
tinuously monitored by the State of Florida operating under
a grant from Florida Power 6 Light Company, in accordance
with a program described in Reference l.

The environmental monitoring program is designed to accom-
plish two objectives.

The first objective is to determine the existing level
of background radioactivity resulting from natural occurrence
and global fallout in the Turkey Point Plant enviions before
radioactive materials were delivered to the site. This pre-
operational phase commenced approximately one year before
nuclear fuel was received at the site and will continue until
the first nuclear reactor goes critical.

The type, frequency, and location of samples included
in the preoperational environmental monitoring program were
selected on the basis of population density and distribution,
agricultural practices, public water and food
sources, industrial activities, recreational and fishing
activities in the area. In addition, the natural features
of the environment including meteorology, topography, geology,
hydrology, hydrography, pedology and natural vegetative
cover of the area were also considered. Accessibility with-
in the area and the necessity for protecting the sampling
equipment from vandalism limited the choice of available
sampling sites-.

ln the design of the preoperational monitoring program,
various factors were studied in the preliminary evaluation
of available or possible exposure pathways including:
(l) method or mode of radionuclide release, (2) estimated
isotopes, (3) activity, (4) chemical and physical form of
radionuclides which may be expected from the operation of
the facility.

During the preoperational phase, procedures will be
established, methods and techniques will be developed and
a continuing review of the program will verify the suita-
bility and adequacy of the environmental monitoring program.
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The second objective of the environmental monitoring
program is to determine the effect of the operation of the
nuclear units on the environment. This operational phase
will begin with initial criticality, startup and subse-
quent operation of Units 3 and 4, and will essentially be
a continuation of the preoperational program.

Significant quantities of radioactive materials should
not be released to the environment during the operation
of the nuclear units and the monitoring program is designed
to demonstrate this. Tables from the Final Safety Analysis
Report have been reproduced here to more fully describe
the monitoxing program. Table 2.12-1 summarizes the
sampling program and Figure 2.12-1 shows sampling locations.

The meteorology of the site has been evaluated by ana-
lyzing data from a meteoxological station at Tuxkey Point
as well as by the examination of long-term records from
weather stations at Miami Airport and Homestead Air Force
Base. The emphasis in these studies has been upon assess-
ing the capability of the atmosphere to dispense and dilute
gaseous discharges. A detailed discussion .of the dilution
capability is contained in Reference l. The onsite station
has been providing data since January 1, 1968 and the
study will continue until five full years of data are avail-
able. Results to date indicate the Turkey,Point site
meteorology is very favorable for the dispersion and di-
lution of gaseous effluents.

The University of Florida Department of Coastal and
Oceanographic Engineering is now conducting a study of mix-
ing and flushing in Card Sound. The primary purpose of
the study is to verify and calibrate mathematical models
which describe current patterns and diffusion rates of
the area. The verified models will then be used to pre-
dict the altered patterns which will result from the
introduction of discharge water from Turkey Point plant
into Card Sound. An assessment can then be made of the
rate at which discharges from the plant are diluted and
dispersed in the waters of Card Sound and the rate at
which they are returned to the ocean.
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TABLE 2. 12-1

PREOPERATIONAL ENVIRONMENTAL RADIOLOGICAL SURVEILLANCE PROGRAM

Criteria and Sam lin Locations Collection Fre uency Anal sis/Countin

'I AIR
A. Particulate Comparison on-site versus off-site G reference locations

3 locations on-site in prevailing wind directions from plant
4 locations off-site within a radius of 10 miles of plant

in prevailing wind directions from the plant
I location for reference 22 miles north of plant site

Weekly Gross beta
Gaarna spectral analysis

of monthly composite if
indicated by high beta
activity

B. Direct Radiation

C. Precipitation

Comparison of on-site versus off-site G reference locations
Samp'ling locations same as I A, plus off-site on North
Key 'Largo

Ccmparison of on-site versus reference location
I location on-site
I location for reference 22 miles north of plant site

Quarterly plus
Weekly dose reading

Honthly Gross beta

I I MATER

A. Surface Water
I. Bay

2. Canal

B. Ground Mater

Chicken Key (East of Cutler Plant)
Homestead Bayfront Park
Girl Scout Bathing Area

'Houth of Discharge Canal
Card Sound, North of Causeway
Mouth of Model Land Canal

Florida City Canal, west-of salinity dam

North branch of Model Land Canal (at 90 degree bend to south)

Dolan Farm

Monthly

Quarterly

Monthly
Gross beta (minus K-40)
Gaama spectral analysis

Semi-annually
Tritium
Specific nuclide analysis
Co-58, Co-60
I"131, Cs-137
Zn-65

Gross alpha
Gross beta
Tritium

C. Potable Water City of Homestead, drinking water supply
Naranja Water Company, drinking water supply

D. Bottom Sediment
I . Canal

2. Ba'y

Discharge Canal Boy Scout Camp (2 locations)

Homestead Bayfront Park
Girl Scout Bathing Area
Houth of Discharge Canal
Card Sound North of Causeway
Mouth of Hodel Land Canal

Quarterly Gioss alpha
Gross beta
Ganja spectral analysis



TABLE 2.12-1 (Cont)

~ ~ ~ ~ e tt at Datatnt nntnal taint>DTt! alan D DDnatDaaarxrurrmiivNAL rnv JtcvnplLAll14 ivQIJvLvvL'4n4 DVAVLJ4~144 anvvnma

Criteria and Sam lin Locations Collection Fre uenc Anal sis/Countin

Water Continued
E. Aquatic Biota

Sha llfish
.a. Lobster,, crab

f/or shrimp

2. Fish
a. Snapper

'S/or ~ Ilu I I el

Houth of Discharge Canal
Card Sount North of Causeway
Bay side of Caesar Creek
Bay s,ide of Ragged Keys

Houth of Hodel Land Canal

Same. as II E I. Semi-annually Gross beta (minus K-40)
Gamma pec ~ rDl analysis
Specific Nuclide Analysis
,Zn=63, Co-60
I- I 31 a Sr-90
Cs-137.

3. Othei
a. Hanatee Grass Same as II E 1.

f/or Turtle
GIass

b. Algae Same. as I I A 2. Gross 'beta (minus K-40)

TERRESTRIAL
~aMill t a 1 No herds currently in area of influence

B. Biota
1'. Small Animal

2. Food Crops

I location adiacent 'to plant site

3 locations within a 10 mile radius of plant in
prevailing wind directions from plant

Semi-annually

Semi-annually

Gross beta (minus K-40)
Galena spectral analysis
Specific Nuclide Analysis I- 131, Sr-90
Gross beta
Ganja spectral analysis
Specific Nuclide Analysis
Sr-90

3. Other Vegetation 7 locations within a 10 mile radius of- plant
generally where there are.air particulate samplers Semi-annua I I y Gross alpha

Gross beta
Ganja spectral analysis

C. Soi I 8 locations within a 10 mile radius of plant,
generally at air particulate sampler locations
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preliminary data from the area indicates that condi-
tions in Card Sound waters are favorable for adequate
dilution and dispersion of plant discharges.

An appraisal of the potential impact of radiological
discharges from a nuclear power plant must take into con-
sideration the elaborate regulatory procedures which exist
governing such discharges. The regulations of the Atomic
Energy Commission governing such discharges are set. forth
in 10 CFR 20. Technical specifications for the operation
of the plant will require continuous monitoring of such dis-
charges and sampling prior to release. Detailed records
must be kept on the discharges and periodic audits of the
operation are made by the AEC's Division of Compliance.
The AEC is empowered by law to limit the discharges as
necessary to protect the public interest. Further, the
Appli. ant has, in accordance with a proposed regulation of
the AEC, agreed to make every reasonable effort to main-
tain radioactive materials in effluents to unrestricted
areas as far below the limits specified by the AEC as
practicable.

In conclusion, experience from nuclear power plants to date
does not indicate any significant environmental impact from
radiological discharges. The environmental studies of meteoro-
logy, Card Sound hydrology and ecology, coupled with the elabo-
rate system of regulatory control over discharges will preclude
the occurrence of any presently unforeseen effects in the future.

3. Heated Dischar es

The effect of heated discharges from the plant is a
matter upon which there is lack of extensive information.
Dr. James B. Lackey, Consulting Biologist to Florida power
6 Light Company, has studied the effect of discharges on
marine biology from both its Cutler Plant and from the
existing fossil units at its Turkey Point Plant. Little,if any, impact upon the biology has been noted that can
definitely be attributed to the discharges, and such effects
which have been observed are not irreversible. Chemical
studies of the area indicate that there have been no signi-
ficant effects on nutrients or dissolved oxygen.

The University of Miami has also studied discharges fxom
the present cooling water system at Turkey Point Plant under
grants from the AEC and the Federal Mater Quality Administration.
This study is not yet complete but a paper has been published
concerning the work which has noted a correlation between
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biologically changed areas at the present, d'ischarge point and
discharge temperatures (Reference 5) . The conclusion of this
paper states:

"The region where virtually all plants and animals have
been killed or greatly reduced in numbers corresponds
closely to the 4 C. isotherm and includes an area of
about 125 acres. A second zone in which algae have
been damaged and species numbers and diversity reduced
corresponds generally to the +3 C. isotherm and covers
an area of about 170 additional acres. In this latter
area there is some increase in mollusks but a decrease
in numbers of fishes."

Outside of the +3 C. isotherm, the paper notes no adverse
effects. It should be noted that this paper does not attempt
to distinguish between the effects of average differential
temperatures as opposed to maximum temperatures which the
area experiences. The adverse effects may well have come from
the high absolute temperatures which now occur in the area
as a result of discharge from the fossil units. Other studies
(Reference 6) indicate significant effects to indigenous
organisms when they are continuously exposed to temperatures in
excess of 33 C. The report concerns laboratory studies, however,
and the investigators have recognized the necessity of correlating
their work with insitu studies such as are now underway.

As a result of concern for the effects of such discharges,
Florida Power 6 Light Company has under construction a canal
which will convey heated discharges from the nuclear units as
well as from the fossil units to a point some five miles south
of the plant to Card Sound. The canal, in connection with a
system for introducing cool bay water directly into the heated
discharge, thus diluting and cooling it, will effectively limit
average temperatures. in Card Sound to +2 to +3 C. (3 to 5 F.)0

above ambient, and maximum temperatures will not exceed 95 F.,
some 10 to 12 F. less than those which have been experienced
from the present cooling water system at Turkey Point in the
heat of the summer.

The Card Sound marine environment has been studied by Drs.
E. S. Iversen and M. A. Roessler, and their report is attached
hereto as APPENDIX I. The Abstract of the report follows:

"A brief study of the ecology of Card Sound was made in
March-May, 1969. The first phase, the examination of
aerial photographs and a diving survey, was used to plan
a more thorough study of the area. The second phase
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of the study included hydrographic observations,
tra~ling and plankton tows to provide more detailed
examination of the species present and their relative
abundance.

"Card Sound had relatively few areas of deep sedi-
men'ts and the sediments in general were relatively
course suggesting low abundance of microscopic species
which require this type of substrate. Salinity,
temperature and dissolved oxygen were consistent in
surface and bottom samples from all areas in the
Sound. These measurements suggest that the waters
in the Sound are rather well mixed.

"Six arbitrary zones were examined and the abundance
of populations which contribute to the productivity
of the area were studied.

"Based on these observations, which have recorded esti-
mates of -the number of species present and the abundance
of individuals, Card Sound appears to be an area of
relatively low standing crop compared with other south
Florida ecosystems such as Whitewater Bay, Coot Bay,
Florida Bay and the middle portions of Biscayne Bay."

The report (page 22) also identified exploited populations:

"Although only a few fish and shellfish were observed
during our initial survey, some species of sport. and
commercial value are sufficiently abundant to support
fisheries. During the four visits there were a num-
ber of anglers fishing from the bank at the exit of
the Model Land'anal. Only a'ew anglers were fishing
along the west side of the Sound from small skiffs.
The grass flats near Broad and Angelfish Creeks pre-
sumably serve as feeding areas for bonefish during
certain seasons of the year, since this area has long
been used by the anglers from the Key Largo Anglers
Club.

"Trap lines set for stone crabs were observed on both
sides of the Inland Waterway in the deep basin.

"Bait shrimpers have been fishing in Card Sound
recently and making good catches. Three bait shrimp
boats were tied up on the Old Card Sound Road near
the west end of the bridge which is presently under

—12-
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construction. Pink shrimp, Penaeus duorarum, have
been reported from Card Sound by Salomon, Allen
and Costello (1968) .

"During one trip four sponge fishermen were working
on Cutter Bank south of Long Arsenicker and Mangrove
Point. Several others were seen working an area
of shallow water near Wednesday Point.

"Another species of commercial value taken in our

They were abundant at only a few stations and due
to the season all were immature. Small specimens
of the fishes, Haemulon sp. and ~Lut'anus Hriseus
were captured. Most of these fishes are capable
of evading the type of trawl used in this study."

Consulting biologists of the Company have testified that no
significant impact on the environment is expected from the opera-
tion of the Card Sound Canal and dilution system. Statements of
these biologists are included as APPENDICES .2, 3 and 4.

There are, however, different opinions concerning what the
impact of the new canal and dilution system willbe. A Federal-
State Conference on thermal pollution has recommended that
summer temperatures be limited to 1>2 F. above ambient. In
order to resolve the differences of opinion and to establish
a sound factual base for assessing the impact of the new cooling
water system on the marine environment, the Company, together with
the AEC, has arranged for a comprehensive ecological study of
Card Sound and .Biscayne Bay. It should be .noted that the study
is a requirement and condition of a construction permit granted
to the Applicant by Dade County. The permit letter is attached
as APPENDIX 5. It will be noted that the permit requires that
an interim report on the results of the operation of Unit No. 3
must be submitted to Dade County before Unit No. 4 can operate.

The objective of this investigation is to conduct an inte-
grated study of the ecology of Card Sound, Florida. This will
embrace a study of the physical and chemical parameters, the
distribution and character of selected plants and anima'ls, the
interaction of these organisms with the seawater and the bottom
sediments, and their role as producers.

The research will include: (1) the delineation of base line
data on physico-chemical variables and the distribution of
nutrients, trace metals and radionuclides in the Card Sound

—13-
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ecosystem; (2) the examination of water movements within Card
Sound and between the Sound and contiguous waters; (3) collection
of data on zooplankton, algae, sea grasses and macrofauna; and

(4) starting a laboratory program relating the physical and
chemical parameters to the biota.

In ensuing years the work on water circulation and flushing
rates will be extended; chemical sampling will be intensified
and stations will be added in adjacent Sounds and also seaward
of the Florida Keys; biological sampling will be increased to
include 15 additional stations; laboratory studies will be ex-
panded to study synergistic effects of several variables.

With the establishment of base line information for Card
Sound, it will then be possible, by continued monitoring of
regular stations within the area, to show any changes which might
occur in the Sound if the effluent from fossil fuel and nuclear
plants are introduced there. These early results should also
permit appropriate authorities to make the necessary decisions
as to whether the design criteria and effluent conditions are
beneficial or detrimental to the flora, fauna and overall
ecology of the Sound and adjacent areas.

It has been postulated that the great volume of the proposed
Card Sound discharge might upset the hydrological regime of Biscayne
Bay and Card Sound. Consequently, an investigation of hydrology 'has
been included in the University of Miami's Card Sound study. A
preliminary report on hydrological effects has concluded that there
willbe little if any impact on bottom stability or circulation.
A copy of this study by Professor John Michel together with the
October 1970 Addendum is set forth as APPENDIX 6.

It has also been postulated that the Card Sound Canal might.
have an effect on ground water hydrology in the area, conse-
ouently this matter was investigated by Dames 6 Moore. Their
report is set forth in APPENDIX 7 and concludes that there will
be no significant impact.

It has been postulated that heated'ischarges into Card
Sound might measurably and significantly affect the meteorology
over adjacent land areas, notably in incidence of fog and focus-
ing of rainfall. Statements by Drs. Gordon Dunn and Mariano
Estoque are attached as APPENDICES 8 and 9, which conclude that
such 'effects will be neither measurable nor significant.

-14-
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4. Miscellaneous Dischar es

Chemicals used in equipment cleaning are primarily acid
and alkaline flushes. Following the system, treatment, the
spent chemicals are piped to a lined retention basin. In this
basin they are tested and brought to chemical neutrality. When
neutralized, the water is permitted to run into a settlement
basin.

Slime control in the plant circulating water is achieved
by the use of chlorine injected in the intake wells for a period
of one hour per day. Chlorine injection rate is controlled to
assure no higher than 1 ppm residual at the discharge seal wells.

5. Intake

Circulating water for the plant enters Biscayne Bay through
the intake channel which has been dredged from the shoreline
of Biscayne Bay southward to the plant. At the shoreline, the
intake channel connects to the barge access channel which ex-
tends northeastward to the 8-foot depth contour of the Bay,
and with navigation channels which extend northward and south-
ward along the shoreline. Detailed calculations have been
performed on velocities in the area of the intersection and
the results are included in APPENDIX 6 (Addendum dated October
1970). The velocities range from .2 to .5 fps over the shoals
and from 1.4 to 1.8 fps in the channe'ls.

The intake channel itself is approximately 300 feet wide
and 22 feet deep. Average velocities, in the channel are ex-
pected to be about .6 fps. Circulating water for Units 3 and 4
is, drawn from an intake which runs westward from a southerly
extension of the plant intake channel. Average velocity in
the intake is expected to be about .8 fps.

The intake for Units 3 and 4 terminates at the intake
structure. The intake structure is made of reinforced con-
crete and is founded on bedrock at elevation -28. It is 44 feet
high, the operating deck being at elevation +16. It-is approxi-

, mately 112 feet wide and 65 feet deep.

The circulating water passes into the structure through a
vertical opening in the east wall. The top of the opening is
approximately 13$ feet below the surface of the water. The
total area of the opening is about 1120 square feet. Water
velocity through the opening will be 2.4 fps.

—15-
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Inside the structure, the water first passes through
grizzlies which screen out large objects, and then. through
3/8-inch mesh traveling screens. The circulators then pump
the water through underground concrete pipes to the condenser
water boxes.

The design of the structure is similar to that of Units
1 and 2 where considerable operating experience has been gained.
There have been no instances where significant numbers of fishes
or crabs have been drawn into the intake. On the contrary, large
schools of fish are frequently seen in the intake avoiding the
structure with great ease, and apparently thriving on food
material being drawn into the area. Trash removed from the
structure consists primarily of floating seaweed and human refuse.

It is believed that, the intake will have a minimal impact,
on fish and crab populations.

C. Land Use

At, the time the Turkey Point, Plant site was purchased, the Dade
County General Land Use Master plan designated the area in which the
site was located as Agricultural and Open Space (Including Marginal
Lands). It was zoned GU (General Use) which is essentially an un-
designated use category.

Units 1 and 2 were constructed under an unusual use permit and
Industrial rezoning was granted for Units 3 and 4. The use of the
site for electric generation does not conflict with the Dade County
Master Plan. The Dade County General Land Use Master Plan
map is included as APPENDIX, 13. Inquiry into regional planning
agencies reveals that the South Florida Everglades Regional Council
was formed in December 1969 (the date of its bylaws); however, the
Applicant is not aware of any plans which have been issued by that
agency.

The Turkey Point Plant is not expected to have an effect on
population distribution or concentration. The site consists of
3300 acres of mangrove swampland in southeastern Dade County border-
ing Biscayne Bay.. The elevation ranges from sea level to +2 feet
and is subject to frequent inundation. The nearest inhabited dwell-
ing is over five miles away. The history of Dade County development
indicates that it has taken place in areas where there is sufficient
elevation to provide the necessary flood protection at reasonable
cost. As the population has grown, more and more marginal land at
increasingly higher prices has been developed at increasingly higher
cost. Thus in waterfront mangrove swamp areas, the high cost of
dredging and filling to meet flood and other criteria has resulted
in only the highest priced sort of community being feasible. The
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limited market for such expensive developments ~has prevented thus
far their extension into southern Dade County. Additionally,
recently growing local public concern for preserving the bayfront for
public use has resulted in restrictive zoning and land use practices,
thus removing one of the prime incentives for the development of
the marginal swamplands.

The land lying to the north of the plant is owned by Dade County
and is the site of a public park and the proposed site for the
mainland daytime visitor center of Biscayne National Monument. Con-
sequently, no development can take place there.

There is no other industrial development near Turkey point. The
presence of the plant does not provide any additional incentive for
other industries to locate near it nor has this occurred in the case
of other power plants built by the Company. A study conducted by a
private group in Dade County has been made public which examines a

seaport in the general area at the point. of discharge of the cooling
water into Card Sound. Additionally, a channel reservation was in-
cluded in the Act creating the Biscayne National Monument in the
general area of Angelfish Creek.. Reproduced here is an illustration
from the study showing the location of various seaport sites studied.

Only 150 acres of the site are filled and occupied by structures,
the remainder being preserved in its natural state. A minimum of
almost a mile of undisturbed land exists in every direction between
the plant structures and the site boundary. Should development
occur in the area in response to population pressures, the plant site
may well be the one remaining unspoiled wilderness left along
Biscayne Bay.

The plant will have an operating force of about one hundred, and
vehicular truck traffic will not exceed the capacity of the exist-
ing access road. Neither will the plant as presently contemplated
require rail facilities at the site for its operation.

Power from the plant will be transmitted over high voltage
transmission lines in the same right-of-way now utilized by lines
from the two existing fossil units. In this connection, the
Applicant is cooperating with the Dade County Planning Department
in the submission of a proposal to the Department of Housing and
Urban Development for a demonstration grant, the purpose of which
will be the development of public recreational areas in the
Applicant's transmission right-of-way.
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Domestic and industrial wastes (other than those. associated
with the nuclear reactor) from the plant'are processed onsite in
accordance with State of Florida standards and no new waste dis-
posal facilities will be required.

Fresh water for process use in the fossil units is being
purchased from a private water company operating in South Dade
County. The operation of the nuclear units will increase the con-
sumption of fresh water from 300,000 gpd to 1,000,000 gpd.

D. Aesthetics

Aesthetic considerations have been given an important position
in overall project planning. In the construction of the plant
structures, maximum use has been made of natural shapes and colors.
Landscaping will -be extensively applied to integrate the structures
with the undisturbed surrounding land. The"wide buffer area around
the plant essentially eliminates intrusive effects on surrounding
property.
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IV. UNAVOIDABLE ADVERSE EFFECTS

The Company has assessed many aspects of environmental impact
as discussed in the preceding Section III; On .the basis of our
present knowledge of how industrial operations such as we propose
affect the environment, we do not anticipate that, the proposed
activities will either interfere with any existing use of the

'nvironment,nor shall they foreclose, any reasonably foreseeable
beneficial use or enjoyment of the environment. There will be
no significant diversion of resources from any existing use.
At the same time, numerous studies, monitoring programs and
regulatory schemes are in effect which can detect and correct.
any presently unforeseeable future foreclosure of beneficial
uses.
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V.. ALTERNATIVES

A. Genera'1

A consideration of alternatives to the proposed Federal action,
e.g., the issuance of an operating license for the Turkey Point
nuclear units should include the following:

1. The status of project at the, time a decision is required
on the proposed action.

2. The value of the resources already committed to the
project in conformance with and in reliance upon valid
standards of environmental protection in existence at
the time of such commitmento

'3. The necessity for and benefits to accrue from the
project a presently proposed.

4. The potential for adverse effects of alternatives.

5. The practicability, including considerations of tech-
nological state of the art, reliability, expensive
in use, and construction time; and cost of alter-
natives.

A chronology of events surrounding the Turkey Point project is
attached as -APPENDIX 10. An appraisal of this chronology shows the
following significant, facts. The project has been underway almost
five years. As of July 1970, more than $ 100,000,000 have been ex-
pended on the project. All permits required for the project to date
have been issued. All valid existing regulatory requirements for
the construction to date have been complied with. (Pending regu-
latory actions for the operation of the plant willbe discussed in
a later section..-)

The project for which Federal action is proposed is a nuclear
power plant which will initially supply 728,000 KW of power to
customers of Florida Power s Light Company. Load projections made
at the time the project was announced showed that the unit was needed
to supply electric demands of 5,000,000 KW in the summer of 1970.
The unit has been delayed because of equipment delivery, labor
problems and changes required by regulatory authorities, and is now

one year or more behind schedule. In the meantime, the electric
load actually experienced has exceeded the prediction by 200 MW as
of this writing. The delay in the unit required the addition to the
FPL system this year of some 440,000 MW of gas turbine units at a
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cost of $ 35.3 million. The unexpected growth in load has resulted
in a decision to add another 4'44,000 MW of gas turbines to the system
in 1971 at a cost of $ 37.1 million. However, if the proposed nuclear
unit is not in service in the summer of 1971, and if the high annual
growths which have been experienced the last several years persist,
system power resources may be inadequ'ate. There are no other power
resources within or without the State that can be called upon.

,All of the above considerations limit the scope of inquiry into
alternatives to those actions which may be taken practicably to supple-
ment the project as it is presently located, as it is presently design-
ed .and constructed, and as it is presently required and scheduled.

B. Alternative Coolin Methods

The Applicant considers that the area of principal concern for
the inquiry into alternatives is the method of handling heated
effluent from the plant. In this area of concern,. the Applicant
has expended more than three years of effort and many hundreds of
thousands of dollars.

Bechtel Corporation, in a detailed study of cooling water
alternatives, explored cooling towers, spray ponds, cooling lakes
and an ocean outfall. Dames & Moore has studied disposal and
cooling water supply wells. Rader and Associates has considered
ocean outfalls. Southern Nuclear Engineering has considered
cooling towers and powered spray modules. Brown S Root is currently
re-evaluating all cooling water methods and is more deeply explor-
ing the cooling water reservoir concept by means of a pilot reservoir
now under construction at the Turkey Point site. In short, every
possible method of handling the cooling water has been explored.
Each of the alternatives was rejected for the following principal
reasons:

Cooling towers —wet High initial cost, high maintenance and
operation cost, no experience with large
salt water towers, salt water drift
would damage surrounding farmland and
jeopardize electrical apparatus in and
around plant.

Cooling towers — dry Unavailable on commercial market, ex-
cessive back pressure penalty, poor
experience record, no salt atmosphere
experience.

Cooling water ponds—
diked

.Unknown leakage and ground water effects,
destructive of large area of estuarine
swampland, unknown effect on fresh water
interface.
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Cooling water ponds—
excavated

Excessive cost due to 40,000,000 yards
-..of material removal required, unknown

aquifer effects, no place to store exca-
vated:material. Extra land required.

Well disposal No technical precedent for quantity of
disposal required, unknown aquifer effects,
destructive of contained nutrient and
organic material. No experience on which
to base operating reliability and costs.

Cooling water .wells No technical precedent for quantities
involved, unknown aquifer effects.

Ocean outfall Excessive cost, destructive of bay
bottom for construction, unknown operating
and maintenance costs.

Spray modules No development work done, no design for
salt water, no experience with drift or
maintenance and operational problems of
electrical supply under constant salt
water inundation, no technical data
available.

As indicated above, the Applicant is continuing to search for a
supplemental cooling method. The supplemental method which has in
our opinion the greatest likelihood of yielding beneficial results
from developmental work, is the cooling water reservoir; consequently,
a pilot pond is being constructed on the plant property and testing
commenced November 5, 1970. Construction design is being done by
Brown 8 Root, with Dames 8 Moore as consulting hydrologists.

C. Alternative Plant Sites

The decision was made to locate Turkey Point Nuclear Units 3 and
4 at the Turkey Point plant site in November of 1965. The Appli-
cant's system load planning policy requires the, maintenance of
adequate generation in each of its various service areas in order
to assure reliability of service in the event of loss of transmission
lines. Projections of load growth in Dade County indicated that
additional generation was needed in order to provide the required area
protection. AEC siting requirements restricted the location within
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the County to sites a considerable di'stance away from populated areas.
The size and weight of the, nuclear components dictated a site with
access to navigable water, ~ Economics required location of the gen-
erating capacity with convenient access to the transmission system.

The incidence of hurricane winds and wave conditions render
a coastal site more costly to-develop.

Sites in'western Dade County were ruled out because of lack of
access to navigable water, consequently only bayfront or oceanfront
sites were. suitable. Population distance criteria ruled out sites
north of Homestead Air Force Base. Hurricane protection, lack of
access to transmission and economics were the factors causing sites
on Key Largo to be ruled out. Economics favored the location of
the plant at the site of existing generation units since access
channels, roads, transmission rights-of-way and service facilities
were already in existence. Conversely, no other site on the shore
of Biscayne Bay offered significant advantages over the Turkey Point
site.

D. Alternative Waste Dis osal Methods

The Company is investigating alternative methods of radioactive
waste disposal from the standpoint of feasibility of installation
in the present plant, .cost, and state of technical development.

E. Factors Dictatin the Selection of Nuclear Power

Nuclear power was selected for Turkey Point on the basis of economics,
total environmental effects, and- the need for development of alter-
nate power sources. Economic analyses performed at the time of the
selection of the nuclear units indicated the prospect of some
savings in power production costs depending on the outcome of certain
economic parameters. Equally .attractive was the elimination of
combustion product. effluents, the lessening of visual impact, and the
elimination of daily barge transports of fuel supply. Likewise, the
development of alternate power sources is necessary over the long
run in order to conserve limited supplies of fossil fuel.
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VI. SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVITY

As we have observed above, there is a paucity of knowledge
concerning long-term effects on the environment of a nuclear power
plant such as Turkey Point. A rational approach to long-term
effects is a comprehensive program of monitoring such as that in
effect by the State of Florida for radioactive discharges and by
the University of Miami for various aspects of heated water dis-
charges. Only through such monitoring programs can the necessary
definitive information be developed for use in intelligent regu-
lation of environmental effects.

-In the meantime, the short-term benefits to be accrued for
an adeguate and low cost supply of electric power are important
enough to the manifold interests of mankind not to be foreborne
on account of pessimistic speculation on future effects not grounded
on present experience. Our best hope for the future is to apply
the knowledge of today, and set up a system for scrutinizing for
the future. Our concern over those future effects which we cannot
foresee on the basis of today's knowledge must be mitigated by
the .acceptance of the benefits which we will enjoy from today'
actions; these benefits giving us the momentum and impetus to
forge the means of benefits in the future.
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VII. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

The construction of the Turkey Point, Plant has involved the
commitment of land as well as many tons of materials, concrete
steel, copper, aluminum and others. Its operation will involve
the consumption of uranium, about 30 tons of enriched material per
unit per year. Small amounts of chemicals will be consumed—
chlorine for slime control, water treatment, chemicals, and boron
for reactivity control.

There are very few other uses for uranium other than for the
production of power and an adequate supply exists for the period
projected for its need. The most common conception of the evo-
lution of energy production portrays the light water reactors as
stepping stones to more advanced concepts which utilize mater'ials
in vastly more abundant, if not limitless supply.

The land which has been committed to the plant was not other-
wise the subject of human use and enjoyment. On the contrary,,
the commitment of the land to the plant has enabled much of the
remainder of the site to be opened for the enjoyment .of man and
for the preservation of all of it as a wildlife preserve for all
time to come. The range of beneficial uses has thus increased.

The operation of the plant is not expected to alter or change
the marine environment detrimentally in its capacity as a place
of recreation or as a source of utilizable marine resources, and
may well prove to enhance such capacity.

-25-



il



VIII. ENVIRONMENTAL STUDIES UNDERWAY

The environmental studies currently underway in connection
with the Turkey Point Plant are:

l. Ecology — Biscayne Bay
and Card Sound

University of Miami Institute
of Marine Science jointly with
AEC and supplemented by studies
funded by FWQA. Includes
biology, chemistry, hydrography.

2. Mixing 8 Flushing
of Card Sound

University of Florida Depart-
ment of Coastal S Oceanographic
Engineering

3. Meteorology FPL with'r. Lester Cohen of
Brookhaven National Laboratory,
and Dr. John Koogler of
Environmental Engineering, Inc.

4. Environmental Radioactivity State of Florida Department of
Health and Rehabilitative
Services.
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IX. RECREATION AND OTHER SITE USES

The site is situated just south of a tract of land owned by
Dade County which is utilized as a public park for daytime boat-
ing,,swimming and picnicing.

Plans exist for the enhancement of this Dade County Park by
the addition of marinas and a U. S. National Park Service visitor
center for the Biscayne National Monument. No. curtailment of any
uses present or planned will occur as a result of the operation
of the Turkey .Point Plant.

The plant site itself includes a Boy Scout Camp, a Girl Scout
Camp, nature trails, a group picnic center which includes play-
ground', shelters, .swimming pools and outdoor cooking facilities,
and several fishing sites. These facilities are used by thousands
of persons each year and have not only augmented public recreation
sites but have been instrumental in increasing public understanding
of the compatibility of electric power production .and environmental
values.

Turkey Point is also the site of the United States Air Force
Tactical Command Sea Survival School. The mild climate permits
year-round training of Air Force pilots in the techniques of sur-
vival i.n the event of emergencies over water.

The Company has also constructed at the site research facilities
for the University of Miami Institute of Marine Science. Extensive
studies are being pursued, into the aquaculture of shrimp and other
commercially exploitable seafoods.

A brochure describing the above facilities is attached as
APPENDIX 11.
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X . POLLUTION CONTROL MEASURES

The Card Sound Canal and dilution system is under construction
as a means of reducing the effects of heated water from the plant.
Water discharged from the plant condensers will be heated from
8 .to 15 degrees depending on plant loads. The dilution system will
introduce ambient temperature bay water into the heated discharge
stream in an amount sufficient to reduce the increase by 60%.

The Card Sound Canal will convey the discharge 54 miles south
directing it into Card Sound where it will dispose its remaining
heat to the atmosphere. At the point of discharge the water will
be from 3 to 5 degrees above ambient and no effects are expected
in Biscayne National Monument some two miles to the north or in
Card Sound. A study of recirculation effects of the canal and
dilution system by the University of Florida has concluded that.
the separation distance will essentially preclude any cumulative
temperature increases as a result of recirculation.
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XI. OTHER LICENSES AND PERMITS

The chronology referred to previously (Appendix 10), details
regulatory actions taking place at Turkey Point.

The Turkey Point Plant, site was purchased in the spring of 1964
and an unusual use permit was granted by Dade County in June of that
year. Construction on Units 1 and 2 commenced in September of 1964.

An application for a,construction permit. for Units 3 and 4 was
filed with the Atomic Energy Commission in March of 1966.

Rezoning for Units 3 and 4 was approved by Dade County in
February of 1967.

Following public hearings in Miami in February, an AEC construction
permit was issued in April of 1967.

A Dade County building permit approved by its Pollution Control
Department was issued in May of 1967.

In February 1969, a variance from Dade County temperature limita-
tions was granted until July 31 of that year to enable the Company
to present a plan for the cooling water discharge system at Turkey
Point..

In July, 1969 the Company filed its plan for a canal and dilution
system with the Dade County Pollution Control Board, and in November
of 1969, the Board granted the Company an extension of time for
compliance until July 1, 1971. On December 5, 1969, the Dade County
Pollution Control Director approved the canal and dilution system
with conditions.

On December 8, 1969.a construction permit was issued by Dade
County for the upper portion of the Card Sound Canal.

On December 18, 1969, an application was filed with Dade County
for construction permits for the remainder of the system, and revisions
were filed October 22, 1970. A public hearing on the application before
the Dade County Commission is scheduled for November 17, 1970.

The State of Florida Air R Water Pol'lution Control Department
established a permit. system in March of 1970, and on June 1, 1970,
an application was filed with that body for a permit for the canal
and dilution system.

—29-



Q>



On October 22, 1970, application was made to the Board of
Trustees of the Internal Improvement Trust Fund of the State of
Florida for the necessary construction permits for the system, and
on October 26, 1970, application was made to the U. S. Corps of
Engineers for necessary dredging permits.

Permit

l. Dade County dredging permit for
southern portion of Card Sound Canal,
canal discharge in Card Sound, and
dilution intake and canal.

Status

Applied for

2. State of Florida Department. of Air
S Water pollution Control Operating
Permit for pollution control devices,
namely, oil waste separator, gas
releases, liquid releases, heated
effluent; certification of meeting
quality standards.

Application in
preparation

3. Florida Trustees of Internal
Xmprovement Fund dredging permit—
Card Sound Canal discharge and
dilution system intake.

Applied for

4. U. S. Army Corps of Engineers
(same as N3)

Applied for

5. Dade County occupancy permits To be applied for
upon completion of
construction

The Secretary of Interior convened a Federal-State Conference
on thermal effects in Biscayne Bay under the provisions of the
Federal Water Pollution Contxol Act (33 USC 466). It was held in
Miami on February 24, 25, and 26, 1970, and conclusionsand recom-
mendations were made as to aspects of the Company's existing and
planned operations at, Turkey Point plant.

On March 13, 1970, at the request of the Secretary of Xnterior,
the Department of Justice instituted suit against the Company in
the U. S. District Court in Miami seeking preliminary and permanent
injunctions relative to present and future 'thermal discharges of
the Turkey Point plant and the construction of the canal to Card
.Sound. The allegations were based on the statute creating the
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Biscayne National Monument (16 USC 450qq)., the Rivers and Harbors
Act of 1899 (33 USC 407), and nuisance. The Government's Motion
for Preliminary Injunction was denied by Order dated April 16, 1970,
and the matter is now before the Court on the Company's Motion to
Dismiss.

Pursuant to the conclusions and recommendations of the Federal-
State Conference, Florida power 6 Light Company on April 27, 1970
submitted a proposal for compliance, a copy of which is attached as
APPENDIX 12.

In May 1970 Company representatives, along with representatives
of institutions and companies making studies for the Company, met
with several representatives of the Interior Department, the
Justice Department and the State of Florida, with regard to the
continuing studies and work being done in connection with thermal
discharges.

Since May, such representatives of and on behalf of the Company
have met and communicated with representatives of the Interior
Department and the State of Florida frequently. In July 1970
personnel of the Interior Department were admitted to the premises
at, the 'Turkey Point Plant for the purpose. of conducting plankton
studies. In addition, the Company's various studies heretofore
outlined are continuing. on a regular basis and'he results of these
studies are being reported periodically to representatives of the
Department of Interior and the State of Florida.

The Company fully expects its past and present studies to pro-
vide all of the data necessary to satisfy the State of Florida and
the Department of Interior, thereby enabling them to issue the
necessary additional permits.
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SURVEY OF THE BIOTA OF CARD SOUND

ABSTRACT

A 'brief study of the ecology of Card Sound was made in March-May,

1969. The first phase, the examination of aerial photographs and a diving

survey, was used to plan a more thorough study of the area. The second

phase of the study included hydrographic observations, trawling and plankton

tows to provide more .detailed examination of the species present and their

relative abundance.

Card Sound had relatively few areas of deep sediments,and the

sediments in general were relatively coarse suggesting low abundance of

microscopic species which require this type of substrate. Salinity,

temperature and dissolved oxygen were consistent in surface and bottom

samples from all areas in the Sound. These measurements suggest that the

waters in the Sound are rather well mixed.

Six arbitrary zones were examined and the abundance of populations

which contribute to the productivity of the area were studied.

Based on these observations, which have recorded estimates of the

number of species present and the abundance of individuals, Card Sound

appears to be an area of relatively low standing crop -.compared with other

south Florida ecosystems such as Whitewater Bay,, Coot Bay, Florida Bay and

the middle portions of Biscayne Bay.

INTRODUCTION

The purposes of this short term study (March-May, 1969) were:

(1) to map Card Sound showing the principal ecological zones and (2) to
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give estimates of relative abundance of the more obvious and ecol'ogically

important plants and animals. The .results of the survey form the basis to

make judgements on the relative productivity of the Sound.

Preliminary observations based on field counts of plants and animals

and by the use of coin~ aerial photographs were presented in a report dated

April 1969. The present report incorporates all material from the preliminary

report and in addition gives:

1. Identification of plants and animals requiring laboratory

examination

2. Relative abundance of plants and animals

3. Relative abundance of plankton

4. A salinity profile

5. A dissolved oxygen profile

6. The depth and composition of bottom sediments

This report. provides greater detail on the ecological zones in

Card Sound outlined in the earlier report. The sampling gear and techniques

used were the same as those used in other studies conducted in the past in

Florida Bay., Whitewater Bay and Coot Bay by Tabb, et al. (1962) in, middle

Biscayne Bay by Roessler (1965) and those currently being carried out in

South Biscayne Bay thus permitting comparisons of standing crop between the

several areas.

Card Sound was arbitrarily divide'd'in several zones and the important

biological populations in each area were identified and counted. These zones

are as follows: the mangrove community, the shallows from Broad Creek to

Angelfish Creek, the shallow submerged rim bordering the Sound, the deep

basin of the eastern Sound, the deep basin of the western Sound, the plankton

community and the exploited populations. Each of these zones is described
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below. Little information is available on the .productivity of the mangrove

community, the plankton populations, and the exploited populations.

METHODS

Four observation trips were made in Card Sound. On the first three

trips work was done in areas where, the water was sufficiently clear to enable

water buckets to be used to see the larger plants and animals on the bottom.

One man observed from each side of the boat as it drifted or was propelled

slowly ahead. Stations were chosen to provide adequate coverage of what'ppeared

to be the principal communities based on water depth, bottom type and current

flow patterns. The number of stations was arrived at by determining the extent

of variation of the biota. Spot observations were made between stations to

attempt to, locate the boundaries of the bottom communities.

During the first three trips the east side of the Sound (east of a
t

line drawn from about the inland ship channel south to Morant Point) was not

clear enough to, see organisms on the bottom from the boat using water buckets.

Thus on the fourth trip a series of dives were made to observe the biota. One

diver-biologist, Mr. Terry Davis, Florida Atlantic Ocean Sciences Institute,

used Scuba gear and Mr. Robert Work, Institute of Marine Sciences, University

of Miami, used snorkel gear. Each diver spent about 10 minutes at each

station moving about on the bottom to cover as much area as possible. This

procedure does not permit as broad a coverage of the bottom as was achieved

by using water buckets, but on the east side of the Sound the bottom sediments

and biota are rather uniform and the, numbers of species: and individuals are

few. This homogeneity reduced the sampling frequency necessary to obtain

reliable estimates. The station lists appended to this~ report are based on

field identifications by Davis and Work and compiled by the latter.
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To supplement the .observations by buckets and .diving and 'to provide

observations on the inshore mangrove areas, U.S.C.G.S., aerial color photographs

64W (C) 7438 and from 64W (C) 7405 to 7410 and 64W (C) 7305 to 7345 were

studied, These photographs were taken in 1964 with a'cale of 1" ~ 40,000 feet

and are valuable in pr"viding general features of the Sound. The water was

clear at the time the photographs were taken, and excellent details of plant

distribution and some of the animals were obtained along the inshore shallows

as well as on the bottom of the Sound. Although these photographs are about

5 years old, the principal shore line and bottom features as well as the

mangrove areas have not changed much between then and the present time.

In the second phase of thi's survey collections of the larger plants

and animals were made using"an otter trawl with 3/4-inch stretched mesh cod

end,and a 10-foot mouth. In keeping with standard techniques, used in other
~I

studies conducted by Institute of Marine Science's personnel the time of

towing was 2 minutes. The contents of the net were placed in a wash tub and

sorted on the boat. All specimens which could be identified in the field

were counted and recorded; the remainder preserved for laboratory identification

and counts. The. plankton was sampled using two conical nets hauled simul-

taneously for 7 minutes. One net had an opening of 12 inches in diameter

with a mesh of 300'nd the second net had an opening of 20 inches with a

mesh of 35@. In these nets the plankton accumulates in a bottle attached

to the apex of the net. The volume of water filtered during each tow was

measured using flow meters mounted in the mouth of the net.

All samples collected during the present survey were obtained during

day light hours, In other ecological studies made in Florida, night samples

generally contained more fish and non-sessile invertebrates than did day

samples (Tabb, Dubrow and Manning, 1962; Roessler, 1965),'. This is in part
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due to the abil'ity of some faster swimming fish with acute vision to avoid a

net and to the nocturnal behavior of some species. From the standpoint of

)udging the relative standing crop in Card Sound our daylight samples can be

compared with other areas where similar daylight samples were obtained.

The collectior made by trawling is an important ad)unct to the

visual observations in the first phase of this study in that the collections

provide in most cases specific identification and estimates of the relative

abundance of organisms. Forty stations were sampled in the Sound. At each

station duplicate tows were made in an attempt to obtain a basis for estimating

sampling variability. Some of the duplicate tows differ substantially in

the occurrence of species and also in number of individuals of certain species

caught, This indicates the need for much more intensive sampling in order to

provide truly representative samples of .biological population in the area.

For the most part, however, the duplicate tows are similar enough to satisfy

the objectives of this study.

Samples of sediments to be used to determine bottom types were obtained

by diving and collecting a small jar of bottom material. The sample was capped

by the diver and upon reaching, the laboratory was oven dried, rinsed'nd redried.

Each sample was then run through seven seines with openings varying from
0.062'o

2 mm.

For sediment depth a diver probed the bottom with a metal rod of about

1/4-inch in diameter until hard rock was reached. The depth of the overburden

was marked on the rod and tabulated. At each station a series of probes was

made to obtain a representative depth for each area.

Samples of water for salinity determination were collected at the

surface and just off the bottom using a Niskin sampler. The Goldberg refractometer

manufactured by American Optical Company which provides accuracy of + 0,5 ppt





in the range of salinities found in Card Sound was used to measure the

salinity.

The temperature of the water and the amount of dissolved oxygen

was determined by a Yellow Springs Instrument Co., Model 54 Oxygen meter.

The field sampling schedule is shown in Table l.

GENERAL DESCRIPTION OF CARD SOUND

Card Sound is approximately 3 miles wide by 5 miles long. It has

nearly uniform depth of about 10 feet at mean low water in the mid basin.

It is bounded on the north by Cutter Bank and by Card Bank on the south

(Fig. 1), Depths of water over both banks are only a few feet at mean

low water. Water current studies should be carried out with all possible

speed to provide an estimate of exchange with adjacent Biscayne Bay, Barnes

Sound, Little Card Sound and the Straits of Florida. Current studies were

not a part of this study since Florida Power and Light has retained the

services of hydrographers from the University of Florida to carry out this

work,

De th of Sediments

The depth of sediments were d'etermined at 32 stations (Fig. 2).

They varied considerably from station to station, The -greatest depths

occurred )ust south of East Arsenicker Key and at three stations in the

southern part of the Sound (Stations H15, H32, H29). The stations near

Model Land Company Canal (H4, H5, H6, Hll, H12 and H13) showed very small

deposits of sediments.

Particle Size of Sediments

Samples for analyses of particle size of sediments were obtained

at 7 stations (Fig. 3). The stations at the south end of Card Sound (S3, S4)
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'Table 1. Schedule of field trips to Card Sound February — May, 1969

February 22

March 8

March 11

March 20

April 9

April 11

April 17

April 22

April 24

May 13

May 17

Observations by water buckets

Observations by water buckets

Observations by water buckets

Observations by diving

Trawling — Northeastern Card Sound

Trawling — Southeastern Card Sound

Trawling — Southwestern Card Sound

Trawling — Off Model Land Company Canal

Trawling — Northwestern Card Sound

Plankton

Temperature, Salinity, Dissolved Oxygen
and sediment depth

May 20 Temperature, Salinity, Dissolved Oxygen
and sediment depth
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Figure 1. Chart of Card Sound showing general hydrographic

features. Broad Creek enters the Sound in the

northeast corner where depths of 8 feet are shown.

Angelfish Creek is gust south of Broad Creek at

Marker R«12
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Figure 2. Stations (Hl — H32) where dissolved oxygen, temperature,

salinity and sediment depths were measured.
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Figure 3. Stations where collections were made for the determination

of sediment(s) particle sizes.
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and,in the northeast corner near Broad Creek (S7) show the highest percentage

of fine sediments, that is, less than 0.125 mm (Table 2). This probably reflects

the deposition of sediments from the creeks in .the southern end of the sound and

material being brought in from the reef tracts outside the Keys through Broad

Creek. Station S2 off Model Land Company Canal contains relatively few fine

sediments and shows the greatest percentage in the 0.35-0.50 mm range.

The percentage of fine sediments (less than 0;062 mm) is well below

those found by Tabb, Dubrow and Manning (1962) in Coot Bay (78%, 38%, 82%),

Whitewater Bay'43%) and near Flamingo (58%). The presence of larger sediments

in general suggests a less productive environment than the other bays listed.

The surface and bottom temperature was remarkably constant at each

station and also among stations. The range of surface temperature readings

was from 25.9 to 30.1'C and the range of bottom stations was 25e3 to 30 ' C

(Table 3).

Dissolved Ox en

The range of dissolved oxygen in the surface water was 5.6 to 6.5

ppm (Table 3). Saturation values at the temperatures and salinities observed

during these collections are about 6 ppm. There was close agreement between

surface and'ottom oxygen values.

~Sall.nit

. Similar to dissolved oxygen and temperature, salinity was relatively

constant at about 33 ppt at all stations and depths sampled (Table 3).

BIOLOGICAL POPULATIONS

Card Sound was sampled by visual observations at the stations shown

* in Figure 4 'and by trawling at the stations shown in figures 5 and 6. The areas

were arbitrarily divided into "communities" or zones on the basis of types of

organisms.

-11-
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Table 2, Sediment particle size for seven samples taken in Card Sound.
Weights and percent of the samples are given.

Mesh
size
(mm)

Station
number 1 2 3 4 5 6 7

. 5-1

~ 3 5

,5

o125-
,35

. 062-
,125

<,062

we.(g)
O/

we. (g)
O/

we.(g)
O/

we. (g)
O/

Wt,,(g)

we, (g)
O/

Wt, (g)
O/

.71

. 4666

3.36
2,208

13. 72
9.017

12.81
8.419

118.37
77,798

l. 52
.999

1.66
1,091

2.05
1.109

14.97
8'. 099

45. 74
24.747

25;28
13. 677

83. 94
45.414

4.31
2.332

8.'54
4. 620

6. 68
10.129

3.05
4.625

7. 08
10.735

6.83
10.356

25.870
39.227

7. 71
11.691

8.73
13.237

7.48
12.756

4.83
8.237

9. 82
1'6. 746

5. 74
9. 789

18.31
31.224

3,81
6.497

8.65
14.751

19.87
12,069

25.04
15.209

37.25
22.625

23.75
14.425

45.27
27o496

4.84
2.940

8.62
5.236

3.58
2.236

18.06
11.279

43.43.
27.123

17.21
10.748

61.02
38.109

5.11
3.191

11. 71
*7 o 313

2. 03
2, 859

2.48
3.492

5,72
8 055

6.41
9.027

31. 52
44.388

7,92
11,153.

14,'93
21.025

-12-
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Table 3 . Summary of water depth, temperature,,salinity, dissolved
oxygen and sediment depth data obtained in Card Sound,
Florida on 17 and 20 May 1969.

Station Depth in
meters

Date Temperature Salinity Dissolved Sediment
in Celsius in ppt'" oxygen in depth in

m cm.

0
0.75

17 May 27.0
26.8

33.7
33.7

5.7
5.6 110

.9

10

12

13

14

0
2.00

0
2.50

0
2.80

0
2.70

0
2.80

0
3.00

0
2.50

0
1.25

0
3'. 00

0
3. 00

0
2.90

0
2.90

0
2.60

20 'May

27. 1
27.0

27. 2
27.0

27.4
27.2

27.1
27.1

27. 3
27.2

28.0
27.8

27.4
27.1

25.9
25.3

27.0
27.2

27.2
27.8

27.0
27.0

27.9
28.1

27.0
27.2

34.5
33.7

33. 7
34.5

33.7
33.7

33.7
33.7

33.7
33.7

33.7
33.7

33.7
33.7

32.1
32.1

32. 1
32. 9

32.9
32.9

32. 9
33.7

33.7
33.7

33.7
34.5

6.1
6.0

6.2
6.1

6.3
6.1

6.2
6.1

6.2
6.1

6.1
6.1

6.1
5.9

6.5
6.4

6.5
6.1

6.2
6.0

6.3
6.0

6.0
5.8

5.9
5.8

59

65

85

10

32

13

-13-
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Table 3. (Continued

Station Depth in Date Temperature Salinity Dissolved Sediment
meters in oCelsius in ppt oxygen in depth in

m cm

15

16

17

18

19

20

21

0
1.50

0
1.80

0
3. 40

0
3. 60

0
3. 50

0
3. 00

0
3. 20

20 May 28.0
27.

9'8.

0
28.0

27.8
27.8

28.0
28.5

29.5
30.0

30.0
30. 1

28.0
27.9

33. 7

33.7

33. 7

33 '

33. 7

33.7

33.7
33.7

33.7
33.7

33.7
33.7

33.7
33.7

6.2
6.1

6.2
6.2

6.4
6.3

6.4
6.3

6.2
6.2

6.2
6.0

133

61

17

37

17

62

22 0
2.60

28.0
28.2

32.9
33.7 10

23 0
2.50

28. 1
28.3

33.7
33.7 36

0
2. 00

28.0
28.0

33.7
32.9 10

25 0
1.
80'8.1

28.2
32.9
32.9

26 0
2.60

27.7
28.0

32.9
32.9 64

27 0
3.10

28.1
27.8

33.7
33.7 13

28 0
2.40

28.4
28.0

33.7
33.7 34

29 0
3. 50

28.4
27.5

33.7
33.7 194

-14-
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Table 3. (Continued)

Station Depth in
meters

Date Temperature Salinity Dissolved Sediment
in Celsius in ppt oxygen in depth in

ppm cm

30

31'2

0
3. 60

0
3. 00

0
1.00

20 May 27. 9
27.5

27 '
27 '

27 F 7

27.6

32.1
33.7

32. 1
33.7

32.1
32.1

50

105

-15-
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Figure 4. Sampling stations in Card Sound. Stations A through

R were sampled using water buckets. At Stations S

through BB underwater observations were made. Lines

indicate continuous observations and uniformity of

ma)or organisms.
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Figure 5. Trawling (T) stations.
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Figure 6. Trawling stations (ML) off mouth of Model Land

Company Canal.
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Man rove Communit

The role that mangroves play in cycling organic material in an ecosystem

is important. Estimates have recently been made (Heald, 1969) suggesting that

about 3 metric tons of organic matter per acre per year are produced by mangroves,

a region is one measure of its biological productivity.

The zone of red mangrove trees w as narrow along the west si'de of the

Sound. From Card Point north to about the Model Land Canal the band of red

mangroves was,somewhat wider than to the north. The shoreline was indented with

many muddy bays and flats bordered by mangroves that were flooded on most high

tides and probably contribute considerable organic matter to the Sound. North

of the Model Land Company Canal to about Mangrove Point the mangroves were

found in a very narrow intertidal zone. A sand barrier was located close

behind the. shoreline. This mangrove area is probably flooded only on the

higher high tides at which time organic matter is added to the Sound from

this area. From about Morant Point to about Jew Point 'on the south end of

the S'ound there was a large stand of mangroves, and from about Jew Point north

along the east shore of the Sound to about Broad Creek there were few of these

trees. The northern part of Key Largo is high ground .and the area was bounded

by rocky coast. Near Broad and Angelfish Creeks the stands of mangroves were

extensive. Long Arsenicker Key and East Arsenicker Key were flooded at high

tides. There were heavy stands of mangroves on these isl'ands. Pumpkin Key

is a high rocky island, similar for the most part to Key Largo, and red

mangroves do not occur there.

In general the Card Sound shoreline area was deficient in productive

mangrove areas.
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Broad Creek to An elfish Creek

In the area between Broad Creek and Angelfish Creek numerous channels

connect the Sound with the ocean. Broad Creek and Angelfish Creek are the most

important of these channels. In this small area there is apparently good tidal

exchange between the Sound and the outside waters. This bank and the deep

finger channels serve as feeding places for a vari'ety of fishes including

tarpon, snapper, grunt, snook and bonefish. Thalassia varied from dense to

sparse, depending on the amount of sediment. Few corals and sponges were

present..

The trawl samples collected in this area (Stations Tl-T4) were

characterized by abundant algae, relatively few corals, modest numbers of

molluscs and no sponges. The fine sediments which cover the bottom in this

area do not permit sessile bottom forms such as corals and sponges to attach.

Shallow Rim of the Sound

In general Thalassia occurred all around the sub-tidal edge of

Card Sound, becoming most extensive in the southeast corner near Station E

(Fzg. 4). Across Card Bank Thalassia was patchy with some fairly extensive

open sandy areas. The west side of the Sound was nearly uniform except for

the area around the mouth of the Model Land Canal. Just north of the mouth

of the Model Land Company Canal there was a large area of clean sand ~which

appeared to have undergone scouring.

Trawl samples around the rim of the Sound (stations T31, 32 and 40)

showed that most species present in the Sound occur in the shallow narrow

band surrounding the basin. The Thalassia which varies from patchy to very

dense gr ow s in pockets of sediment between the firm bottom which provides

suitable substrate for the many species of sessile organism found there.

-20-
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Soft and. hard corals, sea urchins and molluscs all were abundant in this

shallow area.

Dee Basin —Eastern Sound
A

This area included the deep portion of the Sound, from the edge of

the Keys to about half-way across the Sound. The bottom was characteristically

muddy with some shell fragments and scattered patches of algae and sponges.

The water clarity was reduced in this area and this required diving to~ observe

the organisms on the bottom. The soft calcium carbonate bottom material is

easily starred up by wand and tidal turbulence and forms an inadequate substrate

for many species of invertebrates found in other areas .of the Sound with hard

sand bottom. At the northern stations (AA and AB) large mounds of sand,

apparently thrown up by burrowing crabs or polychaete worms, were observed.

Collections by trawl in this portion of the Sound were variable in

numbers of individual species present. From about Wednesday Point to Jew

Point (Station T17, 18, 19, 21) no plants or animals were taken in the trawl.

The station near the center of the Sound and gust south of Cutter Bank

(Station T8-10) had algae, No corals were found to the south of Pumpkin Key
C

on the east side of the Sound at Stations T11-22.

In general the east side of the Sound has few of the bottom dwelling

forms which can be readily collected in trawls but burrowing animals may be

abundant.

Dee Basin —Western Sound

This area was west of the line from the intracoastal waterway to

Morant .Point. The bottom was firm and consisted of sand and shell fragments.

This area was richer than the eastern portion of the Sound, especially in

species that require hard substrate, as determined by field observations,

-21-
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The western side of the Sound was trawled at 15 stations and with an

intensive pattern of three stations on each of six lines radiating out from the

mouth of the Model Land Company Canal. Algae, sponges and molluscs were

abundant with molluscs being most abundant at Stati'on T33-39. The algae

was fairly dense off tl e mouth of the canal.

Plankton,
~

'nothermethod of evaluating standing crop of an area is to measure

the abundance of microscopic drifting plants and animals. ,Using fine mesh

nets towed'n a standard manner it is possible to obtain volumetric samples

which can be compared with other areas within the Sound and with the results

of other studies in south Florida. The many sources of variability of

abundance inherent in these populations include seasonal changes, day-night

changes and the very patchy areal distribution of the populations. Despite

these difficulties the samples taken in Card Sound (Fig. 7) refl'ect in a

general way the standing crop of the area. The amount of plankton collected

adjusted, for the volume of water filtered was consistently small in all areas,

Ex loited Po ulations

Although only a few fish and shellfish were observed during our

initial survey, some species of sport and commercial value are sufficiently

abundant to support fisheries. During the four visits there were a number

of anglers fishing from the bank at the exit of the Model Land Canal. Only

a few anglers were fishing along the west side of the Sound from small skiffs:
The grass flats near Broad and Angelfish Creeks presumably serve as feeding

areas for bonefish during certain seasons of the year, since this area has

long been used by the anglers from the Key Largo Anglers Club.
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Figure 7. Plankton (P) stations.
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Trap lines set for stone crabs were observed on both sides of the

Inland Waterway in the .deep basin.

Bait shrimpers have been fishing in Card Sound recently and making

good'atches. Three bait shrimp boats were tied up on the Old Card Sound

road near the west end of the bridge which is presently under construction.

Pink shrimp, Penaeus duorarum, have been reported from Card Sound by Salomon,

Allen and Costello (1968).

During one trip four sponge fishermen were working on Cutter Bank

south of Long Arsenicker and Mangrove Point. Several others were seen working

an area of shallow water near Wednesday Point,

Another species of commercial value taken in our trawls included

and due to the season all were immature. Small specimens of the fishes,

Haemulon sp. and ~hut'anus Heinous were captured. Most of these fishes are

capable of evading the type of trawl used in this study.

DISCUSSION

While we used the same type of sampling gear in Card Sound as in

other ecological surveys in south Florida there are limitations to making

direct comparisons of productivity between areas.

Counts of the numbers cf species and number of individuals when used

to compare the productivity between areas can be misleading when the size of

the animals is not taken into account. The total weight of living matter in

an area (biomass) provides a basis for absolute productivity and comparisons

between areas. However, these;figures are difficult and time consuming to

obtain and were not possible under the limitations of the present study.
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Sampling only during daylight hours and for only a few months provides

results which are not readily comparable with other year round studies and those

with day and night sampling.

ln general the trawl samples taken in Card Sound were characterized

by relatively few specimens of each major animal phylum and with representatives

of only a few phyla at each station. The area with the heaviest plant growth,

largest .numbers of animal species and numbers of individuals is the rim

surrounding the Sound. This is very narrow on the east and west sides of the

Sound and broadens into banks on the north (Cutter Bank) and'outhwest (Card

Bank). These banks which form a large part of the area adjacent to the Sound

are productive. The large amount of Thalassia growing in these shallow waters

which apparently has good exchange with water to the north or south is an

important feature contributing to the productivity of the banks.

Considering the basin which constitutes the majority of the area the

number of species taken in the otter trawl were with few exceptions low. For

example Roessler (1963) found 41 species of fishes in trawl hauls and we found

12 species. Tabb et al (1962) summarizes studies at Soldier Key where 116

species of invertebrates were found and in Florida Bay .,239. The total we

found in Card Sound was about 50 species. The relatively few species and

low abundance of individuals that were found, with only; a few exceptions

in the 58 stations sampled, indicated that our trawling samples were representa-

tive of the general level of standing crops in Card Sound.

On the basis of these data from Card Sound and experience gained in

other ecological surveys we conclude that this Sound has a low rate of organic

productivity.
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Figure 8. Generalized map showing important ecological

zones in Card Sound.
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Appendix I

Details of Animals:and Plants Observed

The following is a description of the biota observed while Jiving

or with glass bottom buckets along the transects A-AB shown in Figure 4.

Station A

The bottom was generally covered'wieh Thalassia. Thalassia varied

in density from sparse to dense in patches and became thicker near the southern

portion of Station A.. Finger channels cut into the bottom in places. The

fauna was t'icher at the more northerly portton of Station A. The coral Porites

was moderately abundant in shallow water (1-2 feet at low water). Sponges were

fairly common but widely scattered among the Thalassia. Large widely scattered

clumps of the calcareous alga Halimeda were present. Alcyonarians were absent.

The corals observed were: Porites sp., Solenastrea sp.; the sponges:

~Cinch ra sp.„, Goodie Hlbberosa, lrcinia fasciculata, Ircinia sttobilina,

Animals observed in the clumps of Porites or Halimeda included numerous

small crabs (mostly small spider crabs of the. genus Mithrax); a few teribellid

polychaete worms, and the polychaete Hesione piete; numerous brittle stars

L. mexicana (uncommon).

Station B

The northern portion of Station B drops into water of about 8 to 9 feet.

The bottom was sandy or covered with a sparse growth of Thalassia. A few, widely
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scattered sponges (S hecios on ia and Ircinia) occurred, with the sea urchin

Toward the southern limits of Station B the abundance of plants and

animals gradually decreased and a bottom of deeply pitted "peat-like" substrate

with no visible anima'" was found.

Station C

Thi's short stretch had sandy-mud bottom covered with a moderate to

thick growth of Thalassia just offshore. Along the shoreline, where the bottom

was rocky, there were heavy growths of algae, fncludang ~Bate hors, ~Df enia and

several species of ~Cooler a.

The following corals were observed in scattered colonies: Solenastrea sp.,

gihherosa and ~Cinach ra sp. were found.

At the south end of Station C in the vicinity of a marina, the bottom

was dredged and had few visible animals.

Station D

This station was similar to C, except that the algal coating on the

rocky shoreline is thicker.

Toward the southern end of this station the bottom was coarser sand

with fairly thick covering of Thalassia. The Thalassia had a heavy covering

of epiphytic algae on its blades. Near the shoreline the flora and fauna

were essentially the same as in the northern portion of this station, except

that sponges appeared to be more numerous and included in addition to those of

Station C, lrcinia strohilina, l. fasciculata and the fire sponge, Tedania ~luis.
In addition to the algae of Station C, the alga Udotea was present

here.
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Station E

Station E was similar to the southern end of Station D, except at,its

southern end. Alcyonarians become prominent as one moved into this area. In

addition to the fauna and flora of Station D, the following were present in

family plezauridae (very common); stinging coral, ~Mille ora; an unidentified

bryozoan; and the gastropod Astraea tecta americana. The growth of coral and

sponges was heavier than at Station D.

Toward'he south end of Station E gust off Jew Point, the bottom off-

shore became "peat-like", with some sparse Thalassia, while the inshore, bottom

had an alga growth. No alcyonarians occurred and only one species of sponge was

observed (Tedania ~i. nis).

At the end of Station E the bottom, became sandy with spotty patches

of sparse Thalassia. The alga ~Cauler a became abundant,and the coral Porites

appeared (but not abundantly). Along the bank the bottom consisted of coarse,

shelly sand with Thalassia and ~Cooler a and the sponges Ircinia ~Dsidea etheria,

and Tedania ~inis. The unidentified bryozoan became common here

Station F

This station was the same as the first half of Station E. Half-way to

the intracoastal marker "19" there were more open sandy areas", but there was

still considerable Thalassia in patches. The alga Udotea and the sea urchin

~Ltechinus were fairlycommon. The s, ponge ~Dsidea etheria became more abundant,

were observed. This station changed very little at the west end.

Stagion G

.Rather sparse growths of Thalassia occurred along the entire stretch,

except near the Model Land Company Canal. There was also some scattered Porites
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coral and the fire sponge Tedania ~inks. In the shallower water there was a

fairly heavy growth of .algae (mostly ~DI enia, ~gate hors, laurencia) and

scattered areas of Acetabularia and Penicillus. Just north of the canal there

was a short distance of barren sand bottom, with very sparse Thalassia in some

spots. This station continues essentially the same all the way to Station H.

Station H

The habitat was generally the same as Station G except that while

Porites exists only in scattered .colonies in,G it'was more abundant in H.

~ves aria and .Geodia gibberosa). A few anemones were observed in the area

*

moderate growth of Thalassia. The same algae occurred as in Station G. One

large spider crab was observed.

Station I
At this station the bottom consisted of open sand over hard substrate,

with scattered patches of alcyonarians and sponges and small amounts of corals.

The sponges were Ircinia ~cam ana, Ircinia strobilina, Ircinia fasciculata,

Geodia Hibberosa, Haliclona subtrian ularis, Haliclona variabilis, Tedania ~inis,

plexaurids. The corals are porites sp.t, golenastrea sp. and Manicina aereolata

Throughout the area there are widely scattered "rolling" patches of algae,

mostly entangled Laurencia.
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Station J

This station was similar to Station I except that no specimens of the

alcyonarian Pseudo tero or ia acerosa were seen. Sparse Thalassia covered a

good portion of the bottom here. In addition to the list for Station I there

Penicillus and Acetabuxaria and other unidentified genera. Egg masses of the

snail Nation and dead shells of the pelecypod Trach cardium were seen.

In this area (off the canal mouth and about half way between there and

the north end of the station) there were areas of muddy water.

Station K

The habitat was the same as Station J except that the sponges and

alcyonarians were much more abundant. A ray was observed, and numerous crab

pots were in the area.

Stat'ions L-P

These stations were combined because all were essentially the same as

Station J. Scattered patches of the same alcyonarians, sponges, and corals

were sometimes fairly heavy, but were more often sparse. Open sandy bottom

occurred with intermittent sparse Thalassia.

Station Q

This area seemed to have deeper sand between sparse hard bottom -patches

of alcyonarians, sponges, and corals (of the same speci'es as before). Numerous

mounds were seen around small holes over the bottom. A few dead shells of

Atrina ~ri ida were seen. Some sparse Thalassia occurred.

Station R

This station was near East Arsenicker Island and the concentration of

sponges, corals, and alcyonarians became greater in scattered patches. 'he
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alcyonarian Pseudo tero or ja acerosa reappeared. All other species were

the same as those at Station J.

Station S

At this station sparse Thalassia occurred over sand with scattered

"rolling",patches of algae (mostly Laurencia') and very widely scattered

individuals of the following species of sponges: Ircinia fasciculata, S hecios on ia

~ves aria I,rcinia strohilina, and Tedania ~i nis.

The corals Porites and .Solenastrea occurred in sparse colonies.

Station T

At this station the bottom was a very soft grey,'ud-sand-silt-shell

fragment mixture, supporting little life except for a very small amount of the»„

alga ~Gaoler a frolifera. Very numerous holes approximately I to 2 inches in

diameter occurred in the bottom. No mounds were seen at the entrances to the

holes (these may be stomatopod burrows).

Station U

In this station the bottom was the same as at T except that very few

scattered individuals of sponges were loosely attached in the muddy bottom.

previous station.

Station V

The .habitat was essentially unchanged from Station U. One extremely

large specimen of the pan shell, Atrina ~rd ida, was seen.

Station W

This station had slightly clearer water than at U. Two lines of crab

pots were near this station. A moderate cove'ring of Thalassia occurred'n
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muddy-sand bottom; however, there was obviously hard substrate gust beneath

the layer of muddy-sand since a number of attached sponges and some corals

were present.

The algae included: Penicillus, Laurencia, ~Cauler a and Udotea;

corals: golenastrea; sponges: Ircinia ~cam ana, Ircinia fasciculsta,

Station X

At this station sparse Thalassia occurred over sandy-mud and fine

observed at the previous five stations.

v~es aria and Tedania fffnis) were noted.

Several colonies of the coral Solenastrea were observed. One egg

mass (sand collar) of the snail Natica was observed.

Station Y

This station had the same type of bottom as that of Station U', and

si'miler holes in the bottom. There were patches of firmer bottom with some

found. Sponges were rare and only Ircinia fasciculata was seen. One living

example of the clam Chione cancellate was taken.

Station Z

This station had a sandy-mud bottom with sparse to moderate covering

only species of sponge observed was Tedsnia ~f nis and this was rare A fsw.

scattered large clumps of the calcareous alga Halimeda were sean.
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Station AA

At this station sparse Thalassia occurred over sandy mud bottom.

Numerous large mounds of sand with small holes in the center were observed.

seen.

Scattered spoilges (Ircinia fasciculata and Ircinia strobilina,"
Tedania ~inis, Geodla gibberosa) occurred.

Scattered corals (Porites and Solenastrea) were observed, and some

specimens of the rose coral, Manicina arcolata, were present.

large, living examples of th'e pen shell, Attica ~ri ida, were observed

Station AB

This station had a very soft bottom with moderate Thalassia covering

observed. One sponge was taken, Haliclona variabilis.,
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Appendix XI

List of All Plants. and .Animals Observed

~A1 ae
Penicillus sp. ~gate horn'erstedi

Laurencia sp.

Caoleroa sp.

~D1 enia
sp.'cetabularia crenulata

Udotea sp. Halimeda sp.

S ermato h tes

Thalassia testudinum .(Turtle grass)

Coelenterate

Solenastrea

Porites ~Mille ora (stinging coral)

Manicina

Siderastrea

Pseudo tero or ia acerosa

Porifera

.~Cinach ra

Geodia

Tedania ~fnis (fire sponge)

~Dsidea etheria

Ircinia fasciculata

Ircinia strobilina

Haliclona. subtrian ularis

Haliclona viridis

Hesione Dicta
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Echinodermata

Molluscs

Astraea tecta americans

Arriaa ~ri ida

Natica
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Appendix III

A List of Specimens Found at Trawl Stations in Card Sound,
Florida, April 1969. The number indicates the number of
specimens caught in a,2-minute tow with a 10-foot otter trawl.

A~lac: '.~Cauler a ~micro h sa
Acetabularia crenulate
Halimeda incrassate
A~nad omens stellata,

Corals: Porites ~orestes - 2
Manieina areolata — 2

Pitho anisodon — 1
~Pa urus honairensis - 1

~Ohiactfs ~savf n i — 1

Bathos ocellatus — 2

Molluscs: Bittium varium — 1
Brachidontes exustus — 1
Cerithium muscarum — 1
~Cre idula sp. — 1

T1B

A~lee: ~Cauler a sp.
Halimeda sp.
Acetabularia sp.

Corals: Porites sp.
Manicina areolata — 1

T2A

Laurencia sp.
Halimeda incrassata

Crustacea: Thor sp. — 1
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Molluscs: ~Cre idula aculeate — 2

~son es: Ircinxa fasciculata — 2
Ircinia ~cern ana - 2
Haliclona variabilis — 1
Haliclona viridis — 1

T2B
~A1 ae: Halimeda mantle — 1

Coral: Porites sp.

„Crustacea: ~Fa urus bonairensis — 2

Fishes: Monacanthus ciliatus — 1

Molluscs: Cerithium muscarum - 2
Modulus modulus - 1

T3A
~AI ae: Laurencia obtuse

Crustacea: ~Pa urus bonairensis — 3

Fishes: ~S nodus foetens — 1

Molluscs: Cerithium muscarum - 1
Modulus modulus — 3
Vermicularia sp.

T3B
A~lee: Laurencia sp.

Molluscs: ~Cre idula sp. — 1

Haliclona variabilis - 1
~Teth a sp. - 1





T4A

Molluscs: Modulus modulus — 2

.~son es: Ircinia fasciculata — 1
Haliclona subtrian ularis — 1
Haliclona viridis » 1
Haliclona variabilis — 2

T4B
Crustacea: Mithrax ~his idus — I

S nal heus minus — 5

Fishes: Monacanthus ~his idus — I
Molluscs: Codakxa ozbiculata — 1

~son es: Ircinra fasciculata - 2
Chondrilla nucula

TSA

~son es: Halrclona variahilis — 1
Halic hondrla melanadocia — 1

Fishes: ~La odon rhomhoides - 2

T6A

~Son es: Ircinia fasciculata - 4
Ircinia strobilina — 1
~Dsidea etheric - 1

Haliclona variabilis - 9

T6S

~Son es: Irc inta fasciculata — 2

Haliclona molitba — 1
Tedanla ~i nis — I
Chondr illa nucula .— 7
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T7A
Crustacea: ~pa urus bonairensis - 2

Molluscs: Astraea tec ta americana — 5
Modulus modulus » 1
Cerithium muscarum — 2

~son es: Ircinia Easciculata — 1
Chondr illa nucula

T7B

Pagurfstest ~tortu ae — 1

Molluscs: Brachidontes exustus — 2
Modiolus americanus — 1

~son es: Ircinfa fasciculata — 5
~Son fa sp. —I
Haliclona subtrian ularis — 1
Haliclona permoilfs
Chondr illa nucul'a

TSA
~AI ae: Penicillus ~ca itatus

Laurencia sp.

Halimeda incrassata

Crustacea:
Hasid — 1

~pa urus bonafrensfs — 8
~Mani i mercenaria — 1
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Molluscs: Astrea tecta americana — 1
Cerithium muscarum -2
Columbella rusticoides - 3
Modulus modulus — 28
Calliostoma ~uubfnam — 1

Chione cancellate — 3
Astraea phoebia — 1
Nassarius albus — 1

Pishes: Monacanthus ~his idus — 1

~son es: ~sou ia Sraminea — 1
Haliclona variabilis — 4
Tedania ~lais — 1
Geodia ~1bberosa — 1

T8B
~A1 ae: ~Bato hors oerstedi

Laurencia sp.

Crustacea: ~pa urus bonairensis — 4

Monacanthus ~his idus — 1

Molluscs: Astraea ~hoebia — 1
Modulus modulus — 16
Columbella rusticoides — 1
Brachidontes exustus — 2
Cerithium muscarum - 1
Chione cancellate — 1

~Cre idula sp.

~Son es: lucinda fasciculata — 1

T9A

~pa urus bonairensis — 2

~Son es: Haliclona subtrian ularis - 1
Tedania. ~luis - 5
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T9B
A~lac: Penicillus ~ca itatus

Halimeda monile
Laurencia sp.

.Bittium varium — 6
Brachidontes exustus — 12
Bulla umbilicata — 1
Columbella rusticoides — 1
Modulus modulus — 1
Vermicularia sp. — 3

~son es: Irctnta fasclculata — 5
Ircinia strobilina — 1
Tedania ~luis — 1

T10A

Halimeda incrassata

Crustacea: ~Pa urus bonairensis — 3

Molluscs: Brachidontes exustus — 1
Columbella rusticoides — 1
Nodulus modulus — 4
'1ermicularia sp.
Astraea phoebia — 1

T10B

~A1 ae:

'" " '-'I'—
'aurenciasp.

Crustacea: Tozeuma carolinensis — 1
~PA urus bonairensis — 4
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Mol'luscs: Astraea .phoebia — 1
Cerithium muscarum - '3

Modiolus americanus — 1
Modulus modulus — 4

TllA

Padurus bonairensis — 1

Coelentrates: ~Mille ora

Pishes: ~S nodus fastens

Molluscs: ~Cre idula sp. — 1
Vermicularia sp. — 1

~Son es: Ircinia fasciculata
Chondrilla nucula

Haliclona molitba

T11B
Corals: Siderastrea — 1

9":
Monacanthus ciliatus

~Son es:
Ircinia fasciculata — 3

Haliclona molitba — 1

Chondrilla nucula — 8

T12A
~A1 ae: Halimeda ~auntie

Laurencia sp.
Halimeda incrassata

Coral: Porites Horltes - 1

Crustaceans: Pelia mutica — 4

~Neo ano e paokardil,-'
~pa urus bonairensis — 1
Thor sp. — 2
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Echinoderms
Echinas ter sentus — 1

Molluscs:
Brachidontes exustus — 21
Modiolus americanus — 2
Rissoina chesneli — 1
Caecum sp. — 3

~son es:
~son ia Hraminea — 4
~Ves aria sp. — 1
Ircinia fasciculata — 2
Chondrflla nucula — ll

T12B
~A1 ae: Halimeda tuna

Laurencia sp.
Halimeda sp.

Polis: mutica — 1

Ircinia fasciculata — 2
Neopetrosa ~lon le i — 1
Chondrilla nucula — 34

T13A
~41 ae: ~aurencia sp.

Grus tacea: .Thor sp. — 1
~Neo ano e ~ackazdii — 2

Fishes: Monacanthus ciliatus — 1

Molluscs:
Bittium varium — 5
Brachidontes exustus — 2
Cerithium muscarum — 1
Columbella rust.'icoides — 1
Modulus modulus — 1
Astraea Hhoehia — 1
Caecum — 2

Chitons misc. — 1
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~son es: Ircinia fasciculata
~Dstdea etheric

T13B

Laurencia sp.

Crustacea: Thor sp. — 1
Pilumnus pannosus - 1

~Osanus beta — 1
Eucinostomus ~ula — 1

Molluscs:
Bittium varium — 1
Brachidontes exustus — 2
Vermicularia sp. — 3
Nudibranchs misc. — 1

Chondrilla nucula — 1
~Son ia draminea - 1
Ircinia fasciculata — 1

T14a
~A1 ae: Penicillus ~ca itatus

Laurencia sp. — 1

Crustacea: Panulirus ~ar us - 6
~Neo ano e ~ackardff — 1
Thor sp. — 1

Fishes: Eucinostomus ~ula — 1
Monacanthus ciliatus — 1

Bittium varium — 2
hfma yellueida — 1
Chitons'isc. — 1
Nudibranchs misc.

T14B
A~lac: Penicillus ~ca itatus

Laurencia sp.

Crustacea: Panulirus ~ar us — 1
Periclimenes americanus — 1

Thor sp. - 15
~Neo ano e 2ackardii - 3
~Pa urus bonairensis - 25
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Fishes: .~La odon rhomboides — 1

Bittium varium — 35
Brachidontes exustus - 4
Columbella (juveniles) — 1
Columbella rusticoides — 5
Lima ~ellucfda — 1
Pinctada imbricata
Vermicularia ~far oi — 4

.Caecum sp. — 21

~Son es: Chondrilla nucula - 6

T15A
No catch

T15B
No catch

T16A

Halimeda incrassata

Crustacea: Thor sp., - 1

Fishes: Bothus ocellatus - 1

Barbatia cancellaria — 1
Arcs zebra — 1

T16B

T17A
No catch

T17B'ishes: Borhus ocellacus — 1

T18A
A~lao: ~Sar assum sp.

Laurencia sp.

-10-
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~Cauler a ~rolifera

Halimeda incrassata
Laurencia sp.

Crustacea: Periclimenes americanus — 1
Thor sp. —

2'Neoano e Hackacdfi - 1
~Pa urus bonairensis — 2

Molluscs:
Anacbis ~ulchella - 3
Brachidontes exustus — 1
Columbella (juveniles) — 2~ (i
Lima Hellucida — 1

Mitrella lunata — 1
Modiolus americanus — 2

T18B
~AL ae: Laurencia sp.

Bothus ocellatus — 1

T19A """'"' 9—"' "'"
'19B

Crustacea: ~pa urus bonairensis — 2

Bothus ocellatus — 1

T20A
A~1 ae: Halimeda incrassate

Laurencia sp.

Bittium varium — 4
Brachidontes exustus — 2
Columbella rusticoid'es — 1
Modiolus americanus — 2
Vetmicularla ~far oi — 1
Caecum spp. — 17
Bivalve — unidentified — 1

T20B
~AL ae: Laurencia sp.

-11-
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T21A
No catch

T21B
No catch

T22A
~A1 ae: Ealimeda ~ountia

~Ahead omens stellata

Fishes: Eucinosromus gula — 2

Bothus ocellatus — 1

ifolluscs: Brachidontes exustus — 1
Cerithium muscarum — 1
Lima Sellucfda — 1
Vermicularia ~far of — 2

T22B

Haliclona molitba-1

T23A
~AL ae: Laurencia sp.

~Sar assum sp.
Halimeda sp.

Crustacean ~pa urus bonairensis — 1

T23B
A~1 ae: Laurencia sp.

Halimeda sp.

Fishes: Monacanthus sp. — 1

Molluscs: ~S urflla sp. — 2
Vermicularia sp. — 1

~Son es: Ircinia fasciculata — 2 (plus fragments)
~Son fa ~raminea - 1
Haliclona molitba — fragments.,
Geodia Sibberosa — 1 covered with Maliclona viridis
Chondrilla nucula — 2
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T24A
~A1 ae:

~Bate hors oerstedii
Halimeda incrassate
Laurencia sp.
Halimeda ~auntie

Dict os haeria cavernosa

Corals: Solenastrea sp. — 3 (large, dead heads riddled
with Cliona sp.)

Fishes:

Molluscs: Vermicularia sp.. — 2

~son es:. Ircinia fasciculata — 4
Ircinia strobilina — 1
~Son ia sp. — 2
~Son ia ~raminea — 1

Haliclona subtrian ularis — 1
Haliclona molitba — 1
~Teth a sp. — 1

T24B
~A1 ae: Valonia

Halimeda ~auntie
Dict os haeria cavernosa
Laurencia sp.

Corals: Solenastrea — 3 heads

~Neo ano e Hackardii — 1
~Neo ano e texana — 1

~ohiactis ~savi n i — 1

Molluscs: Area imbricata — 1
Astraea tecta americana — 1
,Brachidontes exustus - 1
Vermicularia sp. — 2

~Son es: ~Son ia Hraminea — 1
~psidea etheria — 1
Geodia Hibberosa — 3 covered with Haliclona viridis

Haliclona subtrian ularis — 1
Haliclona molitba — 1
Chondrilla nucula — 3
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T25A
A~lac: Acetabularia crenulate

D~ienia ~sim les
Halimeda ~ountia
Dict os haeria cavernosa

Corals: Solenastrea - 1 large dead head

~Son es: ~Son ia Sraminea — 1
Ircinia fasciculata — 2
~Dsidea etheria — 2
Haliclona molitba - fragments
Haliclona variabilis - 1
Chondrilla nucula — fragments

T258
A~lao". Halimeda ~auntie

Dict os haeria cavernosa
Laurencia sp.

Crustacea: ~AL heus normanni — 1

Bittium varium — 1
Brachidontes exustus - 14
Lima ~elluctda — 1
Vermicular ia sp. — 1

~S on es: Ircinia iasciculata — 2

Haliclona var iabilis — fragments
Halic long molitba — 4
Geodia Sibberosa — 1 covered with Haliclona viridis
Chondrilla nucula —.20 small

T26A
A~lac: Laurencia

~Cauler a racemose

~pano eus sp. — 1

9—
"'Osanusbeta — 1
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Vermicularia sp. — 1

~Son es: Ircinia fasciculata — 8

'~Dsddea etheria — 2
Chondrilla nucula — 10 small

T26B
~A1 ae:

Penicillus ~ca itatus

D~ienia ~sim lex
Ealimeda ~ouatia
Dict os haeria cavernosa
Laurencia,sp.

Grus tacea: Thor sp. — 1

~Eialtus dilatatus — 1
Filumnus fannosus — 1
~Neo ano e ~ackardfi -

3'Bittium

varium — 1
Lima feilucida —

1'issoinachesneli — 2
Vermicularia sp. — 3

~gon es: ~gon ia graminea — 3
Irc I.nia s trobi ling — 1
Haliclona subtrian ularis — 1
Haliclona molitba — 1
Halichondr ia melanadocia — 1
fedania ~i nis — 2

Chondrilla nucula — 3
Unidentified red sponges - 5

T27A
~A1 ae: ~Di enia ~sim lex

Laurencia sp.
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Molluscs: Brachidontes exustus — 1
Vermicularia, sp. — 2
Caecum sp. — 1

~Son es: Ircinia fasciculara - 3

Haliclona subtrian ularis — 1

T27B
~AI ae:

~Df enia ~sim lex
Laurencia sp,

Molluscs: Americardia media — 1

~Son es: Ircinia fasciculata — 14-
Ircinia ~cam ana — 1

Haliclona subtrian ularis — 1
Halichondria melanadocia — 6
Iedania ~luis — 1
Geodia 3ibberosa — 1

T28A

Halimeda incrassata — 1

Laurencia sp. — 1

Bittium varium — 5
Brachidontes exustus — 1
Lima ~elluclda - 3
Rissoina chesneli — 8
Vermicularia sp. — 2
Rissoina cancellata — 1
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~son es: Ircinia fasciculata — 2

T28B
~A1 ae: Laurencia sp.

Acetabularia crenulata

Corals: Solenastrea — 1

Molluscs: Astrea tecta americana — 1

~Son es: Haliclona suhtrian ularis — 1
Haliclona variabilis — 1

T29A

Laurencia sp.

Crustacea: ~Neo ano e Hackardil — 1
Panulirus ~ar us — 1 Juvenile

~Son es: ~Son ia Hramknea — 1

Haliclona subtrian ularis — 1
Haliclona variabilis - fragments

T29B

A~lee:

~nato hors oerstedii
Halimeda incrassata

Laurencia sp.

Coral: M~ille ora sp.

Echinoderms: ~Ohlactis ~savi n 1 — 1

Molluscs: Bittium varium — 2
Vermicularia sp. — 5

~Son es: Haliclona variahilis — 1
~Mriastra sp. — 2

T30A
A~lao: Laurencia sp.

-17-



41



~gon es: ~gon ia Hraminea — 1
~hsidea etheria — 1
Haliclona variabilis — 1-

T30B

Laurencia sp.

Crustacea: Callinectes ornatus — 1

Molluscs: Vermicularia sp. — 1

~gon es: Ircinia ~cern ana — 1
~gon ia Hraminea — 1
~gon ia cheiris — 1

T31A
~A1 ae: Acetabularia crenulata

~gate hors oerstedii
Laurencia sp.
~Sar assum sp.

Coral: ~Mille ora — fragments

~Neo ano e Hackardii — 4
Thor sp. — 3

-~pa urus bonairensis — 4
~pa urus ~tortu ae - 3

~Ohiactds ~savi n i — 3

Fishes: Achirus lineatus — 1

Bittium varium — 21
Brachidontes exustus — 3
Cerithium muscarum — 4

Lima Helluclda — 3
Tricolia affinis — 1
Vermicularia sp. - 1
Astraea tecta americana — 1

~gon es: Haliclona permollfs
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T31B

Laurencia sp.
~gate hors oerstedii

Halimeda monile

Corals: ~Mi11e ora — fragments

Crustacea: ~pa urus bonairensis — 7

Thor sp. — 2

~Ohiactfs ~savi n i — 1

Fishes: ~La odon rhomboides — 1

Molluscs: Turbo castaneus — 1

Bittium varium - 134
Brachidontes exustus — 19
Cerithium muscarum — 14
Columbella (juvenile) — 1
Lima Eellucida - 1
Mitrella lunata - 1
Modiolus americanus — 1
Pusia gemmate — 2
Rissoina chesneli — 1
Tricolia affinis — 3

Caecum sp. — 19

~gon es: Ircinia fasciculata — 1
~Dsidea etheria - 1
Chondrilla nucula — fragments
Ealiclona ~ermollis — fragments

T32A

Laurencia sp.
~Bats hors sp.

Corals: M~ille ora — fragments

Crustacea: Panulirus ~ar us — 2
Libinia dubia - 1
Thor sp. - 1

~E Laltus dilatatus — 1
Periclimenes americanus — 1
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Molluscs: Bittium varium — 11
Brachidontes exustus — 4
Caecum — 3
Nudibranchs misc. — 1
Columbella mercatoria — 1

~Son es: lrcinia fasciculata — 1
Chondrilla nucula — 3

T32B

Dict os haeria cavernosa
Laurencia sp.
~gate hors oerstedii

Acetabularia crenulata

Corals: ~Mille ora — fragments

Plexaurid — 1

Crustacea: Panulirus ~az us - 1
~Eialtus dilatatus - 1
~Pa urus bonairensis - 2

Bittium varium — 8
Brachidontes exustus — 2
Cerithium muscarum — 3
Lima Hellucdda - 1
Rissiona chesneli — 2
Vermicularia sp. - 1
~Luce ina sowerbii - 1

~Son es: ~Son ia Hraminea - 5
Ircinia fasciculata — 1
~gon'a cheiris - 1
~Dsidea etheria — 1
Geodia Hibberosa — 2 with Haliclona viridis
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T33A
~A1 ae: Dict os haeria cavernous

Laurencia sp.

~Br ozoan: Unidentified sp. — 1

Coral: ~Mille ora — fragments

Crustacea: Pilumnus Eanuosus — 1
~gialtus dilatatus — 2
Pelia mutica — 1

Molluscs: Bittium varium — 2
'Brachidontes exustus —ll
Caecum — 1
Bulla sp. — 1

~gon es: ~gon ia gramfnea - 1
~Dsidea etheria — 2
Ircinia fasciculata — 1
Haliclona Hermollis — 4
Haliclona viridis — 1
g hecios on ia ~ves aria — 1

T33B

Laurencia sp.

Corals: ~Mille ora — large colony and fragments

~Ohiactis ~sard n i — 1

Bittium varium — 8
Brachidontes exustus — 3
Cerithium muscarum — 5
~Cre idula sp. — 1

Persiculla lavalleana — 1
Rissoina chesneli — 1
Vermicularia sp. — 1
Caecum sp. — 3
Nudibranchs misc. — 1
Chitons misc. — 1
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~Son es: Ircinia strobilina — 1
~Son ia Eraminea — 1
Ircinia fasciculata — 2
~Dsidea etheria — 1

T34A
~A1 ae: Dict os haeria cavernosa

.Anad omene stellata
~gate hors oerstedii
Laurencia sp.
Jania sp.

Corals: ~Mille ora - fragments

Crustacea: ~Neo ano e Eackardii — 1

~pa urus honairensis — 3

9"

Brachidontes exustus — 1
Cerithium muscarum — 2
Columbella rusticoides — 1

~gcn es: lrcinia fasciculata — 1

T3'4B

A~lee: Laurencis sp.
~gate hors oerstedii

Corals: ~Mille ora — fragments

Echinoderms: ~Ohiactis ~savi n i — 1

r*""''"'"9"—''
"'olluscs:Bittium varium — 4

Brachidontes exustus — 3
Caecum sp. — 2

~gon es: ~gon ia Eraminea - 1
Ircinia fasciculata — 1
~Cinach ra cavernosa — 1
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T35A
~AL ae: Laurencia sp.

~gate hors sp.

Corals: ~Mille ora — fragments

~Pa urus bonairensis — 1

~Lo odon rhomboides — 1

Molluscs: Bittium varium — 1
Rissoina chesneli — 1
Vermicularia sp. - 1

~Son es: 'Son ia chalcis — 1
Ircinia fasciculata — 2

~D sides etheria — fragments
Maliclona permollfs — fragments
Haliclona molitba — fragments
Haliclona subtrian ularis - 1
Haliclona viridis — 1

T35B
~A1 ae: Laurencia sp.

~Bato hors sp.

Crustaceans: Pitho anisodon — 1

~Neo ano e packardii — 7

~pa urus ~torte ae — 2

~pa urus bonai'rensis — 10

~0sanus beta — 1

Molluscs: Pinctada imbricata — 2

Bittium varium — 34
Cerithium muscarum — 5
Columbella (juvenile) — 2

Modulus modulus — 1
Rissoina chesneli — 1
Caecum sp. — 18
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Eggs-
Nudibranchs misc. - 1

Rissoina cancellata — 1

~gon es: Halichon'dria melanadocia - 1

Chondrilla nucula — 1
Tedanfa ~luis — 2

T36A
A~lac: Halimeda ~oune1a

Acetabularia crenulata

~Bato hors oerstadii
Laurencia sp.

Ascidians: Unidentified compound ascidians

Corals: M~llle ora
Solenastrea - 1 large dead head

Crustaceans: Panulirus ~ar us - 1
Periclimenes americanus — 1
Mithrax ~his idus — 1

Molluscs: Astraea tecta americana — 1
Lima Hellucida — 1
Modiolus americanus — 1
Vernicularia sp. — 6
Anachis Hulchella — 1

~gon es: Ircinia fasciculata — 3
Haliclona subtrian ularis — fragments
Halichondria melanadocia —'1
Geodia Hibberosa — 1 with Haliclona viridis
Chondrilla nucula — 4
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T36B
A~1 ae: Jania sp.

Laurencia sp.
~Bato horn oerstedii
Acetabularia crenulate
Halimeda incrassate

Valonia sp.

Corals: Solenastrea — 1 dead head

Crustacea: Thor sp. — 1
~gialtus dilatatus — 1

Fishes: Eucinostomus Hula - 1

"9"

Molluscs: Cerithium muscarum — 2
Vermicularia sp. — 1
Caecums — 1
Nudibranchs misc. — 1

~Son es: Ircinia strobilina — 1

T37A
A~lao: Halimeda ~ountia

Laurencia sp.

totals: ~Mille ora - fragments
Solenastrea — 1 dead head

Crustacea: Thor sp. — 3
~Pa urus bonairensis - 2
~Maid — 1

Echinoderms: ~Ohiactds ~savt n i — 2

Molluscs: Bittium varium — 5
Cerithium muscarum — 1
Pusia gemmate — 1
Rissoina chesneli — 1
Vermicularia sp. — 5
Caecum — 10
Area umbonata — 1
Nudibranch — 1
Murex florifer — 1
Chitons misc. - 1
Biv'alve (unidentified) — 1
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~gon es: ~gon ia Hraminea — 2
~Dsidea etheria — 1
Ircinia strobilina — 1
~Cinach ra cavernosa — 1

T37B
~A1'e: '~Sridfa sp.

Laurencia sp.
Halimeda incrassata

Molluscs:
Bittium varium — 1
Columbella (juveniles) - 1
Vermicularia sp. - 2

T38A
A~lee: Hal imeda ~auntie

Halimeda incrassata
Laurentia sp.

Corals: M~xlle ora — fragments

Crustacea: Peric-limenes americanus — 1
Thor sp. — 3
~Pa urus bonairensis - 1

~Ohiactis ~cava n 1 — 2

Molluscs: Nudibranchs — 3 unidentified (wacrs ggs)
Aequipecten irradians — 2
l1ma~He ucida — 1

Vermicularia sp. — 2

~gon es:
o

Irc inia fas c icula ta — 2

Geodia Hfbberosa — 1 covered with Haliclona viridis,
Haliclona Hermollfs and ~Dsidea ether;s

Tedania ~fnis — 1

T38B

A~lee:

Laurencia sp.
~Bate hors oerstedii
Halimeda incrassate
Halimeda,~ountfa
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Grus tacea: Mvs wads — 8
Periclimenes americanus — 1

A~1 heus normannl - 1

Molluscs: Pteria ~col .mbus - 1
Aequ~iecten irradians — 1

Vermicular%a sp. - 4
Teinostoma sp. — 7

~Son es: Ircinta fasciculata — 1
Irc inta strobilina — 1 (large)

T39A
A~lee: ~gate hors oars tedir

Laur enc ia

Corals: ~Mille ora - fragments

Crustacea: N~~ sid — 1

Thor sp. - 2
~Neo ano e ~ackardii — 2

Molluscs: Pteria ~col bus

Brachidontes exustus — 1
Modulus modulus — 1

~Son es: Ircinia fasciculata — 1
Halicl'ona molitba -'

T39B
A~1ae: ~Cauler a m~icro h sa

Laurencia sp,
~Bato ho'ra oerstedii

Corals: ~Mille ora — fragments

Crustaceans: ~A1 heus normanni — 1
'-„Thor.,sp. — 1
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Molluscs: Bittium varium — 1
Lima pellucida - 2

Vermicularia sp. - 1

~Son es: lrcinia fascfculata - 3

Geodia Hfbberosa — 1 with 'Haliclona viridis

T40A
A~lac: Halimeda incrassate

~Anad omens stellata
~Bato horn oerstedii
Laur encia

Crustacea: Thor sp. — 2

~pa urus bonairensis — 1

Molluscs: Cerithium muscarum — 1
Lima Hellucfda — 1
Vermicularia sp. - 1
Caecum — 1

~Son es: ~Dsfdea etheria - 1

Tedania ~infs — 1

T40B
~A1 ae:

Laurencia sp.
~Bato hors oerstedii
Acetabularia crenulata
Halimeda incrassata

Molluscs: Astraea tecta americana"- 1

Caecum sp. — 1

~Son es: Ircinia fasciculata — 2
Ircinia strobilina — 1
Tedania ~infs — 1
Geodia Hfbberosa — 1 with Haliclona Harmollfs

and Haliclona viridis

T-ML1
A~lee: Laurencia sp.
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T-ML2
~A1 ae: Malimeda incrassate

Laurencia sp.

~Bato hors oerstedii

~Br roan: Unidentified sp. — 1

Coral: M~flle ora, — fragments

~Ohfoctfs ~savf n i 1

Molluscs: Brachidontes exustus —l
Vermicular'ia sp. — 2

~gon es: lrcinia ~cern ana — 1
S on ia cheiris —3,
Haliclona variabilis — 2 fragments
Haliclona subtrian ularis — l
Geodia gihherosa — 1 with Maliclona viridis

T-ML3
~A1 ae: Anad omens stellata

~Bato hera oerstedii

Laurencia sp.
~Cauler a racemose

Corals: M~ille ora — fragments

Molluscs: ~Cre idula aculeate - 1

~Son es: Ircinia fasciculata - 1
~Dsfdea etheric - 1
Baliclona Bermollfs — 2

T-ML4
~Al ae: Acetabularia crenulata

Laurencia sp.

~Bato hera oerstedii

Halimeda sp.
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Corals: ~Mille ora — fragments J

~gon es: Ircinia fasciculata — I
T-ML5',

A~lac: Laurenc<a

Corals: Porites sp. — 1
~Mille ora — fragments

Fishes: Banded gaby — 1

Molluscs: ~Luce ina suffuse - 1

Vermicularia„sp. — 2 .

~Son es: Ircinia ~cam ana — 1

, Ircinia fasciculata — 1

Halichondria melanadocia — 1
Geodia ~ibberosa — 2 with Haliclona viridis

T-ML6
~AI ae Acetabularia crenulate

Laurencia sp.
Dict os haeria cavernosa

Corals: M~llle ora — fragments

Lima felluclda — 7

Rissoina chesneli - 1
Vermicularia sp. — 1
Nudibranchs misc. — 1
Caecum sp. — 1
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~Son es: Ircinia fasciculata — 3
Geodia gibberosa — 1 covered with ~Dsidea etheria
~Tech a sp. — 2
~Mriastza sp. — 1

T-ML7
A~lao: ~Di enia ~sim lex

Dict os haeria cavernosa

Cladonhora sp.
Laurencia sp.

Coral: M~ille ora — fragments

~La odon rhomboides — 1

~gon es: ~gon ia graminea — 2

Xrcinia fasciculata — 1
Hal ichondz ia melanadocia — 1
Chondrilla,nucula

T-ML8
~AI ae: Laurencia sp.

Acetabularia sp.

Unidentified sp. — 1

Coral s: ~Mi'lle ora — fragments

Crustacea: ~pa urus bonairensis — 3

Molluscs: Pteria ~col bus

~gon es: Maliclona permoliis - 1

Turtles: Hawksbill — 1'een

T-ML9
~AI ae: danie sp.

~Bridie sp.

~DL enia ~sim lex
Halimeda incrassata
Laurencia sp.

~Bate horn oerstedii
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Corals: ~Mille ora — fragments

Crustacea: ~Pa urus bonairensis — 1

,Molluscs: Brachidontes exustus — 1
Cerithium muscarum - 1

~Son es: ~Dstdea etheria — 1

T-ML10
~A1 ae: .Acetabularia crenulate

Laurencia sp.

Corals: M~ille ora — fragments

Pishes: ~La odon rhomboides

Molluscs: Astraea tecta americana — 2
Columbella rusticoides — 1
Americardia media — 1
Area imbricata — 1

T-MLll
~A1 ae: Laurencia sp.

Ace tabular ia sp.

Corals: ~Mille ora — fragments

T-ML12
.A~lac: Laurencia .sp.

9"
Haemulon sp. — 1

~gon es: Ircinia fasciculata - 2
Haliclona permollis — 1
Halichondria melanadocia — 1
Chondrilla nucula - 1

T-ML13'AL
ae Halimeda incrassate — 1

Laur enc ia — 1
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Crustacea: 'Pa urus bonairensis - 1

fishes: Haemulon Hlumieri — 1

Molluscs: Modulus modulus — 4

T-ML14
A~lee: Clado hora sp.

Laurencia sp.
~Bate hors oerstedii
Halimeda incrassata
Acetabularia crenulata
Halimeda ~o untie
~Aced omens stellata

Bittium varium — 5
Brachidontes exustus — 2
Lima pellucida — 1
Vermicularia sp. — 1
Nudibranch — 1
Chiton — 1
'Modulus modulus — 2

Columbella rusticoides — 1

~S on es: Haliclona molitba

T-ML15
A~lee: Laurencia sp.

Molluscs: Modulus modulus — 4
Area imbricata — 1

~Son es: Ircinia strobilina - 1
Chondrilla nucula — 2

T-ML16
~AI ae: Laurencia sp.

Acetabularia sp-
Halimeda sp.

It

~Son es: Ircinia fasciculata — 1
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T-ML17

Laurencia sp.
~nato hera oerstedii
Acetabularia cienulata
Halimeda ~ountfa

Coral's: ~fille ora — fragment

Crustacea: Pitho anisodon - 1

Fishes: Haemulon ~lumber i

Lima ~ellucida - 2

~gon es: ~So'n ia Hraminea — 1
Ircinia fasciculata — 2
~Dsidea etheric — 1
Haliclona subtrian ularis — 1
Haliclona Hermollis — 1
Geodfa Sibberosa — 1 with Haliclona viridis

T-NL18
~A1 ae: Clado hora sp.

Laurencia sp.

Dict os haeria cavernosa
~gar assum sp.

Corals: Siderastrea siderea — 1

Crustacea: Pitho anisodon — 1
~pa urus bonairensis - 2
Pa uristes ~torte ae — 1

Molluscs:
Bittium varium — 3
Brachidontes exustus — 1

Haliclona Hermollis — 1
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STATEMENT BY DR. JAMES B . LACKEY
BEFORE

FEDERAL-STATE CONFERENCE CONCERNING TURKEY POINT
February 24, 1970

My name is James B. Lackey. I have a PhD from

Columbia University in Zoology. I have had some 35 years

experience in water pollution problems - much of it
marine. Included are more than 12 summers at Woods Hole

in the laboratories there, 2 summers at Scripps Marine

Biological Laboratory, ten years as senior biologist in

stream pollution for the Public Health Service and the

remainder in universities and colleges.

I have conducted ecological studies at the

Turkey Point Power Plant for about two years. Part of

the investigation involved quantitative and qualitative

analysis of the plankton of the area.

I have found no more than normal variation in

the plankton passing through the condenser tubes despite

temperatures that have reached 108 F at the immediate

discharge.
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Numbers of plankton species and numbers per ml

existed at about the same level, for as many as 23

sampling stations in the Bay within and outside the area

of the plant discharge. Species varied somewhat, so that

over a year's time, a list of perhaps 300-400 can be

compiled.

These numbers per ml are small, compared to

such a place as Great South Bay, Long Island, New York.

But the reason is poverty of nutrients - orthophosphate

at the intake, 0.014 ppm; nitrate nitrogen 0.,13 ppm.

Great South Bay has much more nutrients. The Gulf Stream,

which has a much lower population than at Turkey Point,

has 0.002 ppm orthophosphate.

Slides suspended in the intake and effluent

streams for 24 to 72 hours, developed good growths of

microscopic algae and protozoa. Frequently the species

varied in composition, at least partly so, and numbers

per '25 mm varied. But growths were always obtained,

regardless of temperature.

The above facts for plankton are derived

directly from field data. In brief, the plant discharge

has had. no effect on plankton.
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The macroscopic algae Acetabularia and

Batophora have migrated into Grand Canal almost to

the condenser effluent despite temperatures above 100 F.

Other algae such as Dasya are present in parts of the

canal system. Cuban shoal''grass and Turtle grass have

grown throughout these two years within the area adjacent

to the mouth of Grand Canal, which has experi'enced

temperatures well in excess of 95 F. These are

luxuriant growths, and have been present consistently.

Their rhizomes have not been killed at all by the

increase i;n temperature.,

We do not have information on what vegetation

and what animals were present in Biscayne Bay adjacent

to the mouth of Grand'anal before this Canal
emptied'armed

water into the Bay.

We do, however, have ample evidence that the

entire Card Sound-Turkey Point, area has great 'bare

patches in the midst of luxuriant growths. And we

'have abundant observations that Turtle grass beds show

deterioration and .recovery far removed from the influence

of the plant discharge. Right now the best stand of
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Turtle grass is in the warmed water of Little River,

and the densest bed I have found is not far off the mouth

of Grand Canal.

Mullet, needlefish, barracuda, snook, and

mangrove snappers are abundant in the whole plant area.

So are vast numbers of fingerling fish. None of these

were killed in the plant area, by the recent cold

weather which killed uncounted thousands elsewhere in

Biscayne Bay.

Considering the large number of plankters,

macroscopic algae, crustaceans, fishes and grasses which

have either persisted in or migrated into this area for

at. least two years of my study, despite temperatures in

some parts of it of substantially in excess of 95 F, it
is my considered opinion that the discharge, of the Turkey

Point cooling water into Card Sound at a temperature not

to exceed 95 F will not cause damage to the aquatic life.
I am totally unwilling to accept the factually

unsubstantiated Federal Water Pollution Control

Administration report to the contrary.

James B. Lackey
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STATEMENT OF DR. GORDON GUNTER
before the

FEDERAL WATER POLLUTION CONTROL ADMINISTRATION
MIAMI, FLORIDA

25 February 1970

My name is Gordon Gunter. I was born in

Natchitoches Parish, Louisiana in 1909. I obtained the

Bachelor of Arts, Master of Arts and Doctor of Philosophy

degrees in zoology. I have worked all my mature life

in the field of fisheries and marine biology. I worked

for the federal government and at least as a consultant

to every state government on the Gulf Coast. I began

in 1931 and have been director of the Institute of

Marine Science of the University'f Texas and I am now

Director of the Gulf Coast Research Laboratory in Ocean

Springs, Mississippi. I carry professorships in the

three state universities. I have been in every bay on

the Gulf Coast of the United States with one exception.
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I have been particularly concerned with temperature and

salinity, and I have published several research papers on

these matters as they concerned seasonal cycles of marine

animals. I am submitting herewith a summary, biographic

statement.

Comments on Water Temperatures

The highest temperatures taken in the open bays

of the northern Gulf of Mexico consistently run 34.8

34.9 C (approximately 95 F). I found such temperatures

in Aransas Bay, Texas thirty years ago (Gunter 1945), and

Hedgpeth (1947) found temperatures of 33 - 35.0 C (91 to

95 F) "not rare" in the Laguna Madre of Texas. The Laguna

Madre is a high temperature, high salinity coastal lagoon

and I pointed out years ago that it produced more fish

than any other area of the Texas coast. Hedgpeth (1947)





quantified the matter and showed that it produced 52 per

cent of the commercial fish catch of Texas from 1941-45,

although it extended along only 20 per cent of the Texas

coastline'or

the past three years we have been carrying

on work at 45 stations in Mississippi Sound. At forty-two

of these stations the highest temperature registered was

above 30.0 C (86,0 F) in June, July and August; thirty-

three times it exceeded 31.0 C (87.8 F); twenty times it

equaled or exceeded 32.0 C (89.6 F); eleven times it

exceeded 33.0 C (90.4 F) and three times it equaled or

exceeded 34.0 C (93.2 F). We have taken temperatures of

32 ' C (89.6 F) in the open ocean, many miles from land.

The highest temperatures found at the above stations fell

below 30.0 C (86.0 F) only three times. These readings

were 29.6, 29.0 and 29.5 C (about 85 F) .
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A nice little graph can be drawn showing

virtually a straight line relationship between the number

of readings and the temperature, declining from greater

than 29.0 C (84. 2 F) to greater than 34.0 C (93. 2 F) .

At one station where a power plant empties into

upper Biloxi Bay, we have taken a temperature of 37.loC

(98.8 F), but the average temperature over the whole water

column was 33.8 C (93.0 F) in August, which is nearly

always the hottest month. We have been watching this

situation for three years now and the area remains

productive.

Thus under natural conditions you have

temperatures higher than 34.0 C (93.2 F) in the Gulf Coast

bays fairly often and up to 35.0 C (95.0 F) in some of
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them. In waters where the water is artificially heated

to 37.1 C (98.8 F) occasionally there is no noticeable

decline in the animal population. Thus the temperature

limit of 35.0 C (95.0 F), as set by the Dade County

Pollution Control Hearing Board is reasonable, and

anything lower would necessitate the cooling of coolant

waters below some natural temperatures of the bays in

some months,

Situation at Turkey Point

The present flora and fauna at Turkey Point and

the surrounding area is in a lush and thriving condition.

I looked at it in January and I suspect that the warm

water led to an efflorescence of the sea grasses in this

area during the winter. The statements that the present

Turkey Point operations have ruined the area are simply

incorrect.
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THE EFFECT OF ELEVATED TEMPERATURES

IN LOWER BISCAYNE BAY

FEB 24 1970

Charles B. Wurez

La Salle College

Philadelphia, Pa.

East coast temperatures at Key West range from about 72'F

to about 86'F according to Fleming (1957). These would be the

average cold-weather and warm-weather water temperatures. How-

ever, Fleming was using broad brush strokes in his presentation

and did not go into detail for relatively localized areas.

Glooschenko (1968) stated that maximum temperatures in

Florida estuaries reach 93.2 to 95.0'F. He also observed that

the actual upper thermal limits for most species found in Biscayne

Bay are not known. One reference included in Glooschenko's pre-

sentation was that of a study published in 1914 by A. G. Mayer.

In the latter study Mayer determined the thermal death point of

eight representative marine animals from the Tortugas. These ther-

mal death points were: 95, 96.8, 99.4, 101.3, 104.0, 108.1, and

115.3'F (presumably two species shared some one of these thermal

death points.
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Glynn (1968), working in known tropical waters, reported on

sea'rchins of Puerto Rico reef flats. He noted an ascending

order of resistance according to temperature and time of ex-

posure. The maximum temperature tolerated, and the time to

death as observed follow:

Wipneustes, 4 hours of exposure at 95.0',F.

Lytechinus and Diadema, 96.8'F after 2 hours.

Brissus, 96.8'F after 4 hours.

Echinometra vi~idis, 100.4'F after 3 hours.

Echinomet2a lucunte2, 102.2'F after 3 hours.

The reef flats studied by Glynn were characterized by three

key species: a green alga (Halimeda opuntia), turtle grass

(Thalassia testudinum), and a coral (Po2'ites pozites). Accord-

ing to Glynn the sea water temperatures in isolated pools and on

shallow flats at times of low tide would reach 95.0 to 104.0'F,

and this for as long as one to two hours. These key. species would

thus be sporadically subjected to such thermal conditions. Never-

theless, they were not eliminated from the reef pools. Glynn also

observed a series of animal species that were subjected to heating

up to 104.0'F with no apparent mortalities. These animals included

corals (Zoanthus sociatus Porites pozites var. fuzcata), snails

(Bulla stziata, Batilla2 ia minima, Petaloconchus (Macr oph~agma)

va2ians), crabs (Clibanawius t~icolo~, C. antillensis), and a large

sea anemone (Phyllactis flosculifeza) ~ Glynn cited a study by
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K. R. H. Read who found several species of

intertidal bivalves with relatively high thermal

tolerances, usually above 104 F.

During biological surveys of San Antonio Bay,

Texas, temperatures during the fall season

exceeded 93 F, but this area supported commercial

oystering and'hrimping as well as a normal

complement of estuarine organisms. Temperatures

above 93 F were recorded routinely; during these

investigations no attempt was made to identify the

maximum temperature of these waters. We do know

that the upper lethal temperature for the oyster

has been reported as 119.3 F in New Brunswich.,

,Canada (Gunter, 195-7).

It is not surprising to find high .thermal

tol'erances for tropical estuarine species. Kinne

(1967) noted 'that water temperatures in estuaries

usually exhibit greater annual and diurnal

fluctuations than do the seas and, further, that pro-
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nounced environmental variation is a basic characteristic of

an estuary. Kinne'also observed that estuarine invertebrates and

fish lack effective mechanisms for temperature regulation and

are, therefore, thermo-conformers. Kinne said: "Estuarine

organisms exhibit a variety of compensatory measures reducing the

impact and potential ill effects of their rough osmotic and

thermal environment." With respect to temperature he stated that

acclimation represented the essential means for compensation and

adverse temperatures are tolerated rather than compensated for.

In the latter case, various physiological activities, such as

metabolic rate and reproduction, would be affected. But this will
not represent high-temperature stress conditons at Turkey Point

because the anticipated temperature maxima wi 11 be transient and

limited to the warm-weather season Biscayne Bay is more subject

to cold kills than to heat kills.
It is apparent that where field studies of thermal tolerance

have been made in southern waters stress conditbns for the domin-

ant organisms do not develop until water temperatures exceed 95'F

for some period of time.
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In an estuary where intolerable temperatunes did occur,

and persist, estuarine organisms would respond by one or more

of four compensating measures. These four are identified by

Kinne (1967) as escape, reduction of contact, regulation, or

acclimation. Under the most extreme conditions only escape would

be feasible, and this would be limited to motil,e animals such

as the fish, some crustaceans, etc. At the same ti'me, when

the intolerable temperatures were eliminated there would be a

quick resurgence of organisms into the affected area. For

example, Glynn (1968) found that after mass mortalities of

sea urchins on coral reefs the recovery showed a steady increase

in numbers over a year's time. More motile organisms, such. as

the fish, would return much sooner of course. In the unlikely

event that the Turkey Point Plant discharge did cause recognizable
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biological damage in Card Sound, corrective action
l

would be promptly initiated. Following this, the

dynamics of the estuary would bring the biological

structure of the affected area to equilibrium

within a year.

Field studies begun by Florida Power 6 Light

Company in 1968 give no indication that temperatures

of 95 F are harmful to aquatic life.
It is obvious that comprehensive field studies

are badly needed. Such studies must span both

pre-operational and post-operational periods.

Florida Power 6 Light Company fully intends to have

such studies made. These investigations will be

a continuation of work already begun and will be

projected far into the future. The Company -has
I

repeatedly given assurance of the intent to pursue

such a program. I am confident that such investi-

gation will conclusively demonstrate that a

transitory, warm-weather, 95 F discharge into

lower Biscayne Bay will not cause biological damage.

-6-
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DADE COUNTy I'OLLUTlONCONTROL

December 5, 1969

Mr. A. J. Bingaman, P.E.
Bechtel Corporation
Florida Power and Light Company
4200 Nest Flagler Street
Miami, Florida
Gentlemen:

Aftex a thorough review of plans and specificat:ions accompanyi.ng
your applicat.ion for "Authority to Construct" a cooling water
discharge ystem t:o serve tire Turkey Point. e3.ectrical generators
1, 2, 3 and 4, we are approving the system subject: t:o the fol3.ow-
ing conditions:

1. The five (5) axial flow pumps specified shall be so de-
signed t:o have a capacity of approximately 840 cubic
feet per second, inst:ead of'85 cubic feet per second
a speci. fied at 3,6 feet T.D.)l.

I

2. There shall be suppli.ed. one <,dditional pump ovcx thefive proposed which shall be in a place and ready for
operation o that regular maint enance may he accom-
plished on,1.'hose in service without any loss in pumping
capacity.

3. An additional three (3) pumps shall be supplied within
six (6) month., upon notice by this office that: such
are needed to increase the dilution capacity by an
addit:ional fifty per cent (50;.).

4 ~ The Florida Power. and Light Company shall submi.t: a o3an
for a syst: em of: water ter.p rature monitoxs to thc Pol-
lution Control Department to provide a sati fact:ory
monitoring system which will provide the department
with continuous information concerning ambient condi-
tion in the total cooling water syst: em.
I

The Fl.orida Power and Lig'1t Company shall fund t:he
necessary ecologic<11 and hydrol.ogical - tudies of lowex
Discayne L~<.y and C<".rd Sound commencing April 3., 1970
and continuing for «t least onc (1) year aft:er all
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hfr. A. J. Bipgaman December 5, 1969

units of the facility are in operation. These studies,
prior to initiation, shall be agreed upon by the U. S.
Department of the Interior — Federal 7!ater Pollution
Control Administration, State of Florida Department of
Air and Nater Pollution Control, Dade County Pollution
Control Department and the Florida Power and Light Com-
pany.

Accepting a permit for, or commencing any construction under
the provisions of this "Authority to Construct" shall constitute
acquiscence on the part of the applicant to all conditions con-
tained herein.

Ver truly yours

).0 g,=4
Paul william Leach
Pollution Control Officer

PNL:nea
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METROPOLITAN DADE COUNTY
POLLUTION CONTROL DEPARTMENT
864 Ne Vlo 23RD STREET
MIAMI.FLORIDA33i27

Yir. Gene Autrey, Vice President
Plorida Power and Light. Company
4200 4'est Flagler Street *

Miami, Plorida
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INTRODUCTION

THE FLORIDA POWER AND LIGHT COMPANY CURRENTLY HAS IN OPERATION A

FOSSIL FIJEL POWER PLANT LOCATED AT TuRKEY POINT ON THE WEST SHORE OF BISCAYNE

BAY APPROXIMATELY TWO (2) MILES SOUTH OF HOMESTEAD BAYFRONT PARK. AT THE

PLANT THEY ARE CONSTRUCTING TWO (2) ADDITIONALNUCLEAR UNITS. THE EXTRACTION

OF I ARGE QUANTITIES OF WATER FROM THE BAY FOR COOLING THE PLANT S CONDENSERS

AND ITS SUBSEQUENT RETURN AT AN ELEVATED TEMPERATURE HAS CAUSED CONSIDERABLE

CONSTERNATION AMONG CONSERVATION INTERESTS AND SOME GOVERNMENT AGENCIES ~ OF

PRIMARY CONCERN IS THE EFFECT OF SUCH LARGE QUANTITIES OF HEATED WATER ON THE

ECOLOGY AND CIRCULATION OF THE AREA. THIS CONCERN IS HEIGHTENED BY THE EXIST-

ENCE OF THE BISCAYNE NATIONAL MONUMENT NEARBY. SEE FIGURE 1. THIS STUDY

WAS PERFORMED FOR THE PURPOSE OF ANALYZINGTHE PHYSICAL EFFECTS OF THE

PLANNED DISCHARGE TO DETERMINE IF THEY MAY BE HARMFUL 'TO THE ENVIRONMENT OF

THE AREA IN GENERAL AND PARTICULARLYTO THE NATIONAL IVIONUMENT~

2. DESCRIPTION OF THE AREA

THE AREA UNDER CONSIDERATION HERE IS BISCAYNE BAY SOUTH, OF HOMESTEAD

BAYFRONT PARK AND CARD SOUND. THIS PORTION OF BISCAYNE BAY IS APPROXIMATELY

SEVEN (7) NAUTICAL MILES WIDE AND EIGHT (8) NAUTICAL MILES LONG. ON THE WEST

SIDE NEAR THE MAINLANDEXTENSIVE SHOALS EXIST. AN AREA OF RELATIVELYDEEP

WATER OF 7 TO 8 FEET EXISTS IN THE EASTERLY HALF OF THE BAY FOLLOWED BY A

SHOAL AREA ADJACENT TO OLD RHODES KEY. THIS PORTION OF THE BAY IS SEPARATED
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FROM CARD SOUND TO THE SOUTH BY A SHOAL AREA ENCOMPASSING THE ARSENICKER

KEYS AND CUTTER BANK, A SMALL NAVIGATION CHANNEL HAS BEEN DREDGED THROUGH

CUTTER BANK TO CARD SOUND, CARD SOUND IS APPROXIMATELY 2. 50 NAUTICAL

MILES WIDE AND 5,50 NAUTICALMILES LONG. IT IS BOUNDED ON THE WEST BY THE

FI ORIDA MAINLANDAND ON THE EAST BY NORTHERN KEY LARGO AND ADJACENT KEYS,

IT IS SEPARATED ON THE SOUTH FROM LITTLE CARD SOUND BY CARD BANK THROUGH

WHICH A SMALL NAVIGATIONCHANNEL HAS BEEN DREDGED. THE DEPTH OF CARD SOUND

'IS QUITE UNIFORM AVERAGING ABOUT 10 FEET WITH DEEP WATER PREVAILING NEARI Y

TO THE SHORES,

SOUTH B ISCAYNE BAY AK)'ARD SOUND ARE UNDERLAIN BY SHALLOW BEDROCK

DEPRESSIONS'HAVING A DEEP AXIS OF 13 TO 24 FEET IN DEPTH AND EXTENDING AI ONG

THE EASTERN SIDE. THE BEDROCK ON THE MAINLANDSHORE RISES TO APPROXIMATELY

MEAN LOW WATER AND ON THE KEYS TO THE EAST TO ABOUT 6 FEET ABOVE MEAN I OW

(>)WATER, SEDIMENTS CONSISTING OF CARBONATE SANDS AND MUDS FORM A

SHALLOW COVER OVER THE BEDROCK IN THESE AREAS A MODERATE TO DENSE COVER

OP'HALASSIA AND CALCAREOUS GREEN ALGAE EX I ST.

FRESH WATER INFLOW TO THE AREA IS MAINLYGROUND WATER FROM THE

MAINLANDWITH SOME CONTRIBUTION OF SURFACE FLOW FROM A FEW CANALS AND THE

SWAMPY FRINGES, THE SOUTH BISCAYNE BAY AREA IS CONNECTED TO THE ATLANTIC

BY CAESAR CREEKi A FAIRLY DEEP BUT NARROW INLET. CARD SOUND IS CONNECTED

TO THE OCEAN BY BROAD CREEK~ ANGELFISH CREEK AND SEVERAL SMALLER CHANNELS
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BETWEEN MANGROVE ISLANDS,

TIDES IN THE AREA ARE CHIEFLY SEMIDIURNAL, THE OCEAN TIDE HAS A MEAN

RANGES OF 2,44 FEET,. THE TIDE IN SOUTH BISCAYNE BAYi AS MEASURED BY SCHNEIDER (2)

HAS A MEAN RANGE OF APPROXIMATELY 1 ~ 6 FEET. HIGH TIDE LAGS THE OCEAN TIDE BY

APPROXIMATELY 2 HOURS AND 15 MINUTES AND LOW TIDE BY APPROXIMATELY 2 HOURS AND

45 MINUTES. CARD SOUND HAS A MEAN TIDAL RANGE OF 0. 74 FEET WITH HIGH TIDE

LAGGING THE OCEAN TIDE BY 3 HOURS AND LOW TIDE BY 3 HOURS AND 20 MINUTES,

CIRCULATION IS RELATIVELYLIMITEDAS EVIDENCED BY RATHER HIGH SALINITIES RE-

CORDED DURING THE SUMMER MONTHS.

PREVAILING WINDS ARE EAST AND SOUTHEAST WITH.23 PERCENT FROM THE EAST

AND 28 PERCENT FROM THE SOUTHEAST, WINDS FROM THESE DIRECTIONS DO'NOT NORMALLY

EXCEED 10 TO 12 KNOTS. THE STRONGER WINDS ARE FROM THE NORTHEAST 17 PERCENT

OF THE TIME. THESE WINDS ARE NORMALLYASSOCIATED WITH NORTHEASTERLY STORMS

(3)
AND FREQUENTLY EXCEED 20 KNOTS, ALTHOUGH NO DETAILLED STUDIES HAVE BEEN

MADE IN THE AREA~ IT IS HIGHLY PROBABLE THAT THESE WINDSi PARTICULARLY THOSE

OF HIGHER VELOCITY HAVE A CONSIDERABLE AFFECT ON THE CIRCULATION IN THE AREA,

3. THE P ROPOSED P ROJECT

THE FLORIDA POWER AND LIGHT COMPANY PROPOSES TO DISCHARGE A MAXI-

MUM OF 10i 625 CUBIC FEET PER SECOND OF CONDENSER COOLING WATER FROM ITS

TURKEY POINT PL'ANT INTO CARD SOUND IN THE VICINITYOF THE MODEL LAND CO
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CANAL. SEE FIGURE 1 ~ THIS WATER IS TO BE TAKEN FROM SOUTH BI SCAYNE BAY~
(4i

4~.250 CUBIC FEET PER SECOND WILL PASS THROUGH THE CONDENSERS WITH A MAXIMUM

RISE IN TEMPERATURE OF 15 F ~ NEAR THE DISCHARGE FROM THE CONDENSERS 6i 3750

CUBIC FEET PER SECOND OF BAY'WATER WILL BE ADDED THUS REDUCING THE TEMPERATURE

TO'6 F ABOVE THAT OF THE INTAKE. THIS WATER WILL THEN FLOW SOUTH IN A CANAL

FOR APPROXIMATELY SIX MILES TO THE OUTLET IN CARD SOUND, AT THIS POINTi IT IS

ESTIMATED THAT THE TEMPERATURE WILL EXCEED THAT OF THE BAY BY 5. 8 F ~ ~
(5)

THE INTAKE WATER PASSING THROUGH THE CONDENSER WILL BE TAKEN FROM THE

EXISTING NAVIGATION CHANNEL AT TURKEY POINT SEE FIGURE 1 THIS CHANNEL EX-

TENDS IN A NORTHEASTERLY DIRECTION FROM THE PLANT. IT IS 100 FEET WIDE AND

10 FEET DEEP AT MEAN LOW WATER. THE WATER FOR DILUTION WILL BE TAKEN FROM

A CHANNEL TO BE CONSTRUCTED ALONG TkE NORTH SHORELINE OF TURKEY POINT, THIS

CHANNEL IS TO BF 3, 200 FEET LONG, 100 FEET WIDE AND 20 FEET DEEP. SEE FIGURE 2,

THE CANAL LEADING FROM TURKEY POINT TO CARD SOUND WILL CARRY A TOTAL

OF 10i 625 CUBIC FEET PER SECOND OF THE DILUTED COOLING WATER IT WILL HAVE A

BOTTOM WIDTH OF 200 FEET„A TOP WIDTH OF 227 FEET 9 INCHES AND A DEPTH OF 20

FEET.

THE IMMEDIATE OUTLET TO CARD SOUND WILL HAVE A DEPTH OF 20 FEET, A

BOTTOM WIDTH OF 200 FEET AND SIDE SLOPES OF 1 ON 3 (1 VERTICAL TO 3 HORIZONTAL)~

APPROXIMATELY400 FEET INTO THE SOUNDi THE BOTTOM OF CHANNEL WILL BE WIDENED
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TO APPROXIMATELY 330 FEET AND THE SIDE SLOPES DECREASED TO I ON S. AT THE

POINT WHERE THE NATURAL DEPTH OF THE SOUND REACHES 8 FEET AT MEAN LOW WATER,

THE BOTTOM OF THE CHANNEL WILL BE SLOPED FROM A'EPTH OF 20 FEET TO MEET THE

NATURAL BOTTOM TO PROVIDE A SMOOTH TRANSITION.

4. THE SCOPE OF THE STUDY

THIS STUDY WAS AUTHORIZED BY VERBAL AUTHORITY OF THE FLORIDA POWER

AND LIGHT COMPANY ON l 0 MARCH 1970 CONFIRMED BY LETTER DATED 6 APRIL $ 970(

PARTICULAR EMPHASIS WAS PLACED ON REQUIREMENTS OF THE DEPARTMENT OF NATURAL

RESOURCES, STATE OF FLORIDA 'HICH STATED:(7)

BECAUSE OF THE VERY LARGE VOLUME OF WATER TO BE DISCHARGED INTO CARD 'SOUND

THROUGH THE PROPOSED FLORIDA POWER AND LIGHT COMPANY CANAL, REFERENCED

ABOVE, WE ARE CONCERNED THAT TIDAL FLOWS AND CURRENT PATTERNS MAY BE ALTERED
TO SUCH AN EXTENT THAT SHORELINE AND BOTTOM STABILITYWILL BE 'AFFECTED. THERE-
FORE, CERTAIN.HYDROGRAPHIC DETERMINATIONS MUST BE MADE,

NORMALLY, OUR CONSUI TANTS, THE DEPARTMENT OF COASTAL AND OCEANOGRAPHIC
ENGINEERING OF THE UNIVERSITY OF FLORIDA, WOULD MAKE DETERMINATIONS REGARD-

ING HYDROGRAPHIC EFFECTS OF PROJECTS SUCH AS THIS. HOWEVER, SINCE THEY HAVE

BEEN INVOLVED WITH FLORIDA POWER AND LIGHT COMPANY ON OTHER PHASES OF THIS
PLAN, IT WILL BE NECESSARY THAT SUCH DETERMINATIONS BE MADE BY SOMEONE Et SE.
THE INSTITUTE OF MARINE SCIENCES OF'THE UNIVERSITY OF MIAMI WOULD BE QUALI-
FIED TO REVIEW THIS MATTER AND MAKE THE NfCESSARY DETERMINATIONS. SUCH
DETERMINATIONS WOULD DERIVE FROM A REVIEW OF AVAILABLEDATA AND FROM ADDI-
TIONAL FIELD STUDIES IF FOUND TO BE NECESSARY. WE WOULD ACCEPT THEIR FINDINGS
AND RECOMMENDATIONS .

A CONSIDERABLE AMOUNT OF GENERAL DATA FOR THE 'AREA IS AVAILABLE. S IGNI-

FICANT INFORMATION ON THE PHYSICAL ASPECTS IN ADDITION TO REFERENCES CITED ABOVE

IS CONTAINED IN REPORTS BY BADER~, BADER AND TABB~ ), PRITCHARD(, HAEUSSNER~

AND OTHERS.
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SPECIFICALLY APPLICABLE TO THE PROPOSED PROJECT IS THE WORK ACCOMPL'ISH-

ED'BY THE DEPARTMENT OF COASTAL AND OCEANOGRAPHIC ENGINEERING OF THE UNIVERSITY

OF FLORIDA DURING 1969 AND 1970. THIS WORK CONSISTED OF THE EVALUATIONOF

TEMPERATURE AND CIRCULATION FIELDS CAUSED BY THE PROPOSED INSTALLATIONUNDER

VARIOUS CONDITIONS OF DISCHARGE. MOST OF THE DETERMINATIONS WERE BASED ON

(12)'UMERICAL MODELLING TECHNIQUES AS EXPLAINED BY VERMA AND DEAN . THE MODEL

USED WAS QF A RATHER SMALL SCALE BASED ON A SERIES OF ONE NAUTICAL M II„E GRID

(>3)
SQUARES. FIELD DATA WAS USED TO CALIBRATE THE MODEI . THE RESULTS QF THIS

ANAI YSIS ARE REPORTED BY THE DEPARTMENT OF COASTAL AND OCEANOGRAPHIC

(14)(15)ENGINEERING . IN ADDITION TO THE NUMERICAL MODEL A SMALL SCALE HYDRAULIC

MQDEI„WAS CALIBRATED AND OPERATED FOR A SERIES OF TESTS AIMED PRIMARILY AT DE

TERMINING TRAVEL TIME AND RECIRCULATION OF THE HEATED EFFLUENT. RESULTS OF

THESE TESTS ARE REPORTED BY THE DEPARTMENT (

THIS STUDY IS CONCERNED PRIMARILY WITH THE ANALYSIS OF THE AVAILABLE

DATA. FIELD WORK FOR THIS SPECIFIC PROJECT WAS LIMITEDTO A GENERAL RECONNAIS-

SANCE OF THE AREA. IN THIS CONNECTION IT SHOULD BE EMPHASIZED THAT THE IN"

VESTIGATOR HAS DONE A CONSIDERABLE AMOUNT OF WORK IN THE AREA FOR MORE THAN

10 YEARS.

IN VIEW OF THE FACT THAT HYDROGRAPHIC AND TOPOGRAPHIC SURVEY INFORMA-

TION TAKEN BETWEEN'852 AND l890( " CORRESPONDS VERY CLOSELY TO CONDITIONS AS

THEY PRESENTLY EXIST, IT 'CAN BE ASSUMED THAT THE REGIME QF CURRENTS AND
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SEDiMENTS HAS REACHED A STATE OF STABILITY. THEREFORE THIS STUDY IS CONCEN-

TRATED ON THE CHANGES WHICH MAY BE CAUSED BY THE CIRCULATION OF THE COOLING

WATER AS PROPOSED.

5. RESULTS OF THE ANALYSIS

A GENERAL UNDERSTANDING OF THE RELATIVE EFFECT OF THE EXTRACTION AND

DISCHARGE OF THE COOLING WATER CAN BE GLEANED FROM THE AREAS AND VOI UMES

VOI VED. FOR THIS PURPOSE, MAXIMUMCONDITIONS CORRESPONDING To A MOVEMENT

OF 1 0, 625 CUBIC fEET PER SECOND ARE ASSUMED DURING ONE HALF TIDAL CYCLE

(6.2 HOURS) THiS AMOUNTS TO 2.38 X 10 CUBIC FEET.

HYDRODYNAMICALLYTHE AREA IS CONVENIENTLY DIVIDED INTO TWO BASINS:

BISCAYNE BAY SOUTH OF FEATHERBED BANKS (SOUTH BISCAYNE BAY), AND CARD SOUND.

WITHIN EACH OF THESE THE TIDAL AMPLITUDES ARE NEARLY CONSTANT ALTHOUGH THEY
ir

VARY CONSIDERABLY FROM THOSE OF THE OCEAN AND ADJACENT BASINS.

SOUTH BISCAYNE BAY HAS A SURFACE AREA OF 3. l X l09 SQUARE FEET AND

A VOLUME AT MEAN TIDE OF l9.8 X 10 CUBIC FEET. ITS MEAN TIDAL RANGE IS l.6

FEET So THAT A VOLUME OR TIDAL PRISM OF 5.0 X IO CUBIC FEET WILL ENTER OR

LEAVE THE BASIN DURING EACH HALF-TIDALCYCLE. THE INTAKE OF WATER BY THE

PLANT REPRESENTS SLIGHTLY LESS THAN 5 PERCENT OF THIS VOLUME. IF THE BASIN

WERE ENTIRELY CLOSED THE INTAKE,WOULD REDUCE THE WATER LEVEL BY LESS THAN

1 INCH. ACTUALLYTHE WATER LOST WILL BE REPLENISHED CONSTANTLY FROM THE
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OCEAN AND CONNECTED BASINS,

CARD SOUND HAS A SURFACE AREA OF . 62 X 10 SQUARE FEET AND A VOLUME9

AT MEAN TIDE OF 6. 2 X 10 CUBIC FEET, ALTHOUGH ITS MEAN TIDAL RANGE IS ONLY9

0. 74 FEETs THE UNIVERSITY OF FLORIDA MODEL STUDY INDICATES A TOTAL EXCHANGE

OF 2. 145 X 10 CuBIC FEET OF WATER WITH OTHER BODIES DURING EACH HALF TIDAL9

CYCLE. THE PLANT Dl SCHARGE REPRESENTS A LITTLE LESS THAN ONE-NINTH OF THIS

AMOUNT AND A LITTLE OVER 7 PERCENT OF'HE VOLUME OF THE BASIN AT MEAN TIDE

LEVEL, IN CONSIDERING PLANT DISCHARGE IN RELATION TO THE NORMAL TIDAL FLOWs

CONSIDERATION SHOULD BE GIVEN TO THE FACT THAT THE WARM EFFLUENT IS LESS DENSE

THAN THE NORMAL WATER, IT THEREFORE REMAINS NEAR THE SURFACE WHERE BETTER

. TIDAL CIRCULATION EX I STS.

THE EFFECTS OF TM INTAKE AND DISCHARGE FROM A POINT OF VIEW OF EROSION

WOULD BE CONCENTRATED IN THE VICINITYOF THE INTAKE AND OUTFALL CHANNELS AND

IN THE RELATIVELY RESTRICTED AREAS CONNECTING CARD SOUND WITH THE OCEAN AND

WITH BISCAYNE BAY,

IN NEARLY ALL AREAS OF SOUTH 8 I SCAYNE BAY AND CARD SOUND'HE GREATEST

EFFECTS ON BOTTOM SEDIMENTS AND FLORA CAN PRESENTLY BE ATTRIBUTED TO WAVE

ACTION. THEREFORE A COMPARISON OF VELOCITIES AT THE INTAKE AND DISCHARGE WITH

NORMAL WAVE PARTICLE VELOCITIES IS hELPFUL. THE PARTICLE MOTION FROM WAVES

IS ORBITAL IN CHARACTER AND HAS ONLY A VERY SLIGHT VERTICAL'ELOCITYNEAR THE

BOTTOM,
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RECOGNIZING THE INFREQUENCY OF HURRICANES'HE COMPARISON CAN BE

BASED ON THE WAVES GENERATED BY A 30-KNOT NORTHEASTERLY WIND AS A 'CONDI-

TION EXCEEDED ON SEVERAL OCCASIONS EACH YEAR, FOR PREDICTION ON THE BASIS

(18)
OF METHODS USED BY THE U. S. ARMY CORPS OF ENGINEERS A FETCH OF

60~ 000 FEET WAS USED, ALL OF THE SHALLOW WATER SOUTH OF TURKEY POINT

WOULD BE EXPOSED TO WAVES DEVELOPED IN A FETCH EXCEEDING THIS VALUE,

UNDER THESE CONDITIONS WAVES HAVING A HEIGHT OF 2 FEET AND A PERIOD OF 3. 8

SECONDS WOULD DEVELOP, WATER PARTICLES IN THESE WAVES UPON REACHING A

DEPTH OF 3 FEET JUST PRIOR TO BREAKING WOULD HAVE A MAXIMUMHORIZONTAL

VELOCITY OF 2. 2 FEET PER SECOND AT THE BOTTOM,

(1'P)
ON THE BASIS OF HIS WORK IN THE BAHAMAS'AY 'OUND THAT STRONG

TIDAL CURRENTS OF 1 (1,7 FT/SEC) TO 2 (3. 4 FT/SEC) KNOTS PROMOTE DENSE

GROWTHS OF THALASSIA~ THIS CORRESPONDS TO THE EXPERIENCE OF THE PRESENT

INVESTIGATOR WHO MEASURED NORMAL TIDAL CURRENTS OF 3, 3 FT/SEC OVER DENSE

GROWTHS OF THALASSIA IN THE VIRGIN ISLANDS, INASMUCH AS SUCH GROWTHS HOLD

THE BOTTOM SEDIMENT~ IT IS DOUBTFUL THAT EROSION WILL OCCUR AT VELOCITIES OF

2 FEET PER SECOND OR LESS, NEAR THE INTAKE AND OUTFALL~ THE BED ROCK IS

(3)
COVERED BY LESS THAN 6 INCHES OF SEDIMENT ~ CHANNELS ~EXCAVATED INTO THIS

MATERIALWOULD NOT ERODE EVEN WITH MUCH HIGHER VELOCITIES.

THE INTAKE TO THE PLANT FOR CONDENSER COOLING WILL BE BY WAY OF THE

EXISTING NAVIGATION CHANNEL AND BASIN A MAXIMUM FLOW OF 4~ 250 CUBIC FEET
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PER SECOND WILL OCCUR AT THIS INTAKE~ VELOCITIES OCCURRING AS A RESULT OF

THIS INTAKE CANNOT BE ACCURATELY DETERMINED UNTIL THE DESIGN DETAIL HAS BFEN

WORKED OUT AND STUDIED TO DETERMINE NOT ONLY THE EFFECTS OF THE COOLING

WATER INTAKE BUT ALSO THOSE OF THE DILUTION WATER INTAKE WHICH IS CLOSELY

ASSOCIATED. NO PROBLEM IS FORESEEN IN KEEPING MAXIMUMVELOCITIES BELOW

2 FEET PER SECOND BY PROPER DESIGN. FURTHER ANALYSIS OF THIS PROBLEM IS

NECESSARY PRIOR TO CONSTRUCTION,

DILUTION WATER INTAKE WILL'E FROM A CHANNEL TO BE DUG ALONG THE

NORTH SHORE OF TURKEY POINT. SEE F IGURE 2 ~ THIS CHANNEL WILL BE 3200 FEET

LONG, 100 FEET WIDE AND 20 FEET DEEP. ITS MAXIMUMFLOW WILL BE 6375 CUBIC

FEET PER SECOND. THE CHANNEL IS BOUNDED ON THE NORTH'Y 'SHALLOW GRASS FLATS

HAVING A MINIMUMLOW WATER DEPTH OF ONE FOOT. FLOW ACROSS THESE FLATS INTO

THE CHANNEL WILL HAVE A VELOCITY OF ABOUT 2 FEET PER SECOND, THE DILUTION

WATER WILL FLOW INTO A BASIN DUBBED LOCALLY AS LOCH ROSETTA FROM WHICH IT

WILL BE PUMPED INTO A CANAL AND MIXED WITH THE CONDENSER WATER DISCHARGE.

THE BASINS AND CHANNELS INVOLVED IN THIS PROCESS ARE CUT FROM ROCKi SO THEY

WILLiPRESENT NO PROBLEM OF EROSION ~ FURTHER STUDY IS NECESSARY TO DETERMINE

THE INTERRELATION OF FLOW BETWEEN THI S CHANNEL AND THE COOLING WATER INTAKE

AS NOTED ABOVE ~

THE MAIN CANAL TO CARD SOUND WILL HAVE A BOTTOM WIDTH OF 200 FEET,

A TOP WIDTH'OF 227'FEET 9 INCHES AND A DEPTH OF 20.FEET. ON THE BASIS OF A

10
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TOTAL MAXIMUMFLOW OF 10, 625 CUBIC FEET PER SECOND, THE MAXIMUMVELOCITY

AT THE DOWNSTREAM END WILL BE 2,50 FEET PER SECOND. AS THIS CANAL WILL BE

DUG IN ROCKq NO EROSION 'IS EXPECTED,

INITIALLYTHE DISCHARGE CHANNEL INTO CARD SOUND HAS A BOTTOM WIDTH

OF 200 FEET AND A DEPTH OF 20 FEET WITH SIDE SLOPES OF 1 ON 3, THIS GIVES AN

EFFECTED AREA OF 3200 SQUARE FEET FOR A MAXIMUMVFLOCITY OF SLIGHTLY OVER

2 FEET PER SECOND AS THE CHANNEL EMERGES INTO THE SOUNDS THE AREA IS IN-

CREASED TO 11'00 SQUARE FEET WHICH WILL RLDUCE THE VLLOCITY TO LESS THAN

ONE FOOT PER SECOND.

FOR A STUDY OF THE EFFECTS ON THE CHANNELS CONNECTING CARD SOUND

WITH OTHER BASINS> RESULTS OF THE NUMERICAL MODELLING CONDUCTED BY THE

UNIVERSITY OF FLORIDA WERE USED. THESE FLOWS ARE SHOWN ON FIGURE 3 TO 6

INCLUSIVE.

UNDER PRESENT CONDITIONSI MOST OF THE EXCHANGE FOR CARD SOUND

OCCURS THROUGH BROAD AND ANGELFISH CREEKS TO THE ATLANTICOCEAN. FIGURE

3 SHOWS THE RATE OF THIS EXCHANGE AND ALSO FORECASTS THE RATE WHEN THE PLANT

DISCHARGE IS ADDED. IT SHOULD BE NOTED THAT UNDER EXISTING CONDITIONS THE

MAXIMUMFLOW RATE OF 68, 000 CUBIC FEET PER SECOND OCCURS ON THE INCOMING

TIDE. ON THE OUTGOING TIDEq THE: RATE IS 52, 300 CUBIC FEET PER SECOND. THE

ADDITION OF THE PLANT DISCHARGE DECREASES THE MAXIMUM INFLOW TO 66, 000 CUBIC

FEET PER SECOND AND INCREASES THE MAXIMUMOUTFLOW TO 54~ 750 CUBIC FEET PER

FLOW FIGURES ARE ROUNDED FROM THE ORIGINAL DATA,
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SECOND WHICH IS STILL'FAR BELOW THE MAXIMUMEXISTING FLOW, THEREFORE'HE

:MAXIMUMFLOW RATE AND CONSEQUENTLY THE MAXIMUMVELOCITY WILL BE DECREASED

WHEN THE PLANT EFFLUENT 'IS ADDED, THE NUMERICAL ANALYSIS SHOWS A TOTAL

DIFFERENCE IN FLOW THROUGH THE INLETS FROM THE OCEAN DUE TO THE PLANT

.EFFLUENT TO BE 1. 40 X 10 CUBIC FEET PER TIDE OR ABOUT 29 PERCENT OF THE8

TOTAL PLANT DISCHARGE,

THE NEXT MOST IMPORTANT EXCHANGE OCCURS WITH 'SOUTH B ISCAYNE BAY

AT THE RATES SHOWN ON F IGURE 4. AGAIN~ THE MAXIMUM'LOWRATE OCCURS ON

THE INCOMING TIDE AND IS REDUCED BY THE ADDITION OF PLANT EFFLUI.NT ON THE

INCOMING TIDQ A MAXIMUMFLOW OF 72~ 000 CUBIC FEET PER SECOND INTO CARD

SOUND OCCURS WITHOUT THE PLANT DISCHARGE ~ THE ADDITION OF THE PLANT DISCHARGE

REDUCES THIS TO 66'00 CUBIC FEET PER SECOND. ON THE OUTGOING TIDE~ THE NORMAL

DISCHARGE OF 25, 500 CUBIC FEET PER SECOND INTO SOUTH BISCAYNE BAY IS INCREASED

TO 31'00 BY THE PLANT DISCHARGE. AS THIS IS LESS THAN HALF OF THE MAXIMUM

FLOW UNDER PRESENTLY EXISTING CONDITIONS'AXIMUMVELOCITIES CONSIDERING THE

PLANT DISCHARGE WILL ALSO BE LESS 'THAN HALF OF THOSE PRESENTLY OCCURRING ON

THE INCOMING TIDE. THE PLANT EFFLUENT CONTRIBUTION TO THE EXCHANGE TO

BISCAYNE BAY IS ESTIMATED TO BE 3 ~ 35 X 10 CUBIC FEET PER TIDE OR 71 PERCENT
8

OF THE TOTAL PLANT EFFLUENT. THIS MEANS THAT ONLY 29 PERCENT OF 'THE PLANT

INTAKE FROM SOUTH B ISCAYNE BAY WILL HAVE TO BE MADE UP BY FLOW FROM OTHER

AREAS INTO SOUTH BISCAYNE BAY. THIS WILL COME FROM THE ATLANTICOCEAN AND

BISCAYNE BAY NORTH OF THE FEATHERBED BANKS, THIS AMOUNT OF 1. 40 X 10 CUBIC

12
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FEET PER TIDE REPRESENTS LESS THAN 1,5 PERCENT OF THE'NET TIDAL EXCHANGE FOR

SOUTH BISCAYNE BAY DURING A FULL TIDAL CYCLE

THE EXCHANGE BETWEEN CARD SOUND HAS A MAXIMUMON THE OUTGOING TIDE

OF 38'50 CUBIC FEET PER SECOND. THE PLANT DISCHARGE INCREASES THIS TO

38, 800 OR BY LESS THAN ONE-HALF PERCENT

6. CONCLUSIONS

THESE STUDIES INDICATE THAT THE ALTERATIONS IN TIDAL FLOWS AND

CURRENT PATTERNS BY THE INTAKE AND DISCHARGE OF THE LARGE VOLUME OF COOLING

AND DILUTION WATER ARE 'EXTREMELY SLIGHT AND ARE OF SUCH A NATURE AS TO ACTUALLY

REDUCE MAXIMUMVELOCITIES IN THE I N I E T S FROM THE OCEAN AND OVER CUTTER

B ANK, THIS OCCURS BY VIRTUE OF THE FACT THAT MAXIMUMVELOCITIES OCCUR ON THE

INFLOW TO CARD SOUND. THESE VELOCITIES ARE ACTUALLY REDUCED BY THE PLANT

DISCHARGE ~ VELOCITIES IN LOCAL AREAS AT THE INTAKE AND DISCHARGE CAN BE MAIN-

TAINED AT LESS THAN 2 FEET PER SECOND WHICH CORRESPONDS TO WAVE"INDUCED

CURRENTS WHICH OCCUR FREQUENTLY. WE THEREFORE CONCLUDE THAT IT WILL HAVE

LITTLE EFFECT ON SHORELINE OR BOTTOM STABILITY.

A COMPLETE ANALYSIS OF THE INTAKE CHANNELS COULD NOT BE MADE AT THIS

TIME.,NO PROBLEM IS FORESEEN IN KEEPING VELOCITIES IN THESE CHANNELS BELOW

2 FEET PER SECOND BUT ADDITIONALNUMERICAL ANALYSES AND POSSIBLY A MODEL

STUDY SHOULD BE MADE TO ELIMINATE THE POSSIBILITY OF LOCALIZED EROSION,

IN ADDITION TO DETAIL DESIGN STUDIES~ THE PROJECT SHOULD BE CAREFULLY

13
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ANALYZED DURING THE PERIOD THAT IT IS OPERATING UNDER PARTIAL LOAD SO AS TO

ASSURE THE ADEQUACY OF THE DESIGN

FURTHER STUDIES ARE NEEDED BEFORE THE PROJECT I 5 COMPLETED AND

WHILE IT IS BEING OPERATED UNDER PARTIAL LOAD. THIS WOULD PERMIT MEASURES

TO BE TAKEN TO COUNTERACT ANY POSSIBLE CONSEQUENCES THAT MIGHT NOT BE FORE

SEEN AT THIS TIME~
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'CONSTRUCTION DETAILS

THIS IS AN EXCERPT FROM FLORIDA POWER 6 LIGHT COMPANY'S
APPLICATION FOR PERMIT TO DREDGE INTAKE & DISCflARGE, DECEMBER 18, 1969
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OCEANOGRAPHIC ENGINEERINGi UNIVERSITY OF FLORIDA. 20 MARCH 1970.
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ADDENDUM TO

TECHNICAL REPORT

MAY 1970
ANALYSIS OF THE PHYSICAL EFFECTS

OF THE DISCHARGE OF COOLING WATER INTO

CARD SOUND BY THE TURKEY POINT PLANT OF

FLORIDA POWER AND LIGHT COMPANY

THIS ADDENDUM IS PREPARED ON THE BASIS OF ADDITIONALSTUDY AUTHORIZED BY

THE FLORIDA POWER AND LIGHT COMPANY CONCERNING THE CONCLUSION OF THE SUBJECT

iREPORT AS STATED ON PAGE 13 OF THE TECHNICAL REPORT DATED MAY 1970 ON THE

ABOVE SUBJECTS

A COMPLETE ANALYSIS OF THE INTAKE CHANNELS COULD NOT BE MADE AT

THIS TIME~ NO PROBLEM IS FORESEEN IN KEEPING VELOCITIES IN THESE

CHANNELS BELOW 2 FEET PER SECOND BUT ADDITIONAL.NUMERICAL ANALYSES

AND POSSIBLY A MODEL STUDY SHOULD BE MADE TO ELIMINATE THE POSSI-

BILITYOF LOCALIZED EROSION.

A PRELIMINARY NUMERICAL ANALYSIS WAS MADE IN DETAIL OF THE INTAKE CHANNELS

WITH THE VIEW OF KEEPING VELOCITIES IN THEM AND OVER THE ADJACENT SHOALS WITHIN

THE 2 FEET PER SECOND CRITERIA AS ORIGINALLYESTABLISHED. THIS ANALYSIS SHOWED

THAT CERTAIN MODIFICATIONS OF THE ORIGINAL PLAN AS SHOWN ON F IGURE 2 OF THE RE-

PORT WOULD BE DESIRABLE, THE REVISED PLAN IS SHOWN ON FIGURE 1 OF THIS ADDEN"

DUM. 'CHANGES INCLUDE INCREASING THE CHANNEL DEPTHS IN LOCATIONS WHERE HIGH

FLOW IS INDICATED AND PROVIDING GRADUAL SIDE SLOPES IN TRANSITIONALAREAS. THIS

SHOULD PREVENT THE OCCURRENCE OF EROSION. RESULTS OF THE NUMERICAL ANALYSIS

ARE REPORTED IN TABL'E 1 OF THIS ADDENDUM.

AT THE TIME OF THE ORIGINAL REPORT THE POSSIBILITY OF A HYDRAULIC MODEL

WAS STRONGLY CONSIDERED, BUT FROM THE RESULTS OF THE NUMERICAL ANALYSIS AL-

READY, PERFORMED IT WOULD APPEAR TO BE PREFERABLE TO PERFORM A SERIES OF TESTS
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ON THE FACILITYAFTER ITS CONSTRUCTI ON AND PRIOR TO SUBJECTING IT TO FULL LOAD

COND I T I ON S,

THESE TESTS WOULD BE. CONDUCTED UNDER LOADING CONDITIONS AS SHOWN ON

TABLE 1. ACTUAL CURRENT AND FLOW MEASUREMENT WOULD BE MADE IN THE CHANNEL.

BY COMPARING THEM WITH THOSE SHOWN ON TABLE lp AN IMMEDIATE EVALUATIONOF

THE ACCURACY OF THE NUMERICAL ANALYSIS WOULD BE OBTAINED. ANY FLOW ASSUMP-

"TION AND BOUNDARY CONDITIONS FOUND TO BE UNREALISTIC COULD BE MODIFIED TO MAKE

THE ANALYSIS MORE PRECISE.

! N VIEW OF THE CONSERVATIVE RESULTS OF THE ANALYSIS UPON WHICH THIS

ADDENDUM IS BASED~ IT IS UNL'IKELYTHAT ANY CHANGES IN THE CONSTRUCTION WOULD

BE NECESSARY. HOWEVERS IF NECESSARY'HEY COULD BE MADE PRIOR TO LOADING

CONDITIONS THAT MIGHT EXCEED THE DESIGN CRITERIA,

THIS WOULD HAVE THE EFFECT OF TESTING A MODEL AT A SCALE OF 1 ON 1

WHICH WILL YIELD MUCH MORE PRECISION THAN A SMALLER SCALE'ODEL TESTED UNDER

L'ABORATORY CONDITIONS.
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TABLE 1

ANTICIPATED"FLOR VELOCITIES UNDER VARIOUS LOAD CONDITIONS

(1) (2)
1. LOAD CONDITION UNITS lp 2p 3 8t 4 UNITS lp 2 8t 3 UNITS 1 5 2

2. TOTAL FLOW (FT /SEC) 10, 600 6, 600 4, 000

(3)3. MAXIMUMVELOCITY (FT/SEC) AT

l. 8 0.7

0. 9 0.6

1.5 0. 9 0.6

D 1.5 0.9 0.6

l. 4 0.9 0.5

OVER SHOALS '0. 5 0.3 0. 2

NOTES:

(2):
(3)

UNITS 1',4 2 ARE EXISTING FOSSIL FUEL UNITS, UNITS 3 5 4 ARE NUCLEAR

UNITS PRESENTLY UNDER CONSTRUCTION.

(NCLUDES DILUTION WATER.

SEE FIGURE 1. FOR STAIONS AT WHICH VELOCITY IS COMPUTED.
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REPORT
HYDROLOGY OF THE PROPOSED 5-MILE

DISCHARGE CANAL
TURKEY POINT, FLORIDA
FOR THE FLORIDA POWER AND LIGHT COMPANY

4598-009-09

November 26, 1969
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Florida Power and Light Company
P. O. Box 3100
Miami, Florida

Attention: 'Mr.,Robert 3. Gardner

Gentlemen:

Addendum to Report
Hydrology of the Proposed 5-Mile

Discharge Canal
Turkey Point, Florida
For t'e Florida Power and Li ht Com an

INTRODUCTION

This letter is an addendum to our report entitled "Report,
Hydrology of the Proposed 5-Mile Discharge Canal, Turkey Point, Florida,
for the Florida Power and Light Company," dated November 26, 1969. This
addendum describes the conditions related to the so-called "levee" routing
of the proposed 5-mile discharge canal. This same route was discussed in
our earlier letter entitled "Addendum — Phase I, Report, Hydrology of the
Proposed 5-Mile Discharge Canal, Turkey Point, Florida, for the Florida
Power and Light Company," dated August 5, 1969. The proposed canal route
is shown on Plate 1, Vicinity Map.

We understand the proposed canal discharge will vary in response
to seasonal temperature conditions. During the summer months, when ambient
temperatures are relatively high, the plant discharge of 4,000 cubic feet
per second (cfs) will be diluted with 4,000 cfs of bay water yielding a
total discharge of 8,000 cfs. During the winter months, no dilution will
occur and the total discharge will be 4,000 cfs.

Your attention is directed to the section entitled, Conclusions.
Information and data developed during Phase II of our investigation require
some revision of the conclusions reached in our Phase I report, particularly
.as the proposed canal will relate to the surface ~ater hydrology.
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PlJRPOSE AND SCOPE

The purpose of the work was to eva'luate the influence of the
proposed canal on the surrounding surface and ground water hydrology. The
methods and techniques of analysis were similar to those used in the
body of our report. The results of the field measurements, insofar as
they are applicable to the "levee" canal route, were utilized.

Data on ambient ground and surface water conditions were
obtained from local, state and federal agencies. Head criteria
established for t'e canal were furnished by the Bechtel Corporation.
Values for both 4,000 cfs and 8,000 cfs discharge rates were computed
at various points along the canal. These head values are shown on
Plate l.

We wish to emphasize that our investigation was directed
primarily toward an evaluation of the so-called "straight" canal route.
Measurement made in and near the present Grand Canal, due to its similar
orientation and head relationships, may reasonably be assumed to
approximate conditions in the proposed "straight" canal. While the
results of these measurements may, in part, be applied to the "levee"
canal route, less assurance, can be attached to the performance of the
canal. This is particularl'y true in view of the considerably higher
heads required to move the discharge water through the longer reach of
the "levee" canal route. These higher heads are not approximated any-
where in the Turkey Point area at the present time. While parameters
such as permeability can be assumed constant overlarge head ranges,
the response of the hydraul'ic gradient cannot. The influence of these
higher head differentials on the confining effect of the muck layer,
for example, could not be predicted, and determination of this affect
was beyond the scope of our present study. Therefore, the opinions
expressed in this letter, while representing our best engineering
judgement with the data at hand does not constitute a direct or implied
warranty for the performance of the completed project.

COÃCI0USIOMS

Surface Water H drolo

The natural surface water drainage has been almost completely
altered west of the proposed canal by construction of Levee 31 and
Canals 106 and 107. The drainage east of the canal will not be
appreciably affected.

Relatively high heads will be required to operate the proposed
canal when dilution of the heated effluent .is occurring. These heads
are equal to or greater than those proposed to be maintained behind
Levee 31 and Salinity Control Structures 206 and 20,. Pumping facilities
will be required at both Canals 106 and 107, to lift their water into the
proposed discharge canal..

OAMCS C MOORC
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Large quantities of underflow or seepage, are anticipated
between the proposed canal and the Levee 31 borrow canal, due to the
head differentials. Assuming the heads to remain constant in the proposed
discharge canal, maximum and minimum average underflow over the reach
adjacent to Levee 31 was estimated to be,2,210 cfs and zero, respectively.
Actual underflows would be somewhere between these amounts. Water level
in the borrow canal would probably rise in response to this ~ater inflow.
This rise would be supported by the fact that the combined design flow
through the salinity control structures is only about 1,260 cfs. All
water entering the borro~ canal must eventually flow out of the Salinity
Control structures.

Ground Mater H drolo

A maximum head differential of three feet is proposed for
operation of the levee canal route. This is three times the head
proposed for the straight canal route and exceeds any heads presently
occuring in the site area. The maximum gradients known to occur
naturally in the aquifer are on the order of one foot per mile
(2 x 10 4 ft/ft). Ground water levels in the site area are at or near
the ground surface much of the time. Me understand that when gradients
exceed one foot per mile ground water tends to "blow-out", or flow on the
surface. It is not known if the aquifer will support a three-foot head
without causing blow-outs.

Ground water movement in response to the construction of the
proposed canal will be controlled principally by the Levee 31 borrow
canal. This canal wil] intercept most of the natural ground water
flow toward the discharge canal. It will also intercept most of the
westward seepage from the discharge canal. Movement of ground water
caused by the heads in the proposed canal will be inland along the
borrow canal and Canals 106 and 107 during low water periods. These
canals will probably act as recharge galleries during low water periods,
and move salt water inland.

Canal H draulics

High seepage losses will occur in the discharge canal. The
rel'atively high heads involved and the close proximity of the Levee 31
borrow canal create a steep hydraulic gradient between the two canals.
We estimate that under maximum conditions, seepage losses wi.ll be on
the order of 27 percent of the total discharge. It is not known whether
the three-foot head can be maintained, due to these high losses.

FINDINGS

Surface Water H drolo

As shown on Plate 1, the proposed canal will parallel Levee 31
between Salinity Control Structures 20A and 20, or for a distance of

DAMES C MOORC
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about four miles. From
follow the route of the
will have little effect
existing features. Its
drainage features.

Structure 20 to the l>ay, the proposed'anal will
existing Model Land Canal. The proposed canal
on the natural drainage as it will follow
principle influence will be on the man-made

As in our report, parameters were maximized to provide
analysis under the most severe conditions. A canal'ischarge of 8,000
cfs was assumed for both wet and dry periods. This assumption is
reasonable under wet conditions, as about "75 percent of the rainfall
normally occurs during the summer, when temperatures are high. A
discharge of 8,000,cfs would occur duri'ng the dry period (November through
April), however, only under prolonged drought conditions.

Present design plans for Canals 306 and 107 call for a headwater
level behind the salinity control structures of 1.4 feet above mean sea
level (msl) during wet periods and 1.1 feet above msl during dry periods.
The heads in the proposed canal (for 8,000 cfs) are 'equal to or greater
than 1.4, over the reach where the canal borders the levee. Pumps will,
therefore, be required at both Structures 20A and 20 to liftwater from
Canals 106 and 107 into the proposed discharge canal. During periods when
no dilution is occuring, and total canal flow is. 4,000 cfs, the water
surface in the canal will be lower than the headwater behind the salinity
control structures, although higher than the design tailwater elevations.
Some pumping will probably still be required during low water periods,
but the liftwill be less.

Water levels in the borrow canal west of Levee 31 are controlled
by the salinity control structure gate openings. Thus, during wet periods,
water level's immediately behind the levee wilJ be about 1.4 feet above
msl. During dry periods, they will be about 1.1 feet above msl. When
the proposed canal is discharging 8,000 cfs, high head differentials will
exist between the proposed c'anal and the borrow canal;. Due to the short
distance between the canals, a steep hydraulic gradient will occur and
excessive seepage losses in the proposed canal may result.

Ground Water H drolo

The "levee" canal route presents several problems not encountered
in the "straight" canal design. The two main differences are:

1) a maximum head difference of 3 times that of the
straight canal; and

2) the close proximity of the Levee 31 borrow canal.

The 'higher head conditions wil'1 result in steeper gradients,
causing an increase in the rate and quantity of ground water mevement.
Maximum gradients measured in the aquifer are on, the order of one foot
per mile (about 2 x 10 ft/ft). Due to the fact that ground water levels
are very near ground'urface, when gradients exceed one foot per mile we
understand ground water tends to "blow-out" or become surface flow,
Therefore, it is not known if a three-foot head can be maintained in the
canal without the possibility of blow-outs occurring beyond the levees
adjacent to the canal.

oaeveCS C MOORC
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The Levee 31 borrow, canal water surface elevation is less than
that in the proposed canal under maximum flow conditions (8,000 cfs).
Therefore, the borrow canal will act as a drain for seepage water from
the canal. Most of the seepage water lost to the west, as well as most
of the ground water moving toward the canal from the west, will be
intercepted by the borrow canals

The heads required to maintain a flow of 4,000 cfs are below the
ambient ground water levels, during all but low water conditions.
Under average and high water table conditions, therefore, the proposed
discharge canal will act as a drain over most of its length. Mater will
flow from the Levee 31 borrow canal into the proposed canal.

During low water conditions, ground water gradients are
directed inland and even though the salinity control gates will be closed,
both the ground water and canal water behind Levee 31 will tend to
move inland. The ground water wild. flow under the inland. gradient..
Seepage water from the proposed canal will move through the aquifer to
the borrow canal and thence inland along Canals 106 and 107. Except during
prolonged drought conditions, flow in the proposed canal will be 4,000
cfs during low water (winter) periods.. Under these conditions, it is

estimated'hat

about 2,000 cfs of salty canal water will move into the borrow canal.
In the event effluent dilution is required during a low water period, this
flow would greatly increase.

Canal H drau'lies

The relatively high heads required to move the 8,000 cfs
discharge will'ause correspondingly large seepage losses, particularly along
the reach adjacent to Levee 31. The close proximity of the Levee 31
borrow canal increases the loss due to the steep hydraulic gradient
established between the two canals.

Computation of the quantity of water loss that will occur
over an extended ti'me period involves procedures beyond the scope of
our investigation. However, an estimate of the extremes can be com-
puted. The maximum loss would occur when the head differential'etween
the two canals is greatest. Theoretically, the maximum differential would
occur during dry periods when the water level in the, borrow canal is
1.1 feet above msl and the total discharge is 8,000 cfs. Assuming
an average water surface elevation in the dis'charge canal (from Plate 1)
of 2.0. feet above msl., gives a head difference of 0.9 feet. The
distance between the canals is estimated at 400 feet. A hydraulic
gradient of 2 x 10 ft/ft is computed. Using a T'alue of 34 mgd/ft
and substituting we get:

Q = T'IL
(34 mgd/ft) (2 x 10 3) (21,000)

= 1428"mgd or 2,210 cfs

Thus, the maximum seepage loss for the reach adjacent to the levee
will be about 2,210 cfs or 27 percent of the total flow.

OnMGS C MOORe



Q>



'Assuming tne heads in the discharge canal are not allowed to
decrease (since 'this would decrease the flow through the plant) the
water level in the borrow canal will rise in response to the additional
water input. The rise will be supported by the fact that the combined
designed flow through salinity control structures 20A and', 20 is about
1,260 cfs. The maximum water level elevation in the borrow canal may,
reasonably be assumed to be equal to the ground level, or about 2.0
feet above msl. Since the average water surface elevation in the discharge
canal is 2.0 feet, the minimum average seepage loss would be zero.*

The net affect of high seepage losses on the operation of
the proposed canal can be viewed as two possibilities. First, the
possibility of reducing the head in the proposed canal exists. This
would cause a consequent decrease in the quantity of flow through the
plant and/or dilution pumps. Secondly, if the heads are maintained,
there is the possibility the water level immediately behind Levee 31
will be raised.

RECOM1FN DATIONS

'We believe, the "levee" canal route to be considerably less
desirable than the "straight" canal route. The problems related to
this canal location, while not impossible to solve,,make it an
expensive alternative.. We, therefore, recommend that the. straight
canal route be adopted.-

If, however:, factors other than engineering criteria dictate
the desirability of this route, several solutions may be considered.
The problems are related entirely to the 2arge seepage losses or under-
flow that may be expected. Since the heads required to overcome
friction losses in the discharge canal itself cannot be reduced without
reducing the plant discharge, any 'solution must involve the reduction
of seepage or underflow. This can be accomplished in foux ways:

1. Filling in the Levee 31 borrow canal.
Excess spoi'1 from construction of the
proposed'ischarge could be used to fillin
the borrow canal. This would eliminate
the steep gradient between the two canals
and considerably reduce seepage losses.
This scheme may also involve some lining
of the canal on either side of the salinity
control structures to reduce underflow at
these points, however.

'* This is not strictly true. A salinity difference would exist between
the two canal waters. This would create a density gradient and some
seepage losses would probably occur. These losses would be small,
however.

OAMCS.C MOORC
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2. Lining the length of the proposed canal
adjacent to the levee. This would require
lining about 4~g miles of the canal. A side
benefi't would be the reduction of:friction
losses in the canal itself.

3. Lining the borrow canal. This solution would
be of particular interest if it is not desirable
to fil'l the borrow canal.

4., A grout curtain between the proposed canal and the
borrow canal.

Any .of the above solutions, however, will make the "levee"
canal consi.derably more expensive to construct than the "straight" canal.

The following Plate is attached and completes this Addendum:

Plate l . . . . Vicinity Hap

.'ours very truly,

DAHES & HOORE

~)
Benjamin S. Persons

PL<'Md.~
William M. Greenslade

BSP/WMG/dpc
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REPORT

HYDROLOGY OF THE PROPOSED 5-MILE DISCHARGE CANAL

TURKEY POINT, FLORIDA

FOR THE FLORIDA POWER AND L'IGHT COMPANY

PURPOSE AND SCOPE

This report presents the results of our investigation of the

hydrology of the proposed 5-mile discharge canal at the Turkey Point Steam

Generating Plant of the Florida Power and Light Company. The purpose of

this study was to evaluate the effect of the, proposed canal on the surround-

ing surface and ground water hydrology. Particular attention was paid to

possible influence on the fresh water/salt water interface and on the pro-

posed operation of the Central and Southern Florida Flood Control
Districts'evee

31, Canal 106 and Canal 107. These 'features are shown on Plate 1,

Vicinity Map Showing Flood Control Projects. In this report,, the fresh

water/salt water interface is taken as the position of the 1,000 part per

million (ppm) isochlor a" the base of the aquifer, unless otherwise stated.

The work was performed in accordance with our proposal dated

June 11, 1969, and our subsequent letter dated July 22, 1969. The wor'k

proceeded in two phases.

Phase I consisted of a search, review and analysis of pertinent

published and unpublished data. Utilizing the design parameters provided by

Florida Power and Light Company, the proposed canal was superimposed on the

ambi'ent conditions as determined from available data. Our conclusions were
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presented in our report, "Report — Phase I, Hydrology of The Proposed'-Mile

Discharge Canal, Turkey Point, Florida, for Florid'a Power and Light Company",

dated June 30, 1969.

Phase II involved field measurements in the vicinity of the

present Grand Canal. These measurements were designed to provide coll-

firmation of the published data utilized in Phase I, and additional data

regarding groundwater movement. Preliminary conclusi'ons regarding this phase

of the work were contained in our letter dated September 16, 1969.

In addition to data obtained and developed during this invest-

igation, extensive data collected during our previous environmental'tudy

were used. For a detailed treatment of the regional hydrology and geology,

reference is made to our report entitled, "Environmental'tudies, Proposed

Nuclear Power Units, Turkey Point, Florida, for the Florida Power and Light

Company" dated April 20, 1966.

CONCLUSIONS

The following conclusions are based on the results of our

investigation, A description and summary of data leading to these con-

clusions are presented in the section of this report entitled ~Pindin s.

Surface Water H drolo

We do not believe the proposed canal", as presently "designed, will
adversely affect the surface drainage. Levee 31 will .effectively cut off

natural upland drainage into the site, area. Future drainage will be confined

to Canals 306 and 107 and to such sheet runoff as occurs from precipi.tation

falling on. the area between Levee 31 and the Bay. This sheet runoff will be

minor except during severe storms.

Levee 31 has a minimum height of four feet and is designed to

prevent inland tidal flooding. The levee design storm flood has a once-in-
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ten-year frequency. The volume of water added by the proposed canal to the

once-in-ten-year storm tide would be less than 0.2 percent of the total.

Therefore, we do not believe this would measurably raise the tide height or

that the effectiveness of Levee 31 would be reduced.

The levees bordering the canal will,help to reduce non-

hurricane tidal flooding- west of the canal. Some flooding will continue to

occur around the ends of the canal where the land is open to the Bay.

Construction of levees extending westward to Levee 31 from both ends of the

discharge canal could probably reduce or eliminate this flooding.

Drainage of the area between the proposed canal and Levee 31

will probably be very sluggish southward. Removal of water from this area

could be accelerated by dredging shallow drainage ditches parallel to the

proposed canal and/or installing culverts with flap gates through the landward

levee in the lower reaches of the canal where water 1'evels are below ground

surface at low tide.

Ground Water H drolo

Maximum head in the proposed canal was specified by Florida Power

and Light Company to be 1.0 foot„at the plant discharge. The canal will

function as a ground water recharge line during low water periods, as shown

on Plate 3, Low Water Table Showing Influence of Proposed Canals. The radius

of influence ef this recharge source was found to be approximately one mile.

For purposes of this study, the radius was doubled to include a maximum area

of influence.

The proposed canal was superimposed on contour maps of

the ground water table under low, average, and high conditions, as adapted

from U. S, Geological Survey maps. (See references in Appendix B.) Ground

water levels measured during our investigation agreed with those obtained

by the U. S. Geological Survey. The ambient, pre-canal water levels are
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shown on, Plates 2, 4 and 6. The conditions which we estimate will result

from operation of the proposed canal are shown on Plates 3, 5 and 7.

Plates 5 and 7 show the relationship between the proposed dis-

charge canal and the surrounding ground water table during average and high

water level periods. In most instances, water levels to the west are higher

than the canal, water surface, indicating ground water will flow toward the

canal. Under these conditions, water moving from the can'al into the aquifer

will flow principally to the east toward the bay. The average rate of

water movement is estimated to be on the order of 35 feet/day.

As shown on Plate 3, during low water periods, water levels over

most of the area are below the proposed canal water surface level. There-

fore, ground water movement is away from the proposed,'anal. Under these

conditions, salt water will tend to migrate inland, as well as toward the

bay. The contours indicate that inland water movement would be to the south-

west, roughly parallel to the fresh water/salt water interface. The average

rate of movement is estimated to be on the order of 40 feet per day. This

low water condition usually occurs in the winter or spring and rarely lasts

more than 30 days. Thus,. maximum inland water movement would be on the

order of 1,200 feet. Based on the general direction and rate of ground water

movement, coupled with the relatively short duration of these low water

periods, we do not believe the proposed canal will adversely affect the

fresh water/salt water interface.

Ground water in the site vicinity is saline. The nearest fresh

water wells are at Homestead Air Force Base approximately five miles north-

west of the site. Chloride concentrations in wells measured during our in-

vestigation ranged from 16,000 ppm. in well number 3 to 100 ppm in well

number 4. Plate 8, Well Location Map, shows the distribution of wells and
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sampling points. Table 2, Water Salinity Data, presented bn Page 18 gives

the cFiloride concentrations for these wells and sampling points over the

period of record. No permanent wells yielding water of drinking or irri-
gating quality exist within three miles of the plant site.

It is doubtful that a dependable ground water supply could be

developed east of Tallahassee Road and south of Mowry Drive, due to the

salt water coning effect induced by pumping. This effect is shown schema-

tically on Plate 9, Idealized Salt Water/Fresh Water Interface Showing Coning

Due to Pumping.

Grand Canal H draulics

Flow in the Grand Canal is influenced'y variations in the canal

configuration and by ground water and surface water inflow and outflow.

The amount of water inflow and outflow,varies with the tide. In general,

water flows out of the canal on a rising tide and into the canal on a falling
tide. Measurements of the canal water surface indicated a remarkably con-

sistent slope, however, regardless of the tidal conditions. This is shown

on Plate 14, Canal Water Surface Elevations Versus Distance from Plant.

A rigorous determination of the Manning Coefficient of Roughness

(n) was not within the accuracy limitations imposed by the measuring devices.

However, theoretical calculations of the discharge using various roughness

factors (n) were compared with the discharge computed from field measurements.

This comparison is given in Table 3, Comparison of Manning (n) Values, (see

page 22) and indicated a theoretical calculation of the discharge using an

n factor of 0.035 to most closely approximate the measured discharge.

We understand the proposed canal

bient temperature conditions. In general,

during the winter and 8,000 cfs during the

discharge will vary with the am-

the discharge will be 4,000 cfs
II

summer. For purposes of our study,;
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Iall parameters were maximized to provide analysis under the most severe con-

ditions. Applying the design parameters furnished by Florida Power and Light I

Company, and using the permeability values computed during our investigation,-

the conditions expected to occur after construction of the proposed canal

are shown on Plates 3,'"5 and 7.

An estimate of water lost or gained by the, canal'ue to ground

water inf1'ow and seepage losses was computed. Under low water table condi-

tions, such as on Plate 3, the canal will lose water over its entire length.

A total water loss of 442 cfs was computed, which represents about six per-

cent of the total 8,000 cfs discharge. Under average; and high water table

conditions, some water will be gained from the west; while some water will

be lost to the east. A net water loss under average water table conditions

of 250 cfs was calculated, or about 3 percent of the 8,000 cfs total flow.

During high ground water table periods, which normally occur in the late

fall and winter, it was assumed that the total discharge would be 4,000 cfs.

Under these conditions, a net water gain of .35 cfs was calculated.

FINDINGS

General

This section of the report. presents a summary of the information

and data developed during our investigation. For more detailed information

pertaining to specific aspects of the general items discussed, reference is

made to the bibliography of this report. Field methods and .techniques em-

. ployed in the study are discussed in the section entitled "Field Investiga-

tions."

Surface Mater H drolo

Natural surface water drainage in the vicinity of Turkey Point

is to the east and southeast toward Biscayne Bay. The area is characterized
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by extremely flat topography, submerged stream courses,, and heavy vegetation,

all of which impede drainage and make water movement very sluggish.

The highly permeable limestone of the Hiscayne Aquifer tends to prevent the

development of an integrated surface drainage system.

Due to the extremely. low, flat topograpliy, most of the area is

under water a large part of. the t,ime. Apart from some fresh water trapped

in the slightly higher hammock areas, all surface water'ast of Levee 31

is saline. Vegetation consists of brackish water plants such as stunted

mangrove and marsh grass.

Southern Florida is a water conservation area. A comprehensive

water management project has been under development for many, years. A

complex system of canals, levees, and salinity control structures provides

almost complete water management. This system has considerably altered the

natural drainage pattern. Existing and proposed features of this system in

the site vicinity are shown on Plate l.

The U. S. Army Corps of Engineers, as part of the Central and

Southern Florida Flood Control Project, has constructed Levee 31 and

Salinity Control structures 20 and 20A, as shown on Plate 1. Construction

of Canals 106 and 107 is scheduled .to begin in mid-1970. Operation

and maintenance of the levee and canals will be under the jurisdiction of

the Central and Southern Florida Flood Control District.

Levee 31 extends from Card Sound Road in the south to Gould

Canal in the north. Crest elevation varies from four feet above mean sea

level at Card Sound Road to seven feet above mean sea level north of the

Flori'da City Canal. A borrow canal approximately 12 feet in depth

and 100 feet in width parallels the levee on the inland side. The levee

lies approximately along the two-foot elevation contour 3,ine and corresponds
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to the surface Salt Barrier Line* established by Dade County. Most of

land east of the levee is less than two feet above mean sea level. The

levee is designed to provide surface salinity protection by preventing

inland tidal flooding.. The project design flood is one whi,ch will occur

on the average once in ten years. A storm of this frequency would produce

a tide approaching four feet in Biscayne Bay and two to three feet along

the southern coast. Levee 31 would provide some protection against non-

hurricane floods of greater magnitude than the one in ten-year occurrence,

but would probably provide little protection against hurricane tides.

Canals 106 and 107 are designed to drain the area west of

Levee 31, south of the Florida City Canal, and north of Card Sound Road.

The existing Florida City Canal has been blocked and the water diverted

north through the Levee 31 borrow canal to Canal,103. Canal 107 will

join with the existing Model Land Canal at Salinity Control Structure 20

and'he existing canal widened downstream. Canal 106 will intersect the

proposed discharge canal along the present southern property boundary of

Florida Power and Light Company. It will be necessary to provide .some means

of preventing the higher head in the proposed discharge canal from backing

up water in Canal 106 during certain times of the year. Me understand

agreement in principle regarding this condition has been reached between

the Florida Power and. Light Company and the Central and Southern Florida

Flood Control District. The proposed discharge canal will intersect Canal

107 approximately 250G feet upstream from its entrance into Card Sound. It
is not anticipated that backwater problems will occur in Canal 107.

The purpose of Canals 106 and 107 is to remove excess precipi-

8 Salt Barrier Line is that line inland of which no canals may be constructed
without the placement of adequate salinity control structures.
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tation (runoff) and maintain ground water levels below ground surface

behind Levee 31. Present operating plans call for maintaining a head in
k

the canals behind the salinity control structures of 1.4 feet above mean

sea level during the wet season and 1.1 feet during the dry season. It
is doubtful, however, that a head of 1.1 feet can be maintained during the

driest periods, as ground water levels are below sea level. Net effect

of these canals on the surface water hydrology will be to accelerate the.

removal of ponded water. Subject to the satisfactory resolution of the

proposed canal and Canal 106 )uncture, we do not believe the construction

and operation -of the proposed discharge canal will adversely affect the

function or operation of the Central and Southern Florida Flood Control

District canals and levee.

Ground Water H drolo

There are two principal aquifers in the site vicinity. The

Biscayne Aquifer is a highly permeable limestone water table aquifer. The

aquifer extends from near the surface to a depth of approximately 70 feet.

The Floridan Aquifer is under artesian .pressure and exists from a depth

of about 1200 feet to 3300 feet. Both aquifers contain saline water in
1

the site area. Only the shallow Biscayne Aquifer is of interest in this

investigation.

The Bi'scayne Aquifer consists of two principal formations: the

Miami Oolite,and the Fort Thompson. In some areas a highly coralliferous

zone at the top of the Fort Thompson may represent the Key Largo formation.

The Miami Oolite is an oolitic limestone with locally abundant fossil

fragments and some pockets of hard fine grained limestone. The

Fort Thompson is a complex sequence of fresh water, brackish water, and marine

limestone, with marls and calcerous sandstones . Both formations are riddled
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with, solution cavities and are highly permeable. The Fort Thompson is

reputed to be somewhat more permeable than the Miami Oolite. Examination

of the rock made in excavations during our environmental study indicated

'the vertical permeability of the Miami Oolite may be greater than the

horizontal permeability.

In the site area a Transmissibility Coefficient* of 34 million

gallons per day per foot was assumed for the aquifer as a whole.

No transmissibility coefficients have been determined for the Miami Oolite

or Fort Thompson as separate formations. Total aquifer thickness in the

site area is approximately 70 Eeet. For purposes of computations in this

repoit, an average horizontal permeability of 485,000 igallons per day per

square foot has been assumed.

In the site vicinity, the aquifer is capped by a layer of

decayed vegetation, peat and marl (calcareous clay) locally referred to as

"muck". This layer is generally four to six feet thick near the Bay,

decreasing to less than one foot near Tallahassee Road. The surface of

the underlying, limestone, however, is highly irregular and some pockets

of "muck" have been Eound to extend to

acts as a very leaky confining bed and

short term pumping as if it were under
I.

long-term basis, however, it acts as a

a depth of 16 Eeet. This muck layer

causes the aquifer to respond to

leaky artesian conditions. On a

water table aquifer and has an average

Coefficient of Storage**of 0.20.

* The Coefficient of Transmissibility is defined as the quantity of water in
gallons per day, that will pass through a strip one foot wide extending
the entire depth oE the aquifer under a hydraulic gradient of one foot per
foot at 60 degrees F.

** The Coefficient of Storage is defined as the volume of water released
from or taken into storage per unit surface area of the aquifer per unit
change in head.
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Recharge to the aquifer is from precipitation. Average rainfall

is about 60 inches per year. It has been estimated that of this 60 inches,

about 22 inches is discharged by evaporation and surface runoff without

reaching the water table. Of the remaining 38 inches reaching the water

table, it is thought that about 20 inches are discharged as, ground water

flow into Biscayne Bay, and 18 inches are discharged by transpiration of

ground water and by pumping from wells.

Measurements made during our investigation confirmed a direct

relationship between, water levels and precipitation. A thundershower on

August 24, 1969, dropped 0.65 inches of rain in less than two hours.

Mater levels at the site responded within 1'5 to 30 minutes. The average

ground water level rise was 0.10 feet. Assuming a specific yield* of 0.20,

it is estimated that at the site 37 percent of the rainfall reached the

water table. Although somewhat less than the average for the aquifer as a

whole, probably due to the peat or "muck" layer, this relatively high per-

centage indicates a direct surface-water/ground-water relationship.

Piezometers were drilled to monitor water levels. Three piezo-

meters were installed at 300 feet, 1,916 feet, and 5,185 feet westward

from the existing Grand Canal. The piezometers. were located on a line

perpendicular to the canal at the Boy 'Scout Camp. Stilling wells were set

in the Grand Canal and the Levee 31 borrow canal. Mater level recorders

were .installed on the piezometers and stilling wells. Locati,on of the

piezometers and stilling wells are shown on Plate 10, Site Plan.

Tidal influence was removed from the data by averaging readings

at three-hour time intervals. Daily averages were plotted and are shown

* The specific yield may be defined as the amount of water that will drain,
by gravity, from a cubic foot of aquifer. For water table aquifers,
the specific yield and the coefficient of storage are very nearly equal.
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on Plate ll, Daily Average Water Levels. All stations responded in a

similar manner. Data shown on Plate ll indicates that the water table

westward of the Grand Canal slopes toward the canal. The average water

surface gradient was calculated to be 1.7 x 10 4 feet per foot between

well 4 and the Grand Canal.

Measurement of the water flow at several stations in the

Grand Canal was made to evaluate the quantity of water lost or gained,

if any, by the aquifer adjacent to the canal. Measurements were taken

at four sections between the Bechtel Bridge and the Boy Scout Camp. This

area was selected as the longest reach relatively free from culverts or

branch canals. Measurement over the entire canal length, although

preferable, was not practical due to the many uncontrolled points of

water ingress or egress. Two culverts exist in the measured reach.

Locations of the sections and culverts are shown on Plate 12, Section Plot

Plan. Flow through the culvert at Cross Creek west of the Bechtel Bridge,

was reduced by placing a large board in front of the culvert. The flow was

reduced from an average 19 cubic feet per second (cfs) to an average 6 cubic

feet per second (cfs) during the time measurements were taken. Flow through

the 'large culvert north of the Boy Scout Camp could not be effectively

reduced. For purposes of measuring the water gain or loss, therefore,

measurements were confined to Section A and Section C, upstream from the

culvert. A discussion of the equipment and measuring techniques employed

is presented in Appendix A, Field Investigations.

Six current meter runs, or traverses, were made across Section

A. Five runs were made across Section C. Table 1, Canal Flow Data, lists
the discharge computed for each run. Runs 1 through 3 at Section A and

runs 1 through 3 at Section C were made at similar points on the tidal
curve, but on two separate days. Runs 5 and 6 were made simultaneously
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at sections A and C. The data for Section C, Run 6, were affected by a

malfunction in the current meter and were not used. Changes in water stage

in response to the tide were accounted for by averaging the water surface

elevation at the beginning and end of each run. The average water loss was

computed by two methods in order to evaluate tidal affects, other than ~ater

stage change, influencing the data. The loss was first computed

usi'ng the difference between the means of each section. It was then computed

by taking the mean of the differences between runs made at each section

at similar points on the tidal curve. (See Table 1.).

TABLE 1

CANAL FLOW DATA

Run

Section A

Tide
Discharge
~cfs)

Section C

Run Tide
Discharge

(cfs)

Discharge
(cfs)
A-B

High

Falling

Falling

Rising

Rising

High

1209

1190

1205

1195

1190

1223

1 High

2 Falling

3 Falling

4 N.D.*'

Rising

6 High

1180

1163

1151

1176

N. R,**

29

27

54

14

Average: 1202 1167 31

* No Data
** Data not reli'able due to current meter malfunction

It was concluded that the water loss, within the accuracy of the

measurements, was not influenced by tidal fluctuation other than stage height

variation, and, as indicated, the stage height variation was taken into

account by averaging the water surface elevations over each run. Based on
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our measurements, therefore, we have assumed an average water loss between

Section A and Section C of 31 cfs. Of this, approximately 6 cfs was lost

through the Cross Creek Culvert, leaving a net water loss of approximately

25 cfs.

Comparison of data from tide gages located'n Lake Warren near the

plant discharge and on Biscayne Bay near th'e plant intake indicated an

average head difference of 0.10 feet. Measurements of the canal water

surface slope over the reach between staff gages 1 and 2 (See Plate 10) showed

a head loss of less than 0.01 feet. An average head of 0.10 feet was,

therefore, assumed for the canal reach from Section A to Section C.

A knowledge of'he quantity of water entering the aquifer over a

given canal reach and the gradient under which this quantity moves provides a

conven'ient method of determining the transmissivity or permeability of the

aquifer. From a modified form of Darcy's Equation, we have:

T =~
2IL

where Q is the quantity of water entering the aquifer (water loss) in gallons

per day (gpd), T is the Coefficient of Transmi:ssibility in gallons per day

per foot of aqui'fer width (gpd/ft), I is the hydraulic gradient in feet/foot,

and L is the length of the reach, in feet. Assuming an average flow distance

from Lake Warren to the northern most branch canal (sea level) of 1,000 feet
-4

and a positive head in the canal of 0.10 feet, I becomes 1 x 10 . The length

of reach (L) is 1,500 feet and Q is 25 cfs, or 16.2 million gallons per day (mgd).

Solving for T yields 54 million gallons per day per foot (mgd/ft). The per-

meability (K) and coefficient of transmissibility (T) are related according to

OAMCS C MOORN



~I

~ ~



15—

the following equation:

where m is the aquifer thickness. Zn the site area, m is about 70 feet, giving
2

a K equal to 771,400 gpd/ft

These calculated values of T and K are considerably larger than

those computed in other portions of the aquifer. Therefore, a separate method
1

of calculation was employed to provide a check on these values. Utilizing a

method developed by Ferris (1951) relating the value .of T/S for an aquifer to

tidal fluctuations in wells near a canal, calculations were made according to

the following equation:

T = 4.4 x S
2

where:

T = coefficient of transmissibility, in gpd/ft

S = coefficient of storage

x — change in distance from the canal over one log cycle

t = period of stage fluctuation, in days.

A plot on semilogarithmic paper of the ratio of tidal range in

the piezometers to tidal range in the canal, versus distance from the canal

facilitates the computation. Such a plot of the data is shown on Plate 13,

Graph Showing Relationship Between Tidal Fluctuations in the Grand Canal and

the Piezometers. The value of t was taken as 12 hours or 0.5 days. S was

assumed to be 0.20, as determined from pumping tests in other areas of the

aquifer. Using these values, a coefficient of transmissibility (T) of 34

mgd/ft was computed. Dividing by the aquifer thickness gives a permeability

(K) equal to 485,000 gpd/ft . These values,, and those determined from the2

flow loss measurements, are of the same order of magnitude.
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The permeability value computed by the Ferris method was judged

to best represent the aquifer and an average T of 34 mgd/f t. and a permea-

2
! bility,of 485,000 gpd/f t,were, therefore, assumed. The calculations and

conclusions presented in this report are based on these values.

It should be noted that the coefficient of transmissibility (T)

is commonly given. in gallons,per day per foot of aquifer width, at a water

temperature of 60 degrees F. The water temperature under which the above

transmissibility was determined ranged from 80 to .88 degrees F. Assuming

an average water temperature of 85 degrees F., application of the appropriate I

.temperature correction factor yields a T equal to 27 mgd/ft. For purposes

of comparison with standard coefficients of transmissibility, a value of

27 mgd/f t should be used. For purposes of computation, however, the value
d

computed in the field is used. In order to eliminate confusion, symbols of

T'nd K'illbe used in this report to represent the coefficient of trans-

missibility and permeability computed from field data,.

Surface water at the plant site is generally. saline, most of the

area being inundated't high tide. The construction of Levee 31 has reduced

the amount of salty surface water able to move inland, even under storm

tides. Following periods of precipitation, surface water in canals and major

drainage courses is freshened, particularly in the area west of the levee.

Construction of Canals 106 and 107 will tend to keep ground water levels

below ground surface. This will allow fresh rainwater to leach salt from

the surface and carry it to 'the bay. Most of the surface water west of Levee

31 will remain relatively fresh, except under sever tidal storm conditions.

Ground water is generally saline. The salinity of the ground water

increases with depth, but decreases inland. The difference in density be-

tween fresh water and salt water causes salt water to migrate inland.

OAMSS C MOORS
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According to a formula known as the Ghyben-Herzburg principle, the depth

to salt ~ater below sea level is theoretically equal to about 40 times

the fresh water head above sea level. While this is 'strictly true only

for static conditions, and in some parts of the aquifer it is considerably

in error, it is essentially valid in the si'te area. Since the fresh water

head increases inland, the depth to salt water increases, thereby creating

the characteristic "wedge" shape, as illustrated on Plate 9, Idealized

Salt Water/Fresh Water Interface Showing Coning Due to Pumping. The principle

assumes a sharp line or interface between the fresh and salt water. In

reality, however, a zone of diffusion:exists as indicated by a steady increase

in salinity measured with increasing depth. Measurements taken over a period

of several years by the U. S. Geological Survey indicate that the water

salinity in shallow portions of the aquifer varies considerably with the

amount of precipitation. Isochlors (lines of equal chl'oride concentration)
h

may migrate horizontally as much as one mile in response to rainfall. Water

in the deeper portions responds more slowly, however, and the position of

the 1,000 ppm isochlor has remained remarkably. stable since 1951.

A well inventory was conducted as part of this investigati'on.

Location of the wells in the vicinity are shown on Plate 8. All wells

except. 8, 9, 10, ll and'2 are observation wells maintained by the U. S.

Geological Survey and are not pumped. Wells 8 and 9 are at the University

of Florida's East Glade Agricultural- Experiment Station. They are, used

principally as observation wells, but are occasionally pumped for short

periods to provide irrigation water. Most of the time they are too salty

for use, even for irrigation. Well 10 is at a farm house next to Canal

103. The well water is used for bathing but is not suitable for drinking.

Wells 1'1 and 12 are water supply wells for Homestead Air Force Base. They
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TABLE 2

WATER SALINITY DATA

Well No.

4

s'0

12

.13

14

Descri tion

Grand Canal

Piezometer 2

Piezometer 3

Piezometer 4

L-31 Canal

USGS G, 1264

USGS G 1267

V. of F'.E. Glades Sta.

U. of F-E. Glades Sta.

Farm House (Tap sample)

USGS G 1183(HAFB)

USGS G 1270 (HAFB)

USGS G 1265

USGS G 1266

1/19,400

7/8,400; 33/12,000

5/16,100

1/100; 30/600

12/450

17,400

12,000

16,100

600

450

2/160;20/150;40/200;55/600 740

45/190

Unknown/720
r

Unknown/680

400, ppm Cl

Unknown/< 20

390

1,300

750

400

25

Unknown/< 20

2/270; 21/600

2/430; 20/1,500;46/4,,700;
64/6,700

640

7,000

Average Salinity*
at various depths , Maximum
(De th / Cl m) Saliaitv:".."e

15 USGS G 1364 1/1,500; 22/1,900',900

* Average Salinity is the average of the measurement of record at each depth.

** Maximum Salinity is the highest value of the measurements of record,
regardless of depth
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are the cl'osest potable water wells to the site, being about five miles

northwest of Turkey Point. Water salinity data, for the wells inventoried
1

are presented in Table 2, Water Salinity Data.

The relatively low chloride concentrations in piezometer 4 and

the Levee 31 Canal (sample 5) were attributed to dilution by recent rainfall.
Samples taken in piezometer 2, which is located next to a major drainage

5

course, had a lower salinity than piezometer 3, probably also due to dilution. '„

IAlthough, as Table 2 shows, fresh water exists in shallow portions !

of the aquifer east of the 1,000 ppm isochlor, it is unlikely that a perma-

nent supply could be developed. A coning effect is created when partially
penetrating wells are dri.".led into an aquifer. In the case where salt

I

water is present in the lower portions of the aquifer,, the wel'1 will eventually

become salty. This effect is illustrated on Plate 9.

Grand Canal H draulics

Water flow in the Grand Canal is influenced by variations in the

canal configuration and by ground water and surface water inflow and outflow.

In general, the canal configuration changes greatly only at Lake Warren.

This reach accounts for about ten percent of the total canal length and includes

one expansion and contraction. For the relatively low velocities of flow,

head loss due to these variations can be neglected.

Surface water outflow and inflow varies with the tide and with

the amount of rain falling on the drainage area to the west of the canal.

Six culverts and three shallow branch canals allow ingress and egress.
I

IStevens porcelain staff gages, graduated in hundredths of a foot, j

were installed at six points in the Grand Canal to measure the water surface

elevation. Location of these gages is shown on Flate 10, Site Flan. Gages

were referenced .to U.S.C.& G.S. mean sea level datum (1929). While gage

.readings were affected .by surface waves, measurements made under near calm

OAMLS C MOORN
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or calm conditions showed a remarkably consistent slope, as shown on Plate

14, Canal Water Surface Elevations Versus Distance. Staff gage readings

were taken on both a rising and falling tide in the direction of tidal flow

and over a'time,period approximately equal to the rate of tidal flow (about

ten minutes) in order to reduce tidal effects.

The quantity of ground water inflow and outflow was estimated

from the data obtained from the piezometers and flow measurements. Ground

water inflow occurs entirely from the west. Since no inflow can occur

where the canal water, level is higher than the ground water level, most

of the inflow will occur only in that area of the canal south of Section C.

A gradient of 1.7 x 10 4, determined from our measurements at the Boy

Scout Camp, was assumed to exist west of the 8,000 feet of canal reach south

of Section C. The quantity of inflow was computed as follows:

Q = T'IL

Q = (34 mgd/ft)(l. 7 x 10 )(8,000 ft)

Q = 46 mgd or 72 cfs.

The quantity of outflow can be similarly computed. The hydraulic

gradient east of the canal decreases to the south since the canal water

surface elevation decreases. Assuming an elevation of 0.10 at Lake W m'ren

and an elevation of 0.04 at the canal terminus, or an average elevation of

0.07'eet, an eastward hydraulic gradient of 2.8 x 10 was calculated for

the reach south of Section CD Using the same values of T'nd L as above,

we get:

Q ~ T'lL

Q = (34 mgd/ft)(2.8 x 10 ) (8,000 ft)

Q = 8 mgd or 12 cfs.

This 12 cfs water outflow below Section C, when added to the water loss of

25 cfs determined between Section A and C, gives a total water outflow of

approximately 37 cfs, OAMLS C MOORC
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Some outflow also occurs through the shal'low branch canals. The

flow in these canals is small compared to the Grand Canal, however, and the

loss was neglected.

A net gain of 72 cfs minus 37 cfs or 35 cfs was computed. A 'total,

flow of 1237 cfs was determined by adding the net gain to the average flow

measured at Section A.

A rigorous determination of the Manning Roughness Coefficient (n)

was n'ot possible within the limits of accuracy of the measuring devices. The

range of n values proposed for the canal, however, may be compared against

the total flow computed above by using the water surface slope measured over
-6

the entire canal. An average water surface slope (S) of 4.8 x 10 was

calculated from the d'ata presented on Plate 14. An average cross sectional

area and wetted perimeter for the overall canal were computed. Using these

parameters, a discharge, Q, was computed from the Manning formula assuming

values of n equal ot 0.'025, 0 030, 0.033, and 0.035. The results of these

computations are given in Table 3, Comparison of Manning n Values.

Table 3 indicates that a flow of 1230 cfs computed using a roughness

coefficient of 0.035 most nearly approximates the total flow as computed from

our study measurements. While we do not believe this to be a rigorous

determination, we believe an n value on the order of 0.035 to approximate the

natural canal roughness. This is the same value used by the Corps of

Engineers in the design of Canals'06 and 107.

'L
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TABLE 3

COMPARISON OF MANNING n VALUES

The flow was computed by the Manning Formula:

Q
1 9 AR2/3 Sl/2 OR

Q
1 (43)

n n

MANNING n VALUES

0.025

COMP UTED F LOW

(cfs)
1720

0.030

0.033

0.035

1435

1305

1230

Pro osed Canal

We understand the proposed canal will be approximately si.x miles

in total length. It will average;,20 feet in depth and have a wetted

perimeter of approximately 200 feet. We assume the cross-section will
be nearly constant over the canal length., We also understand that the flow in

the canal will be approximately 4,000 cfs during the winter months, and

8,000 c'fs during summer months.'e have assumed a maximum head difference

of 1.0 feet between the, plant discharge and the canal terminus. 'We have also

assumed this head would decrease linearly over the canal length.

OAMCS C MOORC
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Time limitations did not permit a detailed';study of field

conditions over more, than a few weeks. Nevertheless,'uch of the information

developed may be applied to conditions expected to exist during other times

of the year. The ground water gradients measured during our study confirmed

those presented in published data for similar rainfall conditions. Published

gradients for other times of the year were, therefore, assumed to be reliable.

The aquifer coefficients determined in other portions of the aquifer do

not exhibit a marked change over relatively large areas, and it may reasonably

be assumed that those determined during our investigation would not change

radically over the site vicinity. We have, therefore, assumed the permeability
1

to be constant over the proposed canal length.

Utilizing the given design parameters and the determined permeability

value, an evaluation was made of the quantity of water loss or gain .that might

be expected over the canal reach. The quantities would vary with the ambient

water table conditions.

Under low water conditions, ground water levels are below sea level
1

as shown on Plate 2, Low Water Conditions. 'We have assumed the canal will
have a flow of 8,000 cfs.. Canal water surface elevations would be above

g'round water elevations over the entire canal length and the canal

therefore, would be 1'osing water. Plate 3, Low Water Conditions Showing

Hypothetical Influence of Proposed Canals, indicates the anticipated effect

of the proposed canal on the surrounding water table. Examination of this

plate reveals an average gradient inland from the canal of about 0.4 feet

per mile, or 8 x 10 feet per foot. Under thi:s gradient, salt water will
move inland at a rate of about 40 feet per day or about 1 200 feet per

month. Salt water flow is to the south and southwest toward the low under

the Everglades. This low water condition, with its attendant inland gradient,

OAMCS G MOORL
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usually exists for less than one month. As the nearest well is more than

two miles distant, we do not believe the canal will affect fresh water

supplies. The quantity of water lost from the canal can be estimated from

gradients determined from Plate 3 and the calculated transmissibility. Water

loss to the west would be:

Q ~ T'IL

(34 mgd/ft) (8 x 10 ) (30,000 ft)
82 mgd or 126 cfs.

Water loss to the east would be:

0 = T'IL

(34 mgd/ft) (2' 10 ) (30,000 ft)
= 204 mgd or 316 cfs.

This gives a total water loss of 442 cfs, or about 6 percent of

.the total flow.

Plate 4 shows the conditions under average ground water levels.

All water movement is east and southeast toward the bay. The conditions

believed'o'xist after construction of the proposed canal are shown on

Plate 5. The canal will tend to gain water from the west over all but the

initial portion of its reach where the canal flow is opposed to the direction

of groundwater flow. The canal will lose water -to the east along its entire

reach. Assuming a flow of 8,000 cfs, the water gain from the west may be

-5
computed. An average gradient of 4 x 10 ft/ft was measured from Plate 5.

Assuming the calculated transmissibility, we get:

Q = T'IL

(34 mgd/ft) (4 x 10 ) (30,000 ft)
= 41 mgd or 63 cfs.

OAMCS C MOOR@
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The quantity of water loss to the east will be the same as under

low water conditions. Since the flow from the west is intercepted by the

canal, the area to be east remains the same, regardless of conditions to

the west. Subtracting the gain from the west from the 316 cfs loss to the

east gives a net water loss of 250 cfs, or about 3 percent of the total flow.

The proposed canal will act as a drain for the area to the west

under high water conditions. High water table conditions .are shown on Plate

6. The conditions expected to result after construction of the proposed canal

are shown on Plate 7. High water table conditions occur during the rainy

season, in the fall and winter. It is assumed that during this time the total
discharge will be 4,000 cfs. This will give a maximum head of about 0.25 feet

at the plant discharge. This lower head will considerably reduce the amount

of water lost to the east and will increase the water inflow from the west.
-5The average gradient from the west measured from Plate 7, is about 5 x 10

-5ft/ft. The average gradient to the bay is estimated at 2 x 10 . The water

loss to the east may be computed as follows:

Q = T'IL

(34 mgd/ft) (2 x 10 ) (30,000 ft)
= 20 mgd or 31 cfs.

Some loss to the north will occur between the plant discharge and

Section C. This is estimated to be about half the loss measured between Section

A and C of 13 cfs. Total water loss is estimated't 44 cfs.

Water gain from the west would be:

~ T'IL

(34 mgd/ft) 5 x 10 ) (30,000)

51 mgd or 79 cfs.

A net water gain of approximately 35 cfs may be expected to occur

under high water table condi tions.

DAMES C MOORC
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The following plates and append'ices. are attached and complete

this report:

Plate 1

Plate 2

Plate 3

Vicinity 'Map Showing Flood Control Projects

Low Water Table Conditions (May 8, 1967)

Low Water Table Showing Hypothetical Influence
of Proposed Canals (May 8, 1967)

Plate 4

Plate 5

Average Water Table Conditions (August 8, 1967)

Average Water Table Showing Hypothetical Influence
of Proposed Canals (August 8, 1967)

Plate 6

Plate 7

fligh Water Table Conditions (October 10, 1967)
t

High Water Table Showing Hypothetical Influence
of Proposed CanaLs (October 10, 1967)

Place 8

Plate 9

'Well Location Map

Idealized Salt Water/Fresh Water Interface Showing
Coning Due to Pumping.

Plate 10

Plate ll
Plate 12

Plate 13

Site Plan

Average Daily Water Levels

Section Plot Plan

Graph Showing Relationship Between Tidal Fluctuations
in the Grand Canal and Piezometers

Plate 14 C'anal Water Surface Elevations Vs. Distance

Appendix A Field Investigations

Plate A-1 Velocity Contours

Appendix 'B List of References

Respectfully submitted,

DAMES & MOORE

(i~AwW

Benjamin S. Persons

William M. Greenslade

BSP/WMG/dpc
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APPENDIX A

FIELD INVESTIGATIONS

General

The field work was conducted in two phases. Phase I consisted

of contacting individuals and agencies having information and data pertinent

to the study. Published and unpublished information was assembled for

analysis. A listing of the individuals and agencies contacted is presented

in Appendix B, References. Phase II field work involved physical measurements

of the hydrologic system. The work was divided into two principal efforts:

1) measurement of the ground water gradient, and 2) measurement and

evaluation of the relationship between the present canal and the aqui'fer.

This work included the installation of piezometers and the measurement of

canal flow or discharge.

Piezometer and Stillin Well Installation

Three piezometers were installed to measure the water table

surface. Piezometers were installed at 300, 1,916 and 5,185 feet westward

from the Grand Canal on axis perpendicular to the canal at the Boy Scout

Camp. Four inch diameter holes were drilled into the limestone. The

borings were cased through the muck. Piezometers 2 and 4 were drilled to

30 and 38 feet, respectively. Piezometer 3 was unaccessible, even with a

track mounted rig, due to the standing water depth. The boring was drilled

by hand to a depth of seven feet, through the muck, and cased. All borings

were terminated above 40 feet in order to avoid the extremely high saline

water normally encountered at base of the aquifer. This high saline water

is denser than the overlying water, and if tapped by a piezometer, tends

DAMLS C MOORC



4~



A-2

to yield distorted water level readings. All wells were slugged upon

completion and each exhibited a good hydraulic connection with the aquifer.

Stilling wells were installed in the Grand Canal and in the

Levee 31 borrow canal. The, wells were of a temporary nature, being constructed

of wood.

Stevens water level recorders were installed on the piezometers

and stilling wells. Type F recorders were placed on stilling wel'1 1 and

piezometer 2. Type A-35 recorders were used on the remaining stilling well

and piezometers. All wells and piezometers responded to tidal fluctuations

except stilling well 5 on the Levee 31 borrow canal.

A minimum of six days of record were obtained at all stations.

Comparison of the data obtained with the water levels, shown on Plates 2, 4

and 6, indicates the field work was performed during relatively high ground

water table conditions.

Canal Flow Measurements

Flow measurements were made in,,the Grand Canal. Canal bottom

characteristics were established through use of a Raytheon Recording

Fathometer. Flow velocity and direction were measured with a Sevonius

rotor type current meter with a potentiometer direction sensor. Four

canal sections, designated A through D, were measured. The locations

of these are illustrated on Plate 12.

Section location and water surface elevation were determined

by survey. A measured tape was fastened across the canal at each section

location to facilitate the precise location of each current velocity

measurement. A thick rope,was also installed across the canal to provide

a means of stabilizing the small boats from which the measurements were

OAMCS C MOORL I
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made. The flow meters were suspended from the boats by a line which was

marked at measured intervals. Each flow velocity measurement was located

horizontally from the canal edge and vertically from, the surface.

Variations in water surface elevations due to tides were considered through

utilizing the average elevation during each section traverse.

The total water flow through each profi3e was determined in

accordance with the two point procedure used .by the United States Geological

Survey.

Repeated simultaneous measurements were obtained for profiles. A

and C to minimize tidal effects. Measurement of the longer reach from

Profile A to D was pre'ferred, but the failure of attempts to stop a large

flow through a culvert .north of the Boy Scout Camp required shortening the

reach to profile C. Another culvert, near profile A„ was partially sealed

with 1'arge plywood sheets. The measured flow without the seal was 19 cfs.

A reduction of flow to 6 cfs was accomplished with the seal.

''The culvert located north of the Boy Scout Camp was discharging

considerable amounts of fresh water into the canal. The "backwater effect"

of thi's lighter body of water spreading over the surface of the denser

canal water was observable both visually and in the data. Plate Al,

Velocity Contours, shows the velocity at each section contoured in 0.2 ft/sec
increments. Section B, upstream and beyond the effect of the culvert, has

surface velocities of from 0.4 to 0.8 ft/sec with a 0.6 ft/sec average.

Section C immediately upstream from the culvert experiences the "backwater

effect" which lowers the surface velocity to 0.2 ft/sec. Section D, below

the culvert,, exhibits the expected surface velocity increase with a 0.6

average.
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APPENDIX B

LIST OF REFERENCES

A encies Contacted Location Persons Contacted

Central and Southern Florida Flood
Control District

West Palm Beach,
F.lor'i:da

Mr. Taylor
Mr. Maloy

Dade County Water Control Board

United States Geological Survey

Miami, Florida

Miami, Florida

Mr. Parks

Mr. Klein
Mr. Meyers

United States Army Corps of Engineers Atlanta, Georgia

University of Florida
Agricultural Extension Service

Homestead,
'Florida

Mr. Dalton

'Reference Material

Dames & Moore, 1966, "Report, Environmental Studies, Turkey Point, Florida,
for Florida Power and Light Company."

'ames

& Moore, 1969, "Addendum — Phase I Report, Hydrology of the Proposed
5-Mile Discharge Canal, Turkey Point, Florida, for Florida Power and Light
Company."

Dames & .Moore, 1969, "Report — Phase I, Hydrology of the Proposed 5-Mile
Discharge Canal, Turkey Point, -Florida, for Florida Power and Light Company."

Department of the Army, Jacksonville District, Corps of Engineers, 1956,
"Central and Southern Florida Pro)ect for Hydrology and Hydraulics Design,
Design Memo, Wind Tides Produced by Hurricanes," Part IV, Supp. 2, Section 3.

1959, "Central and Southern Florida Project for Hydrology and Hydraulic
Design, General Design Memo, Combinations of Hydrologic and Hydraulic
Factors Affecting Height of Levees," Part IV, Supp. 2, Section 7.

1959, "Central and Southern Florida Project for Hydrology and Hydraulic
Design, General Design Memo, Levee 31 and Related Works," Part V, Supp. 30.

1965, "Central and Southern Florida Project for Hydrology and Hydraulic
Design, Detail Design Memo, Levee 31 East, Section 3 and Structures 20 and
'20A," Part V, Supp. 42.
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1967, "Central and Southern Florida Project, Detail Design Memo, Levee 31 (W),
Canal 113, and Control Structures 174 and 175," Part V, Supp. 47.

1968, "Central and Southern Florida Project for Flood Control, Detail Design
Memorandum, Canals 106, 107 and 108, and Control Structures 19 and 198",
Part V, Supp. 48.

Ferris, J. G., 1952, "Cyclic Fluctuati'ons of Water Level as a Basis for
Determining Aquifer Transmissibility" U.S.G.S. Open File Report.

Florida Agricultural Extension Service, 1968 and 1969, "Salt Line Reports,"
University of Florida.

Klein, Howard, 1965, "Probable Effect of Canal 111 on Salt Water Encroachment
Southern Dade County, Florida," U.S.G.S. Water Resources Division.

Klein, Howard & Sherwood, C. B., 1961, "Hydrologic Conditions in the Vicinity
of Levee 30, Northern Dade County, Florida," 1961, Investigations No. 24,
Part I, Florida Geological Survey.

Kohout, F. A., 1960, "Cyclic Flow of Salt Water in the Biscayne Aquifer of
Southeastern Florida", Journal of Geophysical Research, Vol 65, No. 7, July.

Kohout, F. A., & Leach, S. C., 1964, "Salt Water Movement Caused by
Control Dam Operation in the Snake Creek Canal, Miami, Florida," Investiga-
tions No. 24, Part IV, Florida Geological Survey.

Leach, S. D., & Sherwood, C. B., 1963, "Hydrologic Studies in the Snake Creek
Canal Area, Dade County, Florida," Investigations No. 24, Part III, Florida
Ge'ological Survey,.

k

Meyer, F. W., 1969, "Hydrologic Maps 1, 2, and 3, Eastern Dade County,
Florida," U.S.G.S.

Meyer, F. W. & Hull, J. E., 1967-1969, "Hydrologic Conditions in the Canal 111
Area," 14 Reports dated from 8 May, 1967, to 27 June, 1969, U.S.G.S.
Provisional Data, Water Resources Division.

Schneider, J.J., 1969, "Tidal Relations in the South Biscayne Bay Area,
Dade County, Florida," U.S.G.S. Open File Reports, Water Resources Division.

Sherwood, C. B., & Leach, S. D., 1962, "Hydrologic Studies in the Snapper
Creek Canal Area, Dade County, Florida," Investigations No. 24, Part II,
Florida Geological Survey.

Plate References

1968, "Central and Southern Florida Project, Detail Design Memorandum,
Canals 106, 107 and 108 and Control Structures 19 and 198," Part V, Supp. 48
Plate 3.

Meyer, F. W., & Hull, J ~ E., 1967-69 "Hydrologic Conditions in the Canal ill
Area." U.S.G.S. Provisional Data, Water Resources Division. Reports dated
May 8, 1967 (Low Water), August 8, 1967 (Average Water), and October 10, 1967,
(High Water).
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U.S.G.S. Topographic Map, 1956, "Arsenicker Keys, Florida."

U.S'.G.S. Topographic
I

U.S.G AS. Topographic

Map, 1956, "Card Sound, Florida."

Map, 1956, "Glades, Florida."

U.S.G.S. Topographic Map, 1956, "Homestead, Florida."
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COMMENTS ON CLAIMS THAT
ADVERSE METEOROLOGICAL EFFECTS WILL RESULT

FROM FLORIDA POWER 6 LIGHT COOLING CANAL
DISCHARGING INTO CARD SOUND

by
'Dr. Gordon E. Dunn, Director

U. S. Weather Bureau, Miami, (Ret.)
February 24, 1970

My name is Gordon E. Dunn, former Director of

the National Hurricane Center in Miami for 13 years until

my retirement in 1968, after 43 years'ervice with the

U. S. Weather Bureau.

I possess a BA Degree from George Washington

University and an Honorary Doctor of Science Degree from

the University of Miami.

I have served three terms of 3 years each as

Councilor of the American Meteorologica'1 Society, am a

Fellow of the American Meteorological Society and Past

Chairman of the American Meteorological Society on Tropical

Meteorology.





I am co-author of the book "Atlantic Hurricanes"

and was responsible for the articles on Short Range Weather

Forecasting and on Tropical Cyclones for the:.Compendium of

Meteorology. I have contributed numerous articles for the

various U. S. and foreign meteorological journals.

I have heard, read and considered: all testimony

on September 2, 1969, before the Circuit Court of the

Eleventh Judicial Circuit in and for Dade County, Florida,

and before the Dade County Pollution"Contro'1 Hearing

Board'n January 14, 1970 and February 19, 1970. I find

no basis for any contention that the proposed Florida

Power 6 Light Company cooling canal, discharging into

Card Sound, will cause significant weather modifications

to that area or any climatological change.



gi



The principal possible adverse meteorological

effects resulting from the warming of water in Card Sound

due to discharge from the proposed canal and from air

passing over the canal itself, would b (1) an increase

in precipitation, and (2) an increase in fog. It is

noted, however, that no one, to my knowledge, has

.claimed that the increased precipitation, if it should

occur, would be harmful or damaging.

So far, I cannot find that anyone has made any

serious attempt to calculate mathematically the effect

of the probable heating of C'ard Sound on weather. The

complexity of the interaction between water and atmos-

phere and the state of the art in weather modification

makes this understandable. One can only forecast what

will happen on the basis of more or less analogous

situations and experience.





If the air movement is 10 mph and normal to the

canal,. an air particle would spend approximately 15

seconds over the canal, much too short a time for it to

accumulate a significant amount of heat or moisture.

This would also be true even if the air particle passed

over the canal at an oblique angle. Thus any possible

meteorological effect of the canal itself can be

dismissed as negligible.

It has been asserted that rainfall would

increase based on an analogy of what happens on the

southeast shore of Lake Erie in winter. The analogy

is not valid because meteorological and areal conditions

are very different. Lake Erie is some 300 times larger

than Card Sound and in winter much warmer with respect

to the air passing over it that Card Sound will be

relative to the air passing over it.
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From the standpoint of terrain and meteorological

conditions, .a better analogy to the effect of the proposed

heating of Card Sound on rainfall can be found here in

Florida. During the summer, at night, Lake Okeechobee is

more than 10 F warmer than the surrounding land areas.

Lake Okeechobee is about 50 times larger than Card Sound,

yet radar and surface observations indicate that this heat

source fails to induce any significant precipitation.

Weather Bureau wind records show:that about 50%

of any possible precipitation producing effect of Card

Sound would be carried out to sea. In August, a typical

summer month, these same records show that the wind blows

from any particular direction — southeast for example,

no more than 10% of the time. This means that if the

highly. speculative assumption is true that a cloud street
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will be formed downwind from Card Sound, focusing showers

in the area under this street, at the expense of adjacent

areas, the normal variability of the wind will place the

areas of increased and suppressed precipitation in one

place today, another tomorrow, and still another the

following day, averaging up over a period of time.

To produce fog, air must be cooled. Conversely,

if the air is warmed, fog will dissipate or will not form

in the first place. Thus the effect of the warming of

Card, Sound, if any, on the formation of fog would be to

reduce it. Research on fog formation by Air Force,

Eastern Airlines and the Weather Bureau meteorologists,

all indicate that fog situations in the Greater Miami

Area are associated with a wind flow with a westerly

component, that is, from west to east, which would carry
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any heating effect from Card Sound out over the ocean

and not over the land. At the Pollution Control Board

Hearing on January 14, 1970 - the fog that morning was

cited as typical of how the warming of Card Sound would

increase fog. During the previous 24 hours, the wind at

all times had been from between west and north, and any

Card Sound effect would have been carried ~awa from land.

It has been said by opponents of the canal "the higher

the dew-point, the higher the amount of water vapor in

the air, the sooner the fog will form, the more dense it

will be and the longer it will last". Actually, as

everyone well knows, the dew-points are highest in Florida

in summer when we have no fog, and in the tropics where

there is little or no fog.





It is my belief, based on 45 years of

meteorological experience and our current knowledge of

meteorological physics, that no significant adverse

meteorological effects would result from the proposed

FP6L canal.

There has been some discussion concerning the

relative merits and practicability of cooling towers

versus natural bodies of water. The Governor's Task

Force on Nuclear Power Plants, Maryland, December 1969,

composed of a formidable group of government and

university scientists, educators and others, said:

"The evaporative loss (referring to a waste heat

warmed area of Chesapeake Bay) would take place

over a wide area, thereby avoiding the strong

local disturbance of the atmosphere associated

with artificial systems."





MARIANO A. ESTOQUE

Coral Gables, Fla.
Jan. 28, 1970

Florida Power 6 Light Company,
P. 0. Box 3100,'iami, Fla. 33101

Gentlemen:

I heard and have studied the transcript of the

testimony o'f Professor Charles L. Hosier given before the

Metropolitan Dade County Pollution Control Hear'ing Board on

Wednesday, January 14, 1970. The testimony concerns weather

modification by the proposed FP6L heat discharge into Card

Sound. In his testimony, he claims that the heating of
'

Card Sound would result in an increase in clouds and

showers, as well as fog and high,humidi.'ty, over Card Sound

and its vicinity. His statements were highly'ualitative and

not substantiated by any specific evidence, either empirical

or theoretical.

On the basis of research which I have done on

the effect of localized heat sources on the atmosphere, I
believe that the heating of Card Sound would not signifi-
cantly increase clouds nor showers.

The effect of' local heat source, such as Card

Sound,, on cloud and shower development depends on i:ts size

and also on the large scale prevailing wind temperature
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and moisture conditions. We have been studying this

dependence theoretically for the past few years by using

mathematical models. The model equations are solved with

the aid of high speed electronic computers. The theoret-
'1

ical results show that there is a strong dependence between

the development of showers and the size of the warm surface;

the effect is directly proportional to the areal extent.

Under atmospheric conditions which prevail in Florida, the

theoretical results indicate that the size of Card Sound

heated area is not,sufficiently large to change significantly

the cloudiness and shower activity in the vicinity of the Sound.

In order to confirm these theoretical deductions,

I have analyzed the observed effects of Lake Okeechobee and

the present Turkey Point heating of Lower Biscayne Bay.

Lake Okeechobee is approximately circular with a

diameter of 30 miles; the area is approximately 700 square

miles,, making it about 300 times larger than Card Sound.

At night, the lake is warmer than the surrounding land.

According to observations by the U.S. Army Engineers at the

Port of Mayaca Station, the lake surface is about 10 F

warmer during midsummer nights. Thus, Lake Okeechobee is

a much more extensive heat source than what Card Sound would

be after the installation of the proposed, nuclear power

plant. In spite of the fact that it is a strong heat
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source, however, Lake Okeechobee does not significantly

increase rainfall. This is indicated by examining weather

radar observations made at the Miami U.S. Weather
Bureau'ffice.

The heating of Lower Biscayne Bay by the operation

of the present fossil plants at Turkey Point has also been

studied in order to determine whether it has had any effect

in modifying the cloudiness and shower activity. The heated

area which results from the present discharge of heat into

Lower Key Biscayne is approximately 25% of the heated area

due to the proposed heat discharge into Card Sound. It is

clear that, although the Biscayne Bay heat source is smaller,

it is not insignificant compared to that which will result

after heat is discharged into Card Sound. The effects on

the weather of the present heating in Lower Key Biscayne

has been examined by comparing radar observations taken

during periods before and after the heating began. The

comparison clearly showed that there was no observable

increase in shower activity after the heating of Lower

Biscayne Bay started.

In his testimony, Professor Hosier stated that

the proposed heating of Card Sound would increase signifi-
cantly the humidity of the surface air and the incidence of
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fog. He expects this increase to occur under calm conditions

and under conditions of low wind'peeds. He claims that,

under these condi'tions, the moisture over Card; Sound and

vicinity would be confined to a very narrow layer adjacent
1

to the ground. According to my analysis of the problem, the

moisture would not stay near the ground. Instead, it will
go. up. This is due to the fact that the warm surface of

Card:Sound would make the low-level atmospheric layer .unstable
I

by making the surface air relatively lighter than the air

above. This unstable condition will produce small turbulent

eddies which transport the surface moist air upward and the

dry air aloft downward. The net result of 'th'is turbulent

mixing is to prevent the occurrence of excessively high

humidity and fog over Card Sound and vicinity.
On the basis of extensive studies and calculations

made by me and my associates over the period of the last

several months, it is my conclusion that the proposed heat-

ing of Card Sound would not increase significantly the

rainfall, humidity and fog over the surrounding areas.

I attach a resume of my professional qualifica-

tions, education and experience.

Sincerely,

af
M. A. Est ue'hD
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CHRONOLOGY
of

TURKEY POINT EVENTS

N. R., Kincaid
Rev. 11/12/70

7 June 1963 - Acceptance of General Electric bid on
turbines intended for expansion at Cutler
Plant (turbines used at Turkey Point when
Cutler expansion thwarted).

7 August 1963 - Applied for necessary zoning variances
for the addition to existing Cutler Plant
of two oil-fired units of 432,000 kw each.

9 September 1963 Contract signed with Bechtel Corp ~ for
expansion at Cutler Plant (contract trans-
ferred to Turkey Point when Cutler expan-
sion thwarted).

31 March 1964 Metro Commission ruled expansion would be
permitted only on condition FPL use 100%
gas in these units. Gas was not available
in the quantity necessary. Consequently,
FPL immediately sought another site in
Dade County, which would be remote from
population, be accessible to cooling
water and the transportation necessary to
supply fuel for the units. Turkey Point
was about the last remaining section of
waterfront in Dade County available for
this expansion. Located 25 miles south
of Miami, 5 miles, from the nearest dwell-
ing place, Turkey Point was an ideal spot
for expansion of the necessary generating
facilities. FPL purchased 1800 acres of
land at Turkey Point and the site has sub-
sequently been expanded to over 3500 acres.

26 May 1964 FPL filed for an unusual use permit for
the expansion of Turkey Point.

19 June 1964 Permit granted by Dade County. Community
leaders hailed the move by FPL as an
unusual example of cooperation between
industry and the community in selecting
a si:te which would be free from inter-
ference of human habitation.

September 1964 Began construction of Units 1 and 2.





28 January 1965 R. H. Fite, President, FPL, announced
before Florida Public Service Commission
that negotiations were underway fo'r a
Nuclear Plant at Turkey Point.

15 November 1965 FPL announced construction of two 760,000
kw nuclear units at Turkey Point'o be
Units 3 and 4, due to predictions of load
growth continuing upward in Dade County.
,Forecast for 1970 was that customers would
use 2,360,000 kw, and despite expansion of
Turkey Point Units 1 and 2, generating
.capability to handle Dade County load
would only be 1,286,000 kw - about half
of that needed. By 1975, load in Dade
County is expected to be 3,940,000 kw.It was obvious still more generating
facilities were needed to meet the expand-
ing growth of Dade County and, consequently,
plans and studies were undertaken.

November 1965 Dames 6 Moore, Consulting Engineers in
the Earth Sciences, retained to conduct
geological and seismological studies.
Also - the University of Miami for
meteorological studies.

26,March 1966

March 1966

Applied for Atomic Energy Commission permit.

Dr. W. S. Richardson, University of Miami,
retained to study hydrology of Biscayne
Bay, completed study and concluded Bay is
well flushed.

15 December 1966

27 January 1967

Applied for re-zoning because of certain
changes in the'.Metro Zoning Laws with
respect to nuclear power plants.

Letter from Department of the Interior,
Fish 6 Wildlife Service, to FPL, question-
ing Dr. Richardson's conclusions and
expressing concern over possible delete-
rious effects of warm water discharge-
the first communication received from a
~bl ' ~ ~bl h
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FPL immediately began a wide search for
information on the subject, since no
evidence existed that any of its plants
in 40 years of operation had caused harm.

23 February 1967

22 April 1967

29 April 1967

Re-zoning approved by Metro Commission.

Unit No. 1 went on the line.
— AEC issued construction permits for Units

3 and 4 and construction began on nuclear
units.

25 May 1967 — FPL letter to Mr. Paul Leach, Director,
Dade County Pollution Control, advising
.him of the status of construction at
Turkey Point and our desire to cooperate
in carrying out the Dade County Pollution
Control Ordinance including the applica-
tion for variance, if necessary. He was
invited to visit Turkey Poi'nt to inspect
the canal system and discuss the subject.

26 May 1967 - Letter from Mr. Paul Leach, Director,
Dade County Pollution Control, to FPL,
acknowledging our willingness to obtain
any variances and removing, any of his
objections to the Dade County Building
and Zoning Department's issuance of
necessary construction permits.

May 1967 — Mr. Richard 0. Eaton, Consulting Coastal
Engineer, Dr. James H. Carpenter and
Dr. Donald W. Pritchard of the Chesa-
peake Bay Institute of Johns Hopkins
University, retained to conduct studies
of mixing characteristics of Biscayne Bay.

1 November 1967 - FPL letter to Florida State Board of
Health requesting an exception to exceed
State temperature limit 'of 93 F after
reasonable mixing for a smal'1 percentage
of time. Also, FPL commitment to take
corrective action if there is any
scientific proof that there is degra-
dation of the waters by increased
temperatures after reasonable mixing.





7 November 1967 FPL granted temporary exception to Florida
Air 6 Water Pollution Control Commission's
water temperature limitations -- "until
the study being conducted by the, biologists
from the University of Miami is completed
and the matter re-evaluated at that time".

24 November 1967 Letter from .Mr. Lloyd E. Miller,
President, Mangrove Chapter, The Izaak
Walton League of America, to Florid'a
Board of Health (copy to FPL) wherein he
advocated:

1) That a means be developed that would
force the Turkey Point cooling water
to take a long cooling path before
being discharged into the Bay.

2) That FPL dig an additional 8,000 feet
of 100 foot-wide cooling canals.

In effect, Mr. Miller suggested, essen-
tially, the method FPL subsequently
selected to handle the cooling water.

7 December 1967 - Letter from Randolph Hodges, Director,
Florida Board of Conservation, to
McGregor Smith, stating that State
Biological Report of area off present
main Turkey Poi;nt discharge canal and
within bulkhead line had some red algae
(seaweed) but no attached sea grasses.
Further, that there was no sport or com-
mercial fishing in the area. (Letter was
in connection with FPL application for
permit to dredge offshore channel outlet
in conjunction with upland dredging and
construction of main discharge canal.)

10 January 1968 Bechtel Corp. retained to study methods
of cooling discharge waters at Turkey
Point.

2S January 1968 Drs, James B. Lackey, Microbiologist,
Professor Emeritus, Univ. of Florida;
Charles B. Wurtz, Biologist, LaSalle
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-College; and Joseph S. Davis, Marine
Botanist, Univ. of Florida; retained to
study plankton, grasses, algae and inver-
tibrates in the Bay. Also — Mr. Roger
Yorton, Chemist,. Univ. of Florida, to
conduct periodic chemical analyses.

January 1968' FPL active in assisting Univ. of Miami
in'btaining grants from AEC and Dept.
of the Interior to conduct ecological
studies.

1 February 1968 - FPL funds two-year, graduate research
project at Univ. of Miami to investigate
fish and larger marine animals at-Turkey
Point.

19 April 1968 U. S. Senate Subcommittee on Air & Water
Pollution (chaired by Senator Muskie)
held hearing in Miami on "possible
thermal pollution" of the Bay by FPL's
proposed nuclear plant at Turkey Point.
Witnesses included FPL's Chairman of the
Board, McGregor Smith; County and State
officials; scientists; and the Izaak
Walton League. Senator Jennings Randolph
of the Committee visited Turkey Point on
the day prior, along with Committee Aides
and others. Senator Muskie was unable to
make visit. Important point emphasized
by hearing is that little or no research
.has been done on thermal effects. Little
is really known.

25 April 1968

5 May 1968

Unit No. 2 went on the line.

Mr. Richard O...Eaton, Consulting Coastal
Engineer., Drs. James H. 'Carpenter and
Donald W. Pritchard'f the Chesapeake Bay
Institute of Johns Hopkins University
retained to study mixing characteristics
of Biscayne Bay, conclude strong possi-
bility of recirculation when nuclear units
put on line in 1971'nd 1972. This would
possibly have cumulative effect on temper-
ature rise of water.





29 August 1968 Letter from Mr. Paul Leach, Director,
Dade County Pollution Control, directing
FPL to make known within 15 days steps
planned to correct violation of Dade
County Code and time table for actions.
Also - that FPL could alternately apply
for a variance before Pollution Control
Board.

10 September 1968 Discussion with Dames & Moore concerning
feasibility of developing source of
coolant water from deep wells.

24 September 1968 FPL contracts with Dept. of Coastal and
Oceanographic Engineering, Univ. of
Florida, to study hydrological effects
of several alternative schemes of intake
and discharge canal arrangements and
dilution methods designed to eliminate
recirculation and excess temperature.
Dr. Robert G. Dean to supervise study.

27 September 1968 FPL letter,to Paul Leach, Director, Dade
County Pollution Control, advising if
variance was required in hi:s judgment to
treat the letter as an application for
variance.

11 October 1968 A. M. Davis and D. W. Matson of FPL
visited Paul Leach to determine require-
ments for variance for Turkey Point Plant
and Cutler Plant.

14 October 1968 - Meeting in Atlanta between John R. Thoman,
Regional Director, Southeast Region,
Federal Water Pollution Control Adminis-
tration, and Nathaniel Reed, then Special
Assistant to Governor of Florida, and
McGregor Smith and A. M. Davis of FPL,
regarding possibility of handling cooling
water at Turkey Point by. means of canal
with dilution discharging into Card Sound.
FPL explained investigation of this method
entailed a year long study of hydrological
effects which FPL was prepared to have
accomplished by Univ. of Florida. Both
Mr. Reed and Mr. Thoman indicated it may
be a good solution.
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18 October 1968 Public Law 90-606 (90th Congress, H.R.
551) enacted authorizing the establish-
ment of the Biscayne National Monument
in the State of Florida, and for other
purposes.

7 November 1968 - Temporary variance request by FPL before
Dade County Po'llution Control Hearing
Board until July 1969, at which time FPL
to reopen before Board with plan to reduce
temperature of -water to an acceptable
level. Board was given complete details
on the extensive engineering, hydrological,
hydrographic and ecological studies under
way. Board adjourned — no decision on
variance.

17 November 1968 — Conference at Turkey Point attended by
biologists from FPL, University of Miami,
University of Florida, Florida Board of
Conservation, Florida State Board of
Health and .Federal Water Pollution
Control Administration. At this meeting,
FPL presented the details of its
biological research program and requested
suggestions and comments from the assem-
bled scientific group. Several sugges-
tions were made and incorporated into
the program.

5-7 December 1968- President's Water Pollution Control
Advisory Board .hearing in Miami and visit
to Turkey Point where Mr. Nathaniel Reed,
then Special Assistant to Governor Kirk,
said that cooling towers were out and
advocated an extended canal system as a
solution to the cooling water problem at
Turkey Point. On several other occasions,
Mr. Reed stated that we needed an extended
canal system.

19 December 1968 - Hearing by Metropolitan Dade County
Pollution Control Hearing Board on FPL
temporary variance request. Board
adjourned — no decision on variance .
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9 .January 1969 Hearing by Metropolitan Dade County
Pollution Control Hearing Board on FPL
temporary variance request., Board
adjourned - no decision on request.

20 February 1969 - FPL contract with Institute of Marine
Sciences, University of Miami, to conduct
Survey Study of the Biota of Card Sound.

20 February 1969 Temporary variance granted FPL by Metro-
politan Dade County Pollution Control
Hearing Board until 31 July, 1969, at
which time FPL to submit plan for reduc-
ing water temperature and schedule of
construction.

1 April 1969 — Variance upheld by Metropolitan Dade
County Commission on appeal.

30 April 1969 Retained Mr. Robert T. Spearman,
Little Fin, Inc., Riviera Beach, to
conduct underwater photography survey
at Turkey Point.

14,May 1969 New 5-member, all professional, Metro-
politan Dade County Pollution Control
Hearing Board, appointed by Metropolitan
Dade County Commission, after abol'ishment
of previous Board.

13 June. 1969 Dames 6 Moore retained to further study
hydrology of proposed 5 mile canal - to
support their preliminary belief that
canal posed no hydrological implications..

23 June 1969 FPL held conference and presented plan
for cooling water selected after exhaus-
tive studies which were explained in
detail. Conference included representa-
tives from all County, State and Federal
agencies. Concurrence in the plan and/or
suggestions as to a better plan were
solicited from all.
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27. June 1969 FPL filed petition in Circuit Court for
condemnation of Seadade property required
for cooling water canal to Card Sound.

30 June 1969 A written statement of the presentation
was forwarded to all conferees, as well
as the Office of the Governor of the
State of Florida, the AEC, the Dade County
Manager, and the Regional Coordinator of
the U. S. Department of the Interior,
Atlanta. Concurrence in the plan was
requested. To date only two agencies
have respond'ed - the Corps of Engineers
and the Central and Southern Florida
Flood Control District, both of whom
concurred in the plan.

29 July 1969 FPL presented plan to new Metropolitan
Dade County Pollution Control Hearing
Board along with construction schedule
and request for extension of the
temporary variance until July 1971
time required to complete construction.
B'oard recessed with no decision

except'o

extend variance until 1 October '1969.

30 July 1969 Depositions for Seadade condemnation
suit - Mr. Robe'rt Gardner and Mr.
Theodore Slack.

5 August 1969 FPL contracts with Brown 6 Root to conduct
cooling water study for Turkey Point Power
Plant. Also, separate contract with Rader
6 Associates, Miami, to study problem of
handling the cooling water at Turkey Point.

5 August. 1969 FPL contracts with Dames 6 Moore, Consult-
ing Engineers in Applied Earth Sciences,
Atlanta, for Cooling Water 'Study for
Turkey Point Power Plant.

6 August 1969 — .Hearing before Judge Vann, Circuit Court
Seadade Condemnation Suit.
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6 August 1969 FPL request for proposa'1 from Dames 6

Moore to study feasibility of construc-
tion and hydrologic influence of impound-
ing ponds to cool discharge water.

14 August 1969

15 August .1969

Hearing before Judge Vann, Circuit Court-
Seadade Condemnation Suit.

Hearing before Judge Vann, Circuit Court-
Seadade Condemnation Suit.

15 August 1969 Deposition for Seadade Condemnation Suit—
Miami — Mr. Robert O'ara.

18 August 1969 FPL contracts with Florida Ocean Sciences
Institute to conduct underwater" photo-
biological survey in Card Sound in the
vicinity of the Model Land Company Canal.

19 August 1969 Hearing before Judge Vann, Circuit Court-
Seadade Condemnation Suit.

20 August 1969 Deposition for Seadade Condemnation Suit-
New York — Mr. Loren Crow.

21 August 1969 Depositions for Seadade Condemnation Suit
New York - Mr. Herbert C. Gee and Dr.
Charles L. Hosier.

August 1969 Following consultants retained to study
meteorological effects of canal:
Dr. Mariano Estoque, Professor of
Meteorology, University of Miami;
Dr. John B. Koogler and Admiral Anthony
Danis (U.S. Navy Ret.) of Environmental
Engineering Inc.; Dr. Gordon E. Dunn,
former Director, National Hurricane
Center (1955-68).

2 September 1969 Hearing be'fore Judge Vann, Circuit Court-
Seadade Condemnation .Suit.
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18 September 1969 Metropolitan Dade County Pollution
Control Hearing Board resumed hearing.
Expert witnesses in the area of hydrol-
ogy, hydrographic engineering and ecology
testified in behalf of the plan. Massive
evidence was presented to the Board.
Board adjourned with no decision except
to extend temporary variance until
3 October 1969.

22 September 1969 Hearing before Judge Vann, Circuit Court-
Seadade Condemnation Suit.

29 September 1969 Hearing before Judge Vann, Circuit Court
Seadade Condemnation Suit.

2 October 1969 Metropolitan Dade County Pollution Control
Hearing Board continued hearing which was
to be confined solely to deliberation by
the Board and the possible taking of notes.
Meeting was adjourned with no decision
except to extend variance until
14 November 1969 and order additional
information on the feasibility of an ocean
outfall method of discharging the cooling
water to be presented at next meeting„

8 October 1969 Order of Taking for Seadade property
granted FPL by Circuit Court after some
four months since initiation of condem-
nation action in June involving drawn out
court proceedings.

9 October 1969 FPL retains Bechtel Corp. and Rader 6

Associates to conduct further independent
studies of the cost and engineering of an
ocean outfall method for handling the
cooling water at Turkey Point - in
response to Pollution Board request for
more detail on method.
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30 October 1969 - The County Attorney, for Dade County,
renders opinion that the Metropolitan
Dade County Pollution Control Hearing
Board had no authority to grant approval
of the FPL cooling water plan - this was
a function of the Dade County Pollution
Control Officer. Also, that the sole
matter over which the Board had juris-
diction at the time was the amount of
time FPL was to have in order to comply
with the County Code. This meant thatall the time, effort and ~ex ense suffered'" 2—'" "

'"'oardwas down the drain.'

November 1969 Order of Taking appealed by Seadade to
District Court.

13'ovember 1969 - Metropolitan Dade County Pollution
Control Hearing Board hearing resumed.
FPL presented additional-detailed infor-
mation on the feasibility of an ocean
outfall via expert witnesses.

Decision of Board was

"Conclusion - This Board concludes thatit is in the best interest of the public
for Florida Power 6 Light Company to sub-
mit a workable plan to eliminate the
thermal pollution at the Turkey Point
Plant through the Pollution Control
Director prior to February 1, 1970.

"It further concludes that it is in the
public interest for Florida Power & Light
Company to enter into an agreement for
the construction of whatever system is
approved by the Pollution Control
Director pursuant to its workable plan
prior to 1 April 1970, and that said
agreement must provide for completion of
said system prior to 1 July 1971.
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"It is therefore ordered that Florida
Power 6 Light Company is hereby granted
an extension of time within which to
comply with the thermal pollution pro-
vision of the Dade County Code up to and
including July 1, 1971, the following
conditions being attached thereto:

"That thi;s extension shall cease as of
February 1, 1970, if prior to that date
Florida Power 6 Light Company has not
received approval by the Pollution
Control Director of a workable plan for
the elimination of thermal, pollution at
the Turkey Point Plant; that this exten-
sion shall cease as of April 1, 1970,if prior to that time Florida Power 6

Light Company has,not entered into an
agreement for the construct'ion of what-
ever facilities are approved by the
Pollution Control Director for the
elimination of thermal pollution at the
Turkey Point Plant, and if said contract
does not provide for completion prior to
July 1, 1971."

14 November 1969 Bids received on construction of Southern
Reach portion of cooling canal to Card
Sound.

18 November 1969 FPL plan submitted to Director, Dade
County Pollution Control, via application
for Pollution Control Permit with offer
to fund an ecological monitoring plan
mutually acceptable to his office, the
State of Florida and FPL.

5 December 1969 Plan approved by Director, Dade County
Pollution Control, with following strin-
gent conditions:

"1. The five (5) axial flow pumps speci-
fied shall be so designed to have a
capacity of approximately 840 cubic feet
per second, instead of 785 cubic feet
per second as specified at 3.6 feet T.D.H.
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. "2. There shall be supplied one additional
pump over the five proposed which shall
be in a place and ready for operation so
that regular maintenance may be accom-
plished on those in service without any
loss in pumping capacity.

"3. An additional three (3) pumps shall
be supplied within six (6) months, upon
notice by this office that such are needed
to increase the dilution capacity by an
additional fifty per cent (50%).

"4. The Florida Power 6 Light Company
shall submit a plan for a system of water
temperature monitors to the Pollution
Control Department to provide a satis-
factory moni'toring system which will
provide the department with continuous
information concerning ambient conditions
in the total cooling water system.

"5. The Florida Power 6 Light'ompany
shall fund the necessary ecological and
hydrological studies of lower Biscayne
Bay and Card Sound commencing April 1,
1970, and continuing for at least one
(1) year after all units of the facility
are in operation. These studies, prior
to initiation,, shall be agreed upon by
the U. S. Department of the Interior-
Federal Water Pollution Control Admin-
istration, State of Florida Department
of Air and Water Pollution Control, Dade
County Pollution Control Department and
the Florida Power & Light Company."

8 December 1969 — Construction Permit issued,.by Metro-
politan Dade County Public Works Depart-
ment for Southern Reach of Canal from
our existing canal system to North Line
of Section 28-58-40. (This does not
cover entire system.)
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8 December 1969 - Mr. Nathaniel Reed, Chairman, Florida
Department of Air &.Water Pollution
Control, called FPL with message from
Governor Kirk to the effect that Governor
Kirk had requested U. S. Secretary of
thi Interior Hickel to hold Federal-State
Conference concerning Turkey Point Plant,
in accordance with Federal'ollution
Control Act.

10 December 1969
(approximate)

Announcement that Federal-'State Conference
on Turkey Point to be held in Miami on
24 February 1970.

ll December 1969 Letter of Intent issued B., B. McCormick
6 .Sons of Jacksonville to award them
contract for constructing portion of
canal authorized under Dade County Con-
struction Permit - $ 3.5 million.

18 December 1969 FPL application for Class 1 Dredging
Permit to Dade County Public Works Dept.
for intake and discharge dredging for
Cooling H20 System in Biscayne Bay and
Card Sound.

19 December 1969 Pollution Control Permit appealed to
Metropolitan Dade County Pollution
Control Hearing Board by Seadade and
the Izaak Walton League.

9 January 1970 Petition by Izaak Walton League to
Florida Air & Water Pollution Control
Commission to issue order prohibiting
construction of FPL cooling water system
unless Chapter 403 of the Florida Statutes
is complied with.

14 January 1970 Metropolitan Dade County Pollution
Control Hearing Board hearing to act on
appeal of Pollution Permit plus request
to stay FPL construction. Board adjourned
after listening to four hours of testimony
by Seadade and the Izaak Walton League
with no decision. FPL agreed not to start
construction until 1 February 1970.
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19 January 1970 Re tained Dr. Gordon Gunter, Biologis t,
and Director of Gulf Coast Research
Laboratory - to augment ecological study
efforts.

27 January 1970 - Mr. V. D. Patton, Executive Director,
Florida Department of Air and Water
Pollution Control, letter to FPL advis-
ing of new State Pollution Permit system
to go into effect next 30 days which
will require construction permit from
his department for pollution control
equipment.

28 January 1970 Dade County Commission denies Izaak Walton
League request to stay FPL construction
of cooling system canal authorized by
construction permit issued by Dade County
Public Works Depar tmen t.

29 January 1970 - Metropolitan Dade County Pollution
Control Hearing Board hearing resumed on
appeal of FPL pollution permit. No
decision after 3~~ hours of testimony on
permit or stay of construction. Next
meeting set for 12 February 1970. FPL
told Board it planned to proceed with
construction 1 February 1970.

30 January 1970 - Contractor notified 'to proceed with
actual dredging by 1 February.

30 January 1970 - Letter to Florida Department of Air
and Water Pollution Control from Izaak
Walton League asking State to halt canal
construction.

30 January 1970 FPL letter to Mr. V. D. Patton, Executive
Director, Florida Department of Air and
Water Pollution Control, in response to
his 27 January 1970 letter - (1) FPL
would promptly file for State Pollution
Permit when new system became effective;
(2) meanwhile, FPL had followed all Dade
County procedures (approved by the State)
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in obtaining a Dade County Pollution
,Control Permit; and (3) that the
1 February 1970 construction starting
date was dictated by the actual comple-
tion date of March or April 1971,
mandatory to supplying the public power
requirements of June 1971.

3 February 1970 Seadade motion before Circuit Court to
stay FPL cooling water system construc-
tion denied on grounds jurisdiction
rested with District Court.

4 February 1970 Proposal requested from engineering firms
to .study ponds as a supplement to canal
with dilution. Also — to study use of
deep wells as supplemental cooling to
canal with dilution..

4 February 1970 - Mr. McGregor Smith's letter to Governor
Kirk requesting that he do nothing to
.delay the coming in of the nuclear
generating unit at Turkey iPoint before
giving FPL an opportunity to talk to him.
Also — information on the electrical
power demands facing the Company, our
actions and the impact of .further delays.
Further - our concern over Federal
intervention.

6 February 1970 -,Southern Nuclear Engineering Co. retained
to augment studies on the feasibility of
utilizing cooling towers at Turkey Point.

9 February 1970 Hearing before District Court of Appeals
on Seadade appeal of the Order of Taking
granted by the Circuit Court and on
Seadade's motion to stay FPL construction
at Turkey Point. Court denies motion to
stay construction. No decision as yet on
condemnation appeal.

12 February 1970 Metropolitan Dade County Pollution
Control Hearing Board resumes hearing
on appeal of pollution permit and stay
of construction. Hearing recessed until
19 February 1970. Testimony closed.
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17 February 1970 - Letter from Florida Department of Natural
Resources requesting further hydrographic
study relative to proposed discharge into
Card Sound. Professor John Michel,
University of Miami, recommended since
Dr. Dean, University of Florida (normal
state consultant) already involved with
FPL on other hydrographic phases of canal
plan. Letter touched off by FPL Dade
County dredging permit application requir-
ing State coordination.

19 February 1970 Dade County Pollution Control Hearing
Board denies appeal to cancel FPL permit
issued by Dade County Pollution Control
Officer and modified permit as follows:

1 - The studies required by the said
Order of the Pollution Control Officer
shall begin no later than April 1, 1970.If any agencies set forth in the said
Order have not agreed to the studies by
April 1, 1970, the Pollution Control
Officer shall set forth a procedure for
the said studies, and such shall be
carried out under his supervision.

2 - That an interim report developed from
such studies shall be submitted to the
Pollution Control Officer for evaluation
and approval prior to any testing or
operation of the Florida Power 6 Light
Company's Unit No. 4 (that is, the Nuclear
Unit No. 2).

3 - That should such interim report indi-
cate the need for such supplementary
facilities to assure compliance with the
Dade County Code, said facilities shall
be desi'gned and in construction within
six months of an order to proceed issued
by the Pollution Control Officer. -,
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19 February 1970 District Court of Appeals upheld FPL
Order of Taking for Seadade property
granted by the Circuit Court, except
that part vesting fee simple title in
land required for storage of muck and
rock. Question of fee simple title or
easement referred to lower court for
rehearing.

24-26 Feb. 1970 Federal-State Enforcement Conference
held in Miami. Conferees included
Murray Stein, 'Chairman, Assistant
Commissioner and Chief Enforcement
Officer, Federal Water Pollution
Control Administration, Washington, D.C.;
John Thoman, Member — Director, Southeast
Region, Federal Water Pollution Contxol
Administration, Atlanta, Ga.; Nathaniel
Reed, Member - Chairman, Florida Air &
Water Pollution Commission, Tallahassee;
and'incent Patton, Member - Executive
Director, Florida Air & Water Pollution
Commission, Tallahassee.

Conclusions and recommendations of the
conference were as follows':

1) Severe local damage has occurred to
the aquatic plant and animal population
of Lower Biscayne Bay due to the present
heated effluent, of the Turkey Point Plant
of the Florida Power & Light Company.
This constitutes pollution which is sub-
ject to abatement under Section 10 of
the Federal Water Pollution Control Act.It also constitutes pollution in viola-
tion of the State of Florida',s and Federal
Water Pollution Control Administration's
standards, particularly those provisions
relating to damages caused by increases
in temperature, and the anti-degradation
statement.

2) Present measures taken toward abate-
ment of this pollution are not adequate.
'The proposed plan to take large quantities
of heated water through a six-mile canal
to Card Sound is not acceptable.
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3) Because of the s elec ti:on of the s i'te
o f the Florida Power 6 Light Company
plant at Turkey Point, considerable
technical difficulties are encountered
in the disposal of the heated cooling
water. Consequently, considerable delays
have been and will be encountered in
abating the pollution.

4) The State of Florida, the Department
of the Interior, and the Corps of
Engineers shall coordinate their views
before any permit is issued which will
permit the discharge of waters into
B'iscayne Bay or Card Sound,.

5) Quality of the waters, including the
biological balance of Biscayne Bay shall
not be impaired to the detriment of the
full enjoyment and use of the Biscayne
National Monument.

6) The Florida Power 6, Light Company
shall abate the excessive waste heat load
being discharged from its Turkey Point
power plant to the following levels:
The monthly mean of the maximum daily
temperatures shall not be raised more
than 4 F during the Fall, Winter and
Spring (October through May), or 1.5 F
during Summer (June through September).
On the basis of existing data this means
that existing discharges shall not exceed
90 F at any time.

7) The Florida Power & Light Company
shall not discharge waters in such
velocity and in such amounts or at such
points as to change the hydrology of the
receiving waters to the detriment of
indigenous biota.
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8) The Florida Power & Light Company
shall report to the Conferees not later
than 60 days from today on its proposal
to meet the requirements specified above.

9) The conference may be reconvened by
the chairman after consultation with the
Conferees, or the chairman after such
consultation may call a progress meeting.

6 March 1970 Peti;tion for Rehearing filed by Seadade
in District Court of Appeal.

10 March 1970 — Institute of Marine and Atmospheric
Sciences retained to make certain hydro-
graphic determinations relative to FPL
canal to Card Sound. Professor John
Michel to be principal investigator.

13 March 1970 - District Court of Appeal denied Petition
for Rehearing filed by Seadade.

1'3 March 1970 Federal Government filed suit in U. S.
District Court against FPL. Preliminary
injunctive relief sought regarding
operation of Turkey Point fossil units
and construction of canal to Card Sound.

20 March 1970 . - Motion for Intervention filed in U. S.
District Court by Florida Public Service
Commission relative above suit.

20 March 1970 — Visit to Turkey Point with FPL officials
by Frederick A. Warren, newly appointed
head of the FPC's office of the Advisor
on Environmental Quality. Also
George Adkins and Robert Boyd of the FPC.
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23 March 1970 - Meet'ing in Washington between Secretary
o f the Interior Hickel and'PL repre-
,sentatives concerning Turkey Point.

24 March 1970 - Hearing in U. S. District Court on U. S.
suit against FPL commenced~ with Judge
Atkins presiding.

25 March 1970 U. S. District Court denies Federal
Government a preliminary injunction to
have FPL cease construction of canal to
Card Sound. -Decision on remaining
injunctive relief sought by Government
withheld pending the hearing of further
testimony. Case continued to March 26.

25 March 1970 - Letter from A. M. Davis to Dade County
Pollution Control Officer, Florida
Department of Air 6 Water Pollution
Control, and F.W.P.C.A. - requesting
conference to determine scope of Card
Sound studies relative to Dade County
Pollution Control permit for canal to
Card Sound.

26 March 1970 - FPL testimony given in Federal suit,
Case continued to March 31.

27 March 1970 Petition for Writ of Certiorari filed
in District Court of the State of
Florida by Seadade to the Supreme Court
of Florida.

31 March 1970 - Testimony completed in Federal suit.
Court scheduled trip to Turkey Point
for personal view.
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31 March 1970 Letter from F.W.P.C.A. declining
invitation to participate in scope
determination of Card Sound studies
as requested by A. M. Davis letter
of March 25.

1 April 1970 Judge Atkins, his Court Assistant,
Court Reporter, attorneys from both
sides, and representatives of FPL and
Government, visited Turkey Point.
Dr. Lackey and Mr. Purkerson flew over
area with Judge Atkins as well as
accompanying him on boat tour. Judge
also toured plant.

3 April 1970 Letter from David D. Dominick,
Commissioner, F.W.P.C.A., to Harold L.
Price, Director of Regulation, A.E.C.,
requesting "that consideration of A.E.C.
Turkey Point operating license be held
in abeyance pending a clear determination
by. the Department of the Interior and
State of Florida that definitive progress
is being made by FPL in resolution of
water control problems at Turkey Point".

16 April 1970 U. S. District Court denies remaining
preliminary injunctive relief sought by
Federal Government at Turkey Point.
(Court previously denied preliminary
in'junction to stop canal construction
March 25.) Findings were that present
warm water discharge causes some damage
but it is minimal and retrievable - also
that plans are in process to reduce
temperature of discharge to a benign
level by July 1971. Further evidence
be heard at later date on "the large
amount of heated water the units will
discharge when they begin operation in
1971 and 1972".

20 April 1970 FPL files motion to dismiss action on
all four counts of above case.
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22 April 1970 A. M. Davis letter to W. E. Starnes,
Florida Department of Air & Water
Pollution Control, confirming verbal
arrangements that Mr. Starnes would
attend April 24 meeting with Dade
County Pollution Control and FP6L to
determine objectives of studies required
by Dade County Pollution Permit for
canal-dilution cooling water system.

24 April 1970 Letter from Fl'orida Department of Air
& Water Pollution Control, declining
invitation to attend above meeting,

24 April 1970 - Above meeting held and attended by
Mr. Paul Leach, Director, Dade County
Pollution Control, and FP6L represen-
tatives. Results:

1) Fact established that FP6L had been
accumulating study data in Card
Sound since March 1970.

2) Planning definitized for continuation
of studies.

27 April 1970 FP6L letter by A. M. Davis to Murray,.
Stein, Assistant Commissioner, Enforce-
ment, Federal Water Quality Administra-
tion, and Nathaniel Reed, .Chairman,
Florida Air & Water Pollution Control
Board, responding to conclusions and
recommendations of conferees of Federal-
State conference on thermal problems in
Biscayne Bay adopted February 26, 1970.
FP&L proposed the following:

"1, The temperature of discharges from
the Turkey Point Plant as of June 1971will be limited as follows:
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"a) The temperature at the point of
discharge into Card Sound shall not
exceed 95oF.

"b) The monthly mean of the maximum
daily temperatures measured at any point
on the boundary of Biscayne National
Monument, shall not, as a result of
plant operations, be raised more than
4 F. in the fall, winter and spring
(October through May), or 1.5 F. during
summer (June through September). The
Company will install an appropriate
temperature. monitoring system to provide
assurance of compliance with the above
limits and will make the records produced
therefrom available to the Florida Depart-
ment of Air 6 Water Pollution Control as
well as to the Dade County Pollution
Control Officer.

"2. The Company, shall fund an ecological
and hydrological research program in Card
Sound to commence as soon, as arrangements
can be made, which shall have the approval
of Dade County, the State of Florida and
the Federal Water Quality Commission, and
which shall continue for at least one year
after Unit No. 4 goes into operation.
The Company, pursuant to such funding,will provide such laboratory facilities
as the research organization or any
interested governmental agency shall
require in connection with such program.

"3. The Company is now and will continue
to conduct through an internationally
recognized. independent firm of professional
power plant engineers not previously con-
nected with Turkey Point plant design and
construction, a reevalustion of engineering
alternatives for handling the cooling waters.
In this connection, a pilot cooling reservoirwill be constructed. Since it is not known
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when or if affirmative results can be
expected from this study, the Company
proposes 'to submit certified progress
reports concerning these studies to
the Florida Department of Air 6 Water
Pollution Control at quarterly intervals,
the first such report being, submitted
July 1, 1970.

"4. The Company will, prior to June 1,
1970, apply to the Florida Department
of Air 6c Water Pollution Control for a
permit for the Card Sound canal and
dilution system. The laws of the State
of Florida as well as the rules and
regulations of the Department enable
the State of Florida to exercise a con-
tinuing surveillance over the construc-
tion and operation of the system and,
as a result of the various research
programs, to order such future modifi-
cations as it may feel necessary to
effectuate the purposes of,these laws,
rules and regulations'n this connec-
tion, a report is in preparation by the
University of Miami on the effects of the
canal on the hydrology of C'ard Sound.
This report will aid the State in evalu-
ating our application.

"5. The Company will cooperate with all
State and Federal agencies:to insure
timely issuance of such approvals and
permits as are necessary in order to
complete the Card Sound canal and
dilution system on schedule.

"6. The Company is. willing,to meet from
time to time as the conferees shall require
to discuss modifications to this proposal
as may be required in the public interest."
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27 April 1970 Letter from R. C. Fullerton,. President,
FPL, to Secretary of the Interior
Walter J. Hickel, forwarding copy above
letter and expressing FPL's enthusiasm
and optimism over being able to devise
a plan that:

(1) more nearly achieves recommendations
of Federal-State conference,

(2) offers .nationwide benefits in form
of laboratory to provide vitally
needed but obviously lacking infor-
mation, and

(3) furnishing opportunity for Department
of the Interior and industry to work
together on preserving the environ-
ment, concurrently with providing
necessary industrial activities.

4 May 1970 - .U.S. serves Notice to Take Deposition of
FPL's James Coughlin and Robert Gardner
in connection with Turkey Point suit.

19 May 1970 - Dr. Prager and Messrs. Hagen, Rogers and
Haggre of F.W.Q.A. escorted to Turkey
Point by N. R. Kincaid. Purpose was
preliminary planning visit concerning
possible F.W.Q.A. plankton studies.
Visit had been requested by F.W.Q.A.
despite current litigation.

27 May 1970 - Letter to FPL from Nathaniel Reed, Chairman,
Florida Department of Air 6 Water Pollution
Control, commenting on FPL plan submitted
in response to Federal-State, conference
recommendations. Reed saw four .problems
that must be solved — (1) Velocity at
intake must be controlled to protect
Biscayne Bay, (2) Velocity at discharge
must be controlled, (3) Excessive temper-
ature must be controlled, and (4) Plankton
and larvae must not be destroyed in plant's
cooling system.
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27 May 1970 University of Miami (Professor John F.
Michel, P.E.) completed study on hydro-
graphic effect of canal with dilution
system. Conclusions are that it will
produce little effect on shore line or
bottom stability. No significant
alteration in tidal flows and current
patterns is anticipated. No problem
is foreseen in keeping velocities at
less than 2 feet per second at both
intake and discharge. However, add'i-
tional numerical analyses and possibly
a model study should be made for the
intake to insure the detail of design
required.

28 May 1970 Follow-up meeting held in offices of
F.W.Q.A., Washington, D.C., to
February 24-26, 1970 Miami Federal-
State Enforcement Conference. FPL
reported on status .of its April 27,
1970 proposed plan of action made in
response to conclusions and'ecommen-
dations of Miami conference.. Brown 6

Root Inc., University of Miami, and
Johns Hopkins University gave detai'ls
on engineering, hydrological and
ecological studies, investigations
and research under way or planned.
Nat Reed requested that Brown & Root
furnish him, in writing, the detailed
scope of work being performed at Turkey
Point for FPL. F.W.Q.A. requested it
be allowed to run a plankton study at
Turkey Point. Although the meeting
produced no resolution to the problem,it did permit an exchange of ideas and
better definitized FPL's efforts to
more closely achieve the recommendations
of the Miami Federal-State ',Conference.
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1 June 1970 — Application for construction permit for
canal with dilution cooling, water system
submitted to State in accordance with
new rules and regulations of Department
of Air & Water Pollution Control.

8 June 1970 Arguments made before Judge Atkins regard-
ing FPL Motion to Dismiss all counts in
Federal suit against FPL. No decision.

9 June 1970 Deposition taken by Department of Justice
from FPL's Dr. James Coughlin and R. J.
Gardner.

10 June 1970 FPL letter by A. M. Davis to Nathaniel
Reed, Chairman, Florida Department of Air

Water Pollution Control, directed at
convincing him the FPL plan submitted in
response to the Federal-State Conference

- recommendations was sound and in the best
overall interests of the people of the
State of Florida. Observations regarding
the plan, expressed by Mr. Reed in his
May 27, 1970 letter, were discussed,
point by point, including resolutions
to the problems'e cited.

ll June 1970 — Letter from Dr. R. G. Bader, Associate
Dean, School of Marine and Atmospheric
Sciences, University of Miami, to
Nathaniel Reed, strongly advocating
further study of thermal effects since
so very little is known on the subject--if we are to make intelligent decisions
in this country regarding thermal effects.
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17 June 1970 Letter from Brown & Root Inc. to
Nathaniel Reed, Chairman, Florida
Department of Air 6 Water Pollution
Control, covering scope and status
of their work at Turkey Point for FPL.
They estimated that results would be
avail'able in approximately '6-8 months.

19 June 1970 Formal request from Southeast Region,
F.W.Q.A., to conduct plankton studies
at Turkey Point during months of July,
August and September. Team of 6 to '8

F.W.Q.A. personnel from Rhode Island and
Cincinnati laboratories to conduct tests.

22 June 1970 Florida Supreme Court grants Seadade
Industries:Order Allowing Certiorary in
condemnation suit. Oral agreement set
down for October 16, 1970.

24 June 1970 FPL letter by A. M. Davis forwarding copy
of Brown 6 Root report to F.W.Q.A. South-
east Regional Director.

25 June 1970 - FPL letter by A. M. Davis to John R. Thoman
responding to above F.W.Q.A. request to
conduct plankton studies. Point emphasized
that the massive ecological study contained
in FPL's overall plan of action proposed
for Turkey Point includes extensive study
of plankton over a four-year period.
F.W.Q.A. urged to technically participate
in this study as opposed to the short term,
small scale plankton study .effort described
in their request. Further„ that if current
litigation was the purpose for their con-
ducting this study,, then it would be neces-
sary for FPL to bring its legal people into
the matter.
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25 June 1970 FPL letter by A. M. Davis to Dr. R. G.
Bader finalizing administrative arrange-
ments for University of Miami to conduct
an ecological study of Card'ound.

26 June 1970 Judge Atkins requests memorandum opinion
from counsel of both parties regarding
FPL Motion to Dismiss all counts in
Federal suit against FPL.

29 June 1970 FPL letter by James Coughlin to Nathaniel
Reed, urging that the State of Florida
participate in the July meeting to final-
ize technical details for the ecological
study of Card Sound to be conducted by
University of Miami.

29 June 1970 Same type letter as above to Southeast
Regional Director, F.W.Q.A , urging
F.W.Q.A. participation in meeting.

29 June 1970 University of Miami letter by Dr. R. G.
Bader, Associate Dean, to FPL enclosing
A.E.C. letter by Robert L. Holton con-
cerning funding and other administrative
aspects of Card Sound study.

1 July 1970 Florida Department of Air 6 Water
Pollution Control letter by V. D. Patton
to Secretary of the Interior, Walter
Hickel, reflecting fruitful steps under
way to determine a satisfactory course
of action at Turkey Point.
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6 July 1970 FPL letter by A.,M. Davis to V. D. Patton,
Executive Director, Florida Department
of Air &,-Water Pollution Control, forward-
ing Southern Nuclear Engineering's evalu-
ation and rejection of powered spray
modules for Turkey Point. Mr. Patton had
suggested this type of device be evaluated.

7 July 1970 FPL agrees to,permit Department of the
Interior to conduct plankton tests at
Turkey Point. Complete scope of work to
be furnished FPL shortly.

7 July 1970
5

Meeting at University of Miami to finalize
technical details of Ecological Study of
Card Sound. Conferees included represen-
tatives from:

.Atomic Energy Commission
U.S. Geological Survey
Everglades National Park
Dade County Polluti'on Control.
Florida Department of Air .6 Water

Pollution Control
University of Miami
FPL

9 July 1970 - Letter from F.W.Q.A. by Paul J. Traina
furnishing scope details of plankton
study to be conducted at Turkey Point.
Project to be under direction of
Dr. J. C. Prager from F.W.Q.A. Rhode
Isl'and Laboratory.

16 July 1970 - Letter from Paul W. Leach, 'Dade County
Pollution Control Officer to FPL,
acknowledging fact that Ecological Study
of Card Sound to be conducted by Univer-
sity of Miami ful'fills Condition 5 of
the .Dade County permit.
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27 July 1970 FPL letter by A. M. Davis to V. D. Patton,
Executive Director, Florida Department
of Air & Water Pollution Control, forward-
ing progress report from Brown & Root on
Turkey Point cooling water studies.
Copies, also sent to F.W.Q.A. Report
showed construction pilot reservoir
started June 22 '

August 1970 Letter from Judge Atkins, U. S. District
Court, requesting memorandum from both
parties in Federal suit against U. S.

13 August 1970 FPL letter to Florida Dept. of Air &
Water Pollution Control stating FPL was
compiling additional data required for
pending construction permit application--
data to be forwarded at an early date.

24 August 1970 - FPL letter to Florida Dept. of Air &
Water Pollution Control, forwarding
report from Brown & Root regarding status
of construction of pilot reservoir, in-
cluding photographs - also copies to FWQA.

31 August 1970 - Letter from Dade County Public Works
Dept-., requesting that recently approved
bulkhead line be indicated as shoreline
in Card Sound on FPL pending application
for Class 1 dredging permit for intake
and discharge of planned canal-dilution
system.

2 September 1970 Environmental Statement on 'Turkey Point
Units Nos. 3 and 4 forwarded to AEC.

P

21 September 1970- Information concerning
for Turkey Point Plant
August 22 to September
FWQA per their request
1970.

load and weather
for period
5, 1970 furnished
of September 14,





13 October 1970 Professor John F. Michel, University of
Miami, completed Addendum to his May 1970
Technical Report concerning an Analysis
of the Physical Effects of the Discharge
of Cooling Water into Card Sound at the
Turkey Point Plant of the Florida Power
& Light Company.

16 October 1970 Oral arguments made by Seadade and FPL
before Florida Supreme Court in condem-
nation suit. Court's decision to be made
subsequently.

19 October 1970 AEC issued order extending Provisional
Construction Permit completion date from
January 1971 to July 1, 1971 for Uni't
No. 3.

20 October 1970 Dade County Public Works Dept. furnished
additional information requested by the
Department and the State concerning
Class 1 dredging permit application for
intake and discharge.

22 October 1970 - Application for permit to,dredge intake
and discharge submitted to Board of
Trustees of the Internal Improvement
Trust Fund, State of Florida.

26 October 1970 - Application for permit to dredge intake
and discharge submitted to Corps of
Engineers.

27 October 1970 - Quarterly progress meeting held on
University of Miami Card Sound Ecology
Study. Attendees included:

Atomic Energy Commission
Office of the Secretary, Department

of the Interior
National Park Service
Federal Water Quality. Administration
U. S. Geological Survey
Dade County Pollution Control
University of Miami
Florida Power 6 Light Company
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30 October 1970 FPL -letter to Metro Dade County Public
Works Dept., summing up the status of
FPL's efforts in engineering a system
for continuous monitoring of discharge
temperatures. Information was furnished
in conjunction with FPL's Class 1 dredg-
ing permit application pending before
Dade County.—

2 November 1970 Letter from Corps of Engineers,
acknowledging receipt of FPL application
for dredging permit for intake and dis-
charge. Also, that application will be
held without action pending their receipt
of certification from the Florida 'Dept.
of Air 6 Water Pollution Control, as
required by Section 21 of the Water
Quality Improvement Act of 1970.

.3 November 1970. Official notification received that Dade
County. Commissioners will conduct public
hearing on November 17, 1970 at 9:00 AM
regarding FPL Class 1 permit application
to dredge intake and discharge.

4 November 1970 Letter from Florida Board of Trustees of
Internal Improvement Trust Fund regarding
FPL application for dredging permit for
intake and discharge, requesting:

1) That a portion of the, dredging is
located within submerged lands in
private ownership which were conveyed
under Trustees'eed No. 17780; there-
fore, mate'rial dredged from this area
will not have to be purchased.

2) That on October 27, 1970 the Trustees
adopted a resolution requiring payment
for all material removed from naviga-
tional channels d'redged on sovereignty
land.
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3) Suggestion that Deed No. 17780 be
plotted on survey sketches and the
amount of material to be removed be
recalculated.

4) That Dade County must issue permit
for project before Trustees can
consider the matter.

4 November 1970 David D. Dominick, FWQA Commissioner,
visited Turkey Point.

5 November 1970 University of Florida study on Temper-
ature Predictions at Mouth of Planned
Discharge Canal in Card Sound, Turkey
Point Facility" confirms prior study
predictions that discharge temperatures
into Card Sound will be below 95

12 November 1970 Information regarding circulating water
flow provided Department of the Interior
for months of August and September 1970,
per their request.
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P.O. BOX 3100 MIAMI,FLORIDA33101

~i'll M/~'
FLORIDA POWER & LIGHT COMPANY

April 27, 1970

Mr. Murray Stein
Assistant Commissioner
Enforcement
Federal Water Quality Administration
U. S. Department of the Interior
Washington, D. C. 20242

Mr. Nathaniel P. Reed, Chairman
Air and Water Pollution Control Board
State of Florida
Tallahassee, Florida 32301

Gentlemen:

The conclusions and recommendations of the Federal-State Conference
on thermal problems in Biscayne Bay adopted February 26, 1970 by
yourselves as conferees, contained the recommendation that Florida
Power S Light Company

"r'eport to the conferees not later than 60 days from today
on its. proposal to meet the reguirements specified above."

This letter is submitted to the conferees pursuant to such recommen-
dation.

We suggest that it is proper that our proposal be preceded by a
statement of the principles and conditions to which our Company be-
lieves itself compelled to adhere in developing and submitting such
a proposal.

First, it is our corporate obligation to insure an adectuate supply of
dependable power for the 3,150,000 people who depend on us for this
service. In order to fulfillthis obligation, it is imperative that
the Turkey Point nuclear generating units go into operation on schedule;
Unit No. 3 by the spring of 1971 and Unit No. 4 by the spring of 1972.

Secondly, it is our community responsibility to reduce the environ-
mental effects of our cooling water discharges to the fullest extent
of technically feasible means available to do this, and in accordance
with regulatory procedures which are now and have since September of
1968 been under way in Dade County. In order to fulfillthis responsi-
bility,. it is imperative that the Card Sound canal and dilution system
be in operation by the spring of 1971.

HELPING BUILD FLORIDA
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Mr. Murray Stein
Mr. Nathaniel P. Reed April 27, 1970

Thirdly, it is our responsibility to provide adequate assurance that
the discharge of cooling waters from our plant will not.result in
"damage or harm to the aquatic life or vegetation of the receiving
waters, or interfere with the beneficial use assigned to such waters"
as required by our State of Florida water quality standards.

Fourthly, it is our responsibility, and has been our objective since
the authorization of the Biscayne National Monument in October of
1968, to cooperate in the fulfillment of the objectives of this monu-
ment by conceiving and implementing a plan which will remove our cool-
ing water discharges to a point far beyond its boundaries.

Lastly, it is our objective to cooperate with all interested Federal,
State and local agencies seeking to protect and enhance our environ-
ment by continuing to search for every feasible means of complying
with the recommendations of such agencies. Zn so doing, however, we
expressly do not accept conference conclusions 1, 2 and 3; nor does
submittal of this proposal imply in any way our acceptance or con-
cession to those conclusions.

After a careful consideration of the above principles, the Florida
Power S Light Company submits the following proposal- for its Turkey
Point Plant:

1. The temperature of discharges from the Turkey Point plant as
of June 1971 will be limited as follows:,

a) The temp'erature at. the point of discharge into Card
.Sound shall not exceed 95 F.

b) The monthly mean of the maximum daily temperatures
measured at any point, on the boundary of Biscayne
National Monument, shall not, as a result of plant
operations, be raised more than 4 F. in the fall,
winter and spring (October through May), or 1.5 F.
during summer (June through September). The Companywill install an appropriate temperature monitoring
system to provide assurance of compliance with the
above limits and will make the records produced
therefrom available to the Florida Department of Air

Water Pollution Control as well as to the Dade
County Pollution Control Officer.

2. The Company shall fund an ecological and hydrological research
program in Card Sound to commence as soon as arrangements can
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Murray Stein
Nathaniel P. Reed April 27, 1970

be made, which shall have the approval of Dade County, the
State of Florida and the Federal Water Quality Commission,
and which shall continue for at least one year after Unit
No. 4 goes into operation. The Company, pursuant to such
funding, will provide such laboratory facilities as the re-
search organization or any interested governmental agency
shall require in connection with such program.

3. The Company is now and will continue to conduct through an
internationally recognized independent firm of professional
power plant engineers not, previously connected: with Turkey
Point plant design and construction, a reevaluation of engi-
neering alternatives for handling, the cooling waters. In
this connection, a pilot cooling reservoir will be constructed.
Since it is not known when or if affirmative results can be
expected from this study, the Company proposes to submit
certified progress reports concerning these studies to the
Florida Department of Air 6 Water E ollution Control at
quarterly intervals, the first such report being submitted
July,l, 1970.

4 ~ The Company will, prior to June 1, 1970, apply to the Florida
Department of Air a Water Pollution Control for a permit for
the Card Sound canal and dilution system. The laws of the
State of Florida as well as the rules and regulations of the
Department enable the State, of Florida to exercise a continuing
surveillance over the construction and operation of the system
and, as a result of the various research programs, to order
such future modifications as it may feel necessary to effectuate
the purposes of these laws, rules and regulations. In this
connection, a report is in preparation by the University of
Miami on the effects of the canal on the hydrology of Card
Sound. This report will aid the State in evaluating our
application.

5. The Company will cooperate with all State .and Federal agencies
to insure. timely issuance of such approvals and permits as
are necessary in order to complete the Card Sound canal and
dilution system on schedule.

6. The Company is willing to meet from time to time as the con-
ferees shall require to discuss modifications to this proposal
as may be required in the public interest.
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Mr. Murray Stein
Mr. Nathaniel P. Reed April 27, 1970

In conclusion, our proposal will enable the public to continue to be
served with an adequate supply of power; Biscayne National Monument
will be assured of protection against, any possible effects of the
cooling water discharges; and the environment of Card Sound will .be
protected'y continuing surveillance of appropriate governmental
agencies aided by an independent professionally executed monitoring
program.

We urge your early acceptance of our proposal.
Yours very truly,

trj"k
'.Davis

Vice President
AMD:rp
CC Mr. David D. Dominick, Commissioner

Federal Water Quality Administration
U.:S. Department of the Interior
Washington, D. C.

Mr. John R. Thoman, Regional Director
Federal Water 'Quality Administration
U ~ S. Department of the Interior
Atlanta, Georgia

Mr. Vincent D. Patton, Executive Director
Department of Air S Water Pollution Control
State of Florida
Tallahassee, Florida

Mr. Paul W. Leach
Pollution Control Officer, Dade County
Miami, Florida

Florida Air
Mr. C. M.
Mr. J.' ~

Mr. J. E.
Mr. A. D.

and Water Pollution Control Board
Davis
Roberts
Schenck
Vincent

Dade County Pollution Control Hearing Board
Dr. J. Walter Beck
Dr. Bernadette Bourne
Mr. Bobby J. Chapman
Dr. Thomas P. Hughes
Mr. Carlton L. Nelson
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