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EXECUTIVE STATEMENT

~ As Puerto Rico is cons1dered among the prime world
locations for a land-connected, operating Ocean Thermal Energy
Conversion (OTEC) electrical generating power plant, the U.S.
Department of Energy is looking at the oceanographic conditions
around the island. The main emphasis is being directed toward
Punta Tuna, on the southeast coast of the main island, but
other locations have been discussed as well.

This document is in response to a portion of a 4-phase
project design to secure and evaluate oceanic data specifically
at the Punta Tuna site. The phases provide for:

1. The compilation of ayearly set of periodically

sampled oceanic data at the Benchmark site of
Punta Tuna. '

2. An interpretation of the relevant literature,

~ recently procured data, and long-term current

meter data taken concomitant to this program.

3. A thorough historical Titerature and data search

of oceanic data and an interpretation thereof,

4. Recommendations for future studies of the OTEC

oceanographic program. -

This document addresses the first and second phases, and
includes a revision on the fourth phase of the project.

puring the contract period, the Punta Tuna site was
visited for hydrographic measurements'éix timess:

early August, 1978 |
“mid October, 1978

early December, 1978

mid February, 1979

late April, 1979

early June, 1979

‘The purpose of each of the cruises was to measure the
physicaI% chemical, and biological variables at many depths
and finally look at the temporal changes of those variables
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throughout the year. This program was supplemented by
the U.S. Navy Underwater System Laboratory, New London,
Conn. which placed two subsurface current meter moorings
near Punta Tuna. The recorded data from two of the recovered
current meters is also discussed herein.

~ As the Punta Tuna site was the primary focus, this
location is emphasized, in both themeasurements and in the
results. However, a nearby site, off Vieques jsland is com-
pared to Punta Tuna, as are two west coast locations and
numerous sites along the south coast. Punta Tuna was deter-
mined to offer the best overall potential operating efficiency
with the clbsest offshore distance.

The temperature measurement results show there is virtually
no change in the deep water (1000 m) temperature,throughout
the year at Punta Tuna. The surface water temperature changes
by as much as 3 C°, from a low in late winter to a high in
early autumn. The Therma] Resource for a full-size OTEC plant
could be expected to vary from 20-23 C° annually, if the con-
denser water intake were at the 1000 m depth and the evaporator
water intake were at about 20 m depth. These results would
change at other Puerto Rico sites. At the Vieques location,
the surface temperature is consistantly about 1/4-1/2 C° cooler
than at Punta Tuna. At Punta Borinquen, on the northwest
coast, the deep water (1000 m) is about 2 C° warmer than at
Punta Tuna, thereby reducing the northwest coast site's
operating efficiency considerably.

The Mixed Layer Depth at Punta Tuna was found to vary
seasonally from a depth of as much as 90 m during the winter,
when the weather is more rough, to virtually zero in the summer,
when the weather is calm. The Mixed Layer Depth at Vieques

was not much different than that at Punta Tuna. Since the

evaporator jntake for a full size OTEC plant may be at a
depth of 20-25 m, a plant in Puerto Rico waters might draw
water from below the Mixed Layer during part of_the summer.
The basic water column structure did not change from one
location to another, although the temperature structure was
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slightly different, as mentioned previously. With a similar
vertical density structure, the effluent from either a mixed
(cold and warm water together) or separated discharge at any

‘of the investigated locations would probably have similar

vertical dynamics. The horizontal water motion, however,
will influence the fate of the discharge more than the
relative density.

Very little is known about the subsurface water currents
around Punta Tuna, or even Puerto Rico in génera]. As a
result of the water current profile measurements taken during
each cruise, and the moored current meter returns, (about one
month of data), diurnal and semi-diurnal tidal components were
identified moving east and west along the south coast past
Punta Tuna. Eastward and westward motion appeared dominant at
Punta Tuna down to about 500 m during the profiling, with
considerable motion in all other directions as well. Between
650-750 m the water direction turns primarily to the northeast
and northwest. This scattered information is still insuffi-
cient to predict the‘dynamics of a plant discharge.

' Dissolved oxygen results at Punta Tuna compared well with
the historical values, showing high surface and near surface
values, .and a relative minimum at mid-depth, and generally
increasing values below 800 m. Likewise, chlorophyll results
showed typical patchiness, but within the normally expected
ranges for tropical oceanic waters.

The comparison between the air temperature from meteoro-
logical records in the Caribbean basin, compares well with
the sea surface temperature fluctions: Furthermore, periods
of sustained higher winds produced the expected increase in
the Mixed Layer Depth, Zooplankton results were étatistically
non-definative due to the lack of rep11cat1on of sampling.
Little new information was learned.

As indicated in the recommendation section of the report,
much of the long-term temperature information is available,
at least enough to design and build a power plant. The water:
currents, however, are poorly understood, therefore intake,



discharge, and cold-water pipe dynamics are still uncertain.
Continuation of studies of nutrient chemistry must also be
carried out. Finally, the biological knowledge is the weakest,
with virtually no predictive capability for any of the ecosystem
components relative to the many interactions that the OTEC
plant will have with the biota in the sea. -
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1.0 INTRODUCTION

An Ocean Thermal Energy Conversjon (OTEC) power plant
-uses sun-heated tropical or subtropical oceanic waters to
‘produce usable energy. The OTEC plant uses large quantities
‘of warm oceanic surface water and cold deep water to run a
thermal engine. The usual estimate is that at least 20 C°
difference between the surface and the deep water is desired
" to run the engiﬁe with sufficient efficiency to justify this
type of energy production. The thermal engine is then used
to drive an'e1ectricity producing generator, If the power
plant is on, or near, shore, the electrical power can be fed
into the local electrical system. If the plant is far off-
shore, it may be used as the energy source for a floating
energy-intensive industrial operation.

Puerto Rico is considered by most scientists and tech-
nologists as one of the prime U.S. locations for an OTEC
power plant. Furthermore, Puerto Rico seems to qualify as
a prime example of a location for a nearshore floating OTEC
power plant. More than half of the island's 600 km shore-
Tine has water of a depth of 1000 m or greater less than 13 km
from shore. At some places this offshore distance is only
about 3 km, In Puerto Rico, it appears that the 1000 m depth
will assure at least 20 C° temperature differences from sur-
face to deep water throughout the year (Wolff, 1978). Another
advantage of Puerto Rico's location is that it is truly repre-
sentative of an open ocean island, with 1ittle terrestrial
runoff and only a small shelf for shallow water coastal organ-
isms to inhabit. ATthough Puerto Rico is located.in the
Caribbean, (Fig. 1), and therefore experiences occasional
hurricanes, there are several "safe" harbors around the island
for personnel and vessels, Finally, Puerto Rico is a techni-
cally modern island, with adequate road, seaport and airport
facilities, a total inter-island electrical. power grid, and
a vastly expanding electrical need.
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Due to these reasons, the U.S. Department of Energy has
contracted the Center for Energy and Environment Research
(CEER), of the University of Puerto Rico, to conduct a series
of bimonthly cruises to an oceanic site (Fig. 2), about 4 km
southeast of Punta Tuna, Puerto Rico (Fig. 3). The purpose
of these cruises was to measure and evaluate the variability
of many OTEC-related oceanic variables. Punta Tuna and its
environment has been determined as one of the optimum Puerto
Rico sites (please see Atwood et al., 1976 for a more complete
general description of the area).

The purpose of this report -is to describe the activities
and measurements involved with these bimonthly cruises as well
as analyze and interpret the resulting data. Finally, recom-
mendations are made'applicab1e to subseguent oceanic OTEC
measurement programs for this geographical area.

1.1 Introduction to the Measurement Program
During the measurement period, the Punta Tuna station

was occupied for hydrographic measurement purposes six times:
' early August, 1978
mid October, 1978
early December, 1978
mid February, 1979
late April, 1979
. early June, 1979
During the first cruise (August, above}, the mooring
buoy was not yet implanted, and the vessel was allowed to
drift while on station. A1l subsequent hydrographic cruises
used a mooring buoy to maintain location while at the Punta
Tura benchmark station (Station "B"). This mooring buoy was
available to use with this program because the U.S:. Department
of Energy also plans to conduct an at-sea experiment for bio-
fouling and corrosion of OTEC heat-exchanger components at the
same site, and a deep sea mooring buoy was implanted at
17° 57.6'N, 65° 51.9'W (about 4 km southeast of Punta Tuna) in
September of 1978 (Sasscer et al., 1979).
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The general plan (please see Appendix G for a typical
cruise ptan) for each hydrographic cruise was to board, lead,.
and disembark from the western part of the island, either
from La Parguera (home port for the vessel, Fig. 3) or
Mayaguez, and arrive at Punta Tuna about one-half day later.
Usually the Benchmark station was visited first, and the
vessel remained at the mooring about 36 hours. During this
time 2 Hydrocasts, 2 Biocasts, 4 Current profiles, 5 Zoo-
plankton hauls, and numerous XBT's were taken. After leaving
the mooring (referred to hereafter as Station "B") various
other nearby stations were visited, taking only an XBT with a
drifting current meter profile in the beginning of the program.
Finally, a station was visited south of Punta Vaca, Vieques
(Fig. 3). This station is located about 40 km from Punta
Tuna, and was used to determine spatial variations (funded
by the Puerto Rico Water Resources Authroity). At Vieques
(referred to as Station "V"), 1 Hydro/Biocast, 3 Zooplankton
hauls, and 1 or 2 XBT's were taken. |

In addition to these hydrographic measurements, the U.S.
Navy Underwater System Laboratory of New London, Conn. was
contracted by the U.S. Department of Energy to work in cooper-
atijon with CEER on the implant action of two strings of cur-
rent meters in the Punta Tuna area. The schedule called for
2 to 4 months between servicing of the meters, with a possible
total yearlong submersion as the goal. One mooring was set in
early January of 1979 at near our Station "A" (Fig. 3)}. The -
recovery operation for this mooring occurred during our February
cruise, along with the re-implanting of the mooring at Station
"FY (Fig. 3) location. This second mooring had not yet been
recovered as of .August 1979, although an unsuccessful attempt
was made in early May 1979.

()
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2.0 MEASUREMENT DESCRIPTION

During the bimonthly cruises, samples and/or data were
taken to determine values of oceanic chemical, physical, and
biological parameters at, or near, Punta Tuna, Puerto Rico
(Fig. 3). These data and/or samples were taken according to
a fixed temporal schedule (if possible) as well as procedure.
(Please see Appendix G for a typical cruise plan).

The data/sampling operation may be grouped into nine
categories:
Hydrocast
Biocast
Current Profile

.

Underwater Horizontal Light Transmission
Zooplankton Haul

Expendable Bathythermograph (XBT)
Weather

Current Meter Mooring

)

O N Oy B W =

2.0.1 Hydrocasts

The Hydrocasts were standard oceanographic water casts
that reached down to about 1000 m depth. The usual procedure
was to Tower the hydrowire down to the maximum depth, with an
open 5 liter Niskin sampling bottle set at each of the desired
depths. Each Niskin bottle contained a set of 2 or 3 ocean-
ographic reversing thermometers (discussed later). The
desired sampling depths for the Hydrocasts were 0, 50, 100,
200, 250, 300, 400, 500, 600, 800, and 1000 m. During each
cruise there were at least 2 Hydrocasts. One scheduled Hydro-
cast was at Station "B" about -noon (1000-1400 hours) and the
other was scheduled about midnight on the same day (2200-
0200 hours). The water collected during the Hydrocasts was
apportioned for on board analysis of dissolved oxygen, and
on shore laboratory analysis of salinity and nutrients.



2.0.72 Biocasts

Biocasts were standard oceanographic water casts that
reached down to about 400 m. They were designed to measure
" parameters primarily in and just below the photic zone.
- Agdin, the procedure was to lower the hydrowire down to the
maximum depth, with an open 5 1iter Niskin sampling bottle
set at each of the desired depths. As with the Hydrocasts,
each of the Niskin bottles contained a set of 2 or 3 ocean-
ographic reversing thermometers. The desired sampling depths
of the Biocasts were 0, 25, 50, 75, 100, 125, 150, 175, 200,
250, 300, and 400 m. During each cruise there were at least
two Biocasts. One was scheduled for about noon of the second
day at Station "B" (1000-1400 hr), and the other was scheduled
 for about midnight (2200-0200 hr). The water collected during
the Biocasts was apportioned for on shore analysis of salinity
and chliorophyll.

)

s
L

2.1 Hater Temperaturé

Three methods were used to determine the in situ water
temperature. For discrete values, reversing thermometers
were used, in conjunction with the water sampling bottles
mentioned above. For a continuous profile, an expendable
bathythermograph (XBT) was used, and on one occasion, a
Salinity-Temperature-Depth (STD)} system was available.

2.1.1 Reversing Thermometers

There were four types of reversing thermometers used
during this program. About one-third of\the thermometers are
of Watanabe Keiki manufacture. These include both protected ’
and unprotected units. The other two-thirds are distributed
by Kahl Scientific Instrument Corp., Calif., and also include
both protected and uhprotected types. A1l these thermometers
have been calibrated to within + 0.01 C°. The thermometers
were all used as per U.S. Navy manual (U.S. Navy, 1968)
procedures.' Two protected units were used at each depth to
determine the actual temperature., After all the appropriate

8
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corrections were made the results of these two units were
averaged. A single unprotected thermometer was used at

depths of 300 m and greater to determine the accepted mea-
surement depth, again as per the USN Manual (U.S. Navy, 1968).
During shipboard operations, the thermometers were allowed to
equilibrate at the measurement depth for 15 minutes and “"wait"
on shipboard for at least one-half hour to stabilize before
feading.

2.1.2 XBT

To collect a continuous graphical profile of temperature
vs. depth data, an XBT probe and recorder was used. The
instrument and recorder, both maniufactured by Sippocon, Corp.,
Mass., were used as per the manufacturer's instructions. A
surface "bucket" water sample was taken for the irnitial tem-
perature calibration, Although the stated accuracies of the
XBT probe and recorder are + 0,2 C°, and + 2% for depth, lack
of a smooth descent can increase the error. The initial
analysis of these data included offsetting the surface reading,
and subsequent readings, as per the bucket temperature indica-
tion. Then, the depth for each integer centigrade degree was
noted, down to the maximum readable depth of slightly more
than 760 m.

2.2 Salinity

The sglinity of the water at discrete depths was deter-
mined by collecting the water samples in the 5 Titer Niskin
sampling bottles and subsampling into an aged, twice rinsed,
250 m1 plastic bottle, The estimated depth of the sample was
recorded. The actual salinity determination was made using a
Plessy Environmental Systems {Now Grundy Enyironmental Systems)
Model 6220 Laboratory Salinometer. The sa]inometer'was
adjusted at the beginning of the measurement period, using
standard (Copenhagen) sea water, and then was monitored and
corrected using a filtered, seawater secondary standard. The
manufacturer's estimated accuracy after making all appropriate
corrections is + 0.003 °/,, {Plessy, 1976).

9



2.3 Mater Current

2.3.1 Water Current Profiles

An Interocean, Model 135, Savonious rotor-type current
meter was used to measure the water current brofi1e. The
strip-chart recording instrument was suspended off the vessel
at discrete depths from 25 m down to 750 m, the limits of the
meter. The depths samﬁled during the program varied, but an
attempt was made to fnclude representative values from each
of the water masses in the water column. On the first cruise,
the current profiles were taken at each station, including
the Benchmark station and three auxiliary stations. Due to
~the inaccuracy of the vessel's location fixes, the normal
error in the meters and possible induced drag errors the
total error in the speed measurement amounted to as much as
+ 25%. On subsequent cruises, current profiles were performed
only while moored at the Benchmark statfon, _

Originally, .the timing of the profiles, which took about
2 1/2 hours to perform, was at 0000, 1200, and 1800 hours,
During the program it became eyident that a tidal component
may be entering into the measurement, but was possibly being
aliased, = Therefore, during the last two cruises, the mea-
surement period was planned to occur at times of suspected
peak tidal current in the area, both ebb and flood. The
instrument originally was designed for full scale of 150 cm/sec
with a resoJution of about 1.25 cm/sec, and a manufacturer's
estimated accuracy of 1.5 cm/sec {Interocean, 1975), The
instrument was modified for the last two cruises to improve
the resolution. The full scale values were decreased to
50 cm/sec, with the resolution of about 0.4 cm/sec. The accu-
racy was not altered, but by spreading the usable scale;, the
processed data should be more reliable, ,

The direction of the water current is sensed by a large
external'vane, which rotates the entire meter hpusing, This

(N

\\I
)

rotation is sensed relative to a north seeking compass inter-

nal to the housing. The manufacturer's stated accuracy is

+ 4° of direction.
10
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2.3.2 Moored Water Current Meters

On 6-8 January 1979 an expedition was conducted by
Mr. Richard Noble (U.S. Navy Underwater Systems Laboratory,
New Haven, Conn.} to implant 2 current meter moorings. One
mooring was to be implanted at about location "A" (Fig. 3),
which is at 18% 02.2'N, 65° 39.7'W, and the second was to be
at location "B". Prior to each implantation the desired
location was to be surveyed bathymetrically. Upon determining
a suitable location, the mooring was to be released, using an

_"anchorA1ast"_dep1oyment.

During 6 January, the area around Station "A" was sur-
veyed (Fig. 4} using an onboard Gifft precision depth
recorder for depth measurements and the U.S. Navy Tracking
Team of Roosevelt Roads Naval Base for location, Upon choice
of a suitabie Tocation, the vessel returned to the site and
the anchor (attached to the floating, deployed mooring string)
was released. It came to rest at the site labeled "A" on
Figure 4. This actual resting site was somewhat deeéer than
originally plahned, due to the presence of the rough, uneven
terrain.

On 8 January 1979 the second mooring, "B" was cancelled
due to navigational problems and malfunction of the precision
depth recorder.

' A schematic of the mooring "A" 1is shown in Figure 5.

The mooring was to have a subsurface buoyancy module about

20 m bélow the surface. Aanderaa current meters, Model RCM-5
were to be located at depths of 100, 200, 400, and 800 m,

" Also, stretched between 200 and 400 m were two thermister

strings, with temperature sensors every 10 m. The final con-
figuration was different in that the thermister string was
not used and each element of the entire array was 115 m
deeper because the actual depth of 1215 m was 115 m deeper
than design. The current meters were set to record every 10
minutes. Of this entire array, only the subsurface float and
the ﬁpper two meters were recovered on 11 Fébruary 1979, and

the results of the'recovered data is presented in Section
3.4.2.
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On 14 February 1979 a second mooring was implanted at
Station "F"., This station was favored oyer "B"™ as it is very
flat (+ 1 m over about 1 km radius circle). This flatness
was confirmed by a bathymetric survey of "F" prior to mooring
deployment. As the area is so flat immediately surrounding
"F", no purpose would be served to ihc?ude the bathymetric
chart of this small area, therefore, an isometric drawing is
included to show the bathymetric comparison between "F" and
the Benchmark area, Station "B" (Fig. 6). Again, the "anchor
last" depolyment method was used, and the mooring schematic
for mooring "F" is shown in Figure 7. The major difference
was the depth and inter-meter spacing. The depth at "F" was
. 1970 m, while that at "A" it was only 1215 m. Mooring "F-1"
was to be recovered in April 1979, but the attempt proved
unsuccessful. As of November 1979, the mooring had still not
been recovered.

2.4 Mater Density

The values of density of the sea water were calculated
using the above measured temperatures, from the reversing
thermometers, and the Niskin bottle-sampled salinity deter-
minations (Knudsen, 1901). These values were substituted
into the following equations:

o, = I + (oo + 0,1324) (1-A; + By {00-0.1324})

z

_ (t:3.98)%,  t+283

t - Use3ts7’ ) GGxe776) .
Go-=  -0.069 + 1.4708C% - 0.00157C%% + 0.0000398¢%°>
A, =  t(4.7867 - 0.09815t + 0.0010843t%) 107 3.

P ' 'y,::in .
B, =  t(18.03 - 0.8164t + 0.0167t%) 107°
c,Q, = S -".’:0.03
T.865
S = Sd]inity of the sample (°/oo)
t = Temperature of the sample (°C)
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Fig. 6 - Bathymetry of the Punta Tuna area, including the
location of the mooring buoy and the second current
meter mooring "F".
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2.5 Dissolved Oxygen

Dissolved oxygen samples were taken from the Niskin
water-sampling bottles during the Hydrocast stations. The
subsamples were collected using a 300 ml glass bottle, after
suitable rinsing, and carefully drawing the sample to avoid
air entrapment. The analytical procedure used is that de-
scribed for use during the International Indian Ocean Expedi-
tion (Menzel, 1962). The procedure, shown in Abpendix H, is
a modification of the standard Winkler techniques, and is
followed as soon as possible after the subsampels are
co]lected, '

~ Repetitive laboratory sampling and analysis of standards
using this method yielded a repeatability of + 0,13 me/&,

2,6 Chilorophyll Analysis

Analysis for concentration of chlorophyll a, the main
photosynthetic pigment and for phaeophytin a, its immediate
degradation product were carried out fluorometrically follow-
ing the guidelines established by Strickland and Parsons
(1972). Samples of marine plankton on Millipore or glass
fiber filters were stored at -5°C in air tight containers
with silica gel dessicator. Samples were routine]y protected
from exposurée to strong light. For extraction of pigments,
the filters were placed in screw-cap test tubes with 90%
spectrophotometric grade acetone (20 ml), shaken vigorously
and stored for 24 to 48 hours at 5°C in the dark. Prior to
fluorometric analysis, the samples were centrifuged at 5000 rpm
for 5 min, decanted and allowed to come to room temperature.
The extracts were quantified using a Turner 110 filter
fluorometer equipped with filters, door and photomultiplier
recommended by the above authors. For phaeophytin a analysis,
the above extracts were treated with two drops of 1 N HC1,
allowed to react for 5 min and then read again on the fluoro-
meter.,

Calibration of the fluorometer was achieved comparing
the response to pigments to that of a Beckman DU spectro-
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photometer equipped with the Gilford up-dating electronic
array. Twenty-one liters of sea water obtained from waters
offshore of La Parguera (Fig. 3), were filtered onto Whatman
No. 3 filters and extracted in 90% acetone. Absorbance at
665 nm was measured using 10 cm path length cuvettes and
pigment concentrations were calculated using the formulae
provided by Strickland and Parsons (1972). Door factors for
the fluorometer were then cambuted from data on fluorometer
response to known dilutions of the primary standard.

2.7 loopliankton

Zooplankton sampling was carried out either by vertical,
horizontal ¢r oblique hauls. For vertical or oblique hauls,
the 202 micron (silk size #8), 3/4 m diameter opening net is
secured to a double trip mechanism and lowered to the desired
depth, ~"The closed net is then rafsed, and a messenger is sent
down the cable, activating the first portion of the double
trip mechanism” to open the net at the desired depth. As the
open net ascends and approaches the upper 1imit of the fish-
ing depth, a second messenger is lowered again activating the
double trip mechanism, this time to close the net, When the
vessel was at the mooring, the haul was almost vertical. If
the vessel was drifting, the path of the net became oblique
due to the ship's motion. The dpeths sampled were: 1000 m-
Om, 1000 - 800 m, 800 m - 200 m, 200 m - O m, Finally, to
achieve a 25 m deep horizontal haul, or tow, the net was
lowered in the b1osedposition while the vessel was steaming
at or less than 1.5 m/sec, The actual net depth for these
horizontal tows was computed, based on the wire angle from
-the vertical. At the desired depth, messengers are lowered
to open and close the net at the appropriate time interval.
In all cases a flow meter was mounted at the net entrance and
was read to indicate the water volume passing through the net.

The collected samples were hosed with sea water into a
container, where they were preserved in a 4% buffered formal-
‘dehyde solution for future Taboratory analysis,

18
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In the laboratory, aftér sorting and cleaning to remove
foreign particles, a subsample is drawn using a 1 mf stempel
pipette. (If the number of copepods did not reach 300-400,

subsequent subsamples were drawn and added to the first).

Under a stereo-zoom binocular dissecting microscope, the
animals were keyed to species {copepod) when possible or
fémily (others). A1l the animals were measured for length.

2.8 Nutrients

Water samples were analyzed for nitrite, nitrate, phos-
phate, and silicate. OQriginally, the samples were filtered
through a Nuclepore filter then treated with hydrochloric
acid, Subsequently, chloroform replaced the hydrochloric
acid and the filters were changed to Millipore membrane filter
(45 um mesh). The plastic bottles in which the subsamples
were stored were acid washed.

During the first four cruises, the subsample of water to
be drawn and filtered on board was drawn with an acid washed,
twice sample-rinsed poly-bottle. After filtering, the sampie
was returned to the plastic bottle and treated with preserva-
tive. As a precaution against unfiltered contamination, a
twice-rinsed transfer bottle was used on the Tast two cruises
to carry the water to the filtering apparatus. Only after
filtering, was the sample placed into a clean, acid-washed
storage bottle and preservative added. On all occasions,
after preservation samples were stored at 4-5 °C until the
analysis was completed. Analysis procedures were virtually
identical to those provided by manufacturer of the Technicon
Autoanalyser {(Technicon, 1972; Technicon, 1973; Technicon,
1973a).

2.9 Horizontal Light Transmission

The horizontal light transmission was measured using a
Hydro Products, model 912-S transmissometer system. The unit
reads both percent of light transmitted over a 1 meter path
lTength and the instrument depth (Hydro Products, 1974). The
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instrument was read at convenient intervals, usually about
15 m, both while descending and ascending through the water
column. The two readings from each depth were averaged.

The instrument never functioned properly throughout the
field measurement period, even after factory recommended
repairs and a trip back to the manufacturer.

2.10 Meteorological Data

 The meteorological data, taken during the cruise, con-
sisted of air temperature, wet and dry bulb thermometer,
barometric pressure, sea state, wind speed and direction, and
cloud cover. As the methods for these data are adequately
reported, (U.S. Navy, 1968), they will not be reported here.
Also included in this report are some analysis of data taken
at the Coast Guard Station at Punta Tuna Light and the NOAA
Climatological Data from San Juan. The Punta Tuna Light data
are taken every 3 hours (on week days) from 0800-1700 hr.
The San Juan data are from hourly observations, as well as
monthly averages, dating back to 1941,
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3.0 RESULTS AND INTERPRETATION

The following sections describe the results of .the
data acquisition program during the. perjod from August,
1978 through June, 1979. Preceeding the discussion of
these results, a summary of historical information is
included that will help to describe some of the physical,
biological and chemical characterisitics of the area.

3.0.1 Summary of Historical Results

3.0.1.1° Climate. The Commonwealth of Puerto Rico,
associated with the United States by bilateral agreement,
consists of a main island and several smaller islands.

These islands are all located along the Antilles Chain
of'islands, extending almost from Florida, USA to Venezuela,
South America (see Fig. 1). Puerto Rico is approximately
half way along the Chain, about 1700 km from Miami, Florida.
The nearest large land mass to Puerto Rico is the island

of Hispafiola, about 130 km to the west. The Chain sepa-
rates the Atlantic Ocean and the Caribbean Sea. As Puerto
Rico is situated along an east-west axis, the Atlantic
washes its north coast, and the Caribbean, its south coast.
At the latitude of about 18°N, Puerto Rico is in the trade
wind belt, with both the winds and oceanic currents gener-
altly moving east to west past the island.

The main island of Puerto Rico is roughly rectangular
in shape, about 180 km east to west, and about 60 km north
to south. The island is a mixture of mountains, rolling
hills, and broad flat plains. In general, where the plains
meet the sea, the climate is typically tropical marine
(except along the semi-arid southwestern coast), That is,
during the day as the land mass heats up, a convection cell
is devoloped, causing the winds to move landward from the
sea, bringing moist sea air inland. In the evening as the

ya
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land cools, the convection cell reverses and the winds
blow offshore. Due to the numerqus hills and mountains
on'the island of Puerto Rico, the moist sea air is
frequently cooled to saturation while still over the
land mass. This causes considerable rainfall, almost
daily over some parts of the jsland.

3.0.1.2 Wind Regime. The sixth edition of the U.S. Coastal
Pilot, Area 5 (U.S. Dept. of Commerce, 1967), summarizes the
wind regime on the coast of the island as follows:

“The prevailing winds over Puerto Rico are the
easterly trades, which generally blow fresh during
the day. The center of the Bermuda High shifts a
little north in summer and south in winter changing
the direction of the winds over that island from
north-northeast in winter to east in summer.

Factors which interrupt the trade wind flow are
frontal and easterly wave passages. As the cold
front approaches, the wind shifts to a more south-
erly direction, and then as the front passes there
is a gradual shift through the southwest and north-
west quadrants back to northeast. The easterly
wave passage normally does not bring a westerly
wind but is usually characterized by an east-north-
east wind ahead of the wave and a change to east-
southeast following the passage.

Over most of the ocean near Puerto Rico the strength
of the winds increases in midsummer, with 1jghter
winds in the spring and autumn seasons. There are
also somewhat higher average winds in the northwest
part of the area in the late autumn and winter.

Mean winds speeds over the Atlantic in this area
range from 9 to 10 knots (4.5 to 5 m/sec) during the
autumn to a high of 12 to 15 knots (6 m/sec) in
midsummer".

'3.0.1.3 Water Masses and Circulation. The water masses in
the Caribbean have been discussed by many authors (Wust,

1963; Atwood et al., 1976; Craig et al., 1978; Lee et al.,
1978), but for completeness they shall be mentioned again

in this report as the source, depth location, movement, and
characteristics of the water masses are important to the
understanding of the data described in the following sections.
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The cold water intake pipe of an OTEC plant in Puerto
Rico waters would pfobéb]y extend from near the surface to.
about 1000 m deep. With the intake opening at 1000 m depth,
the intake water would come from approximately 50-100 m above
and below that depth. Therefore, for the purposes of this
report, the water masses in the upper 1100 m of water in the
northern Caribbean will be considered.

The upper water mass is called the Tropical Surface
Water (TSW). The origin of this water is under the equatorial
atmospheric trough (low), which is a tropical rain belt
located to the northeast of South America. The TSW is in-
fluenced both by heavy precipitation in that area and by
runoff from the Amazon and Orinoco Rivers, This water mass
is driven by wind and the earth's rotation into the eastern
Caribbean Sea through passages in the Lesser Antilles island
chain. As the water mass continues to move under the wind
stress of the predominent easterly winds, the water moves
northwest toward the Yucatan, By the time it reaches Puerto
Rico, the temperature and salinity of this upper water mass
has been further affected by the general and local climate of
the area through which it has passed, Additional precipita-
tion and runoff, (although stight}, or evaporation from wind
and insolation could further influence both the temperature
and salinity. In the TSW, salinity generally ranges from 33-
36 °/.0, and temperature generally ranées from 25°C to 29°C,
This water mass appears to be wedge-shaped, attaining its
maximum depth along the northern Caribbean, due to geostrophic
subsidence as the water moves westward. The local depth of
the water mass, may be influenced more by atmospheric pressure
and its varjation, Normally, atmospheric pressure changes
1ittle, with changes of 3-6 mm of mercury in a month being
considered large. However, as a tropical pressure trough
moves through the Caribbean, the pressure is severely reduced,
causing the water level to be raised, pushing the upper water
mass to the side, and upwelling the cooler, more saline water
mass below. This ubwe]iing would occur during a hurricane
and, to a lesser degree, during a tropical wave or a tropiéa]
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storm. ‘This atmospheric effect on an operating OTEC plant
would be to severely reduce its thermal efficiency.

The water mass directly beneath the Tropical Surface
Water is called the Subtropical Underwater (SUW). This
lower water mass originates directly beneath the Bermuda
atmospheric high pressure zone. The Bermuda ‘High is the
atmospheric downwelling component of the Hadley cell which
gives rise to the Equatorial Atmospheric Trough, which in
turn is related to the origin of the TrOpita1 Surface Water
discussed above. The air under the Bermuda High is generally
warm and dry. Due to the lower relative humidity, evapora-
tion is great and salinity is increased, making this water
mass the most saline in all the Caribbean. The SUW descends
to form the upper portion of the thermocline in the Caribbean.
The salinity within the SUW does not vary much (36.8-37.2°/,,)
because the water rarely comes into contact with any diluting
agent. During conditions of low atmospheric pressure, this
water is drawn upward, as evidenced by the very high salinity
seen at or near the surface.

The temperature range within the SUW is 20°C-24°C. Due
to thermal conduction, the temperature does not remain as
invariant as the salinity. The density difference between
the Tropical Surface Water and the Subtropical Underwater is
large enough that they remain two distinct water masses. The .
SUW moyves southward from: the higher latitudes near Bermuda
and enters the Caribbean through passages along both the
north and east. From these passages, the water moves gen-~
erally southward or westward, or both to spread throughout
the entire Caribbean beneath the TSW.

As the SUW moves westerly into the Caribbean, it is
seen to dilute somewhat to about 36.5°/,0-36.6°/., in the
Yucatan Strait. Near Puerto Rico, the water enters the Carib-
bean southward through both the Anegada and Mona Passages.

The core of this water mass generally lies at about 125-150 m
depth in the Puerto Rico area.

Below the SUW lies a transition zone of indistinct
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characteristics. The transition zone contains the lower por-
tion of the thermoc]ine, and extends into the definite area

of the cold water zone. This transition water is a mixture

of North Atlantic Central Water and diffused and diluted
Mediterranean Water. The salinity ranges about 36.8°¢o, from

- the water mass above it, down to about 35°/,,. The temperature

ranges from 20°C to about 7°C. This transition zone reaches
from about 200 m to 600 m depth. Just below this zone lies
the oxygen minimum, which many people define as the boundary
of the cold water zone in the oceans. This transition water
enters the Caribbean from the north and from the east and
probably moves both southward and westward.

The Antarctic Intermedijate Water (AIW) is found just
below the transition zone (600 m-800 m). This water is formed
at the Antarctic Convergence Zone, about 45°-55° south lati-
tude. The water tends to be low in salinity, as it is formed
in an area where precipitation far exceeds evaporation. The
AIW is seen moving northward from its area of formation, and
makes its way into the Caribbean over the moderately deep
sills of the Lesser Antilles, the Anegada Passage, and the
Windward Passage; between Cuba and Hispafiola. These ‘latter
deep sills may also form a path of departure from the Carib-
bean for the AIW that has entered through the Lesser Antilles
péssages. This water mass spreads to cover much of the Carib-
bean Basin. The movement of the AIW near Puerto Rico could

be either south and west (having entered either through the

Lesser Antilles or the Anegada Passage) or east (entering
through the Windward Passage) or even north and east or west
(departing through the Anegada or Windward Passages). As the
water has moved northward through the Atlantic, it has been
in contact with higher salinity water. Therefore, the sa1fnity
of the AIW as it passes Puerto Rico is no longer the 34°/,,
of-its origin, but rather about 34.8°/,.. The temperature is
6-7°C. ‘ ' '
"From 800 m down to 1000 m, between the Antarctic Inter-
mediate Water and the North Atlantic Deep Water, (NADW) lies
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another thin transition zone. From about 1000 m depth and
deeper the water mass found in the Caribbean Sea has most of
the characteristics of the North Atlantic Deep water. This
water is formed in the high northern latitudes, and while
descending both in depth and latitude, entrains some of the
Mediterranean water, thereby increasing its salinity, den-
sity, and depth. This water enters the Caribbean only through
the Windward and Anegada Passages. The water moves mainly
westward from the Windward Passage, but south and west from
the ‘Anegada Passage to fill all the deep basins in the Carib-
bean. This water is characterized by 4-5°C temperatures, and
a §a1inity of 35°/.0. After this water mass moves into the
Caribbean, it is virtually tkapped, with only a small passage
out through the Yucatan Strait. - The water remains in the
Basin and is slightly different in siljcate content from its
origin, the NADW, found outside the Caribbean Basin. For
this reason, some people choose to call this deep, cold water
the Venezuela Bottom Water. In some portions of the Caribbean
Basin, this water mass is over 3000 m thick.

3.0.1.4 Tides

The tides on the Caribbean coasts of Puerto Rico are
generally of the mixed diurnal type, with a small semidiurnal
component.. An amphidromic (nodal) point of the prihcipa]
“Tunar semidiurnal (MZ) tidal constituent lies near Punta Tuna
(Atwood et al., 1976; Dietrich, 1963; Defant, 1961). The
nearness to the node implies minimal tidal motion. In addition,
as Punta Tuna is on the somewhat exposed eastern side of the
island, the tidal system affecting the North Atlantic (with
its amphidromic east of Newfoundland) may also affect our
site. The result could be a moderately confused tidal current
over our area of interest.

The tidal currents in the Punta Tuna area are expected
to move generally east and west, west during the flood tide
and east during the ebb tide. The actual result of this tidal

motion on the prevailing water motion at Punta Tuna is stil]
unknown.
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3.0.1.5 Productivity. Productivity, which can be defined
as the rate at which biological organisms store energy,
usually decreases from the coastal margins to the open ocean
(Davis, 1973). In general, tropical ocean waters have low
productivity and show 1ittle variation with changing seasons

of the year. Raymont (1963) states that two compounds,

phosphate and nitrate (together with nitrite and ammonia to
a lesser extent) are clearly of extreme importance to marine
plant growth. 1In generaT, values of both these essential
nutrients in the upper photosynthetic zone, which is the only
zone directly concerned with primary productivity, are low
and fairly constant in sub-tropical and tropical waters. It
would appear, therefore, that the tropics and subtropics
would have low productivity. However, the overall productivity
in tropical regions, considered on a yearly basis, may be
much ‘greater than would first appear, since the nutrients are
recycled rapidly in the warm tropical water and thus pass
through several cycles during the course of a year. In trop-
ical seas around the world, the standing phytoplankton crop
tends to be low at any one time, but the thickness of the
photosynthetic zone is considerably greateyr in tropical seas
due to the lower turbidity, than in other waters (Riley, 1939).
~ The portion of the water column with sufficient .sunlight
to photosynthesize is called the euphotic zone (Duxbury, 1971).
It reaches down to about 100 m in depth. At the OTEC
plant site the euphotic zone corresponds closely with the
Tropical Surface Water (TSW). This water mass may have a
thickness of up to 100 m and its characteristics have been
discussed previously in Section 3.0.1.3 in this report. Almost
all phytoplankton activity takes place in the first 100 m of
depth off Punta Tuna. |

3.0.1.6 Zooplankton. In the Caribbean, the most common

- groups of zooplankton are, in order of numerical importance,’

copepods, chaetognaths, and pteropods. Approximately 450

species of oceanic calanoid, harpacticoid and cyclopoid

copepods have been reported from the Caribbean. Although the
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number of calanoid species is far greater than that of
cyclopoids, the latter nearly equal calanoids in total num-
ber'of individuals. The most numerous cyclopoids, Farranula
carinata and Oithona plumifera are more than twice as abun-
dant as the top ranking calanoids, Clausocalanus furcatus and
Mormonilla minor. Harpacticoida, the smallest group of plank-
tonic copepods, includes the third most numerous form Micro-
setella rosea (Michel, Foyo and Haagensen, 1976).

There are 15 species of chaetognaths prevalent in trop-
ical oceans, five rare bathypelagic forms, Bathybelos typhlops,
Eukronia hamata, E. proboscidea, Sagitta megalopthalma and
S. planktonis, and two neritic species which are sometimes
swept into oceanic waters, S. helenae and S. hispida. The
most common pteropods encountered around Puerto Rico are:
Limacina inflata, L. trochiformis, Creseis acicula, Styliola
subula, Diacria trispina, Cavolina inflexa and Desmopterus

papilio.

3.0.1.7 Dissolved Oxygen. The dissolved oxygen concentration
throughout the Caribbean water column varies little throughout
the year. Dissolved oxygen in surface waters generally ranges
from 4 to 5 m1/1. This is a highly saturated condition. From
this high, mixed layer value, there is a steady decrease,
caused by both the length of time since the lower waters have
been oxygenated at the surface and the depletion of the avail-
able of oxygen by decomposition of descending dead and detrital
matter. This oxygen minimum occurs at about 500-700 m depth,
and has an oxygen concentration of around 2.5-3.2 m1/1. Below
the oxygen minimum, the concentration increases, due to the
high oxygen carrying capacity of the cold, less saline North
Atlantic Deep Water. The values at about 1000 m may rise to
about 3.5-4 ml/1, and at 2000 m, the dissolved oxygen concen-

tration may rise to as much as 5.5-6 m1/1 (Atwood et al., 1976;
Wust, 1964).

3.0.1.8 Nutrients. Tropical surface waters, such as the
Caribbean, are usually deficient in many of the nutrients
28
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necessary for phytoplankton growth. The photosynthetic pro-
cesses remove the nutrients from the upper, photic zone. As
there is 1ittle land mass to produce organic runoff, the
replenishment is very poor. Furthermore, nutrients are lost
to the upper water column as detritus and dead organisms sink
below the photic zone and continue to the bottom. Therefore,
genefa11y, theAUpper Mixed Layer nutrient concentrations are
quite low in (;hese) tropical and subtropical seas and remain
lTow to at least about 200 m depth. Below this depth, the
concentrations are seen to rise to maximums at depths of 600 m
and below. Typically, the ratio of maximum values to minimum
values may be about 15:1 for phosphate, 10:1 for silicate, and
about 25:1 for nitrate. Although these ratios are by no means
fixed, they are typical of what is measured in Caribbean waters
(Atwood, et al., 1976).

3.1 Temperature Results

During each cruise, an attempt was made to collect at
teast four sets of discrete temperature data at the Punta Tuna
benchmark site, Station "B", Usually the four sets consisted
of two Hydrocasts (to about 1000 m) and two Biocasts (to about
400 m). On all the cruises, except the first, several XBT's
were taken at the Benchmark station, as well as other stations
in the nearby area. Figures 8-13 show temperature versus depth
profiles for each of the six hydrographic cruises. The pro-
file shown in each figure is the average temperature, as
measured with the reversing thermometers, from the four casts
at the Benchmark station during that particular cruise. There

'is a moderately strong seasonal thermocline seen during all

but the June 1979 cruise. The April data shows some reduction
in the thermocline strength over that seen during the rest of
the year, but during June, no thermocline was observable at
all. Thermal variations with depth are also present through-
out the year, but the next set of figures are used to show
this variation more clearly.
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Fig. 8 - Temperature profile at Punta Tuna using aver'agé reversing
thermometer values for the cruise of August, 1978.
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Fig. 9 - Temperature profile at Punta Tuna using average reversing
thermometer values for the cruise of October, 1978.
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reversing thermometer values for the cruise of
February, 1979,
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Figure 14 shows a time series of the temperature at the
Benchmark site (as taken from the reversing thermometer
averages) throughout the year. The temperature of the upper
waters was about 29°C during October 1978, over 27°C from
August to December 1978, and again in June of 1979. During
February and Apfi] 1978, the upper water temperature was
about 26.4°C. Although there is some experimental error in
both the depth determination and the temperature determination,
there still appears to be a slight rise of the 26°C isotherm
during April and June. Also, there appears to be a vertical
migration of the 6°C isotherm throughout the year, however,
an error in the December value alone could account for much
of this cold water varijation.

Finatly, Figures .15-20 show the time series of tempera-

P

ture during each cruise. Each of these figures are made by
using all the XBT and all the reversing thermometer data

made during each respective cruise. Usually there are at
least four thermometer sets per cruise and at least eleven

XBT casts. The reversing thermometer data correspond to

the four aforementioned casts at the Benchmark site and one
additional cast at the Vieques station. The XBT casts were
taken at the Benchmark station, Vieques, and a few nearby
locations, seen in Figure 3, Exceptions to this general trend
are the first cruise, which was terminated early due to the
equipment problems, and had a nonfunctioning XBT recorder,

the fourth cruise, which was terminated early due to a col-
Tision at sea, and the last cruise, which has many other
stations shown. A further description of the last {June 1979)
cruise will be shown in Section 6.0. In these thermal time
series displays (Figs. 15-20) the thermometer data aré shown .
as dashed lines and the XBT data are shown as solid lines. -
The intention in showing these figures are to give the reader
our actual temporal variation of the water temperature during
the cruise. Also, an easy comparison is possible between the
XBT values and the much more accurate thermometer values, As
to be expected, the XBT values show a much greater variation
than the thermometers, pointing out a potential hazard in
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felying on the XBT results alone. Although the average results
of both series are similar, the variation of the indivﬁdua] XBT
values should be viewed in the proper perspective,

3.1.1 Thermal Resource

Figure 21 shows a temperature vs. depth brofile based on
all the thermometer data during our measurement program, In
this figure, the ranges of all thermometer values are also
shown at each depth as well as the standard deyiation from
the mean for depths down to 100 m, The average profile

exhibits a.therma11y mixed layer, with an observable thermo-
icline,' The range of observed values were about 27,5:% g: at
the surface but the spread increases considerably at about
125 m depth to 23f§:g E:. From this depth, the spread of
values generally decrease to less than 0.2 C°. The standard
deviation from the mean in the upper water is about 131 ce.

Also shown in Figure 21 is a conversion from actual
temperafure to usable temperature-difference (Thermal Resource).
iFrom the bottom auxiliary axis, the Thermal Resource can be
easily seen to exceed 20 C° from 50 m to 1000 m.

Figure 22 is a time series of the Thermal Resource at
the Punta Tuna Benchmark site, as it affects the OTEC plant.

The Thermal Resource is that temperature difference that can
be used by a plant to actually run the thermal engine and pro-
duce pdwer. Usually the Thermal Resource is considered as the
temperature difference (in Centigrade or Kelvin degrees)
between the surface water and the water at 1000 m depth. As
these results may be used to formulate design criteria,

Figure 22 contians not only this information, but also the
difference from the surface to 900 m depth. As can be seen

in the figure, the difference in using 900 m over 1000 m
reduces the Thermal Resource about 0.5 C°. Realistically,
some depth other than the surface should be used for the warm
water intake value. In the case of this Puerto Rico data,

the only change that would result would be a decrease in the

- available Thermal Resource with depth below the surface in
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June (due to the aforementioned lack of thermaliy mixed layer
at that time), and a somewhat reduced effect in April, The
loss of Thermal Resource in June could be as much as 0,4 C°
in 20 m depth.

With regard to the actual variation of the Thermal
Resource, the figure clearly shows a minimum in late winter
(ouf February cruise), and a maximum in early Autumn (or late
sumner). These results are similar to those seen in the
literature, and our values serve to help confirm the histor-
ical data (Wolff, 1978). The Thermal Resource varied from
20.8-23.4 €° (1000-0 m case), with a mean of 22.1%1.0 C°, and
20.3-23.0 €° (900-0 m case), with a mean of 21.5+1,0 C°.

3.2 Salinity Results

During each cruise an attempt was made to collect at
least four sets of water samples for subsequent salinity
determination as a function of depth. As with the temperature
data, the four sets consisted of two Hydrocasts (to about
1000 m) and two Biocasts (to about 400 m). Also, when pos=
sibles -extra casts were taken either at the Vieques_station,
or Station "F" or both. Figures 23-28 show vertical profiles
of salinity for each of the six hydrographic cruises, In
each figure, the salinity displayed in the profile is the
ayerage of the four casts, when possible. A1l the profiles
show the same general shape, with a variable upper water
salinity, a salinity maximum of about 37°/,, at 125-150 m, and
a gent]e'sa1inity decrease to about 34.9-35.0°/,, at about
70d m and below. In cases where the spread in the salinity
determination during a particular cruise exceeded.*0,02°%/,,
at a given depth, the data spread is also shown in the figure.

Figure 29 is a time series description of the salinity
profiles throughout the year. These values were made using
the salinity averages for each cruise, as were the previous
figures. The noteworthy points in this figure are the large
salinity yariations in the upper water throughout the year,

‘ and the lack of variation elsewhere in the water column.
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The salinity of the upper water is seen to vary from about
34,7°/0o in October to 36,2°/,, in April., As the depth of

the salinity maximum yvaried 1ittle, the sa11nity/depth gradient
was quite high during the autumn and early winter, the period
of lowest surface salinity. The remainder of the water column
seems to be experiencing only small changes in salinity
throughout the year, and these changes may be a result of

error in depth determination, rather than salinity. These

results compare well with the temporal saltnity varjations

discussed by Froelich et ai,, (1978), in which they point out
the strong functional relationship between the fluctuations
in the Caribbean surface water salinity and the fresh water
discharge from the Amazon and Orinoco Rivers,

- Figure 30 shows the average vertical salinity profile
for all the data taken at the Benchmark Station during our 6
cruises frem August, 1978 to June, 1979, Although the average
salinity iiself is not important, the observed spread of
values sho¥s the entire range seen throughout the program,

As expecte*‘ the spread is greatest in the upper water waters,
covering 33.5 4'g°/co. In the vicinity of the maximum halo-
cline, the annual salinity variation even exceeded the surface
yalues, buz again this may be a result of our inability to
accurately determine the exact depth of the water sampling
bottle in =7is rapidly changing environment. In the vicinity
of a largevertical gradient of salinity, a small error in
depth of otly a few meters may appear to be large salinity
excursion. With increasing depth, the observed data spread
decreased nsiderably from about #0,15°/,, at the salinity

‘maximum toless than *0,02°/,, at depths greater than 800 m.

3.3 Densiv Results

The onisity of any water particle in the water column
is prinmariv a function of the temperature and the salinity

of that pa=icle. The relative density of that particle,

comparzd t all others, will determine the vertical location
of that pazicle within the column.
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Figures 31-36 show the average vertical density pro-
files for each of the six hydrographic cruises. In all, but
the last cruise (June.1979), a thick isopycnic layer is
clearly defined at the surface. Just below this uniform layer
Ties a relatively sharb pycnociine of about 2 sigma-t units
within less than 100 vertical meters. As the normal wind
field develops over the Caribbean, the mixing intensifies,
enhancing the presence of a strong pycnocline. In the absence
of mixing, the isopycnic layer may decrease to almost nothing.

Figure 37 is a vertical profile of the average density
including all the data from this program. The average pro-
file also shows an isopycnic layer at the surface, and a sharp
pycnocline directly beneath it, Also shown in this figure
are the ranges of the density values determined for each depth .
during the sampling period. As usual, the maximum variations
are found in the upper, near-surface waters, with generally
decreasing variations down to about 300 m. Below this depth
there is less than x0.1 sigma-t units change at each depth
throughout the year. This figure, and the preceding density

profiles, combined with the temperature and salinity profiles

can be used to make estimates of the density change due to
heating and cooling of the water pumped through an OTEC power

.plant., Subsequent predictive models can be developed for

uitimate depth determination of the effluent waters, relative
to the existing ambient water column. :

3.3.1 Mixed Layer Depth

" The water intake for the evaporation of an OTEC plant .
would draw the heat from the upper water layers of the ocean.
As mentioned previously, the uppermost layer is usually in
a state of vertically stable equilibrium, and is isothermal,
isohaline, and therefore, isopycnic (constant densitj) for
many meters down from the surface, It is important for the
uniformity of the-intake water to know the depth of this
uniform layer.
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Fig. 31 - Average density profile observed at Punta Tuna during
the cruise of August, 1978.
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the cruise of October, 1978.
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Fig. 34 - Average density profile observed at Punta Tuna during
the cruise of February, 1979.
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A variety of definitions for the Mixed Layer Depth (MLD),
haye been put fprﬁapd,.but usually they all determine about
the same depth value. The reason being that the upper layer
1s usually well mixeq, and immediately below this uniform
upper layer, the temperature, salinity, and therefore, the
density all experience such a large vertical gradient, that
almost any reasonable definition will yield about the same
depth for the bottom of the mixed layer as it would mark the
depth beginning of the gradient. An example of this uniformity
of definition is seen in Table 1, For the Table, the MLD is
determined supposedly, for each of our cruises, using a tem-
perature criteria, a salinity criteria and a density criteria,
all independent of each other, The temperature criteria is--
that depth when the change from the surface temperature equals
1 C°; this is shown for both the thermometer data as well as
the average XBT data. The salinity criteria requires--a
change of 1°/,, from the surface value. The density criteria
uses--a2 1 sigma-t unit ‘change from that of the surface. As
seen in the Table, when the criteria can be applied, as in
most of these cases, the results are quite similar for all the
criteria. With only a few exceptions, the difference in values
for all the criteria was less than 10 m depth. The non-comply-
ing cases occur when the salinity was quite high already
(April) and was less than 1°/,, different from that value at
the salinity maximum, and in June, when there was no uniform
uppeb layer. Another interesting point to note from the Table
is the MLD difference that would be calculated by using the
XBT averages, as opposed to the thermal values, the salinity
values, or the density values, all of which are much harder to

compute and collect than are the XBT values, Generally, the

average XBT results are close.

Using the results of Table 1, Figure 38 shows a time
series display of the MLD throughout our measurement period.
In general, the MLD remains greater than 50 m throughout the
year, except during the early summer, where it moves quite
close to the surface. The comparison between our results and
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the most probable historical values are also seen not to
differ considerably,

3.3.2. Temperature/Salinity ﬁelationships

Although temperature and salinity are not necessarily
controlled by the same mechanisms in the ocean, there do
exist rather reliable interrelationships between the two,
Figure 39 shows the temperature/salinity, or T/$ diagram for
the six cruise averages. Although the cruises were taken
during separate times of the year, many T/S characteristics
remain quite constant during this time. The Tropical Surface
Water (TSW). is the most variable, as seen by the scatter in
the upper portion of the Figure, The Subtropical Underwater
(SUW). is relatively constant in its characteristics, and the
vertical range of this water mass, not easily seen in this
Figure, is usually only affected by severe weather conditions,
- The two deepér water'masses, the Atlantic Intermediate Water
(AIW) and the North Atlantic Deep Water (NADW) have Tittle
seasonal variation.

Another T/S relationship can be seen in Figure 40, This
is a time series of the upper 40 m for temperature, salinity,
and density during the time of our measurement program, From
“this type of display, one can easily note the fnverse vari-
ation between the temperature and the salinity throughout the
year. Another easily discernible relationship is the matching
of the density with the salinity, not the temperature, as
might be expected. In the density determination, the sa]1n1ty
is seen to be a much stronger functional force than is the
temperature. The results of a figure such as this must be -
used to determine effluent mixing and dispersal depth, e

C

3.4 HWater Current Results

During each cruise a set of water current profiles were
taken at least 4 times while at the Benchmark station, Also,
during the program year, 2 current meter moorings were
implanted near the Benchmark,
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SEA SURFACE WATER CHARACTERISTICS
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3.4.1 Current Meter Profiles

On the first'cruise, current profiles were taken while
the vessel was drifting. Starting with the October 1978
cruise, the measurements were made with the vessel secured to
the mooring. The results of the initial measurements were
strongly influenced by the drift of the vessel. An error
aﬁa]ysis using the best available estimates for the instrument
accuracy, the instrument readability, and the vessel position
finding capability (the largest error of the three) produced
possible errors in excess of *10-15 cm/sec and entire quad-
rants of direction. Also, it is possible that our meter might
be adversely affected by being pulled through the water by
the drifting vessel, and having the plane of the Savonius
rotor of the meter not necessarily in the same p]éne as the
water flow. During the program, the current meter was
upgraded to increase the readability by expanding the scale
3-fold. This did not necessarily change the precision of .
the meter, but increased our ability to read the speed values
in the 0-10 cm/sec range'considerably.

To compliment the current profiles, the north-south
components of the geostrophic current have been calculated
using the data taken at both Punta Tuna (Station "B"), and
Vieques (Station "V"). These calculations have been made
for October and December, 1978, and April and June, 1979,
Geostrophic current calculations are most accurate outside
the influence of surface meteorological forcing, away from
boundaries (such as land), and at mid latitudes, In spite
of these shortcomings, the results of the calculations, shown
in Table 2, compare well with the north-south component of
the current profiles. 1In the calculations, the level of no
motion is assumed to be 800 m deep. This assumption is
based soley on the maximum measured depth, not on any physical
observation.

Flgures 41-52 show modified stick-type diagrams‘of the
current profi]es for each cruise, as well as time series
current patterns in N-S and E-W component form for each
cru1se
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TABLE 2

North-South Components of Calculated Geostrophic Currents
~Between Punta Tuna and Vieques
("+" signifies North, Speed in cm/sec)

Cruise Cruise Cruise Cruise
DEPTH Oct. 1979 Dec. 1978 Apr. 1979  June 1979
30 -19 -292 - 22
50 -13 -14 -3 12
75 -5 -7 +2 10
100 -1 -6 +5 12
125 -3 -5 +4 12
150 = & -4 +1 10
175 - 3 - 3 -1 9
200 - 3 -3 -] 9
250 . -2 - 3 +1 10
300 0 - 3 +2 12
400 o -3 +z 10
500 + 1 -3 +1 10
600 + 2 -3 +1 10
700 0 - 2 0 7
800 L 0" lloll llon llon
900 0 -11
1000 | ' =1 -24

Assumed Level of No Motion
is 800 m
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Fig. 42 - Time series of the water current profiles taken at
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Fig. 44 - Time series of the water current profile taken at
' Punta Tuna during the cruise of October, 1978. .
(Estimated tidal condition and current is also shown).
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Fig. 46 - Time series of the water current profile taken at

Punta Tuna during the cruise of December, 1978,
(Estimated tidal condition and current is also shown).
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Each of the stick-type diagrams has both the speed and direc-
tion of the measured water flow at each sampled depth for the
profiles measured during that respective cruise.

The speed scale of the first cruise, August 1978, is
1/2 that of the other cruises. The scale difference is due
to the high speed indicated during the measurements. These
higher speeds were probably due to the aforementioned errors
induced by vessel drift. The results of these measurements
are seen in Figure 41. 1In this figure, alone, the vessel
. drift vector -is also shown for comparison. As seen in Figures
1 41 and 42, most of the water current results from this cruise
‘were probably inf]uenced quite a bit by the drifting vessel.
However, from the lower portion of Figure 41, the effects of
flood or ebb tide may still be seen in these results. The
first two profiles were measured during periods of flooding
tidal current (to the west), the third was measured during the
ebbing tide. This tidal shift may explain the westerly to
northerly shift in the upper water.

Figures 43 and 44 display the current profile results
of the 2nd cruise, in August 1978. During this cruise, as in
all subsequent operations, the vessel was moored during the
current profile operations. The stick-type diagram (Fig. 43)
shows the surface water mass (TSW) shifting from westerly to
easterly,. both at 10-15 cm/sec. The westerly movement is
seen during both the flood (first) and ebb (last) periods.
The next lower water mass, identifiable as the Subtropical
Underwater (SUW), is also seen to change from easterly to
westerly and back, with speeds of about 10 cm/sec. Unfortu-
nately, the timing of the profile measurements was not nec-
essarily optimum for determining the tidal effects. The water
in the transition zone between the SUW and the Antarctic
Intermediate Water (AIW), between 250-500 m, movestgenera11y
westerly at about 5 cm/sec (Fig. 43). The results of Table 2
confirm the predominantly southerly flow.

Figures 45 and 46 show the results of the current profile
measurements for the December 1978 cruise. Again, considerable
current reversal is seen, but either the time (first profile)
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was not jdeal, as it corresponded to a projected slack tidal

current period, or the speed indicator did not function, as

in the third profile. In any case, there is a definite

westerly motion down to depth of about 300 m in the second

profile, which should correspond to an ebbing tidal flow

(easterly). The directions shown for the third profile are g
nearly ali easterly for the upper 300 m. This is estimated

to correspond to a flood tidal flow. A1l the speeds were
~about 10 cm/sec, even for the deeper waters. In all cases,

‘ during this cruise, the 500 m water was seen to move westerly,
with a strong northerly flow seen at 750 m. The time series
displays show E-W oscillations in the upper 200 m. The
southerly component is also seen in Table 2 as in Figure 46,

The February 1979 cruise results can be seen in Figures
47 and 48, There are reversals at virtually all depths, but
the upper water seem to move westerly during the flood tide
and easterly during the ebb. The transition zone between the
Subtropical Underwater and the Antarctic Intermediate Water
(200-700 m) has speeds of 5 cm/sec and also has direction
reversals, but opposite to those of the upper waters. Water
at the 700 m depth varied from southwest to northwest with
speeds of about 5 cm/sec.

The April cruise resulted in only 1 current profile,
seen in Figures 49 and 50. Throughout most of the water
column the flow was westerly except at 700 m, were the direc-
tion was almost due east. The upper waters, the TSW and the
SUW, down to about 150 m, showed speeds of 10-20 cm/sec,
while the lower water moved at 5-10 cm/sec. The time of the
' measurement should have corresponded to a strong ebb current
flow. The geostrophic calculations seen in Table 2 show
similar north-south component distribution as seen in Figure
50.

The final, or June 1979 cruise, had a full complement of
4 current profiles, and they were all timed specifically -
correspond to ebb or flood tidal current periods, The ebb
period (first two profiles) of Figures 51 and 52 show much
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of the upper water moving generally easterly. This easterly

flow is also seen .during the flood tide periods. Almost all

the water below 200 m is moving easterly or northerly, except
the first profile, which shows a northwest component. The
northerly components are also seen in Table 2.

Figure 53 shows the frequency of occurence of the water
current within compass octants (current rose) for 4 depth
ranges at Punta Tuna. The depth ranges that are considered
are: 25-50 m (Tropical Surface Water), 100~150 m (Subtropical
Underwater), 250-500 m (Transition Zone), and 650-750 m _
(Antarctic Intermediate Water).

The TSW appears to have a definate bimodal distribution
of water current directions. About one-half of the observa-
tions had westerly or northerly flow. This is to be expected
with the predominant easterly winds. However, about one-third
of the observations showed an easterly flow, directly
opposing the winds. Although these reversals have been seen
by others (Lee et al., 1978} it was not expected, as the ves-
sel never moved east of the mooring, only west. The tidal
motion in this area is expected to be E-W in character, and
this also could help to explain the large number of easterly
observations.

The observations taken from within the SUW showed a
dominant westerly flow more than one-third of the time, with

‘a weaker easterly component and a mixed distribution between
these two. This bimodal distribution may also be a reduced

tidal oscillation, as above. However, as this water mass is
thought to come from the Bermuda area, North of Puerto Rico,
and moye into the Caribbean through the various passages

(i.e., Mona to the West, Anegada to the East of Puerto Rico),
the water could be expected to have components of W, SW, S,

SE, and E. Unexpected directions would be N and NE. Both of
these directions were seen. Also, there were no southerly
directions observed. As this water mass, and below, may
contain an OTEC plant discharge (mixed cold and .warm together),
this confusion must be cleared up.
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The water in the Transition Zone is seen to be moving
with a véry strong predominance toward the West, as this water
is a mixture of the SUW above, and the AIW below, it may'be
entering the area from either the North as mentioned above, or
from the East through the passages of the Lesser Antilles.
Therefore, almost any water direction might be possible,
and that is what is seen. '

Finally, the AIW direction appears to be generally
northerly (NE, NW). As this water is thought to enter the
Caribbean through the Lesser Antilles and move generally
westerly and northerly, the dominant directions are explain-
able, with the water moving past Punta Tuna towards either the
Yucatan to the West or the Jungfern Sill to the northeast.

The other directions almost appear as slight “noise"” in the
measurements.

In general, the results also indicate that at least the
north-south component of the water moving past Punta Tuna may
be somewhat characterized by geostrophic flow in the mid-to-
deep water.

Figure 54 shows the frequency distribution for the
obseryed speeds in the same four depth ranges seen in Fig=
ure 53; 25-50 m, 100-150.m, 250-500 m, and 650-750 m. The
TSW (upper depth range) has a distribution tending toward the -
higher speeds, with an average speed of about 10'cm/sec. The
SUW (100-150 m) shows a-slight shift toward the lower speeds,
averaging about 8 cm/sec. As expected, the two lower depth
bands show decreasing speed with increasing depth. At the
250-500 m depth, the average speed is about 7 cm/sec, and at
the.650-750 m depth, the speed averaged only about 5 cm/sec.

3.4.2 Water Current Mooring

The description of deep water circulation is based on
the velocity data retrjeved from in-situ meters recovered
from depths of 215 and 332 meters at Station A, Bottom depth
at this station was approximately 1216 meters. The sampling
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Fig. 54 - Frequency of observed speeds using the current profile
: data taken at Punta Tuna from October, 1978 to June,
1979. (Four vertical depth bands are considered).
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rate of both meters was at 10 minutes intervals; the records
recovered extend from 6 January to 10 February, 1979. Data
points from the first and last days in the records were dis-
carded in order to prevent the inclusion of spurious effects
caused by deployment and retrieval operations of the meters.
Conventional methods of current flow analysis were

.employed to describe and determine circulation patterns and

their variability. These included resultant velocity
vectors statistics, histograms, stick plots, progressive
vectors diagrams, and vectorial components graphs in order
to smooth out superimposed water flow oscillations, Energy
spectral analyses could not be performed as programmed owing
to persistent malfunction of the computer at the Tast stages
of the analysis.
The analyses revea]ed the following general statistical
results:
1. Currents flow, direction and speed, are highly
variable at both monitored depths. Direction statis-
tics indicate that the flow is almost equally distrib-
uted around the compass rose.
2. Average current speed at a depth of 215 meters is
about 7 cm/sec. Resultant direction angle is 8.2
degrees azimuth (NNE). Average resultant current
stability is 93.9%, with speeds ranging from 1 to 60
cm/sec (Fig. 55).

- 3. Average current speed at a depth of 332 meteprs is
‘approximateTy-5.3 cm/sec  flowing in a NNE (12 degrees
azimuth) direction. Average resultant current stabil-
ity is 94%, with speeds ranging from 1 to 30 cm/sec
(Fig. 55). .

4. Tidal, inertial and longer period osc1l]at1ons

(days and weeks) are superimposed in the current

structure.

The discussion of the graphs, diagrams and statistical
tables that follows demonstrate these general results,
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Table 3 tabulates the data points velocity statistics
for the 215 meters-depth current meter. Record }ength is
for 784 hours or a total number of 4704 obsepvations. The
speed range at this depth extends from 1 to approximately
70 cm/sec (one data point)'with a direction distribution
covering the whole compass rose. Statistics indicate that

_'the highest percentage, 41.3%, of current speeds lie within

the 1 to 5 cm/sec range; the ayerage speed for the whole

. record length was 7.13 cm/sec as shown in Table 4. Current

direction statistics indicate that flow is almost equally
distributed among each quadrant; the highest cumulative
percentage occurs from 45 to 135 degrees azimuths (N to ESE)
with another peak at the 270 to 300 degrees (NW quadrant)
interval. The highest direction relative frequency percent—'
age was 5.8% at the 75-90 degrees (E) interval. Average
current flow directijon (Table 4) is at an angle of 8.24
degrees T (NNE) with an average speed of 7.13 cm/sec. The
histograms for the data in Table 3 are shown in Figure 56;
the cumulative frequency curve shows that 80% of the current
speed values are below 10 cm/sec.

Current velocity statistics for 1 hour averaged data
points at a depth of 215 meters are shown in Tables 5 and 6.
The total number of observations was reduced to 784 through
the averaging and velocity resultants calculations, The
average stability of current flow for an average speed of
7.13 cm/sec and an average resultant velocity of 6.90 cm/sec
flowing in a 8.24 degree azimuth (NNE) is of about 93.9%,
the values ranged from 99.99 to 8.47%. Direction re]at1ve
distribution percentage is 6.3% in the 270-285 degrees range
interval (WNW); the dominant azimuths are still between 60
and 120 degrees (E quadrant). Figure 57, the h1stograms for

12 hours averaged data points, illustrate that the two

directions peaks become more apparent in the averaging

. process.

The statistics for the data points recorded at a depth
of 332 meters are shown in tables 7, 8, 9 and 10; and the
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TABLE 4

Current's data-based statistics for
the 215 meters depth Tevel.

Number of Observatigns . . . . . . . . 4,704
Average Speed (cm/sec) . . . . . . . . 7.13
Average Direction (deg). . . . . . . . 008.24
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FUNTA TUNA OTEC SITE A, STATION #1, HETER R(M-G #1 DATE: 87-JAN-79
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Fig. 56 - The 215 meters depth level direction, speed, and
cumulative speed distribution histograms.
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TABLE 6

One hour current's resultant vectors;
Data-based statistics for the
215 meters depth level

Average VYelocity (cm/sec). . . . . . . 7,13
Average Resultant Velocity (cm/sec). . 6.90
" Resultant Direction (deg). . . . . . . 008.22
Average Stability (%). . . . . . . . . 93.91
Stdbi]ity Range (%):

Maxjmum . . . . . 99,99

Minimum . . . . . 8.47
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PUNTA TUNA OTEC SITE A, STATIOM =1, METER *RCM-5 &1  DATE: 27-JAN-79
BOTIOM DEPTH - 12146 HMETERS METER DEPTH = 215 METERS
{2 HOUR INTERVALS
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215 meters depth level,
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TABLE 8

Current's data-based statistics for
the 332 meters depth level.

Number of Observations e e e e e 4,695
Average Speed (cm/sec) e e e e e 5,28
Average Direction (deg) . . . . . . 012,13
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TABLE .10

One hour current's resultant vectors:

Data-based statistics for the
332 meters depth level.
Average Ve]oc%ty (em/sec) . . . . . .
Average Resultant Velocity (cm/sec)
Resultant Direction {(deg) . ..
Average Stability (%) . . . . . . .
Stability Range (%):
: Maximum . ., . .

Minimum . . . .,
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PUNTA TUNA OTEC SITE A, STATION #1,* METER #2CM-5 DATE: O7- JAN-79
BOTTOM DEPTH = 1216 METERS METER DEPTH = 332 METERS
INPUT DATA
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Fig. 58 - The 332 meters depth level direction, speed, and =
cumulative speed distribution histograms. —
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9

S

histograms: of Figure 58. Table 7 indicates that a higher
percentage (48.2%) of current speeds lie at the 5 to v
10 cm/sec interval. The histogram in figure 58 shows the
51{ght differences thét.were found between the resuits of
the 215-m and 332 m depths: 96.1% of all speeds at the 332 m
are betow 10 cm/sec against 80% at a depth of 215 meters.
Current directions at the 332 m level are scattered over the
compass rose with a dominant relative frequency percentage
of 19.5 between the 75 to 120 degrees azimuths (E quadrant);
the highest percentage, 7.1%, is found in the 75-90 degrees
interval (ENE to E). The average speed (Table 8) is of '
about 5.3 cm/sec in a NNE (12.13 degrees) direction; current
stability ranged from 8.9 to 100 percent, with an average
stability of 94.0%, when calculated for 1 hour current
velocity resu]tanté at an average speed of 5,29 cm/sec and
an averaged resultant velocity of 5.09 cm/sec as shown in
Table 10. Table 9 indicates that 97.6% of the 1 hour inter-
vals speed averages are bleow the 10 cm/sec speed range.

Circulation patterns and variability at the monitored
depths are evident in the velocity time series graphs
(Figs. 59 to 63), the stick plots {(Figs 64 to 68) and the
progressive resultant velocity vectors diagrams of Figures
70 to 81. ATl diagrams reveal a pattern of flow mostly
dominated by tidal variations when compared with the pre-
dicted tidal curves for Puerto Maunabo {Punta Tuna) as shown
in- Figure 69. ‘

In Figures 59 and 60, velocity variation curve at the
215 and 332 meters level respectively, two relatively con-
stant variations tendencies can be observed: (1) with few
exceptions minimum speeds usually occur at the time of low

tide; (2) when compared with the tidal fluctuations of

Figure 69 the highest speeds are encountered duriﬁg the
monthly spring tides periods. Higher speeds coincide with
flood tidal stages; low-low tides consistently occur around
midnight hours. These observations become more evident in

the 6 and 12 hours averaged speeds graphs of Figure 61 and 62,
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Other periodic fluctuations that are‘superimposed on the
record prevent exact tidal correlations.
The current velocity-tidal fluctuations correlations
is more apparent in the stick plots of Figures 64-68.
Observe that greater sﬁeeds (vector length) occur in three
distinctive periods of the record length: the first from -
the 8 to 12 of January; the second from the 25 to the 30 of L
January; and the third from February 5 to 9. Figure 69
indicates that these perjods coincide with monthly spring
tides. In general, the changes in direction closely cor-
relate with the ebb and flaod stages of the tides. Ebb flow
direction is toward the southern quadrants {SE, S, SW),
while flood directions are mainly toward northern azimuths
(NW, N, NE). Figures 65 and 66 show this ebb and flood
flows directions through the 6 and 12 hours resultant
- vectors diagrams at the 215 meters level. Similar current
velocity-tide general correlations can be observed in the
stick diagrams of Figures 67 and 68, the resultant vectors
plots for the 332 meters level., Tidal forcing seems to be
the dominant process affecting the speed and- direction of
water flows at the monitored depths. Tides along the south
coast of Puerto Rico are mainly diurnal with a semi-diurnal
component superimposed (mixed tides) as shwon in Figure 69.
Progressive resultant vectors diagrams (Figs. 70 to 81)
illustrate much better the effects of tidal forcing in the
circulation at the 225 and 332 meters depth levels. Super-
imposed periodic fluctuations~other than tidal~ can also
be surmised from these diagrams. For example; 1in Figure 70,
the progressive resultant vectors diagram at a depth of 215
meters, there is a trend of variation in speed and direction
every 6 to 7 hours (semi-diurnal tide component) and & -
larger one from 12 to 13 hours (diurnal tide). Larger loops
are also apparent at intervals of approximately 37 to 40
hours. The calculated inertial currents perjods for
Tatitutde 18°N, the Tocation of the Punta Tuna Site, is of
about 36.9 hours. Thus, it seems that inertial currents
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FROGRESIVID  LILSERENT  vIC™OR DIAL=AM

PINA TUNA OTIC SITR A, STATIDY «l, MIT-R QUM-5 1t @7-JAN-79 ©:30
GOT O OPTH = 1216 MRTERS « MITER DEPTH -~ 215 METERS .
DATC:  7-JAN-79 TO 11-JAN-79 DTAGRAM » @ |}

SCALF:

1

LI o PRI B C.C R & Pt ¢

Fig., 70

-~ Progressive current: vectors diagram: 1 hour.
intervals resultant. vectors for the 215 meters
depth level,
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. TRCORES TV CU23IND v ™32 37 a6 .
BN, TNV OTIC €T A, STAT TGN < L, WIT 2 0B -y O/, TANRTO  g: 30

207TTON DFEP 1, ~ 12 6 127 RS £7.2 07378 0 218 1R
TODRTT W 7S T, J.gaN o TARNE 4 2
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0

|
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Fig. 70a - Fjrogressive current vectors diagram: 1 hour
intervals resultant vectors for the 215 meters
depth Tevel (continued).
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2OTTON'FPY, ~ 12 6 127RS 722072750 21 f1°°RE
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Fig. 70b - Progressive current vectors diagram: 1 hour.

intervals resultant vectors for the 215 meters
depth Tevel  (continued).
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. PRYCFESIVE CURRONT WILTOR  DIAGRAM

PUNTA TUNA O'TC ST A, STATIOM 81, TR DCM-5 o 27-JAN-79 ¢:132

BOTTOM FPTH - 1216 METERS MUTIR NP L 215 MRS
DA 17-FAN-79 T3 23-JAN-79 DIAGRAM - 3 2
SUALIT: 1 M. w 1.#2 CMASEG ’

Progressive current vectors diagram: 1 hour
intervals resultant vectors for the 215 meters
depth Tevel. (continued).
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PRCGRESIVE. CURCAT VIICTOR  DIAGRAM
PUNTA “UNA OTF..C SIfiz A, STATION »I, TR RCM-5 *1  @7.JAN-79 0:30

BOTTOM DXPTH u 1216 FIFCRS METIR DNPTh 215 MITERS
DATR: 23 JAN-72 10 1-ilB- 79 ‘DIAGRAM w : 4
SCAILM: 1M« 1.9 CHA56G

Fjg. 70d - Progressive current vectors diagram: 1 hour -

intervals resultant vectors for the 215 meters
depth Tevel.(continued).
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PROGRESIVE CURRTAT  VECTOR

DIAGRAM

FUNTA TUNA OTEC SITE A, STATION -1, *FTF4¢ PCH-5 -1 @7-IAN-79 ©:30
BOTTON OFPTH «~ 1216 METERS MEYER DUPTHh ~ 216 HETERS

DATZ: 1-FEB-79 T0 4-.FE@-)9
S'_CALE: FIM, - .08 CH-sto

DIAGRAM # :

5

-

[

-y

21}

Fig. 70e - Progressive current vectors diagram:
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1 hour
intervals resultant vectors for the 215 meters

depth -level. {(continued).
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PROCRISIVEE  LUSRENT  vICT0R JTAGRAM

OUNTA TUNA OTEC SITK A. S“ATION =1, MCTCR R -6 - O7-JAN-79 2:70
BOF™J1 XPT- ~ 216 METERS ~ MCTER DFPTh » 215 METCRS

DATE: 4-r-8.79 "0 7-FFE.79 DIAGRAT * : 6
SCALE: I M. = i.88 MG '

Fig. 70f - Pr'_ogressi ve current vectors diagram: 1 hour
intervals resultant yectors for the 215 meters
 depth level (continued),
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. PRCRCSIVE CURRTNT  VILTOR  DTAGRAM
PUNTA TUMA OTIC SITE A, STATION &1, MOT R RCM-G <1 @7- TAN-79  @:30

BITTOM DUPTH « 1214 "'!*'._T‘.'-.RS. MOTRR ONPTH « 215 ME.TERS
DATE: 7-FEB-79 TO 8-FRB-79 DTAGRAM & @ 7
. SCALr: 1M1, » 1,29 CM/SEG

/

Fig. 70g - Progressive turrent yectors diagram: 1 hour
' intervals resultant vectors for the 215 meters
depth Tevel {continued).
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PROGRESIVE CURRENT VECTCR  DIAGRAM
PLNTA TUNA OTEC SITE A, STATION *1. PETER RCHM-5 #1 @7-JAN-7Y 2:30

BOTTOM DEPTH » 1216 METERS METER CEPTH ~ 215 METERS _
DATE: 7-JAN-79 TO 4-FEB-79 DIAGRAM % : 1
SCALE: 1 CM. = 5,28 CM/SEG 6 HOLR INTERVALS.

]

Fig. 71 - Progressive current vectors diagram: 6 hours

intervals resultant vectors for the 215 meters
depth level.
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PROGRESIVID CURRIINT  VECTOR  DIACGRAM )
PUNTA TUNA OTEC SITE A, STATION #1, METER RCH-5 »1  Q7-JAN-79 ©:30

BOTTOM DEPTH = 12146 METERS METER DE_PTH = 215 METERS
DATE: 4-FEB-79 TO 9-FEB-79 DIAGRAM » : 2
SCALE: 1 CM. = 5.0 CM/SEG 6 HOUR INTERVALS. *

Fig. 71a - Progressive current vectors diagram: 6 hours

intervals resultant vectors for the 215 meters
depth level. {continued).
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.PROG‘!'.SIVE CURRINT  VIICTOR  DLAGRAM
PUNTA TUNA OTEC SITE A, STATION w1, FMITER RCM-5 #1  97-JAN-79 @:10

BOTTOM DFPTH -~ 1216 l”l'.Tl?F!lS METER DEPTH = 215 METERS
DATE: 7-JAN-79 TO 9-FEB.-79 DIAGRAM » @ 1
SCALE: . 1hcM. = 3.08 CMsSEG 12 HOLR INTERVALS.

Fig. 72 - Progressive current vectors diagram: 12 hours

intervals resultant vectors for the 215 meters
depth level.
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FROGRISINVG. (LRRENT  VICTOR  DIAGKRAM
FLNFA TUNA OTFL S{T A, STATION #§, MOIMR QCH-S o1 @7-JAN-79  0:30

BOTTOM OLFPTH « 1216 MCTIRS MOTIR DRPTH = 215 MOTFRS
DATG: 7-JAN-79 TO  B-EG 79 DIAGRAM B : |
SCALLS: PO - 2008 (MesTG 24 HOUR INTCRVALS.

-

Fig. 73 - Progressive current vectors diagram: 24 hours

intervals resultant vectors faor the 215 meters
depth level.
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FROGREISIVEE CURRONT  VIRCTOR DIALRAM
SUNTA TUNA QTREC.SITE A. STATICN ui, METER RCH-G w1 @7-JAN-79 Q.10

BOTTOM DEPTH w 1216 METERS METRR DEPTH «» 215 METERS
DATE: 7-JAN-79 TO 7-FFB-79 OTAGRAM » : 1
SCALE: ° 1 CM. =~ 1.8@ CUSEG 36 HOLR INTERVALS. s

Fig. 74 -~ Progressive current vectors diagram: 36 hours
intervals resultant vectors for the 215 meters
depth level.
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PROCRESIVID QURRONT VILCTOR DTAGIRAM
PUNTA TUNA OTEC SITE A, STATION «1, *LTER RUM-G &1 @7- JAN- 79 ©: 30

OGTTON DFPTh « 1216 MOTFRY MTER DFPTh « 216 MCTERS
DATE: .7-JAN-72 TO {ITB 79 DIACRAM ® : .1
. —

R L e

SUALT: I CH. » §.22 (H/SKG : 15 HOLR INTERVALS.

Fig. 75 - I_’r'ogressive current vectors diagram: 48 hours
intervals resultant vectors for the 215 meters
depth level.
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PROCICSIVE CLUREIINT vIUTOR L TALRAN
PUNTA TUNA OV SITE A, STATICN o}, TR REM-5 2

Cr-JAN-7 2,22
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METER XPRTh o 390 MLTARS
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Fig. 76 - Progressive current vectors diagram: 1 hour

intervals resultant vectors for the 332 meters
depth Tevel.
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PRCORESIVIT  CURRANT  VICCTORY  DIAGIAM
FUNTA TUNA QTEC 'SICE A, STATION #1, METER RCM-5 42 O72-JAN-79  9:32
BOTTOM OFFPTH  « 1216 METERS MTLR DIFIH « 332 METERS

DAT: 9-JAN-79 TO 30-JAN-79 DIAGRAM & 3 2
SCALF: 1 MM v 1,038 CMUSTG ‘
Iy
g ]
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Fig. 76a- Progressive current vecltors djagram: 1 hours

intervals resultant vectors for the 332 meters
depth level. (continued).
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PRICRASIVL LURGFN®  #LTD.  DIAGRAN

PUNTA TUNA OTFC SLIE A, STATION »1. MITER KCM-G 82 O7-JAN-79  0.02
BOYTON IPTH ~ 1216 METERS  METAR DVPTH w 232 IETPRS

DATR: 10-JAN-79 TO  8-FfB 72

DIAGRAM » : 3
SCALI: LML o~ 1,08 CMASEG , ‘

Fig. 76b- Progressive current vectors diagram: .1 hours

intervals resultant vectors for the 332 meters
depth level.(continued).
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PROCGRESIVID CLRRENT  VITCTCR DIAGRAM
PUNTA TUNA OTECSITE A, STATICN »1, MLIMR RCH-5 82 Q7-JAN-79  ©9:09
BOTTOM CIPTH  ~ 1216 MRTFERS MCTER DREPTH = 332 MITERS
DATE:  7-JAN-79 TO 8:-FiB-79 DIAGRAHL » @ 1)
SCALE: I CM. = 5,99 CHrSEG 6 HOUR INTERVALS.

Fig. 77 - Progressive current vectors diagram: 6 hours

intervals resultant vectors for the 332 meters
depth Tevel. '
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‘ PROGRIZSIVE. CLRSIINT  VECTOR  DIAGRAM .
PUNTA TUNA OTEC SITE A, STATION w1, MLTER RCH-5 2 O7-JAN-79 ©:00
BOTTOM DFPTH « 1216 METERS METER CEPTH « 332 METERS
DATE: 7-JAN-79 T0 9-FEB-79 DIAGRAM & : 1

b

SCALR: 1 CM. ~ 4.00 CM/SEG 12 HOUR INTERVALS.

Fig. 78 - Progressive current vectors diagram: .12 hours

intervals resultant vectors for the 332 meters
depth Tevel.
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FROGEGESIVID CURRINT  VICTOR  DIAGRAM

PUNTA TUNA OITIC SITE A, STATION i, MITER RCM-5 2 Q7-JAN-79 ©:00
BOTTOM OFPIH = 1216 FECIERS ’

ATE: 7-JAN-79 TO  9-FER-79

MR DIPTH =~ 332 MITERS
DIAGRAM # : 1

CALE : } CM. « t.e@ CM/SEG 24 HCUR INTERVALS.

Fig. 79 - Progressive current vectors diagram: 24 hours

intervals resultant vectors for the 332 meters
depth levyel,
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PROCRESIVE CURFINT  VECTOR  DIAGRAM
PUNTA TUMA OTIC SLTI A, STATION »1, MCTFR RCM-G 82 ©7-JAN-79  0:00
DOTTCH.OGPTH  =-1216 MCTERS ™ " FETMR OGPTH ~ 332 MCTERS

TR: 7-JAN-79 TO 9-FEB.79 OIAGRAM » : 1
CALE : 1 CM, = 1.90 CM/SEG 36 HOUR INTERVALS,
Y .

Fig. 80 - Progressive current vectors diagram; -36 hours

intervals resultant vectors for the 332 meters
depth Tevel.
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PROCGRISIVID CURRANT  VILCTCR DIACGRAM

PUNTA TUNA OTEC. SITE A, STATION »1,

FETER RCM-G w2 O7-JAN-79 0:02

QOTTCH DFPTH « 1216 MITARS  MCTER ORPTH « 332 MLTORS

DATI-E: 7-JAN-79 TO 10-FiB-79

DIAGRAM = 2 |
48 HOLR INTERVALS.

i
SCAR: L M. = 1.00 OVsSiG

\

Fig. 81 - Progressive current

intervals resultant
depth level,

vectors diagram: 48 hours
vectors for the 332 meters
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. are also affecting the circulation pattern at the monitored

depths. Smoothing out the velocity data by averaging
demonstrate that after the tidal cycle have been "averaged
out” higher period oscillations are still present; see
Figures 71 to 75, which illustrate the resultant circulation
at the 215 meter leve] after averaging the 6, 12, 24, 36,
and 48 hours resultant vectors, respect1ve1y, Observe that
even after 48 hours there are higher periodic variations
ranging from about 4 to 12 days.

The above discussion of the 215 meters level progressive
resultant vectors diagrams apply to Figures 76 to 81, the
circulation diagrams at a depth of 332 meters.

To determine the higher perijodic, superimposed variations
on the general circulation, which they. might not be immedi-
ately apparent in the smoothed-out progressive vectors
diagrams, the vectorial components of the resultant vectors
were plotted as in Figures 82 to 87. The north and east
vectorial components of the smoothed-out resultant vectors
for 24, 36, and 48 hours were plotted against time at both
depths. Figures 82 and 83 illustrate the vectoripT compo~
nents after the 24 hours oscillations (tides) have been
smoothed-out. The inertial component is still present:
there are periodic fluctuations of approximately 36 to 40
hours (2 1/2 days intervals) with some longer oscgillations
of several days periods. After the 36 hours components have
been averaged out (Figs. 84 and 85) osciltations .with periods
ranging from 4 to 12 days, which also appeared in the 24
hours curves, remain - in the record. It is not Known why
the east-west component smoothed-out more readily than the
north-south component which, even after 48 hours, still con-
tians large periodic variations (Fig. 87). 1t can only be
surmised that eddy movements with periods ranging from days
to weeks are also present superimposed in the general cir-
cualtion. Much more data than what is now available is
needed to determine the source of the longer period oscil-
Tations; only the small scale flow and f]uctuat1ons can be
interpreted at the moment.
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" It should be noted that resulting drift from 33-days
current meters record is not necessarily representative of
all currents measured during that time, Not only are cur-
rents of tidal and inertial periods present, but longer-
.period oscillations that are variable, steady, strong and/or
weak at irregular intervals on the record can be present,
These types of oscillations make interpretation of a current e
meter record questionable in terms of resulting flow.

Various investigators have reparted east flowing cur-
“rents at the Punta Tuna Site area (Atwood et al., 1976;
Metcalf, 1976; Stalcup et al., 1975), Circulation patterns
description at depths below the surface Teyels have been
determined by geostrophic flow calculations. Sturges (1970)
and Stalcup et al., (1975) reported that marked varijations
in both speed and direction at frequencies including seiche
periods, semidiurnal and diurnal tidal periods, and longer
periods of the order of days or weeks have been measured on
the southern part of the Jungfern Passage, which encompasses
the Punta Tuna Site area.

Metcalf (1976) describes the 200 to 400 meters water
layer at the southern end of the Jungfern Passage as the
18 °C water where there is an oxygen maximum. It can be
considered, according to Sverdrup (cited by Mefca]f, 1976),
as Tropical Atlantic Central Water having ©-S characteristics
intermediate between the more saline North Atlantic Central:
Water and the less saline South Atlantic Central Water.
Circualtion at this layer supposedly is toward the Caribbean
Sea, coming from the Atlantic through the Anegada Passage
(Metcalf, 1976).

The present data suggest that the effect of several
dynamic and submarine morphological forcing factors should —
be investigated in order to determine the long-term circula-
tion variablility. These are as follows:

1. The action of tidal funnelling effects through the

Vieques and Jungern Passages,
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2. Presence of long-term Ekman's circulation effects

at deeper layers,

3. Effect of the submarine morphology in the area,

4. The presence of seiches periods fluctuations and

5. The presence of long-period eddies,

To determine these forcing factors bombrehensive, long-~
term currents measurements at deeper water levels and
several Jocations in the area are necessary, Resultant
water flow might possibly be in an opposite direction in
deeper waters (east) to what is generally thought of at
present (westerly).
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3.5 Dissolved Oxygen

During each cruisé, samples for dissolved oxygen (D.0.)
determination were taken at both day and night periods except
for the first cruise (August 1978), which was terminated
early with only the day-time samples being taken. The samples
were usually taken around noon and midnight. The depths
sampled extended from the surface to about 1000 m deep.
Fighre 88 shows the result of all the collected data, combin-
. ing both the day and night results for all six data sets.
This figure is included to show the general trend and scatter
of the D.0. data the the Benchmark station throughout the _
year. Generally the D.0. level remained above 4 ml/1 from .
the surface downward below the pycnocline, and below the Sub-
tropical Underwater. At, or near the core of the Antarctic
Intermediate Water, 600-800 m deep, lies the D.0. minimum of
2.7-3.2 m1/1. The D.0. values then rise to almost the surface
values (3.5-4 m1/1) at 950-1000 m. This general curve is
well documented for the Caribbean (Wust, 1964).

These D.0. values indicate a high degree of saturation
of oxygen at the surface (about 70%). The percent of satur-
ation at the oxygen minimum depth is only about 30%.

Figures 89-94 represent the D.0. profiles for each of
the six cruises, consecutively. For each cruise (except
August, 1978) both the day and the night values are shown.
Generally, the night values average slightly higher than the
day averages, but by only 0.1-0.2 m1/1, as seen in Figure 95.
This difference is not important biologically or chemically,
when compared to the typical values of 3-4 ml1/1. At two
depths, nearly all the night values were higher than the day
values. At the 50 m depth, 100% of the night values exceeded -
the values measured during the daylight hours. At about
250 m depth, 80% of the measurements showed night values
higher than day values. Both of these depths may be important
to an OTEC plant, and the reason for the day/night difference
should be investigated. The 50 m depth frequently lies near
the upper portion of the pycnocline, or the boundary between
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Fig. 88 - Dissolved oxygen profile for all data
collected at Punta Tuna from August,
1978 to June, 1979. :
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Fig. 89 - Dissolved Oxygen profile for data
col]ected at Punta Tuna during the
cruise of August, 1978.

158



DISSOLVED OXYGEN (™M)

DEPTH {m)

2.5 3 3.5 4 4.5 5

o H ] ! d— & f ]
-
24 A =
n
g_- m
&~
[ ]
=, w-a
3}
=R "
-
& awm
I
o
o= "a
©
a—g DAY
a—8 NIGHT

o
8-
~
o
&~
@ [N
o
o
[=1]

1000

Fig. 90 - Dissolved oxygen profile for data
collected at Punta Tuna during the
cruise of QOctober, 1978.
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Fig. 91 - Dissolved oxygen profile for data
collected at Punta Tuna during the

cruise of December, 1978.
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Fig. 92 - Dissolved oxygen profile for data collected
at Punta Tuna during the cruise of February,

1979,
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Fig. 93 - Dissolved oxygen profile for data
co]!ected at Punta Tuna during the
cruise of April, 1979.
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Fig. 94 - Dissolved oxygen profile for data
collected at Punta Tuna during the
cruise of June, 1979.
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all data collected at Punta Tuna from
August, 1978 to June, 1979.
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the Upper Mixed Layer and the Subtropic Underwater. The
250 m depth is near the depth that a mixed discharge may
rest, at least temporarily during some temperature/salihity
conditions during the year.

Figure 89 shows a nearly constant D.0. value throughout
the Upper Mixed Layer. At the depth of the salinity maximum

. (about 150 m from Fig. 23), an oxygen maximum is also observed

during the August 1978 cruise. From here downward, the D.O.
is seen to slowly decrease to 3.5 m1/1 between 450-550 m depth.
Below this depth a sharp D.0. discontinuity occurs, with a
very low value of 2.7 ml/1 occurring at about 575 m. By 800 m
the value has risen again to over 3.0 ml/1. During the
October 1978 cruise (Fig. 90), again an unusually high D.O.
value is seen at the salinity maximum depth. At this time,
both the salinity maximum (Fig. 24), and the D.0. maximum
were closer to 100 m deep. During this cruise, the D.O.
values seem to have a more smooth and continuous decrease to
the oxygen minimum of about 2.7 ml1/1 near 600 m deep.

Figure 91 shows the high (4.1-4.3 ml1/1) values of D.O.
throughout the upper 200 m. This occurred in spite of only
a 70 m deép MLD. From-these high values, the D.O. decreased
smoothly (except for the night value at 470 m possibly a
measurenent error) to about 575 m. During this cruise the
sampling missed the oxygen minimum depth, but it was probably
between 575-750 m. The D.0. during February 1979 (Fig. 92)
was 4.0 m1/1 or higher from the surface to about 300 m.
Again, from this depth downward to about 575 m the D.0.
decreased smoothly. The oxygen minimum was located about
750 m deep at this time.

During the April 1979 cruise (Fig. 93), the upper 100 m
had virtually constant D.0. values throughout, with only a
small decrease at about 150 m (4.5-4.3 m1/1). However, at
190 m, a sudden decrease is seen to almost 3.8 ml/] during
both the day and night sampling. Below this depth the
values rise to more typical values of about 4 ml/1 and slowly
decrease downward as seen on the previous cruises. Neither
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temperature (Fig. 12) nor salinity (Fig. 27) show any abnor-
malities at or near this depth that could be related to the
high oxygen consumption, However, Figure 102 (which will be
discussed in Section 3.6) shows abnormally high chlorophyll
values, about 5-10 times normal, at sTightly more shallow
'depths of 100-125 m. As the chlorophyll were seen in greater -~
quantities at night only, apparently the large numbers of N
phytoplankton were able to reduce the available oxygen by a
meaéureable amount.

' The June 1979 cruise (Fig. 94) had very high and very
uniform D.0, values (4.6-4.3 m1/1) down to about 300 m, The
only exception was a slightly high value again seen at 100 m.
This was very close to the depth of the salinity maximum
(Fig. 28). During this cruise there was almost no Upper Mixed
Layer, except as seen using the D,0. values. The remainder of
the water column appeared typical at this time,

Figure 96 and 97 represent the time series of the day
and night dissolved oxygen values respectively during the
measurement program. Both figures show a genera] trend toward
increasing values of D.0, throughout the measurement period
in the upper 200 m, The upper water temperature was warmest
in October (Fig. 14), corresponding to the Jow upper-water
D.0, as saturation of oxygen decreases with increasing tempera-
ture. The low October D,0. may be explained as maintaining
the same pefcent of saturation (70%), but able to hold less
gas. As the temperature decreases through February and April,
D;O} increases in the upper waters. The D,0, values deeper
than 500 m do not appear to change much throughout the year.
Between 200 and 450 m, a change in the D,0. is seen, However,
it is in this depth range that the day-night values are dif-
fering, and most of time series differences at these depths e
may correspond to speéific bioactivity during the measuféments,
as opposed to overall annual trends.
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3.6 Chlorophyll a Results

During each cruise, samples were taken to determine the
concentration of 1ive flora (chlorophyll a) at discrete depths
down to about 400 m. These samples were taken hoth during a
noon Biocast and a midnight Biocast, except during the first
cruise, which was terminated before the night Biocast could
be made, _ ’

Figures 98-103 show the chlorophyll a profiles vs. depth
for both the day and night casts for each of the 6 cruises,
Also, shown on each figure is the water deasity profile for
comparison,

By studying the figures of the six cruises, the following
points can be seen, First, during the August 1978 cruise,.
(Fig., 98), improper filter paper was used for chlorophyll
analysis, and the results were poor, Many of the values were
not reproducible, and this data should probably be discounted;

Starting from the second cruise, a pattern may be
visible. From figures 99-103, it appears that the day and
night chlorophyll values seem surpressed somewhat by the
pycnocline, The number of viable cells seen in each sample .
vere generally higher below the pycnocline than above, This
implies difficulty in passing through this strong density
gradiant. This same depth gradiant was seen by Beers, et al,,
(1968),

During the April 1979 cruise (Fig. 102) the chlorophyll a
values were 5-10 times higher at the 100-125 m depths than
the values seen at any depth during the other cruises, Typical
values at this depth were Q.1-0.3 pg/1, but during April the
values were 0.9-1.5 pg[I during the night sampling. This type
of anomalously high value might normally be attributed "normatl
patchiness", however,'it also corresponded to an easily mea-
surable dissolved oxygen decrease at about the same depth
throughout the day, (Please see Fig, 93), This high concen-
tration of phytoplankton may possibly have been present
during the other cruises and may have been missed by our dis-
crete sampling procedure, however, the dissolved oxygen
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concentration would probably have been surpressed if that were
the case. Unfortunately, the nutrient datg taken during this
program was not refined enqugh to help explain the exception-
ally high chlorophyll a values for Aﬁri! 1979, In fact, this
chlorophyll a maximum corresponded temporarily with the highest
surface salinity values (Fig. 40). According to Froelich,

et al., (1978), the salinity of the Caribbean surface water

is strongly influenced by the fresh water run-off from the
Amazon and Orinoco Rivers. Therefore, when the salinity is
lowest, the river's influence is highest, and the available
nutrients might be expected to be above normal, During April
the surface salinity was highest of all our cruises (Fig., 29),
and therefore the rivers' influence would be expected to be
minimal, With less river runoff as might bhe the terrestrially
derived nutrients, which control the chlorophyll production

in the suniight-rich Caribbean Sea, would also be at a minimum.
Therefore, this bloom may have been a temporal and spatial -
anomaly.

Figures 104 and 105 show the time series of the chloro~
phy1l a values for the day and night periods, respectively,
The upper waters had minimum in December 1978 and June 1979
and maximums in October 1978 and February 1979 during both
the daylight and the pight periods. The higher values through-
out the water column are easily seen as occurring in October
1978 and Abri1 1979, The highest overall values were seen in
April, at 125 m as mentioned before, Beers, et al, (1968)
also found his highest surface values during the Jate autumn
and winter at Jamaica (specifically October), and during late
autumn and winter (specifically February) at Barbados, At '
neither location were the peak values found as deep as 125 m,

Figure 106 shows the normalized day/night-average inte-
grated chlorophyll a resulting from all samples taken down.to
200 meters for each cruise. Relative peaks occur in August,
October, and April. Also, in the figure are the values of
surface salinity during each of the cruises. According to
Froelich et al., (1978), the lower salinity values are due to
periods influenced by the Amazon and Orinoco Rivers. These
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waters of lower salinity should carry with them the more

rich river waters, with possibly more available nutrients

than other times of the year. Therefore, an inverse corre-

lation might be expected between the two curves shown in

Figure 106.. Except for the extremely strong peak in April,

this appears to be the case, however more information is -
needed before this relationship is actually confirmed. As B
mentioned earlier, the nutrient information collected during

this program is inadequate to support the chlorophyll data.

Beers et al., (1968), found peaks in gross primary productivity

in June, September and October in Jamaica and July, February

and May in Barbados. Their peaks in productivity appeared

to match their peaks in nutrients, as expected.

Finally, it might be pointed out that these chlorophyll
values were taken from discrete samplings at about every 25 m
depth. There may be much more vertical structure to the
chlorophyll profiles that have eluded this study due to to the
few chosen sampling depths. The phytoplankton tend to be
patchy in both the horizontal and the vertical directions
as well as with time. These factors may influence any distor-
tion of the chlorophyll seen in this report.

3.7 Zooplankton Results

On each cruise, zooplankton samples were taken. When.
possible, one sample was taken at each of the following depths:
25 m Horizontal tow (day)
25 m Horizontal tow (night)
200-0 m Vertical tow
800-200 m Vertical tow
1000-800 m Vertical tow
1000-0 m Vertical tow
The tow covering the entire water column (1000-0 m) was
not sorted as part of.  this work, but was sent to the Lawrence
Berkeley Laboratory of the University of California, for
analysis. The following portion of this section describes
the results of the laboratory and statistical analysis of the
remainder of the samples, and the interpretation thereof.
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3.7.1 Size Frequency Analysis

The data summarized in Figure 107 present the percent of
total copepoda analyzed throughout the year (frequency) versus
their size class expressed in mm (magnitude). Plankters were
collected towing a 202 u net, which explains why so few indi-
viduals represented in the <0.5 mm size class interval. A
finer mesh net captures those members that would seep through
a 202 y net and will increase the number of individuals
represented in the <0.5 mm size class interval.

Of the copepoda represented in this histogram those
included in the 0.5-0.9 mm size class interval are the most
abundant. If we assume there is no clogging problem and that
the size of copepoda is normally distributed, a 202 p net is
useful to collect those plankters bigger than 0.5 mm. ‘

3.7.2 25 Meters Day vs. Night Tows

A1l data for all tests were log transformed from #/m3.
A series of t-distribution tests were applied to the following
data groups to test for any significant difference between the
day and night surface tows:
- Total Copepoda
- Dominant Species
- Clausocalanus furcatus
- Qithona plumifera
- Calocalanus pavo
Results for each of the t-distribution tests conducted
are presented in Table 11, All of the values calculated are
not significant (N.S.) at the 0.05 level.
It is a well-known fact that during the night some zoo-
plankton vertically migrate to the surface waters (the reasons

~ for such events are not part of this exposition). Therefore,

we could expect much or at least higher concentrations of
p]anktefs on the surface waters at night. This might be the
case, but varjability is so ample that the differences are
not statistically significant.
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TABLE 11

Results of t-distribution tests on three zooplankton
species collected at Punta Tuna to determine the day/night
significance for 25 m deep horizontal tows.

Total Clausocalanus 0ithona Calocalanus
Copepoda furcatus plumifera pavo
t'm 0.311 0.952 0.285 0.541
p>0.05 >.05 N.S. >.06 N.S. >.05 N.S. >.05 N.S.
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Dominant species were selected after construction of a
rank order species list. The three most abundant species
were chosen for the test.

0f the three species of copepoda subjected to the test,
none were significant at the 0.05 level, But this could very
well be that they are non-migratory species, or that there is
not enough data (replicates) to reject the null hypothesis.

Season Depth Distributijon

Two way analysis of yvariance tests were applied to the
following data groups to test for any significant difference
between season and depth:

~ Total Copepoda
- Dominant Species
- Oncaea venusta
-~ Oithona plumifera
- Clausocalanus furcatus

For total copepoda (Table 12) there is sljght eyidence
that their abundance varies with month, i.e. seasonal vari-
ations. If water masses of different temperature, salinity,
and/or nutrients would go by the Punta Tuna site, varjations
in the planktonic population could or should be detected.
Therefore, seasonal varijations are expected.

Dominant species were selected after construction of a
rank order species 1ist. The three species most common for:
all months were chosen for the test.

0f the three species compared in the test, only 0. venusta
shows any significance at the 0.05 level. If we compare all
copepoda and the three species chosen for this test none of
the data group show any relation with depth at all, _

Throughout the year a species list was constructed for
the copepoda found in the waters of the Punta Tuna site. Al}
identified species are listed in Table 13.
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TABLE 12

Results of tests for significance of depth and seasonality
for total copepoda and three zooplankton species collected
at Punta Tuna from August, 1978 to June, 1979.

Sum of Degrees of Mean Variance Probability

Squares ' Freedom Square Ratio
(5.5.) (D.F.) (M.S.) (F) (p)

TOTAL COPEPODA

MONTH 5.861 5 1.172 5.586 0.05

DEPTH 4.534 2 2.268 2.887 N.S

ERROR 65.467 10 6.547

TOTAL 75.862 17
ONCAEA VENUSTA |

MONTH 0.262 5 0.0524  6.471 0.05

DEPTH 0.831 2 0.4155  0.8161 N.S

ERROR 3,391 10 0.3391

TOTAL 4.484 7 .
OITHONA PLUMIFERA

MONTH 1.822 5 0.3644  3.957 N.S

DEPTH 1.369 2 0.6845  2.107 N.S

ERROR 14.419 10 1.442

TOTAL 17.610 T
CLAUSOCALANUS FURCATUS

MONTH 2.726 5 0.542 2.465 N.S.

DEPTH 5.048 2 2.524 0.532 N.S.

ERROR 13.444 10 1.344

TOTAL 21.218 7 T
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TABLE 13,

List of Species - Copepoda

Acantia spinata

A. Lonsa

A, Lilljeborgii

A. danae

A. negligens
Acrnocalanus Longieonnis
Aetideus anmatus
Calanus Lenudlcornis
Candacia bispinosa
C. pachydacilia

C. paelongimana
Calocalanus pavo
C. pavonicus

Clausocalanus arculcornis

C. furcatus
Clytermestna scutellata
Conaea gracilis
Copilia quadrata

C. minabitis
Conycaeus amazonicus
C. speedlosus

C. subulatus

C. Lypleus

C. Limbatus

C. Latus

Eucalanus atienuatus
E. efongatus
Euchiniella nostrata
Euchaeta marina
Euaetideus giesbrechisi
Farranula gracllis
Haloptilus Longiconnis
Heteronhabdus abysalis
H., papilligen

H, apinifen
Labidocera aestiva -
Lubboekia aculeuta

L. squillimana :

Lucicutia glavicomnis
Macrnosetella ghacilis
Mecynocera clausd
Metridia brevicaudata
Micnosetella nonvegica
Miwaeia efferata
Minacia minon
Mosmonilla minon
Nannocalanus minox
Oncaea condgera

0. omala

0. mediterranea

0. venusia

Oithona plumigera
Paracandacia simplex
Paracalanus aculeatus
P. pawus

Phaena spinifera
PLeuromama abdominalis
P. piseki

P, xiphias

Pontella atlantica
Pontellina plumata
Pontellopsis nhegalis
Rhincalanus comnutus
R. nasutus

Sapphirina nigromaculata

Scaphocalanus magnus
Scolethnicella vittata
Scolethnix danae
Temona siyllifena

T. Zturbinata
Temonopia mayumbaensLs
Undinula vulgarnis
Undeuchaeta mayons

U. plumosa
Valdiviella insignis
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3.7.3 A Comparative Study of Copepod Data Reported

from Around the Puerto Rico Area.

The Copepoda make up the largest group (ca 70-85%) of
the planktonic organisms sampled in our waters. Consequently,
quantitative studies of their occurrence constitute an excel-
lTent tool for the understanding of distributional patterns of
our zooplankton. Further, when inshore and offshore {pelagic)
systems are compared, major differences are evident; some
species being restricted to some areas and others to others.

In addition to these observations we find some species
which are always present, others are commonly present, and
still others exist but are extremely rare. Similar observa-
tions in the past led Preston (1948) to write the classic
ecological paper "“The commonness and rarity of species."

This is clearly indicative of the concern ¢f traditional
ecologists for this type of observation and their relevance
for the establishment of basic concepts in ecology.

Anonymous (1978) made an analysis of copepod populations
from off the south coast of Puerto Rico based on data gener-
ated by Wood, et al. (1975, 1975c¢c) and bresented 2 scheme
that fits the overal] pattern observed in our marine waters.
An examination of copepod lists provided from other deep
water areas around Puerto Rico, {Youngbluth, 1974, 1975;

Nutt, 1975, and Nutt and Yeaman, 1975), reveal that the
species present are indeed in common with those from similar
areas discussed above. Anonymous (1978) and Michel et al.
(1976) found similar results off the southeast of Puerto Rico
and Vieques, respectively. Coker and Gonzilez (1960) reported
on speciés restricted to inshore waters. Examination of

their 1ist on Table 2, p. 18 reveals how some species such as
Acartia tonsa, Paracalanus crassirostris, and Qithona simplex
are found in larger numbers in embayments 1like Phosphorescent
Bays; then become less abundant in open bays {(Montalva) and
offshore, while others increase in abundance. See for
instance the distribution of Corycaeus americanus, Centropages
furcatus, and Temora turbinata. See also Tables 14-18 for
reference in this discussion.
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TABLE 14, A list of the co
Punta Higuero co

;

epod species identjfied from the
lections . (after Nutt .and Yeaman, 1975).

COPEPODA SPECIES

Acantia spinata
Acarntia LLLEfebongll
Paracalanus crassLnostnis

. Panacalanus parvus

Paracalanus aculeatus
O0ithona oculata
Oithona plumifena
Oithona sp. A
Clausoealanus furcatus
Temoha turnbinata
Temona s&ylifera
Oncaea venusta _
Oncaea mediferranea
Conyeaeus subulatus
Conyeaeus glesbrechtl
Conycaeus pacigicus
Conycaeus agilis
Conycaeus speclodud
Conycaeus anglicus
Congeneus clousd
Conyeaeus Lautus
Farwanubla ghacllis
Parnanuba sp. A
Undinula vulgaris
Nannocalanus minon
Centrnopages furcatus
Calocalanus pave
Luclcutia flaviconndis
Catanopia americana
Macrosefella gracilis
Microsetella norvegica
Acrocalanus Longicornis
Candacia pachydactyla
Euchaeta manina
Eucalanus cf. attenuatus
Labidocera App,
Miracia edfenata
Eutenpina acutlfrons
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TABLE 15. Species of copepods found at sampling stations in the
vicinity of Vieques Island (after Michel et al., 1976).

COPEPONA SPECIES

Acrocalanus Longicornis
Euchaeta maiing,
Lucdlentia §Lavicornds
Haloptilus Longdcornis
Mosmonilla, minon
Mormonilla phasma
Paracalanus aculeatus
Rhincalanus connutus
Scolecithnix danae
Undinula vulganis
Other calanoids
Aegisthus aculeatus
Macrosetefla ghacitlis
Mierosetella nosea
Othen harpacticoids
Conaea ghacllis
Farnanula caninata

F. ghacilia

Oithona plumidera
QOneaea meditesianea
0, venusta

Other cyclopoids
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TABLE 16, Analysis of the copepod populations from Punta Verraco
-and Cabo Mala Pascua Sites, ..(After. Anonymous 1978).

Table 16-A Copepod population observed at Punta Verraco.

Species usually most numerous :
(>5 individuals/m3) ~

Clausoealanus furcatus :
Paracakanus spp. (P, aculeatus, P. erassinodinis, P. parvus)
Favanula ghacilis

Oithona spp. (0. plumifera, 0. spp.)

Acartia spinata

A, Litljebongid

Temonra tunbinata

Species commonly present
(observed on 5 or more sampling periods)

Conyeaeus spp. (C. glesbrechti, C. pacificus, C, speciousus)
Eutenpina acutlifrons

Calonopia amenicana

Undinuta vulgaris

Species occasionally present

Euchaeta marina

Conyeaeus spp. (C. pavo, C. pavoninus)
Pseudodiamptomis cokendi

Nannocalanus minon

Calocalanus spp. (C. pave, C. pavoninus)
Centropages spp. (C. furcatus, C. caribbeanensis)
Scolecithrnix danae

Labidocena spp. (L, scotti, L. spp.)
Candacia pachydactyla

Mecynocera clausi

Acnocalansu Lingiconnis

Eucalanus spp.

Lucicutia flavicomia

Temona styfiferna

Source: Wood, E, D., M. J. Youngbluth, P. Yoshioka, and M. J,
Canoy. 1975, Punta Verraco Environmental Studies.
Puerto Rico Nuclear Center, Mayaguez.
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{cont. }

TABLE 16. Analysis of the copepod popu]atibns from Punta Verraco
(IX-A) and Cabo Mala Pascua Site, Puerto Rico (IX-B).
{After Anonymous 1978), ' '

Table 16-8 Coi::epod populations observed at the Cabo Mala Pascua_Site.

Species usually most numerous
(>5 individuals/m”)

Clausocalanus funcatus -

Panacalanus spp. {P. aculeatus, P. crasairostnis, P. parvus)
Farvnanula gracilis

Oithona spp, (P. aculeatus, P, crassinostnis, P. parvus)
Acartia spinata

Temora tunb.inata

Calanopia americana

Species commonly present :
(observed on 5-or mare sampling periods)

Conyeaeus spp. (C. glesbrechti, C. pacificus, C. speciosus)
Undéinula vulgaris

Calocalanus pavo

Euchaeta marina

Nannocalanus minon

Labidocera spp.

Candacia pachydactyla

Mecynocena clausi

Acrnocalanus Longleonmnis

Temona stylifera

Species ocassionally present

Oncaea spp. (0, mediterranea, 0. venusta, 0. spp.)
Coryeaeus spp, (C. subulatus, C. spp.)
Pseudodiaptomis cokeri

Calocalanus pavoninus

Scoleaithnix danae

Centropages furcatus

Eucalanus spp.

Lucicutia §Lavicornis

Minacia effenata

Copilia spp.

Sapphinina spp.

Macrosetella ghacilis

Phaenna spinifera

Source: Yood, E. D,, M. J. Youngbluth, P. Yoshioka, M. J. Canoy. 1975.
Cabo Mala Pascua Environmental Studies. Puerto Rico Nuclear
Center, Mayaguez,
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TABLE 17.

Zooplankton species distribution, abundance,

and diversity in the vicinity.

Acantia Lilliebongid
Acantia spinata
Acartia tonsa
Calanopia americana
Calocalanus pavo

C. - pavoninus

Candacia curta

C. pachydaciyla
Clausocalanus furcatus
Copepod nauplil
Conycaeus amazonicus
C. subulatus
Corycacus sp,
Euaetideus glesbrechtl
Eucalanus 4p,
Eucalanus elongatus
Euchaeta marina
Euterpina acutifrons
Euchinella curticauda
Eucalanus atlenuatus
Euchinella bitumida
Farnanula ghacilis
Haloptilus Longlconis
H. mucronatus
Lucicutia fLavicomnis

COPEPODA

SPECIES

L., clausii
Macrosetella gracilis
Mecynocena clausil
Microsetella norvegica
Nannocalanus minon
Oithona plumifera

0. sdmplex

0. hebes

0. sp.
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0. nana

Oncaea 4p.

Oncaea venusita,

0. mediterranea
Paracalanus acufeatus
P. crassinosinis

P. parvus

P. 4p.

Phoenna spinifena
PLeuromama gracllis
Riinecalanus conrnutus
Temona siylifena

T. tuibinata
lindinula vulgaris
Unidentified Copepodies

Unidentified Calanoid Copepods



TABLE 18. Zooplankton from Tortuguero Bay (after Nutt 1975).

COPEPODS

Calanoids:

Nannocalanus minon
Undinuba vulgaris
Eucalanus attenuatus
Acrocalanus Longlcornis
Acrocalanus andensond
Paracalanus acufeatus
Paracalanus parvus
Calocalanus pavo
Mecynocera clausil

Claus ocalanus 5uncaﬂm
Euchaeta marina

Harpacticoids:

Miracia effenata
Macrosetella gracilis

Cyclopoids:

Oithona plumigena
Oithona setfigena
Oithona oculata
Saphinella thopica
Copilia minabilis
Copilia quadrata

Scolecithrniz danae
Temora siylifena
Temona Lurbinata
Plewronamma ghaclliis
Centropagues furcatus
Lucicutia §Lavicornis
Candacia pachydactyla
Paracandacia bispinosa
Calanopia americana
Labidocera sp,
Acantia spinata

Oculosetella gracilis
Euterpina acull frons

Conyeaeus (Agetus) typicus

Cornyeaeus (UWroconycaeusd) Lautus
Conyeaeus |onychocorycacus) giesbrechts
Conycaeus {onychoconijeaeus) agilfis

Oncaga mediterranea
Oncaea venusita

Conyeaens (Conyeaeus) Apaex.obué Saphirnina sp.

Conycaeus (Coryeaeus) clausi
Conyeaeus (Agetus) fLaccus

Farnanula gracifis
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Upon studying carefully the Punta Tuna data, it is found
that the diversity of the species is much higher than in all
other sites mentioned above. This is apparently due to the
fact that net tows were made down to a depth of 1000 meters
(a large number of species reported here are deep water
species), and were spaced out throughout the year. This
offered a greater opportunity to catch organisms that undergo
seasonal fluctuations inaddition to stragglers from other
regions.

The information obtained confirms previous observation
of the distributional patterns of copepod species, but cor-
relations with other parameters are not evident or can not
be carried out because the data can not be tested statisti-
cally for that purpose.

Because the diversity of species found in the Punta
Tuna site is considerably larger than in any other site
,éxp]ored before, it was believed proper to make a more exten-
sive survey devoted exclusively to the study of pattern of
the pelagic plankton populations. This will ensure that a
dissection of vertical stratification of species and the
overall plankton structure of the pelagic environment could
be understood.

The presence of Acartia tonsa, an inshore species, in
the pelagic environment off Punta Tuna is of no significant
consequence. However, the ongoing study may be able to add
further insight on this observation.
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3.8 Nutrient Results

During each cruise an attempt was made to collect
'samples from throughout the water column down to 1000 m for
subsequent nutrient analysis. Shipboard handling and labora-
tory problems resulted in ahceptab]e results not being avail-
able until the 5th cruise. Although the results of the last
two cruises are much more meaningful than those preceeding,
the results of all the cruises shall be represented, but
special emphasis should be given to the April and June 1979
cruises,

In Caribbean surface waters, the Tow nutrient concen-
trations in the photic zone is the primary cause for the
generally low primary production. In areas of upwelling,
where traditionally nutrient rich deeper waters are moved
upward into the photic zone, the primary productfon, and the
entire food web is enhanced, both in species and in numbers.

3.8.1 Nitrate/Nitrite Results

Figure§ 108-112 show the average values of the nitrites
and nitrates for each of the last 5 cruises respectively.
The values seen for the October 1978 (Fig. 108), December
1978 (Fig. 109), and February 1979 (Fig. 110) cruises for the
concentration of nitrate and nitrite in the water are incon-
sistant, both among themselves and relative to literature
values. The nitrate values seen during October (Fig.'108)
were quite high at the surface, decreased with depth to
about 200 m, then showed fairly constant values downward.
The nitrite values for this same cruise showed irratic high
and low values. The values of nitrate concentration seen
during the December cruise (Fig. 109) is very low until the
200 m depth is reached. Ffrom that depth downward, the values
generally increase. The nitrite concentration for this same
cruise is shown to be virtually zero throughout the water
column. The nitrate values for the February cruise (Fig. 110)
are quite low near the surface, but then increase to extremely
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high values (about 140 ug-At/1) at about 500-900 m. It is
quite possible that the samples were contaminated during the
water collection period. The nitrite concentrations during
this cruise were quite irratic.

April 1979 (Fig. 111), and June 1979 (Fig. 112) had
similar nitrate profiles. Generally, during these cruises
the concentration is very low at the surface and throughout
the photic zone. Bétow this level, there is a trend toward
increasing nitrate concentration as depth increases. The
nitrite concentration is virtually unchanged throughout the
water column in both of these cruises, except for a peak near
400 m in April 1979. The typical values of nitrite concen-
tration is almost undetectable in April, but almost 0.2 mpg-At/1
in June, showing a possible systematic offset during the

handling and/or analysis during the last cruise.

Normally, the upper waters of the Caribbean are guite
Tow in nitrites and nitrates (Atwood et al., 1976; Beers
et al., 1968). Typically, nitrate values of less than a few
ug-At/1 are seen in the literature throughout the photic
zone. Only below this level do the values usually rise to
significant levels. Putting our emphasis and confidence on
the nitrate values of the April and June cruises of 1979,
the typical values would be low throughout the upper 100 m,
and start to rise gradually as the bottom is approached.
Significant changes in the surface and upper water nutrient
concentration levels could occur if an OTEC plant would be
permitted to produce an artificial upwelling of these nitrates
and nitrites. The increase could be as much as 10-50 times
the present values.

3.8.2 Phosphate Results

The profiles of phosphate concentrations vs. depth for
each of the last 5 cruises are also shown in Figures 108-112.
The above mentioned problems encountered with the samples

before the April cruise also apply te the phosphate concentra-
tions,
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April (Fig. 111) concentrations showed not much verti-
cal structure, and simply varied from 1-3 ug-At/1 throughout
the entire water column. These values do not appear reli-
able. During the June cruise (Fig. 112), the phosphate con-
centrate remained between .5-1 ug-At/1 down to about 300 m.
Below 300 m, the concentration steadily increased to almost
3.5 ug-AT/1. —~
In summary, the concentration of phosphate generally
showed Tow values near the surface, increasing with depth
. below the photic zone. However, many of the data seem to
display systematic errors which at times either inhibit
higher values or overshadow the lower values.

3.8.3 Silicate Results

The concentration of reactive silicate for the Punta
Tuna waters is shown in Figures 108-112, covering the period
from October, 1978 until June, 1979. The samples from the
cruises of October and December, 1978 (Figs. 108-109), and
February and April, 1979 (Figs. 110-111) all suffered from
extended time delays between collection and chemical analy-
sis. The October, December, and February samples also suf-
-fered from possible contamination of the samples due to
improper handling at sea. These factors may account for the
unclear results.

The October, 1978 results (Fig. 108) shows a surprising
peak at mid-depth and a considerable decrease at 400 m. The
December, 1978 (Fig. 109) values are surprisingly high in the
‘upper 250 m, but appear to increase smoothly with depth
below 4-0 m. The February, 1979 (Fig. 110) concentrations
of silicate display either a peak at 400 m or a dip at 500 m,
depending on the interpretation, but the values appeaf
usable otherwise. The upper water values (0-300 m) show a
relatively uniform, but moderate concentration in April, 1979
(Fig. 111). Below this depth, the values appear consistant
with the other months. The values for June, 1979 (Fig. 112)
‘are quite low in the upper 300 m, and steadily increasing
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with depth below this. The values for June, 1979 appear to
most c1dse1y follow those concentration envelopes seen in
the literature (Cummings et al., 1979).

The average concentrations are shown in Figure 113.
Although the early data appears unrealiable, the general
curve form is not?a typical,

3.8.4 Nutrient Summary

In summarizing the nutrient results, the following items
can be addressed: relative nutrient concentrations, present
data quality, and expected OTEC impacts. .

In general, normal Caribbean offshore nutrient concen-
tration levels are very low at the surface, and rise to
relative maximum near the core of the Antarctic Intermediate
Water, about 700 m depth (Atwood et al., 1976). This typical
profile applies to those specific nutrient species measured
during this program, namely silicate, phosphate, nitrate and
nitrite. At times there are slight increases seen near or
at the surface, but the shape of the profile does not seem
to vary much.

The "average" profiles for nutrient concentration are
seen in Figure 113. These "average" values, together with
their standard deviations are also shown in Table 19.

. The nitrate values all show standard deviations greater
than the mean, implying lack of reliability of the data or
much greater variation than normally seen. Also, the concen-
tration profiles vs. depth for nitrite is seen to have many
relative maximums and minimums.

The phosphate concentrations are not consistant near

the surface waters, but seem to improve with increasing
depth. Although the standard deviations are not quite as
large, {relative to the mean) as with the nitrites; the
spread of data is still quite large compared to expected
sampling variations for this species, as seen in the 1itera-
ture (Cummings et al., 1979; Lee et al., 1978; Wood et al.,
1975; and Wood and Asencio, 1975). As seen in the figure,
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TABLE 19

Average values of nutrient concentrations in the water

NOMINAL
DEPTH

(M)
0
50
100
150
200
250
300
400
500
600
800
1000

PO
- {ugm-AT/2)
0.78 + .49
0.55 + .44
0.94 + .54
0.79 + .34
1.36 « 1.01
1.43 + 1.38
0.79 + .30
1.10 = .41
1.12 = .91
1.33 + 1.05
1.74 + 1.34
1.49 + 1.01

NO

2
(ugm-AT/2)
0.10 * .17
0.15 + .28
0.15 + .18
0.10 = .13
0.08 + .14
0.13 + .14
0.23 + .28
0.15 £ .20
0.08 + .13
0.08 + .13
0.08 + .13
0.05 + .10
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at Punta Tuna from October, 1978 to June, 1979
(and standard deviation of measurements).

NO

3
{ugm-AT/2)
1.0+ 1.6
3.8+ 9.1
2.1+ 4.7
2.3+ 4.4
3.9« 3.0
8.5 + 11.3

13.2 + 19.0
20.7 + 13.4
24.3 + 44.8
50.2 + 55.8
55.1 + 78.9
22.3 + 13.3

5i0

3
(ugm-AT/2)
5.4 + 6.3
4.6 + 3.0
2.6 £ 2.3
3.1+ 3.4
3.6 + 3.1
6.3 7.5
5.4 + 7.7
7.5+ 5.8
7.5 +5.8
13.1 + 9.5
22,6 £+ 9.8
30,1 £ 2.3



the average values oscillate between relative maximum and
relative minimums down to about 300 m. Below this depth,
there appears to be a single maximum value at about 750 m
depth, in agreement with historical observations (Atwood

‘et al., 1976).

The average nitrate profiles show very ‘low surface and
near surface values, increasing steadily from about 200 m to
the deep waters. These values also show very high (mean vs.
standard deviation) ratios, indicating considerable variation
in the results.

On the figure, the average silicate concentrations show
moderate Tevels near the surfacé, a decrease below the mixed
tayer, and a fairly steady increase with depth below that.
The reliability of most of the values is in question, how-
ever, as the standard deviation exceeded the mean value in
almost all cases.

Table 20 is included as a comparison in Table 19.

Table 20 shows the average nutrient concentrations and their
deviations from the mean for only the last two cruises,

April and June, 1979. These cruises employed optimum ship-
board handiing procedures, and probably any significant
variations in these results are due to either our preserva-
tive, any delays between the collection and the measurements,
or the laboratory handling and analysis. The values in Table
20 are not necessarily similar to those in Table 19. The
phosphate values range from about 1-3 pugm-AT/%, with the
higher values seen below 500 m. The deviations from the
means are a smaller fraction of the mean than seen for the
phosphates in Table 19. The nitrite values are irratic,

with high standard deviations from the means. Nitrate con-
centrations are generally lower near the surface and High in
the deep water. However, the progression from one realm to
another is not necessarily smooth, with frequent high devia-
tions. The silicate values show quite constant, moderate
levels, from the surface to 300 m. However, the deviations
from the mean quite often almost equal, or exceed the mean.
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TABLE 20

ij) - .Average values of nutrient concentrations in the
water at Punta Tuna during April and June, 1979
(and standard deviation of the measurements).

NOMINAL PO, NO,, NO5
DEPTH
(M) (ugm-AT/2) (ugm-AT/2) (ugm-AT/2)
0 1.00 + .30 0.15 & .18 0.49 + .30
50 0.94x% .17 0.17%.20  0.92 %+ .67
100 1.11 + .67  0.18 + .16 1.04 =+ .45
150 0.86 + .40  0.17 = .15 0.66 + .52
200 1.44 + 1.04  0.20 = .17 3.56 + .60
250 1.05 + .20 0.18 % .13 3.31 £ 1.60
300 0.91+ .28 0.18 = .16 4.13 + 2.77
400 1.50 = .15 0.28 + .25 28.2 = 18.7
500 2.02+ .42  0.08 + .14 9.83 + 7.65
600 2.41+ .43  0.00 + .00 20.1 + 12.8
800 3.12+ .17 0.07 £ .13 22.4 + 5.7
1000 240+ .90 0.08 + .14 19.6 * 9.2

- 207

$i04
(ugm-AT/2)
2.93 + 1.32
3.26 + 2.67
2.85 = 3.08
4.00 = 4.11
3.51 + 2.71
3.13 + 2.32
3.48 + 2.54
7.77 £+ 4.34
10.2 + 4.69
18.4 +9.36
28.0 £7.79
29.7 % 4.86



The concentration at depth is generally high. In most cases
in the table, the deviations from the mean are high relative
to the mean, again indicating lTow reliability of the results.

In_general, the nutrient concentrations tend to be
higher in the deep waters than in the near surface waters.
This trend. suggests confirmation of the potential situation
that may be'common to an operating OTEC plant in any tropical
. waters. If the plant were to draw into its cold water
intake these nutrient rich deep waters, and exhaust them
into the nutrient poor photic zone, a totally unnatural
situation could be created in the open Caribbean waters.

However, this scenario seems highly unlikely. Should
the cold water system remain separated from the warm water
system, the exhausted cold water would quickly descend to its
deep final resting place. 1If the plant were to use a mixed
effluent, the resultant mixture would also probably descend
below the photic zone within a matter of a few hours after
lTeaving the plant. This nutrient rich effluent could only
be expected to impact on nearby (or downstream) submerged
structures which may diverst some of the flow upward into the
photic zone. It is these nearby shallow or shelf structures
 that could be subjected to an artificial "upwelling" of this
newly created water mass.

3.9 Metéoro]ogical Results

The meteorological and climatological observations were
made for two purposes during this program. The first purpose
is to note how the weather varied during our measurement
period as opposed to the normal, long-term climatological
averages. This may account for any observed abnormal physical
characteristics. The second purpose was to compare the mete-
orological data taken while on board the research vessels
during their occupations of the Benchmark station, with the
recorded meteorological data observed at the Punta Tuna Coast
Guard Light Station, about 3 km northwest of our mooring.
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3.9.1 Comparison with Historical Data

Figure 114 shows comparison of the long-term meteorolog-
ical averages of temperature and wind speed with those mea-
sured during the year of our measurement program. As the
island is only about 60 km (N-S) by 180 km, and San Juan fis
located on the coast (although the north coast, as opposed
to the south coast for the Benchmark station), and because
there is historical data for San Juan weather, the comparison
of the historical data versus that seen during 1978-1979 will
be done using the San Juan data files.

The upper portion of Figure 114 shows the temperature
comparisons. The circles represent the historical average
monthly temperature data from all the reporting stations in
the San Juan area during the period from 1941-1970 (NOAA,
1979). These monthly averages are comparéd'with the monthly
average temperature measured from June, 1978 to June, 1979
at the San Juan National Weather Service Forcast 0ffice
(NOAA, 1978-1979).

In general, the present values are‘higher than the his-
torical averages, and this is probably due to the specific
weather reporting location within the city. Throughout the
year (1978-1979), the data averaged about 1.3 C°-higher :than

- the historical data, with the standard deviation being about

t0.3 €. The exceptions to this trend occured in January,
February, and June, 1979, when the difference was almost 1.5
times as great, and March, 1979, when the difference was
about 0.7 times. This probably indicates that the air tem-
perature was slightly warmer during the first half of 1979
than can be normally expected. Another interpretation might
be that 1979 may be the more typical year, and the later half
of 1978 may actually be slightly cooler than the average. In
either case, the sea surface may react to this dif%erence
from the mean, by either producing slightly cooler than nor-
mal surface temperature values during August, October, and
December, 1978, or slightly warmer than average valugs dur-
ing February and June, 1979. The actual comparison of the
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historical sea surface temperature (ODSI, 1977) with measure-
ments taken during 1978-1979 are shown in Figure 40. The
results indicate that most of the recent data seems cooler
than normal with only the February cruise data showing above
normal sea surface temperatures. This would correspond to
the interpretation of the historical/present meteorological
data, that says that January and February of 1979 had above
average air temperatures.

Another type of comparison of the historical versus the
recent meteorological data is to evaluate any difference in
the observed wind speed. The lower portion of Figure 114
shows the historical San Juan monthly average wind data
compared to the monthly averages during 1978-1979. Although
there is considerable variation between the two sets, the
average difference is only about 0.2 m/sec, with the recent
- data showing the slightly lower wind speed. Again, this
difference may be due to the actual sensor location within
the city. If this small negative difference is taken into
account, the periods of major differences occured during our
August cruise, when the average wind speed was greater than
the historical average, and during our December and April
cruises, when the average wind speed was lower than the
historical values. This suggests better wind mixing during
the August cruise, and poorer mixing during the December and
April cruises. Figure 38 shows the comparison between our
measured data for the MLD (Mixed Layer Depth) and the histor-
jcal averages {O0DSI, 1977). Our August cruise saw a some-
what more developed mixed surface layer, so the depth was
slightly greater than the average. The MLD during December
was not much different than the historical value. Finally,
our April cruise data indicates a somewhat shallower MLD
than the historical average, for that time period. -

This all indicates that the local meteorological con-
ditions can, and do influence the hydrographic parameters
relatable to an OTEC plant. |
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3.9.2 Comparison with Shipboard Data

Table 21 shows the comparisons between two typical sets
of shipboard meteorological data and those data observed at
the Punta Tuna Coast Guard Light Station which takes obser-
vations at 800, 1100, 1400, and 1700 hours, week-days only.
These two shipboard data sets were chosen as.they represent
considerably different measurement capabilities aboard the
research vessels. The set from the BA-804 cruise (Febfuary,
1979) was observed and recorded by the crew of the USNS
BARTLETT (T-AGOR-13). These data, with the exception of the
" wave height values, are measured using remotely located
instruments, some set on the superstructure, and the anemom-
eter and wind vane on the ship's mast. The second data set
was observed and recorded by the crew of the R/V CRAWFORD,
using hand-held instruments in all cases. These latter
observations were made usually against the superstructure
and as such are also closer to the sea level and in a more
restricted air passage. '

The table reflects the locations of the instruments and
the observers. In general, if we assume that all the instru-
ments are within calibration (which is probably a poor
assumption), the wind speed sensor aboard the BARTLETT, by
being higher above sea level (wind speed generally increases
with height above the sea surface), and less obstructed
should give a higher reading than the value seen on the
CRAWFORD. This higher elevation seems to be the case, with
the wind speed values observed from the BARTLETT even higher
than those from the Light Station, as well as higher than
the CRAWFORD. The speeds observed from the CRAWFORD were
usually lower than at the Light Station. This could also
be an artifact of the above mentioned calibration.

In all cases, the wind direction was more southerly
from the shipboard observation than seen at the Light
Station. The most probable cause of the difference is that
the Light Station is sitting at the base and to the south’
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of a 400-500 m high hill, which would deflect any southern
component of wind.

The difference in air temperature is as yet unexplained
and is probably due to poor instrument calibration or solar
exposure to the thermometers.

Finally, as the wave height observations are taking
place from a lower deck aboard the CRAWFORD than from the
BARTLETT, it is expected that the wave height observations
from the CRAWFORD may be more direct, and less remote, with
less of a vertical error involved in the observation. How-
ever, it is truly impossible to estimate the wave height in
cpen sea from the Light Station, located about 20 m above
sea level, and about 1/2 km inside an energy breaking reef.

Overall, it appears that the infrequent meteorological
observations at the Punta Tuna Lijght Station may be reason-
ably suitable for short-term observations, but for long-term
trends, and averages, the meteorological data taken from the
San Juan station (hourly over many years) may be more prac-
tical. On board measurements are still necessary, but care
must be taken to insure quality measurements.
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4.0 COMPARISON BETWEEN PUNTA TUNA AND PUNTA VACA, VIEQUES
AS POTENTIAL OTEC SITES '

4.1 Introduction

Throughout the measurement program, from August 1978
until June 1979, a series of measurements were made to test
the hypothesis that “there is no significant difference
between Punta Tuna, Puerto Rico and Punta Vaca, Vieques from
an OTEC siting standpoint, as far as environmental and ther-
mal resource variables are concerned." This investigation

~was not designed to consider socio-economic condition, cable

costs, or land-based support. The criteria that were evaluated
were avadilable thermal resource, temperature/salinity /density
structure in the water column, Mixed Layer Depth, chlorophyll

‘and dissolved oxygen.

Punta Vaca, Vieques is a small point of land on the
southwest part of Vieques jutting into the Caribbean Sea.
Much as Punta Tuna sticks out from the main island of Puerto
Rico, Punta Vaca is about 40 km ENE from Punta Tuna (Fig. 115,
Station "V"). Both points face southward, and are in areas of
significant terrestrial mountains. Also, both are located
only 3-3.5 km from the 1000 m depth contour. The bottom top-
ography off both points is quite similar, with very rough and
uneven bottom during the descent. With these similarities
described, the evaluation must be made as to what, if any, are
the basic differences. Punta Tuna Ties in the windward path
of the southeast winds and seas moving to the northwest. Punta
Tuna is also exposed to northeast winds and their associated
seas, as this point is virtually exposed on the southeast cor-
ner of Puerto Rico. Punta Tuna is also located about 1/2 km
east of the mouth of the Maunabo River, which brings silt,
nutrients, and fresh water into the oceanic area, although in
small amounts.
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Fig. 115 - Map showing Vieques in relatjon to Puerto Rjco,
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Punta Vaca, however, is relatively protected. This
point lies directly northwest of the island of St. Croix.
This location tends to protect Punta Vaca from some of the
strong southeast winds and their effects. Also, as Punta
Vaca lies in the southwest side of the island of Vieques,
it is protected quite well from activities to the north,
such as North Atlantic Storms. There are no major rivers or
streams flowing into the ocean near Punta Vaca, and further-
‘more, as Vieques is a small istand, any runoff would be even
less significant than at Punta Tuna.

The measurements made and samples taken at Punta Vaca
were similar to those taken at Punta Tuna. The major dif-
ference was that the ship was allowed to drift while on
station, as there is no fixed mooring buoy at the Vieques
location. This results in unusually less deep hydrocasts,
due to the considerable wire angle.

During the measurement period, six cruises were conducted
to the area of interest. However, on two occasions, the
cruises had to be terminated before reaching the Vieques
Station. Comparative data is available only for the cruises
of October and December 1978, and April and June 1979.

4.2 Results

4.2.1 Temperature Results )
Reversing thermometer data of Vieques was compared with
the average reversing thermometer temperature results deter-
mined at Punta Tuna. These profiles, both the Vieques values
and the Punta Tuna values are seen in Figures 116-119, repre-
senting each of the 4 usable cruise results. The October 1978
results (Fig. 116), show a surprising departure from the
Punta Tuna data near the surface. Apparentiy, near:the
Vieques Station there was a very shallow mixed surface layer
at that time. This may have been due to the protection from
the southeast winds, as Punta Vaca lies in the lee of St. Croix.
This would have reduced the wind mixing, thus reducing the MLD.
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ter values at Punta Tuna (Station "B") vs, revers-
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for the cruise of October, 1978,
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Also, the water at depths greater than 600 m appeared

slightly warmer at Vieques than at Punta Tuna. The direct
iemperature difference between Punta Tuna and Vieques can

be seen in Figures 120-123. Figure 120 shows this difference
observed during the October 1978 cruise. Punta Tuna water

was warmer, by up to 1.2 C°, in the upper 80.m and cooler than
Vieques below 500 m. During the December 1978 cruise

(Fig. 117 and 121), less temperature difference was seen
between the two stations in the upper waters. In generatl,

- the surface waters were about 0.1 C° warmer at Punta Tuna,

and the mixed layer structure was similar between the two
locations (Fig. 121). The deeper water (400-600 m) was

warmer at Vieques by about 0.6 C°, but at 800 m, the Vieques
water was cooler by about 0.8 C°. This latter value may be in
error, as no other case exhibits such a strong difference

reversal at these depths. The error is probably in the depth

values, rather than temperature. During the April 1979
cruise, (Fig. 118), again the upper mixed layer was less pro-
nounced at Vieques than at Punta Tuna. Also, the upper waters
were warmer at Punta Tuna (Fig. 122) by as much as 0.5 C° at
50 m., The deeper waters differed by less than 0.25 C°, with
the Vieques waters being warmer. The last cruise, June 1979,
(Fig. 119 and 123) showed almost no upper mixed layer structure
at either of the two stations. In the near surface waters
(0-30 m),'the water at Punta Tuna was stightly warmer, but
directly below this, the Vieques water was more than 0.5 C°®
warmer (at -100 m). In the deep waters, from 600-1000 m, the
water at Vieques was as much as 0.3 C° warmer.

‘Table 22 shows a summary of the average temperature
differences between Punta Tuna and Punta Vaca, Vieques. Near
the surface, the water at Punta Tuna tends to be slightly
warmer, but as deep as 30-m; the difference was only 0.3.C°.
In the deep water, the average difference is even less, as
expectéd, but oécasipna11y a large difference is seen, result-
ing in the standard deViqﬁion at 800 m being +0.22 C°.
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TABLE 22

Average Temperature Difference
Between Punta Tuna and Punta Vaca, Vieques

Temperature Standard
Depth Difference Deviation
(M) (c°) (Cc°)
0 + 0.1 0
20 + 0.2 + .05
30 + 0.3 + .07
50 + 0.4 + .28
75 + 0.3 + .26
100 | - 0.2 + .15
125 - 0.2 + .08
150 - 0.2 + .09
175 - 0.1 + .19
200 0 + .11
250 - +0.3 + .08
300 + 0.2 + .12
400 - 0.1 + .20
500 - 0.2 + .13
600 - 0.4 + .09
700 - 0.2 + .14
800 0 + .22
900 - 0.2 + .05
1000 - 0.1 | + .07

(+ Signifies that Punta Tuna is warmer than Vieques)}.
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4.2.2 Thermal Resource Results

More important than the occasional variations in the
temperature of portions of the water column is the actual
difference in the available Thermal Resource that would be
usable for an OTEC power plant. Unfortunately, during two
of the four comparable cruises, no thermal data is available
“below 800 m depth. Therefore two types of presentation will
be discussed regarding the Thermal Resource. In the first
case, the discussion will involve looking at the temperature
difference between the 20 m depth and the 800 m depth, the
deepest temperature common to the four cruises. The second
discussion will consider only the warm water resource, and
assume the deep waters are virtually equal.

The first discussion assumes that the warm water intake
will be located 20 m below the surface and that the cold
water intake will be at a depth of 800 m. As far as thermal
efficiency is concerned for an OTEC plant in Puerto Rico
waters, 1000 m depth is probably required, but the 20 m to
800 m difference must be used to allow use of all the available
cruise data. The lower portion of Figure 124 shows this
Thermal Resource for both Punta Tuna and Vieques. In October
1978, and April and June of 1979, there is a greater Thermal
Resource at Punta Tuna than there is at Vieques (by about
1/2 C°), while in December 1978 there was an exception to
this trend, and the Vieques station had the greater Thermal
Resource by more than 1 C°. As mentioned above, the December
deep water temperature for Vieques is suspect. Therefore, it
appears that the Thermal Resource at Punta Tuna is higher than
at Vieques, by almost 1/2 c°.

The second part of the discussion comparing the Thermal
Resources between surface and 1000 m, assumes that cold water
intake temperatures equal. This assumption also may not
be valid, but it allows a second comparisen, which may help
validate the first. The upper portion of Figure 124 shows
the change in surface water temperature for the two stations
throughout the year. In every case where surface temperature

228

(N



29~

3 l
¥ |
§ 7S I ‘
g 4
&5
"2 T
] 27+
&
5
w I . 2
26 l
® Punta Tuna
4 Vieques
224
224 L

204

THEAMAL RESQURCE 2010800m
c9)
N
3

18-

T ¥ T T T T T T T 1 T T 1
JULY AUG SIPT OCT NOv OFC JAN FEB MAR APR MAY JUN July

1978 71979

Fig. 124 - Companison of surface waters and thermal résource
(20 m-800 m) between Punta Tuna and Vieques from
August, 1978 to June, 1979,

229



was measured at both stations, the Punta Tuna station always
showed a higher temperature, by about 1/4 C°. If the deep

- water intake temperatuﬁe were the same, again the thermal
resource at Punta Tuna would be greater than at Vieques.

4.2.3 Salinity Results

)

- The salinity/depth relationship at the Punta Tuna and
Vieques locations is compared to try to ihterpret differences
in water movement that may affect either the operation of an
-~ OTEC Plant or the path of a plant's effluent (Figs. 125-128).
During the October cruise (Fig. 125), the salinity of the
upper water was higher at the Vieques station down to about
200 m. Below that depth the salinities were fairly similar.

As mentioned in the previous section discussing the temper-
ature results, there was less evidence of good mixing in the
surface layers at Vieques than at Punta Tuna. With less
mixing, the local precipitation may not be carried down as

far into the mixed layer, causing higher subsurface salinities.
But this can not explain the salinity difference at and below
the salinity maximum depths. '

To explain this difference one must assume the Subtropical
Underwater (SUW) is entering into the Caribbean from the
North, it may mix and diffuse slightly with time. Vieques is
closer to the source of this water mass (closer to the Anegada
Pass), therefore the Vieques location would be more inclined
to experience original higher salinity.

During the cruise of December 1978, (Fig. 126), the
vertical salinity structure at Vieques was more nearly the
same as at Punta Tuna than during October. The major dif-
ferences seen during December were in the lower water column.
These small, but noticeable differences could be explained by y
a small error in depth determination. - '

During the April 1979, cruise (Fig. 127), the mixed
layer at Vieques was not as well defined as at Punta Tuna.

This is consistent with the temperature results for this
cruise. Otherwise, the salinities are similar. During June

-
L
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.1979, (Fig. 128), thé upper waters appeared similar at both

stations, but the core of the SUW was thicker at Punta Tuna
than at Vieques, fesu]ting in lTower salinities in the 50-150 m
depth range at Vieques. Other differences occur in the lower

water column, but these appear to be artifacts of measurement

errors.

l4.2.4 Density Re§u1ts

The density profile of the water column is compared for
the two locations, Punta Tuna and Vieques, only as it relates

‘to 2 potential effluent depth. Figures 129-132 show density

vs. depth profiles for each of the four comparable cruises,
respectiVe]y, for both Punta Tuna and Viedues.' There is
almost no difference in the density/depth profiles between
the two stations on the October and December cruises (Figs.
129 and 130). This indicates the effluent dynamics would be
virtually the same at the two locations. The upper water
during April 1979, was more dense at Vieques than at Punta
Tuna, and this difference did not disappear until a depth of
about 100 m. This indicates that a mixed (warm and cold
water) effluent would seek a greater depth after discharge
from an operating OTEC power plant at Vieques during these
conditions. As a greater equilibrium depth for the effluent
may. be an advantage, this could be considered a positive
indicator. During June, however, although the density -of the
upper 30 m was higher at Vieques, from about 40 m to almost
200 m, the water at Punta Tuna was more dense than at Vieques.
As this is the depth range where a mixed effluent would prob-
ably be found, the structure at Vieques during this period
was less desirable.

4.2.5 Mixed Layer Depth

The warm water intake for an QTEC plant will be pumped

~into the evaporators from the upper mixed layer of the ocean.

The depth of this layer, the variation of that depth, and its
physical characteristics are then important to plant operation.
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Also, the dynamics of the mixed Tayer will determine some

of the plant discharge design characteristics and effluent
flow patterns. The time series description of the Mixed
Layer Depth (MLD) for Punta Tuna (both from this program and
from the historical averages) and Vieques is seen in Figure
133  Other than the wind and open sea sheltering effects

at Vieques (by St. Croix), there are no apparent explanatiadns :
for the differences in the MLD between Punta Tuna and Vieques.
During October the MLD at Vieques was much more shallow than
~at Punta Tuna, however, during December, the opposite was
true. During April and June the two locations had about the
same MLD (Table 23). Therefore, MLD can not be used as a
criteria to chose between the two, although there may be
differences.

4.2.6 Chlorophyll Results

Figures 134-137 give the chlorophyll "a" profile for
both Punta Tuna and Vieques during each cruise. There were
no significant differences between the two locations. Figure
138 'shows the time series description of the ﬁhtegrated chloro-
phy11l "a" values in the upper 200 m at both Punta Tuna and at
Vieques. Also shown in this figure is the time series of the
surface salinity throughout the year. If the theory of the
Amazon and Orinoco Rivers being the major factor influencing
the surface salinity (Atwood et al. 1976) 1is corrected, the
periods of lowest salinity have the greatest amount of river
runoff and its associated nutrients. If that were the case,
the chlorophyll "a" might be expected to reflect a negative
correlation to the salinity. The waters at Punta Tuna reflect
this inverse relationship during much of the year, but the
large peak, in April, is directly opposed to the theory. The
values at Vieques do seem to reflect the inverse relatioﬁship,
even during April. This might be explained by having the
aforementioned Maunabo River influence the productivity at
Punta Tuna more than might be thought. If that were the
case, Vieques could be seen as a more representative "open ocean"
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TABLE 23

Calculated Mixed Layer Depth (MLD) seen at
Punta Vaca, Vieques from October, 1978 to June, 1979,

Value
Cruise Temperature Salinity Density Used
Thermometer XBT
October '78 45m 53m 45m 45m 45m
December '78 115 85 70 90
April ‘79 55 60 -- 85 60
June '79 30 35 95 50 40

CRITERIA AT = 1C° AS = 1°%/o0 fog= 1

—
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‘site, with Tess terrestrial influence. Another explanation
to the April peak could be the natural patchiness of the
phytoplankton producing the measured values of chlorophyl]

llall.

4,2.7 Dissolved Oxygen

Dissolved oxygen may be a limiting factor to the natural L
recovery of an ecosystem after it experiences a serious per-
turbation. It is thought that a large OTEC plant bringing
the deep water up to near the surface may have an adverse
effect. Figure 139 has the average dissolved oxygen profiles
for both all the Punta Tuna cruises and all the Vieques
stations. .The two locations have dissolved oxygen concentrates
that differ by less than 0.1 m1/1 anywhere in the water column.

- As this represents a very small difference, which is probably

at about the 1limit of the measurement error, it must be assumed
that the area near Punta Tuna would act similarly, with regard
to oxygen availability, as that near Vieques.

‘ 4.3 Conclusions

Both the influence of the environment on an OTEC plant
and the effect of an OTEC plant on its environment were evalu-
ated to determine if there is a significant siting difference
between Punta Tuna, Puerto Rico and Punta Vaca, Vieques. From
the results of this comparative work, it appears that an OTEC
plant operating at Punta Tuna would have a slightly greater
Thermal Resource available throughout the year. This advantage
would result in slightly greater thermal efficiency. The pri-
mary reason for the greater Thermal Resource is the slightly
higher surface temperature at Punta Tuna. Vieques surface
‘water may be more influenced by the cooler North Atlantic e
water than can occur at Punta Tuna. T

Terrestrial runoff may influence the Punta Tuna site
whereas it is not nearly as important at Punta Vaca. Runoff
is high in nutrients. Usually more nutrients in the surface
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waters will produce more phytoplankton. These phytoplankton

may either damage the evaporator plumbing of an OTEC plant,
or attract more predators, which in turn may cause problems
to the plant.

The density structure in the water column will ulti-
mately determine the vertical fate of the effluent water.
There seemed to be no systematic difference in water column
structure between the two sites that would favor one over
the other. Chlorophyll concentrations as well as the dis-
soTved oxygen levels are the same between the sites.

In conclusion, the only significant difference between
Punta Tuna and Punta Vaca, Vieques is the available Thermal
Resource. Measurements made during this period from August
1978 to June 1979 dindicate that the Thermal Resource at
Punta Tuna is consistantly 1/4-1/2 C° greater than the
Thermal Resource at Punta Vaca, Vieques. This amounts to a
potential difference of 2-3% of the net output power from
a large operating OTEC power plant.
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5.0 COMPARISON OF PUNTA TUNA WITH CABO ROJO AND PUNTA
BORINQUEN

5.1 Introduction

Serious thought is being given to the advantages and
disadvantages of changing the "Benchmark"™, or "most suitable
site” in Puerto Rico to a location other than Punta Tuna.

The three prime choices (Fig, 140) are a site off Cabo Rojo
(Station "C"), on the southwest corner of the island, a site
off Punta Borinquen (Station "R"), on the northwest of the
island, and a location designated Station "F" about 17.8 km
southeast of Punta Tuna, and 14 km southeast of our current
"Benchmark" mooring.

Although all three alternate sites are further offshore
than the Punta Tuna mooring, one or more of these sites may
have advantages that could outweigh the financial and logis-
tical problems that are related to the greater offshore dis-
tance. Because the literature indicated the prevailing
water currents are to the westward, the discharge from an
OTEC plant off Cabo Rojo or Punta Borinquen would have little
effect on the island of Puerto Rico. If the water did indeed
move westward, then both the Cabo Rojo and Punfa Boringuen
sites could possibly be located 140-160 km from the next
nearest influencable shoreline. That would be the eastern
shore of the Dominican Republic, located in the island of
Hispafiola, and separated from Puerto Rico by the Mona Passage,
which is about 160 km wide.

The third alternate being considered is Station "F".
There are two advantages to this site over the present Punta
Tuna site. First, as Station "F" lies 14 km further south of
the island than the present mooring, it is hoped that the
discharged effluent would have less chance to impact on the
coastal ecosystem due to the greater distance offshore.
Secondly, as can be seen in Figure 6 (previously shown), the
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Fig. 140 - Location of Stations "C", "R", and "F" relative to the
island of Puerto Rico and its surroundings,
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bottom at the present mooring site is steep and uneven. The
area around Station "F", although almost twice as deep
(1950m), is flat to within +2m over a circle of radius of
about 1 km. Mooring an OTEC plant on this flat plane may

be considerably easier than using the uneven underwater hill-
side at the present mooring site.

This section is devoted to a compafison of the 4 sites
from an OTEC/Oceanographic point of view, without any regard
for financial or logistic difficulties. The sites will be
compared with respect to temperature, salinity, density,
dissolved oxygen, chlorophyll, and any oceanographic insights
learned during this measurement program. The data described
and compared in this section was collected during the cruise

of June, 1979.

Throughout this section the four alternate sites will be
compared, and in both the text and in the figures the stations
will be referred to as:

"B" - Punta Tuna Benchmark site
"C" - Cabo Rojo site
"R" - Punta Borinquen site (Rincdn)

"F" - Station southeast of "B" (Flat area).

5.2 Results

Figure 141 shows the temperature vs. depth profiles for
all four locations. The data for Station "B" is the average
of all thermometer values. Data for the other stations is
the result of a single hydrocast at each station. No thermo-
cline is evident at any of the stations, and all have nearly
the same temperature, about 28°C, at the surface. The vari-
ation in surface temperature for all the stations ranged from
a low of 27.84°C for Station "B" to a high of 28.14°C at "F".
The temperature at 50 m had more variation, from 25.98°C at
"B" to 27.00°C at "C", giving "C" the smallest thermal gradi-
ant in the surface layer.

The deep water comparison must be made at 900 m because
1000 m depths were not achieved during the hydrocasts to give
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a full depth range. The 900 m depth value shall be used as
a comparative for the Thermal Resource. The temperature at
900 m ranged from 5.7°C at "B" to 7.15°C at "R". Using the
surface and 900 m values the Thermal Resource values are as
listed below:

Station "F" - 22.3 C°

Station "B" - 22.1 C°

Station "C" - 21.8 C°

Station "R" - 20.7 C°

This clearly shows that the Stations "B" and "F" are
not only similar, thermally, but superior to the other two
relative to thermal resource. There is no reason to suspect
that the 1000 m temperature would reveal any significant
difference. Site "R", and to a lesser degree, Site "C" are
effected by Atlantic water, in which the Antarctic Intermediate
Water is not quite as shallow as in the Caribbean, and there-
fore not as cold at 900 m.

Figure 142 has the salinity profile with respect to
depth for the 4 sites. Again, Stations "B" and "F" are very
similar. Station "R" is most dissimilar (although it has the
same shape profile), and "C" is intermediate.

Figure 143 contains the density vs. depth profiles for
the 4 locations. There is 1ittlie difference in the density
between ény of the stations.

Dissolved oxygen profiles for the 4 stations are shown
in Figure 144. Stations "B" and "F" are again very similar
throughout most of the water column. Stations "C" and “"R"
are similar to each other, but different from the other two
to a depth of about 450 m. Below this depth the values for
"C" and "R" diverge consjderably, with "C" remaining less
than the "B" - "F" values, A1l the curves have a similar
shape, with an oxygen maximum near the surface, (another
relative maximum at about 300 m), and a minimum at about 700 m,
and a characteristic increase as depth increases beyond 700 m.

An estimate of the standing crop of an area can be made
by evaluating the concentration of chlorophyll "a" in the
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water column. The profile of chlorophyll "a" is shown in
Figure 145 for the four stations. Not only does Station "C"
have a strong peak at about 50 m depth, but by integrating
the values from the surface to 200 m depth, the amount of
chlorophyll measured at Station "C" is about twice thqt at
either Station "B" or Station "F". Station "R" is half that
at Station "B". As the sampling time varied from day to
night, and the sampling was done at descrete depths, rather
than over the continuous profile, the reasons for these dif-
ferences are not entirely clear. The most probable reason
is the land runoff supplying more nutrients from along the
entire south coast. This nutrient rich water would be car-
ried by the westward drifting surface water intensifying the
nutrient concentration near the west coast of the island, in
the vicinity of Station "C". The wide, shallow shelf at "C"
would also help trap these materials in the photic zone.
Along the north coast they would be carried out to sea, past
Station "R". With respect to the variables measured, the
only difference between stations is the smailer Thermal
Resource at Station "R". The other comparative evaluations
offer no preference of one lTocation over another. One impor-
tant factor missing is information on water currents at the
sites. _

Generally, surface water has been seen to move westerly
from both Station "C" and Station "R" (Metcalf et al., 1977;
Duncan et al., 1977; Bane, 1965). There are strong tidal
currents in the Mona Passage (Goldman et al., 1977; U.S. Dept.

of Commerce, 1977}, that move the surface water north-south

at speeds often exceedfng 50 cm/sec. There are many large,
living reefs in the Mona Passage, especially along the south-
western coast of Puerto Rico, extending 5-10 km from shore
(Goldman et al., 1977). This reef area, as well as. the other
shallow shelf communities would certainly be affected by an
OTEC plant sited at "C" or possibly even at "R", because of
these tidal currents. Another consideration is the strong
bimodal east-west water flow at Station “B" (Fig. 53). Any
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advantage of siting a plant at either Station "C" or "R" may
be eliminated if this bimodal flow is also seen to occur
along the West Coast. Also, such factors as the high sedi-
ment load (so prevalent on the west coast), and the "island
wake" effect during winter at Station "R" {waves and water
moving westerly along the storm driven ‘North Atlantic wrap
around Punta Borinquen and strike the West Coast from the
west) must be taken into account (Wood et al., 1975a; Wood
et al., 19758).

5.3 Conclusions

In conclusion, based on this one cruise and the interpre-
tation of the data collected during that time, the only
alternative location that might be considered as good, or
better than Station "B" from an OTEC siting point-of-view
is Station "F". This is not due to any potential improvement
in the plant operating efficiency, but rather due to its
greater distance from land, and the possible associated
advantages, as well as the flat submarine terrain,

At present, there is not sufficient information available
to suggest any other conclusions related to this siting matter.
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6.0 COMPARISON OF SOUTH COAST STATIOQNS

6.1 Introduction

During the June 1979 cruise, hydrocasts were made at
seven stations along the South Coast frem Cabo Rojo Light
(west) to southeast of the Benchmark Station (Fig. 146).

The purpose of this study was to determine what spatial
variability, if any, might be encountered in either the
placement of or the effluent from an OTEC plant along the
south coast. Measurements of temperature, salinity and
dissolved oxygen were made of each station. Samples were
also taken for subsequent laboratory analyses of nutrient
concentration and zooplankton, but results of these analyses
are not available at this time. '

Figure 146 shows the location of the stations. The
cruise design was to visit stations of approximately equal
depth, and therefore, of equal interest with regard to QTEC
plant siting. Some stations are located much further off-
shore than others. This is because the shelf is wider south
of the middlie of the island.

6.2 Results

Figures 147-152 show the temperatue, salinity, density
and dissolved oxygen profiles for all the south coast sta-.
tions visited. The depth at Station "F" was about 2000 m,

and Station "60" had a depth of 1300 m.

The spatial temperature distribution along the south
coast is shown in Figure 147. Along western half, there was
no apparent temperature variations. The 27°C isotherm was
about 25 m shallower on the western half. The actual surface
temperature varied from 28.1°C at Stations "F" to 27.6°C at
Stations "GO" and "MO". Although the difference 0.5 C° is
important thermodynamic¢ally, the 27°C isotherm of these .3
stations varied by less than 15 m in depth, indicating the
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difference jis possibly only a surface "skin effect". Since
the stations were not sampled simultaneously, this difference
may or may not be real. _

| Except for a few anomalous values, the isotherms show
little variation, especially.the deepest isotherm, 6°C.

There is a slight temperature rise from west to east at the
900 m depth. If this rise is real it supports the theory of
the source of this deep water as coming over the Jungfern
Si11 (Wust, 1964) and moving westward, cooling as it goes.

The Thermal Resource was calculated for seven south
coast stations. The temperature at 900 m was used as the
coid water resource temperature, because 900 m is the maximum
depth at which all the station had determinable temperatures
from our measurements. (Note- An operating OTEC plant at
any of these locations would probably use water from at
least 1000 m in condensers but unfortunately the temperature
at this depth was not measured at all of the stations, and
uniformity of comparison is being stressed here, not the
actual usable Thermal Resource). The Thermal Resource was
calculated using both the actual surface temperature and
the temperature at 20 m depth for the warm water resource.
These results are seen in Figure 148.

For the 0-900 m case, the Thermal Resource is fairly
constant, except for the low value at Station "MO" and thé
high value at Station "F". There appears to be a general
trend toward an increase in Thermal Resource while moving
eastward. The values ranged from 21.39 C° at Station "MO"
to 22.34 C° at Station "F". The average 0-900 m Therma)
Resource is 21,88 C°, with a standard deviation of %0.31 c°.

If a more realistic warm water resource is used, the
temperature at the results change somewhat. In general,
the average Thermal Resource for the 7 stations is now -
21.54 C°, about 0.36 C° less than the surface to 900 m
value. However, these 20 m depth values are more uniform,
with a standard deviation of only +0.21 C°, and no east-west
dependency. As this 20-900 m value is probably more
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representative of the subsurface warm water intake of a full

size OTEC plant, it seems that there is little if any,
indication of preferential location along Puerto Rico's.

‘south coast to maximize the Thermal Resource.

Another feature that can be seen in Figure 148 is the
amount of thermal mixing in the upper 20 m at these 7 loca-
tions. As the cold water resource is the same for both the
0-900 m depth, and 20-900 m Thermal Resource for a station,
The only difference in the Thermal Resource is due to the
temperature difference from 0-20 m. From this figure, the
0-20 m temperature difference appears large at Stations
“c*, "so", "B", and "F". At Stations "GO", "MO", and "JO"
the water is well mixed at least to the 20im dehth. Appar-
ently these stations far from shore, more exposed to the
southeast winds are well mixed. Station "SO" might be
thought to fall into this same category, but it is actually
protected from the winds and seas, by a small sub-shelf to
the south and east, thereby minimizing the oceanic mixing.

Figure 149 shows the results of salinity measurements
at stations along the south coast. In this case, salinity
is no better an indicator of water movement than temperature.

‘Section 3.4.,1 described that the SUW was moving eastward
at Station "B". The eastward motion is not denied by the
temperature or salinity structure.

‘ The transition water mass between the SUW and the
Antarctic Intermediate Water (AIW), appears to be moving
northward past both Stations "C" and "B", this is shown by
the virtually level isotherms in Figure 147 and the upward
tilt of the isohaline below 500 m from Station "C" to Station

:"SO“, ‘The expected isopycnal tilting also-can be seen in

Figure 150 below 300 m depth. If this water, and the AIW

‘below it are moving northward, they must be coming. into the

Caribbean through the deep passages of the Lesser Antilles,
and then departing over the deep northern passages (Anegada,
Windward) and through the Yucatan Straits,
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The deeper North Atlantic Deep Water (NADW), jdentifi-
able by a salinity of 34.9 °/,, is coming aver the Jungfern
$i11 (in the Anegada Pass near Station "8") and spreading in
all directions to cover the Caribbean Basin. This might
explain the slight rise in salinity moving westward from
station "B". ' ' :

Figure 151 shows the calculated geostrophic currents
using the data from this cruise. There are many shortcomings
with these results, a few of which are: a) the stations are
not much more than 20 km apart, which is a reasonable lower
scale limit for geostrophic calculations, b} at the latitute
of only 18° the geostrophic calculations are still weak, and
c) these calculations assume no bqundaky effects, either
bottom, side, or top. Furthermore, in the final result, a
"level of no motjon" was assumed to exist at 800 m, This is
not based on any measurements only a need to normalize the
results.

Atong the eastern portion of the isiand, the geostrophic
results indicate the SUW and the AIW water moving northward,
- probably through the Anegada Passage. The NADW is seen to
be moving southward, over the Jungfern Sil1l, as expected,
However, along the western sector, the results are more
confusing, showing the SUW and transition water moving
southward into the Caribbean, as opposed to that seen along
the eastern profile. Because of the low values seen, and
the above mentioned sources of errors, any further attempts
at analysis of these geostrophic resutls are probably futile.

Figure 152 shows the dissolved oxygen distribution
along the south coast. In the upper waters the dissolved
oxygen concentration is somewhat higher along the eastern
portion of the south coast, These waters may be more’
exposed to wind mixing from the southeast and the northeast.
In the deeper waters, the dissolved oxygen concentration
changes little from east to west, but when it does, it seems
to follow the isopycnal slope. A
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6.3 Conclusions

In conclusion, it appears that any south coast location
could be said to have virtually the same Thermal Resource.
Furthermore, if the warm water discharge will be mixed with
the cold, deep water, the resulting effluent will probably
.be found in the boundaries of the Subtropical Underwater.

If the results of this cruise are universal, it seems that
such an effluent may have a high probability of moving east-
ward. If this were the case, an eastern location may be more
preferable. However, the other water movement results of
this study indicate that this water mass may change direction
frequently, giving no advantages to either east or west.

Therefore, the conclusions of this work is that the
criteria that will probably influence the.particular choice
of a south coast location will be logistics distance to
shore, and mooring considerations, rather than thermodynamic
or biolegical considerations.
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7.0 SUMMARY OF RESULTS

Temperature measurements made throughout the year show
that there is almost no seasonal change in the deep-water
(1000 m) temperature at Punta Tuna. The surface water tem-
perature does vary seasonally, yielding a Thermal Resource
of about 20-23 C° and a mean value of 22.1 + 1,0 C°. During
June this Thermal Resource did not vary along the entire
south coast of Puerto Rico. The Thermal Resource off the
norhtwest coast, near Punta Borinquen is smaller because of
a 2 C° warmer deep-water temperatdre. The Thermal Resource
off Punta Vaca, Vieques is about 1/2 C° less than that at
Punta Tuna.

The Mixed Layer Depth was found to vary seasonally from
a depth of as much as 90 m during the winter, when the
weather is more rough, to virtually zero in the summer, when
the weather is calm. Since the warm-water intake for a full
size OTEC power plant will probably be at a depth of 20-25 m,
it is possible that a plant off Punta Tuna might draw water
from below the MLD during part of the summer.

Very littie is known about the water currents around
Punta Tuna. During this program both diurnal and semi-
diurnal tidal components were seen moving east and west along
the south coast. Also seen were a predominance of east-west
movement at various depths down to about 500 m, however,
other compass directions are not insignificant. Water motion
at depths of 650-750 m usually is towards the northeast or
northwest. This little knowledge is insufficient to predict
dynamics of the intake and discharge from an OTEC plant,

Much of the temporal and spatial dynamics of the .chem-
ical and biological interactions are still poorly understood
for the Punta Tuna area. The results of this program simply
emphasizes the lack of depth of understanding of these sys-
tems and their interactions as they would affect and be
effected by an OTEC power plant.
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8.0 RECOMMENDATIONS

As a result of both the field program, discussed in
this report, and the physical and biological oceanographic
Titerature search conducted for the Punta Tuna area, under
this same contract, the following recommendations are given.
The purpose of these recommendations are to minimize the
field work where there is now adequate information, and
maximize the field efforts to emphasize the serious deficits
in the present knowledge of the area. Those recommendations
with two asterisks (**) should be given the highest priority..
The recommendations with a single asterisk (*) should receive
a moderate priority. The other recommended activities are
important, but of a lower priority with respect to the future
measurement programs at the Punta Tuna area.

1. Temperature

**a) of the mixed layer, using thermometers, STD,
or XBT (daily}, when possible, for short-term variations.

*b) to 200 m, using recorded monitoring equipment
for upper water thermal structure during severe weather
events. s

*c) in the water column to 1000 m, us4;g thermometers
STD, or XBT (monthly) for ecological structuring and
plant design purposes. ‘ :

d) of the actual sea surface and the mixed layer,
using thermometers, STD, XBT, and satellite {whenever
the satellite data will be available) to correlate the
satellite sea surface temperature monitoring with the
mixed layer temperature.

e) of the mixed layer, using thermometers, STD,
and XBT (weekly), for ecological structuring.

2. Thermocline depth

*a) using XBT (daily, when possible, otherwise
weekly), to anticipate discharge dynamics.

3. Salinity

*a) to 200 m depth downstream, at discrete depths
or with STD (biweekly), to assess the density structure
for water discharge.
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*b) in the water column, at déscrete depths (m nthlx
or bimonthly), for ecological structuring.

*c) to 200 m, using recording equipment, to deter-
mine vertical movement of water masses and sa11n1ty
structure (during severe weather events).

: d) in the mixed layer, at the benchmark site, at
descrete depths, (weekly), to correlate with the rain-
fall in the surface water mass at its source area

{the Amazon and Orinoco Rivers), for predictive pur-
poses.,

4. Mixed Layer Depth

*3) using STD or XBT (daily, if possible), for
engineering design requirements.

*b} using recording equipment with thermister ]
strings, to monitor thermal resource variation during
severe weather events.

5. Internal waves

*a) at one site in the Caribbean and one in the
Atlantic, measuring both amplitude and period, by
monitoring the temperature profile with recording
thermister strings, to determine the effect of the
variation of the horizontal thermal structure (due to
large amplitude long waves) on intake and outlet.

6. MWave spectra-surface

. a) at one Caribbean and one Atlantic site, using
a recording wave rider, to determine the long-term
wave spectra for plant and personnel safety.

7. HWater currents

*a} using current profilers, (4 per day on a weekly
basis}, to supplement the moored data, with emphasis
during the tidal periods.

**b} using moored, recording current meters at
déscrete depths, to determine the stress to the plant
mooring and deep water pipe, and to estimate the long
and short-term eulerian movement of water past the site
for intake and discharge.

8. MWater trajectory

*a) using drogues above and below the thermociine,
(bimonthly for 2-5 days), to determine the trajectory
diffusion and plume dynamics of the plant discharge.

9. Zooplankton

**3) at the site and downstream, using a suitable
mesh net, at descrete depth intervals, (hourly for 48
hours, bimonthly) to determine the patchiness of the
zooplankton population.
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*b) at the site and downstream, using a suitable
mesh net, at descrete depth intervals (daily for a
week, bimonthly) to determine the short-term variations
in the zooplankton population.

c) at the site and downstream, using a suitable
mesh net, at descrete depth intervals, (weekly), to
determine the mid-term seasonality of the zooplankton
population. .

*d) at the site and downstream, using a suitable
mesh net, at descrete depth intervals, (monthly or

bimonthly), to determine the seasonal patterns of the
zooplankton population.

**e) in all of the above zooplankton sampling cases,
it is necessary to replicate each tow at least once
(more often, if possible), replicate subsamples from
each tow, and repeat the analysis on each final aliquot

to determine the statistical nature of the zooplankton
population.

10. Chlorophyll

**3) either at descrete depths ‘or by pumping through-
out the upper 200 m (bihourly for 48 hours, quarterly),
to determine the normal short-term temporal variability.

*b) at the sites and downstream, at either descrete
depths or by pumping throughout the upper 200 m
(bimonthly), to determine the chlorophyll distribution
for ecological structuring.

11. Phytoplankton

*a) at the sites and downstream, at descrete depths
in the upper 200 m by net or bottle, (bimonthly), for
counting and identification to determine the spatial
distribution and species present for ecological struc-
turing.

**h) at descrete depths in the upper 200 m (bihourly,
quarterly), for counting and identification to determine
statistics related to patchiness.

12. Primary productivity

*a) at the site and downstream (weekly), to determine
the productivity rates for ecologicaT structuring.

13. Deep Scattering Layer

*a) at the site monitor the depth and thickness, and
the components of the Deep Scattering Layer, (hourly for
48 hours bimonthly), to determine the vertical dynamics
of the DSL.

14. Nutrients

*a) downstream along the 200 m isobath, at descrete

depths, (bimonthly), to determine if normal upwelling
exists, for ecological structuring.
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*b) downstream in the plume from the sites, at
discrete depths throughout the water column, (monthly),
for ecological structuring.

*c) at the benchmark site, at discrete depths
(bihourly for 48 hours, quarterly) to determine temporal
variation.

15, Trace metals

*a) at the site near the surface and bottom and mid-
depths (monthly) to determine the background trace
metal levels in the area.

*b) at the site and downstream, in organisms near
the surface and mid-dépths to determine the background
trace metals and the fate through the food chain in the
area. g .

16. Particulate matter

*a) at the site, at 10-25 m depth (bihourly for 48
hours bimonthly) to determine the extent, size distri-
bution, and components of potential intake matter.

17. Bottom sampling

*a) at and around the site (aonce) to determine the
small scale bottom materials and topography for anchoring
and turbulence effects,.

18. Fish attraction

*a) in upper waters from a moored structure,.to
determine attraction effects of a floating pelagic
structure.
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CRU’IISE REPORT AND DATA FROM OTEC CRUISE #1 (CR-801)
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CRUISE REPORT

OTEC Cruise #1 (CR-801) 31 July - 3 August 1978

I. Objectives:

A. Measure oceanic parameters relatable to "OTEC"
&t Punta Tuna, P. R.

BE. Measure the variability of the above parameters.
C. Evaluate and develop techniques for measuring
these parameters.

IT. Research Vessel:
R/V CRAWFORD (University of Puerto Rico).
III. Supporting Agency (ies):

A. U.S. Department of Energy (LBL).

B. P.R. Water Resources Authority.
C. UPR/CEER.

IV. Dates of Cruise:
31 July - 3 August 1978.

V. Cruise Plan:

See Appendix IL. (Not included)

VI. Scientific and Technical Personnel:
C. Bonafe -~ Technician
D. Corales -- Technician
G. Goldman -- Shief Scientist
A. Horn -- Visiting Scientist (LBL)
A. Nazario -- Technician
D. Pesante -- Biological Coordinator
J. Rivera -- Scientific Assistant
J. Sandusky -- Visiting Scientist (LBL)
M. Shafnacker -- Technician

VII. Station Locations:

See attached Cruise Plan, Appendix I, (Not included)

VIII. Types of Sampling:

See attached Cruise Plan, Appendix IL. (Not included)
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IX.

XI.

XIT.

Land Travel:

-~--31 July 1878. All personnel and equipment were
transported to Magueyes. TCEER vehicles (truck and
Ramcharger) took most of the equipment from CEEE/
Mayaguez. Rental station wagon (LBL) brought San@usky,
Horn and Bullock (capt. of CRAWFORD) plus LBL -equipment
to Magueyes. CEER vehicles (Ramcharger and station
wagon) transported remainder of personnel. All CEER
vehicles were returned to Mayaguez and drivers (members

of scientific/technician staff) returned to Magueyes
in LBL station wagon,

---3 August 1978. LBL station wagon used to transport
some personnel to Mayaguez, then returned with CEER
Ramcharger .for remainder of personnel. LBL stati~n

wagon remained at Magueyes for use by LBL personnel
and equipment.

---4 August 1978. CEER Ramcharger and truck used to
bring CEER equipment from Magueyes to Mayaguez.

Reasons for termination of cruise:

A. Hydrographic seﬁarated, leaving apparently weakened

cable. _
B. Starboard screw not getting power.
C. Potential tropical depression in next 12 hours.
D. Lack of ship's crew supplying winch operator,

thereby overtaxing the scientific/technical personnel,

Accomplishments:

A. Collected much of data from stations B-1 to B-6.

B. Evaluated data collection techniques of staff
and eguipment.

Chaﬁges to be effected:

A. Not take unnecessary equipment.

B. Correct transmissomester reading problem.

C. Correct XBT problem.

D. Install mooring at Station "B".

L. Use "Bucket™ method for chlorophyl sampling from
Niskin bottles.

F. Minimize current meter underwater time.

G. Request UPR change cable, repair BT winch and stern
capstan, and supply 24-hour winch operator.

H.

Improve transmissometer cable deployment.
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August 7, 1978
Biological Report
Daniel Pesante

According to the plan of work, eight zooplankton samples
were to be obtained from the proposed site.

" 1) 25 m day . )

2) 25 m night )

3) 1200 m to SFC )

4) 1200 m to 800 m ) Punta Tuna
'§) 800 m to 200 m ) '

68) 200 m to SFC )

7) 25 m ) .
8) 800 m to 200 m ) Vieques

0f the eight samples only four were gathered as, while
making the fifth tow, the hydrographic cable broke and the
net and complementary equipment were lost (included in

Dr. Goldman's report). Further use of the cable was cancelled
as it proved to.be a big risk.

Getting acquainted with the zooplankton sampling gear was
no problem, although extreme care had to be taken in rolling
the net tightly to the D.T.M.

My .main concern at this point is that of knowing the
exact depth at which the sampling gear is located. Due to
high wire angles (60°) and to unknown subsurface currents,
the position of net at sampling time could not be estimated
accurately. For this reason a pinger should be purchased
and coupled to the CRAWFORD ecosounder system. This Will_
prove very useful, not only for the zooplankton sampling but

also for all other sampling procedures where the exact depth
of sampling has to be observed.

Included is a report on the biological organisms .
observed during this first cruise.
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8-7-78

Observations concernlng biolegical specimens observed during
OTEC Cruise #1.

ha o

ilewing organisms were observed during day or night hours.
1ough the number of individuals could not be estimated, the
fam ly and/or scientific name is included.

Wl
() (BT}

1th
3T

Tursiops truncatus - Porpoise

- Blue Marlin
: - Terns - white
Fregata magnificens - _ - Tigerillas
Caranx ' Jacks Coijinua
-~ Boba
- Flying fish
- Trigger fish
- Barracuda

- Thalassia leaves -
- Sargassum natans -
fluitans -
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WEATHER CODE FOR DATA SHEETS

(A1l times are Atlantic Standard Time (AST) = GMT - 4 hours)

7 KT/130°, 91°, 47%, 1, 150°
7 KT = Wind Speed (KT)
130° = Wind Direction - from (Deg)
91° = Air Temperature (°F)
47% = Relative Humidity (%)
1 = Wave Height (m)

150° = Wave Direction - from (Deg)
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SIZE CLASS SIZE IN MILLIMETERS

1 | <0.5

2 0.5 - 0.9
3 1.0 - 1.9
4 2.0 - 2.9
5 3.0 - 3.9
6 4.0 - 4.9
7 5.0 - 5.9
8 6.0 - 6.9
9 7.0 - 7.9
10 8.0 - 8.9
11 9.0 - 9.9
12 10.0  19.9
13 , 20.0 - 29.9
14 30.0 - 39.9
15 40.0 - 49.9
16 >50.0
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DATE:

- STATION NUMBER:

SHIP:
TIME:

SAMPLE NUMBER:
TYPE OF NET:

MESH S1ZE:

RING SIZE:

TYPE OF HAUL:
SAMPLING DEPTH:
METERS OF WIRE:
AﬁGLE:_
FLOWMETER START:
FLOWMETER FINISH:
LENGTH OF TOW:
LATITUDE:

LONGI TUDE:

SEA STATE AND WEATHER:

; August 1978
BENCHMARK
CRAWFORD

1325

801-1

CONICAL 5:1
202y

0.75 m
HORIZONTAL
25 m

60 m

60°-65°

26082
20 min
17° 57.8'N
65° 51.0'W

SS#1-2
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DATE:
STATION NUMBER:
SHIP:

TIME: -

SAMPLE NUMBER:
TYPE OF NET:

MESH S1ZE:

RING SIZE:

TYPE OF HAUL:
SAMPLING DEPTH:
METERS OF WIRE:
AﬁGLE:_
FwaMETER‘START:
FLOWMETER FINISH:
LﬁNGTH OF TOM:
LATITUDE:
LONGITUDE:

'SEA STATE AND WEATHER:

1 August 1978
BENCHMARK
CRAWFORD

2015

#2

CONICAL 5:1
202y

0.75 m

HORIZONTAL
25 m

60 m
55°-60°
026793
045057

10 min

17° 58.3'N
65° 51.2'HW

Ss#2
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DATE:

STATION NUMBER;
SHIP:

TIME:

SAMPLE NUMBER:
TYPE OF NET:
MESH SIZt:

RING SIZE:

TYPE OF HAUL:
SAMPLING DEPTH:
METERS OF WIRE:
AﬁGLE:_
"FLOWMETER START:
FLONME%ER FINISH:
LENGTH 0? TOW:
LATITUDE:
LONG!TUDE:

SEA STATE AND WEATHER:

2 August 1978

BENCHMARK #3

CRAWFORD

1:30

s

#3

CONICAL 5:1

202u

.75 m

OBLIGUE

1,200 m SFC

1,300

50

106724

201189

47 min

17° 57.8'N -

65° 50.2'W

SS#2
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APPENDIX B
CRUISE REPORT AND DATA FROM OTEC CRUISE #2 (JE-802).
' 10-14 OCTOBER 1978
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g - '--:’!- CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
i & _;~ F UNIVERSITY OF PUERTO RICO
Y Fry g
Cay (_!9'.

CRUISE REPORT
OTEC CRUISE #2 (JE-802)
10-14 October 1978
by

Gary C. Goldman, Chief Scientist
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CRUISE REPORT

_OTEC Cruise #3 (JE 802) 10~14 October 1978

I. Objectives:

A. Measure oceanic parameters relatable to "OTEC" at Punta

Tuna, P. R. ]
~ B. Measure the variability of the above parameters.
. C. Evaluate and develop techniques for measuring these parameters.

D. Measure variability of the parameters at Punta Vaca.
E. Measure water currents at two other sites.

IT1. Research Vessel:
R/V Jean A (P.R. Department of Natural Resources)
III. Supporting Agencies:
A. U.S. Department of Enerqgy  (LBL)
B. P.R. Water Resources Authority
C. UPR/CEER
IV. Dates of Cruise:

10-14 October 1978

V. <Cruise Plan:
See Appendix II (Not included)
VI. Scientific and Technical Personnel:
C. Bonafe -~ Technician
D. Corales —-- Technician

" G. Goldman ~— Chief S&ientist
A, Nazarioc -- Technician

1

D. Pesante -~ Biological Coordinator
J. Rivera -— Scientific Assistant
M. Shafnacker -- Technician

VII. .Station Locations:

See attached Cruise Plan, Appendix I (Not included)

iv) VIIXI. .

Types of Sampling:

See attached Cruise Plan, Appendix II (Not included)
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IX.~

XI.

XII.

Land Travel:

---26 September 1978. All personnel and equipment were transported
to Magueyes. CEER vehicles took the equipment from CEER/Mayaguez.
After aborted attempt to depart on R/V CRAWFORD, all personnel
remaincd on board CRAWFORD until the following morning.

---27 September 1978. All personnel were transported to Mayaguez
using CEER vehicles. Equipment remained aboard CRAWFORD.

--— 9 October 1978. R/V JEAN A departed from San Juan to rendezvous
with scientific personnel in Mayaguez.

=-=10 October 1978. All personnel were transported from CEER/
Mayaguez to Malecon port in Mayaguez using CEER vehicles.

~=~-14 October 1978. All personnel were transported from Malecon
port in Mayaguez to CEER using CEER vehicles.

Reasons for termination of cruise:

Completed virtually all plahned operations.

Accomplishments:
A. Collected most of data from Station "B" - only missed
transmission.

B. Evaluated data collection techniques and sample preservation
and processing.

C. Collected all data from Station "P".

D. Collected all data from Station "A".

E. Collected all data from Station "V*".

F. Did not get Bathymetric data for Station "B" and "A".

G. Seemed to take only necessary equipment (see last Report).

H.  Corrected ¥BT problem (See last Report).

I. Used mooring at Station "B" (see last Report). .

J. Tried and successfully used "Bucket Method" for chlorophyll
sampling (see last Report).

Changes to be effected:

A. Try transmissometer cable deployment.
B. Minimize current meter underwater time.

C. Fipd reliable, useable, available vessel of sufficient size. o

D. Try to charge battery at "B" mooring. e
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‘Notes--—

20~-minute horizontal tow at 25 m depth.

Only 900 m of hydrocable, therefore, only sampled to 800 m.

Vertical tow 800 m to 200 m.

Vertical tow 200 m to surface.

~

_ Only 900 m of cable, so no 1100 m plankton tow was possibie.

Tried 800 m to surface, but double trip mechanism on net mal-
functioned reopeatedly, and finally lost the not.

Verticle (obligque} tow 800 m - 200 m.
Verticle (oblique) tow 200 m to surface.

20-minute tow at 25 m depth during night.
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CRUISE REPORT FOR BIOLOGY DIVISTON QTEC, P, R.

During the dates of Uctober 10-14, 1978, the second field trip to
Punta Tuna and the first field trip to Vieques took place. Of the cight
samples taken by using the Double Trip Mechanism with the 200 plankton
nets, only three samples are representative of the stratums sampled.

These are the 25 m at Punta Tuna - day, 25 m at Punta Tuna - night,
200 m - SFC at Punta Tuna.

Due to malfunction of the DTM and the fact that the R/V JEAN A had
only 900 m of hydrocable, no other samples could be obtained. On
arrival from the cruise, and through personal communication with per~
sonnel from General Oceanics, different alternatives were delincated in
order to increase the percent of success of the zooplankton sampling.

Mechanical malfunction at the level of the second phase of relecase
of the net was the main problem as the first messenger, would actuate

both first and =r~cond phases of the sampling procedure, making it
impossible to obtain' the samples.

The fact that a buoy was installed at the benchmark site at Punta
Tuna has somewhat changed the environment in the sense that fish are
congregating around and under the buoy.

Naiphin fish and sharks up to 100 in number were scen at the buoy

during different Limes ol the day. As of this date the list of species
of those animals found around the buoy is being worked out.

Sca States of 55 # 2-3 were observed during this cruisc.
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WEATHER CODE FOR DATA SHEETS

(A1l times are Atlantic Standard Time (AST) = GMT - 4 hours)

7 KT/130°, 91°, 47%, 1, 150°
7 KT = Wind Speed (KT)
130° = Wind Direction ~ from (Deg)
91° = Air Temperature (°F)
47% = Relative Humidity (%)
1 = Wave Height {m)

150° = Wave Direction - from (Deg)

321



['0 Nwit 85Ty -,

2 358

5 9Z 00 5 RTE .

[ %z o ? €82 . .

$ 8z 00f of 88T 1D .
b2z 052 m 2 .

- - oz : ST 0D .

- - fflws

9 00 S Sh'h . o0

I %o oot ww Mwa.w . .

9 10 S0 A S .

ol Bz 050 41 mmn.a

0 252 520 V'R VN VN ‘8 600 89°h . vl
1sAD) (T3 G0

5 W10 KLOD SO0 LIS ol RN wH WD A WM R dY W .

SIGA0 R TT3 il Taf
TOWOE avd T OO 3WANS XW T GZITT WOLEOR 01 WAJ3G T OOST 1 Mg TR

T AOOST-GEZIT TH3gdnd TESSOLT 18X "LO0Si-

T

INhy FEE T RO R BT ST T oyl

e e ot
e e g
642 006N 28°3 COP

92722 020°S5'55%8 GOt
OT°£Z S2€°5E 59°07 008
26°9% 054758 O2°€T 005

5T F:S!Ei AaR

na:v: Wi g

LRI A
wien e

258 H2g

&
]

WL SI8TH T5'9 028
ULT L5058 6YOT (09

679 1758 6Z'£T £05
479 £40°9¢ 6E7ST 200
3797 944798 16741 00%

wN 725°9F 90°8T 052
== el ooz
2 ST 982°90 25712 ogT

I6°hZ 61875 Sn'nZ 00t

-y

0"
a
ar-

B0'h 95°2T 425758 94767 050
A amwmmﬁnmﬂamn—zns

00 w0 v E_% :\._,.ﬂ gs\ Q&\m:b tn s Q) e

S50 20 wms 4 g

05 v ¥ G dins

T TSVImR0E TISY O3ttt ™7 "9 "mA YT vy T

BIET VICIXGRTGE S3vT

R SR - IR 74e {4 iy TR T (7 ELDE N ! WA TR olvls T 26T EH EED]

322




O
Lo
TNEN
o0
[ww e}
TN

—iOon o0
——

CNONCT ONCNEY . OO N e — e

; ;
Q
PR B i
P8 f
19/,
5 h4d m M
80 mmo Nmm
p %0 ) g ;
. SR iRy Wl 98 W
1IN3YHNT H3LYY 1ax
--= ¥¥8  (0G 37dWVS XVW (ZTT WOLI08 OL HIdI0 (gTZ 4IMD 3WIL ~ gk "bS “yvw ¥ NY3r  dIHS
(GI81) 18X "(0S0Z-0S/T) LN3¥En) f]SY Qg0Z-05/T *awIl "Y'd YNNL YINRg YI¥Y TvEINT)
VN 3798V FuIN (AONG} M,6'TS .59 'N,9°7G /T K011vI0] 8/6T ¥390100 HT-OT :SJLVG
oSel 1 "Z08 T.E8 T.GET/INDT-FuaHLvan 8/6T ¥380L0Q TT  :24¥0 A3y ¢-§ TNOILYIS ~ Z08-3f :3SIrud

9

323



R - ¢
-
SE°LT §50'%E S G09

STTLT S0CE SER OO
01°£Z $32°%i 101 009
05°9Z 80¢°SF £E°€I 0CS

04797 00L"5E 29°ST 004

ST GRE%E 1574T Gog

$£732 815°% [h°8[ 052

£1°9¢ 309°9¢ nS'67 00F

00°9Z 54979 0F°0Z L1

S4°SE "398 26702 051

55°SZ SZ8°9¢ 0§22 521

65'hZ F23°9% 62'KZ 001

O1'hZ 25£°56° 08" 22 $e0

[°0 M¥HL 8537 o 261 [%079€ (%°8Z 050

S$€'2Z 546755 18°32 0M0

§ % <0°ZZ 05¢°hf 08°8Z 050

m ﬁm 16°02 $19°1 {2°02 636

I 06°1Z 059N 2282 atp

m mW 06°TZ 949°hg £2°82 000

b 582 005 a'ss €0 . 10°5 BC" 42 €h8°1E 6h°9 028
9 ¥z oob N m Sh'h .. 0£°Z O1'¢2 SBI'SE hS'OF £09
8 52 oof e %0 . 20§ 1692 10278 22°6T 08
- - 08t . mw o 20 . 25°C 0£°92 1009 E9°SL Zob
S 062 : Q€I e . 19°¢ (452 62E°9E 15" 2T 005
3 | 05T m mw._ B . . 00"h SE°37 B[S'5E Ta°8T 6S¢
9wt st 95°¢ . . 80°% €1°92 819°K h§'6T 007
8 00 000 mw wmw T w0 . 90"k §8°SZ WSL°9E %607 0ST
or %0 50 . 11 R . 9%°% 66'bZ R399 62'hZ 0O[
ST L0 Ko m Nmm 68 BO'k 26°22 [h0'9¢ CEFL 050
IT 080 S20 “W'W WM WM WK YK PN B 95°Z . N 00’ 0&° _"w S¥I'hE £{°8C 000

¥'H
SAD (92D a0 _r_ ap ) & @ 6b (L) W QE& ﬂ\z& ?_.,N_W D\sﬂ e..’ﬁ m__a n.b L 0 ab
ME N0 WGF 90 alds 4l W1 M R4S 401 10gm &N IO Y TV S0 SO0 MM AL NLGD
SRESETAEW T T LY WSS T s
TTUWE T OO NS W T 02T ROLLOE 0L HIJID TR W 2L 08 oW YOI dins
{0020-0000) SLNT4UND “(i€d) 12X *(0ORZ-0022) LSVI08MH T1SY 0020-G0ZZ  JlL KN YRy Wenle
0 NN YK (+000) W.E15 .59 0.9 (5 .40 WOILYXH] EFTAGECTE O [ 3 1A
TS T M LB T EEDGC T SV T I PRI I 90 TR IVl — 20— I

324




8 sU
6 8.8
ol 929
T 865
AR
€1 625
WU 9k
ST Shy
9T §4¢
T 82
8T ¢6Z

Z C0¢ D0GS 6L ChZ

Z UG 0oy 62 061

§ 822 00¢ 12 99T

8 H9Z 0sZ 27 €ST

Z 792 00Z $7 HT

- - QST hZ 10T

- - 8 YA )

Z 02 00T 92 CL0

0T 090 S/0 7190

CT 882 090 . $Z 50 :

ST h9Z SZ0 'V'N CW'N CW'N O YN VN VN £'8Z GO0 CW'N CW'N WM CWN CY'N B TR X T VS I ' TR TR
SAD) (B30 ) () Udd O W @ G O G vy vy o 3\& avs i ﬁ:g &y add 00 W
{345 ¥I0 HLBO SO KIS 3L HIdD ML HIAX 4L HIET SN W Qs o Ay LVOMY LHTED Q0°SIG SN NS dEL HLEG
SOOI @ TIs FOTSSTRSEL ™~

RTOT ¥vd 005~ 3dIYS XV TOZTT  10LL0d O H1d3G-— SRTT™ W9 L —SF ‘DS "YW A7 |G (11

(0S£0) 18X “(000T-Sh/0) SLMINYMD ¢ ISY 000T-Gh/g JWIL — — “y°g “vhnl vinng YUY TvyINI9

N 10N WIN (Aong) H,6'TS .G9 M.9°/S /T MOILYI01 ™ /6T 9380190 HI-01 S3LVe

: -~ T f== 7,78 T.ShO/INOZ U3HIVIA B/6T ¥380L0Q ¢T  ILVQ — A3Y G0 NOILVIS — 208~ 3SINd)
@)

D

325



73

roe

1174

]

N 00%

TL°92 MH0TSE 6C°ST OCn

8792 KOy'9E, 44T LoC

€692 W59 N8I 067

W*92 BES°9E Sv'6Y CCZ

00°92 $P3°9€ 02'C2 ¢£0

ne'ST tTL'9K Bh' (2 05T

$ e 00°ST (C6'O (5L <2

6 059 1752 028°9¢ ¢9°52 001

ol 019 ££°9E (6495 B6'MZ S40

1w s 882 £46'5K BL°8Y 050

oSS 90°22 006'W 3{°82 Ond

P TLY $6°XZ GBL ¥ BL°EL CFC

L]

LI ¢ 1617 0% (202 00

ST g . 1612 093" 92722 Glo

o s 16" €9°K 9L°%L (00

[+ 14 100" WeMi $83Y, o L L. ...

o8 £ 20 22°9 190" 65°ST COn

T 052 W Th*92 nOn°SE 29771 O0E

0z %I 0w SE'9Z MOS°SL €571 52

12 w1 o 9 wT"92 065" Sh'ED 00L

oot 0 g 00°9Z $69°% 92°CZ S(1

2 %I 0 'S TELM9E CBIT 05T

T 0 o 00°52 £06°9C £0°62 STT

sz 190 0 m 8752 038°5€ £9°£% OOT

9z 940 0 B $1°hZ LEL'9E TE'HZ 510

& 0 0 61T 146°SC BL9L 050

T MG o ar 1612 h3%g 2197 €20

8 000 ¢ o 16°1Z §59°K5 927392 poe

DO 00 () 4D D3 60 D 6 D) 0 vy m\zﬁ ad o oo th (e 04 D

@5 N0 AT S0 A1 A WD) UM RLIE o W S W g dY LI OR 05 9 NS JAL W

ThHUas ~ AT Y Sisiael — &l

TTOWOU 0RO TOAYS 0w TTIT 0108 00 WLGHD TTORTT LWD ML TR tag uwl LaE EH
oY {000 LaX "(OOZT-000[) L3vI01g 1Sy 0pat- pool ML *y'd fwan) wieng YUY TRHTD
0 TRV M T eng) R,ETTS .59 0,005 il M0IIV0T 26T wivouU wp-pr SIivd
SOMCATT.28 7L SMTTaSE-0r - baHIVA BT IR 7T AWM T Aig aoF MORWIS TTERTIE IsInG

326




ool
o]

oz

ooz
9
oce

T6073¢ 05 'ST {Ch
ZZhOf (94T OOt
9£°9Z 57 w8l 052

AU92 IT9°9C 4061 00T
59 9 mm 1048
£8°5Z 669 1T 081

L 1e'cz 116°9¢ 10°22 2

6 853 _50°67 200'5¢ 80°nZ 10T

0T €3 “h2HT £59°% 20792 €0

oo Ob'ZZ CSE°5E §2°37 DG

T ss SILTH IRTRL ()

s s 3090 04°C2 €50

L 0£9°% (3°82 020

ST & £99°4§ 08°82 0O[C

a s 68°12 €59k 1897 00G

[AQ-311 EOD* WML S33Y, -~ - - - - o oo

BT S8 ] Q' ££°92 T60°% 9r°ST oon

61 052 W0 .0 9h"9Z 1Zn°% 99°¢0 20f

0z 35 A 0 R TR z_ £7 052

1 M Wt oo’ 8$1°97 Z19°9¢ kS '6[ £0Z

st - - £0°9Z £9°%€ 6'6L &1

£ o 0 ser £8°5C 86£°9¢ °I'1Z 05T

8w 0Tl w1 1552 TI6"% 1922 $7T

S €60 - - 50°5Z 993°9€ £0"vZ 001

9 (80 0 ez 62°h2 §£5%°9¢ 10792 €40

PRI ] e Oh"ZZ D5E°SE 6702 050

8§90 0 9z 16°12 §29°n% 82782 520

682 000 ¢ oz 68°1Z £29°h Z8'EZ 000

SAD O 60 N N ) B8 @ 6D ) 6 (VY & el o o ol ¢ e 0 o

E08 410 HLOT SO0 1M ddl HLOD 5& WX d ML R o Ny oav e a0 900 om owrs S@L L

SPCSaT el TTT i~ ~Tad :

T TR 1S o lﬂ:l IOLI0R 01 MidM TTOZT B9 AL TXR 65 Cavl TR 4N
(SS22} 18X "L0GEZ-00ZZ) 1$¥201q !5y DgeZ-D0ZZ ML ITd TWRN YIAAT  ¥INY TEINT9
.0 ey Juin (o) MLE'TS .59 'N.3°Z5 4T MOILVIOT Feol TN RS0 Slve
EIHIVAL (TARTLE WA HYO TTAN ] manvIs T2t 1s1a0)

327



TN O] e e
LACOCY COUN ALY OUNCD NG OO OO0
CUOLD PGl OMVILN P00 OGN LA OO O

o S ) S

18X
=== ¥v8 ~ GZ  31dWYS XYW (Z1] WOLLO8 Ol Hid30 ~(QQhD WD 3WIL ~ g DS "yeH v Nvar dIHS
WOINNV1 "(0000) 19X 1SV 0S00-0000  Fa3wil Y'd VNN VINNg  FYIUY TvaaNao
VH 3108y awis (kong) M,6'16 .59 'N,9°£S .LT NOLL¥IOT g7p[ 380130 hI-OT 1531¥0

TS TTEITTIITIT Y Too o= Temitvaw . 8761 9380190 BT a1vg A3Y §-§  TNOLLVAS — g0B-ar  f3sInud

328




SALLIIR T35S
& e 0o
§°HT 282 Och
- 9eT o
o 6 05
o meoesT
or Ko s
@z oo
- - 500
g 3% x0
Uzl 520 vy

540 (7D 1o

ML N m.“

wy
Fd
~

SOT RN BT man ooy mo -

TR
‘
B B
2 o
572
TWE T
[¥y] m o O3 o

35 ¥0 WA 900 WES o KT WA RWD 44 e S
IPCHT T TI'S  ESimael e

(ITTT-CTEC) INTHHND (CHITH 1BY "{COK0) IEY “(OI6C-0150)
Jalp T [N Y]

LOMOAL 1.5 "L SHOZLADT IV

o . -
@0 st'o -
- - 00g*
. . 000
. . £00°
o . -
oo 000"
LAY . 000*
. . h&0"
B0 . Y TIg"

vir 6 ?:&. o

RN YT 7 T

18
6£0°

:Qa

s mee e gOOL,
- e e 06

§2°L2 0SESE 016 00
eT°£Z CBES¢ OI'TT 00%
§6°97 05L°SE OF°€T N0
CR'RL £00'% HST (0
§E°9Z 0459 S2°4F 0%
SE*9Z 09h'9L 00°EI 052

02°9Z 0¥9°9K CL"ET OOZ
Y60 4L ShCZ AT
ST 098°9€ S9°TT 65T

Ch'SZ (98°9¢ CE'Z2 SIT
BE'kh S8°3F 03'bL ST
O She*90 DRTCT &/C
D€L 95°9¢ €€ 47 050
05" IZ DSE°SE OB O
0772 52075 On'3Z MO

BE'TZ 520°% (2°EZ DI0
L6712 054K SL°E2 010
£6°TZ Th{ ke SL°RZ 000

AL R I T
"42 £6ESE hTTT 965

"82 £54°5F ££°(T %
‘9% 580°91 mh'ST {6
"OL TEE°9E W2l g6

"8Z 99h°9% B8 4L BN}
97 %99t 12761 861
£°ST 1289 9017 gl

€657 L0795 §%7h2 860
"k $TET 956° % 9S°12 FH
WO°h £6°TZ Thi"HE S27BZ 100
thh uap 00 o0

S0 SE M A N

[ BT
9,
T

O T NS e TTOGET LOLICE 0L WIJI0 TTO0STT I IMIL TTTTRR T RS MM T VYT 4l
ASTICH0IM “1SY OSST-D080 AL T SIRGITA VAL VIS vy Tyande

‘.20 .81 NOLIYIOY

TZET VAL RT-00 s3tvg

861 ¥I%0L3) T

I AT TR h0ivIS T OETr _ 38D

329



g8 09/
’ 6 /69
0T She
1T hoQ
AR 1744
§T 228
. Wl fih
ST Osh
9T 08¢
oNILdIYg FARRE T4
735537
8T 442
1z 105 00S 6T 202
£¢ TIS 00% 0z 8T
hZ 68¢ 00¢ T¢ 091
02 h6Z 0§2 2z 051
0¢ 82 007 §¢ I
st 187 0§t hZ 9Tl ’
6T §/Z ST 5 S60
2§ S/2 0ot 9¢ S0
6T o/ S0 1T 00
6 TZ0 0s0 82 590 : i
6 20 S20 "W'N WM OCWIN OCWN CWUN CW'R 8782 GO0 CW'N O CWN WM VN 'y WNOCY'N YN f_ N YN YN
SAD (30 G () Udd Q) W @ @ ) W z\zwa m_u\z& (v aasx H.SR anmd & el ) W
ES U0 HIA SO0 HINS &l HIBT ML WK &AL WD SN 1S Tod Y MO WYAOTD Q'SIT SNBG NIV AL WL
ENgREILL S Ts WIS L -IHX .
dvd 7009 I1duvS XWi TTODZT - HoLlog ol Hid3a T ootz IH9 3L T TR '0S tHwW VRV dI4s
(STZT) 18X “(0CBT-009T) LN3Y¥ND fISY 00ST-009T  3WILl “S3nodip anv 'y’ Nam VIV VNS -
YN ERELTAET H.Th-.0% .59 'N,/'20-.02°0 .81  HOILYd01 §Z61 9FE0LIF RT-00 ~ S3iva

N el T CZ6T BIOIIY LT 3490 ~AIT TV HOILYLS ~208=3M " 35ind)

330




6 29

ot £h9
1T 809
T /fag
3 - TA
HT 0k
ST 8Zh
ST hSE
T 91¢
aNTLITH( 8T </2
RECEE] :
5T 0TZ
8¢ hiZ 00% 0 Ut
82 6/Z 00k TZ £91
12 hiZ G0g ¢ 6eT
¢ 02 o0&z [T 49)
8T HZ 002 L TAN TR )

8T T{Z 0ST SZ 00T
¢l 8/Z SIT 9¢ 580
6 <62 001 Lz 990
-4 0t0 S£0 8¢ 65D
¢ B¢ Cs0 6¢ 8h0

TU 02 SZ0 “W'N "V'N *V'N VN VR VN 062 000 WM WN VN VN CW'N v N W'NOYM .< N YN YN YN

SAD D G ) Uk 0N W W 0D @ vy u& ._\Em&ﬂ 3\%“ 3& 3\@3\ /W) U ) W
@35 Y0 M SB0 RIRS dadl KO MAL MK 4Bt HLET S 15 Tod dlY YO YOI Q'SIE SO NS 8L L
"SI0 R [ FOISSTRSREL — -IEX
uvd IS X! WOLLOE 0L ¥id3d 149 U1 ¢h '0S "HYH VW dIKS
(S5Ty TAX " (8522-5500) L0y I3V 82205802~ SMiL — H'd TSVITIIVY VIHY WHIN39 -

T'H 19NV IR NOTLYI0T o6l 9380030 RT-0T — S3Lve

e32l 7L TEE6 LB TGSRT/IADTT HIHAIYIA uibl SRR 3lva AT 1=d HOILYLS U= 3SIN4D

331



SIZE CLASS SIZE IN MILLIMETERS .

£ 0.5
2 0.5 - 0.9
3 1.0 - 1.9
4 2.0 - 2.9
5 - 3.0 - 3.9
6 4.0 - 4.9
7 5.0 - 5.9
8 6.0 - 6.9
9 7.0 - 7.9
10 8.0 - 8.9
11 9.0 - 9.9
12 10.0 19.9
13 20.0 - 29.9
14 30.0 - 39.9
15 40.0 - 49.9
16 > 50.0
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DATE: 11 October 1978

STATIOﬁ NUMBER: BENCHMARK #1
SHIP: JEAN A
TIME: ‘ 0935
SAMPLE NUMBER: 5

TYPE OF NET: CONICAL 5:1
MESH SIZE: - 202u

RING SIZE: - A 3/4

TYPE OF HAUL: HORIZONTAL
SAMPLING DEPTH: 25 m

METERS OF WIRE: 63 m
AﬁGLE:_ | 55°-60°
_FLowMETER START: 004459
FLOWMETER FINISH: 0036174
L£NGTH 0? TOW: 10 min
LATITUDE: 17° 57.6'N
LONG!TUDE: 65° 51.9'W

SEA STATE AND WEATHER: 4o

‘The quantities in the fofﬁowing data sheets are #/ms.
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DATE: _ 11 October 1978

STATION NUMBER: - BENCHMARK
SHIP: | JEAN A
TIME: | 1543
SAMPLE NUMBER: 6

TYPE OF NET: CONICAL 5:1
MESH SIZE: 3/4

RING SIZE: 202y

TYPE OF HAUL: VERTICAL
SAMPLING DEPTH: 800-200 m
METERS OF WIRE: 810
AQGLE:_ 0
FLOWMETEB START: 0036827
FLOWMETER FINISH: - 077330
LENGTH OF TOM: 17 min
LATITUDE: ' 17° 57.6'N
LONG!TUDE:. | 65° 51.9° Y

SEA STATE AND WEATHER: #2
The quantities in the following data sheets are #/ms.
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DATE: _ 11 October 1978

STATION NUMBER: " BENCHMARK
SHIP: JEAN A
TIME: 2205
SAMPLE NUMBER: 7
TYPE OF NET: CONICAL 5:1
MESH SIZE: 3/4 m
RiNG SIZE: 202u
TYPE OF HAUL: VERTICAL
SAMPLING DEPTH: 200 SEC
METERS OF WIRE: 230
.A&GFE:_' | 0
FLOWMETER START: 077332
FLOWMETER FINISH: 089374
LENGTH 6F TOW: 17° 57.6'N
LATITUDE: 65° 51.9'W

LONGITUDE:

SEA STATE AND WEATHER:

The quantities in the following data sheets are #/m3,
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DATE: ' 13 October 1978

STATION NUMBER: . BENCHMARK
SHIP: JEAN A
TIME: 0030
SAMPLE.NUMBER: 11

TYPE OF NET: CONICAL 5:1
MESH SIZE: . 202p

RING SIZE: 75 m

TYPE OF HAUL: HORIZONTAL
SAMPLING DEPTH: 25 m
METERS OF WIRE: 65

AﬁGLE:_ | 70
FLOWMETER\ START: 102682
FLOWMETER FINISH: - 142790
LENGTH OF TOW: 10 min
LATITUDE: 17° 57.6°N
LONGITUDE: 65° 51.9'W

SEA STATE ARD WEATHER: #2

The quantities nin“the following data sheets are #/ms.
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APPENDIX C
CRUISE REPORT AND DATA FROM OTEC CRUISE #3 (CR-803)
o 1-5 DECEMBER 1978
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CENTER FOR ENERGY AND ENVIRONMENT RESEARCH

UNIVERSITY OF PUERTO RICO

CRUISE REPORT
OTEC CRUISE #3 (CR-803)
1-5 December 1978

by

Gary C. Goldman, Chief Scientist
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CRUISE REPORT

OTEC .Cruise #3 (CR 803) 1-5 December 1978

I.

II.

III.

Iv.

VI.

VII.

VIII.

Objectives:

A. Measure pceanic parameters relatable to "OTEC" at

' Punta Tuna, P. R. '

B. Measure the variability of the above parameters.

C. Evaluate and develop techniques for measuring these parameters.
D. Measure variability of the parameters at Punta Vaca.

E. Measure water currents at two other sites.

Research Vessel:

R/V CRAWFORD (University of Puerto Rico)

Supporting Agencies:

A.
B.
C.

U. s. bepartment of Energy (LBL)
P. R. Water Resources Authority
UPR/CEER

Dates of Cruise:

1-5 December 1978

Cruise Plan:
See Appendix II (Not included)

Scientific and Technical Personnel:

C.

"D.

G.
E.

Bonafé -~ Technician
Corales -- Technician
Goldman -- Chief Scientist
Gonzalez -- Technician
Nazario -~ Technician:

Noble —- Visiting Contractor
Pesante -— Biological Coordinator
Rivera -- Scientific Assistant
Shafnacker -- Technician

Station Locations:

See attached Cruise Plan, Appendix II (Not included).

Types of Sampling:

See attached Cruise Plan, Appendix II (Not included}
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IX.

XI.

XIT.

Travel:

--- 1 December 1978. R/V CRAWFORD departed from Magueyes to rendevous
with scientific personnel in Mayaguez at Malecon Port.

—-- 1 December 1978. All personnel were transported from CEER/
Mayaguez to Malecon Port in Mayaguez using CEER vehicles.

——— 5 December 1978. All personnel were transported from Malecon
Port in Mayaguez to CEER using CEER vehicles. R/V CRAWFORD
returned to Magueyes.

Reasons for termination of cruise:
Completed wvirtually all planned operations.
Accomplishments:

A. Collected all of data from Station "B".

B. Evaluated data collection techniques and sample preservation
and processing.

C. Collected all data from Station "P".

D. Collected all data from Station "A".

E. Collected all data from Station "V". '

F. Did not get Bathymetric data for Station "B"™ and "A".

G. Tried unsuccessfully to repair burned out light on buoy.

Changes to be effected:

" A. Combine our operations with those of recovering and

re-mooring current meters.
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)

Notes—-

-=1

--2

-3

This cast would have been made for Dr. Sandusky, if he were on
the cruise. : :

Rotor bearing malfunction —- no speed record.

Bearing repaired, recorder malfunction ~- no record.
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CRUISE REPORT FROM ZOOPLANKTON- SUB-DIVISION

On this last cruise (CR-803), all zooplankton samples were collected.

Through prevxous trial of the nets and-mechanism at the Mona Channel, it
was possible to find .out what was wrong with the mechanism. Correction
" for the weight of the first messenger resulted in 100% rate.of success
at all sampling depths, even in relatively rough seas.

The biota reported for the last cruise (CR-802) is the same for this
cruise. A steady population of sharks.is.still present at the buoy.

Samples collected were practically devoid of particulate matter, a factor
which will speed the processing of the data.

A prima facie observation of the samples revealed the présence of medusae
and a leptocephallus which had not been collected before.’

I am very pleased with the outcome of this last cruise.

aiS e

_Daniel Pesante
Biological Coordinator
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WEATHER CODE FOR DATA SHEETS

' (A1l times are Atlantic Standard Time (AST) = GMT = 4 hours)

7 KT/130°, 91°, 47%, 1, 150°
7 KT = Wind Speed (KT)
130° = Wind Direction - from (Deg)
91° = Air Temperature (°F)
47% = Relative Humidity (%)
1 = Wave Height (m)

150° = Wave Direction - from (Deg)

360



Py CRII00  INYONGO
Lap = e W TV S R ¥ e el

ONw— W0 CODLN Ol
Lo e B A

Sl it

——

b -19%

STOT . wvé ~ O 37dsvs xvW OZIT worlos oL Hidaa "UUT 1w9 3W1L ~§F— bS -uvW TUONWD  dIus

* = YIWIL

VN 219NV JYIM (AONg) K,6°'TS .S9 'N,9'/S /T  -NOILYIOT B/bl WIS 5aLva-

S SRR - MY 1 T4 N [ R E TR 1 8761 838W3D3q ¢ raiva

"4'd TYANL VINNg TYIHY TYYINID

A Z-§ TNOILVLIS T ¢gg-y) 3sInud

361



29 Ong gee ~

YN VT WU YR CVH VR YR W YR S LE
oW o mom oW o)
@05 BIE HLDT ST WIS A0 HLED ML RN O

131
=4
929
[43
Fi]
3]

o

B 067
o5z SI'Es
05T Mh'ET

W1 T'E
LIS 1)
021 98’9
o0 50
560 .
W .
o s1°o
0o .
000 .

W Sip

yIS Wisdsnal

T JE0 K ¥

TED 1% R
YA

“To.

7 15vioudi

=TT T RWDRSET O SMIVA T I

.
S92 AR

N g SSg

.
.
®R

(=R N
i
oo o

0°1 Cyh

W v

w o g ?:.ﬁm a¥ o i
‘al Qi3 Yy

SIS SATR

Py Py
~ ™~

-~

e

BS RKR RS RE8 738

BRR BRY &%

SBL vn
SRR RAR ZNY 2RE R

R2AL
W ST g
|23 anx

Wil Sl U P P
AN NN O

38

2
NEE 6

B ERR 9R8 #5278 317
s

a8

gy

wee

uRe des
s

5

Zas Z&4X
HER T8

NNN NNy
O ™
Sod

SR
o Oh h

aan 222
SRk BRR
828 323

-

w

r o
WD DD AT P by b
SR K88 &’&R
D A D WY WA

52 58§

338

8% 588 384
ARR RAEn mux
RRR

-

&
.
ihide

B8
RRE 2R3 nug gae
SZ2E %82 ERT B8

&

vl
M
[
o
o

AR g8% 92
o

¥
EEE

-
o~
~
a
"

3 ¢ g Q)

‘30 SIE NG AU wdm

RIGE Wy TR JIAYS 1! T TIIT MOLIE 01 HIG T Lim AN —TE
TV AORT 201~ 7 VAT yagy Toyqui

05 ¥

TERZNFT - dles

OO

DY REL EE B | Sing

FETE T WG TR IS Y8 151000

-

362



5e8

CROLD  COOAN 00k
NS MR SO

;
B
i

UR D LA Ok OO0

a.
ol
- £ 18X )
MIOT yya OUUT ™ 31dWvs XvW ~OZTT KOLLOS 0L H1d3d 0S8T 1wW9 L ch "hs cuw amo“__méu dIHS
_ ROLIRVIT " {S0ZT) 18X 715V S0Z1-0%hT 315 47d VNI VIR Tvayy Tvyanas
VN CIIONY U1K (ROTEy R,67T8 .59 "N,97[S [T NOLY20T  g/pT w3awdodg o7 :S3LvC
S 3 N 1 174 b T T PAE ) BIOT ¥38WI33[ £ talve AFy f-g CNOILvis €08-y) 3sIn¥d

363



L 8
8 08
6 T )
0T 065

T €25
+ Z0 005
€1 28k .

1] A5
et 29¢
: 9T hig

JA T4
8T hel
6T 61

07 891
2 8nt
¢ Tsl

T 82 18h £¢ 021
&r 9/¢ 00s he {01
0T 20 00d 9¢ 6o

ST 960 SZI 92 50

hT 090 S0 £2 5%

TUnES ST0CWN CWHCWN YN VN YN S 000 WHCWNCVICVE YN CWHCWN W YHCYNCYN Y
SAD @D 6 Gn W 00 W ® W Q) 6 W m\zu& :\%ﬂ asf  asif qn m & U o) W
[ YIQ HLOT SO0 NS ddl HIET ML HIAX daL HLdO SN WAV OB WD Q'SIC SIB0 NITS daL HLE
I TS WOTSSTRRIREL — =TX.

RI0L ¥vg 005 31diVS XvW 01T H0oL106 0L Hid3a ~ 0012 hzo il ¢h oS "iW ﬂmaummmu " dIHS

(TZ8T) 1EX (0Z8T-00£T) iN3uwun) f|SY SZBT-00/T  WIL g TVAAL VIR L ELUARL L ELER!
V'R 9Ny ux_z (rong)  H,6°15 .89 "N.97/5 ZT NOLLVIOT {74 SLELLEREIR-D| S31va
«O0h0 U == "= "L0Z0/7DIRT YIHLYEH 86T 93TNaT3[ T ALva T AETTSTE NOILVLS £03=3 3SINdD

364




£t
9h {2 SI6°E Ih9 006
LTSI Sy L0

2t i ey
e ggret 60T DD
%% I t5475¢ CB7LT 005

27T 54072 0657 oam
€679 DEh 9% Oh' T 00¢
£f°90 91573 0I°ST 052

UM OO LT 0D
10792 004°9% UB'6T 54
£8°5Z 09979 907 05T

[ A ]
36762 096756 20° 22 T
u MM £1°SE 163 09758 Lol
' £ 18792 440
5 mIz ol
£5' T2 B00°5€ 25742 050
m __am 95T MREHE TS'LE O
‘ 5% 0% (L Of
q o 95° 22 296°¥6 0% (L 0F0
$5°2L 996°¥E 052 020
m w_" $§°ZZ S66"% Gh{Z CI0
9T 2E o Lo, LB m«.wmm-,m ez oo
£ OMEESEE . D60 S5 05°(2 STE*M 0°0 66
8 OIS . On0 L0 U 0
6 W sz W0 ST {62 9022 WIS ST SLNT 065
oI ST (6% . . ML e == AL SO
Z Meast . 030 €§°¢- 1479 130°9€ SL°ST OBE
! ong S 7 KIS . %0 98°€ 9492 [h°9 247 (T SRZ
T sz Tom $2 TGS . T TEE'E L6792 065'0E 9T B2,
ST 252 00 Nz 00l 0§52 . 060 0% {2'92 123°9% w061 961
o mr noZ §Z 180 59°0 - m1 T0h 92757 w69 24°TT §HE
509 ST R . . 0o 62 TU°ST £55°9§ OL"%Z 560
§ 0% S0 &80 . . 800 1570 (5°22 2667 35710 90
§ 0% ST YN CWRCYN YN YR TR S 000 . 0T YN, YN YN BN w2 T s LT 000
SADID 6D N () D0 W D G Gd W E:k vy o 9&\ v s Qe i s G0 60
5 11 43 001 S QL A M AN 43 WET BN WE QIS M AV SRR LOTR OSN S0 IS R
HUEE T T L3 T LS ot
IR0 47 TUOOT TS o T OTTT - WOLIOY Of HLd30 TTRUT 1S ML ‘05 e T0ST 4145
=G TS TR TR Ty ORI S VORI TSy IKI0°0E T MIL — T TN YO vawy 139

0 Y FEIH

KoLIY0

LI{1QLELLEEED BB s
AT 431 SRR T L T wILYLs YOO-gT " 330042

365



£ S0g
8T ST
w023y 61 261

108 qla 0z 01
03343 T¢ 1ht
ZZ 051

- h9e Sih £ 911
- Q0¢ 00c he 90T
-l 0K S¢ £60

- 960 ST . 9¢ /80
- 090 sS40 {2 890

- 056 G20 W CWN YN VN VN W OSTZ 000 VN CWIN VN YN YN W YN N VNNV YN

A O o &) W0y W @ @ 00 e . awd awo ad oo aa o G ad 00w
M5 B0 KRG SEI AINS A4l W30 il HdE 8L HLG S W Qs g diy WSO LT Qs 9|0 NS J T
UGUEES T TTY T WSS TR

GTOT ¥vd — 009  30d&4S XWW ~ O4TT  WOLLOF O0F H1d3q —000T — LW9 Jutl TR 0S U THOJRTY) " diHS
(S2£0) 19X "(0</0-0090) IN3¥¥n) fISY 0¢/0-0090  UIL T TYNALTYINNGTTT W3RV T30
YN ERtIHERES H TMU6'TS .69 N.9°ZS LT KoLl T 5 QL ELRERE! S3141

J0B0 T R I OTULIOL T a3l T 96T REETERE() Ol T Bl - o GV UL T E S o113 ¥ Rl INT\ S

366



5296

9%

1441

5256

T

SL56

. Lo §°46
S'h6
. SL°96
FETE TR LY £'56
52°9%

556

QIN 1 L3NV

S W ¢ eown o) e W

RS HIf K SA) WIS dal KT ML HEN 401 udo Ex
H |—ﬂ

[
i
]
ot
b1
4
5t
L1
st
a1
r
st 8l
[, 118
ur o
L . £
st
L1410 14
SO ue
S80S
590 92
S8 &
020 &°LT

]

IGETaEW T d LY VESHGRA
TUWOT Wl T GOR  JIAS A T UZTT O WOLIOE 01 HIAW TTERT L9 WML TSR 05 M T TWORAY ™ dlns

TR D T T T DT R T B TR T ML e TN iy W19

.0 1y JuiA

[PR]

us

org
9L
592

sm
3
as

[a 1]
Ith
[£31

141
{3
BoZ

L748
oY
118

148
1144
060

teo
190
00d
1]

v

w

15

4

A o

di

(460) W.615 .53 "Wab 25 21 NOILYI01

T00*
100
£00°
%00°
00"
s10°
S10°
EM"
960"

180"
690"

TN

19°2T 968°HC Wy LL (50

e SEEME -e- 020
sor 1M e OID
- f687H - 000

£’ 59°9Z 080°9¢ 07791 944
[UN T5°92 €Th"9% Or-¢1 I8
00° ¢L'92 %S 98 wEUBL S5

211} S2°9Z 609°9€ 10761 88T
£00° 5179 169°9€ 89'6T W91
S10° 16°52 £58° % wO°TL Inl

60" TeST I66°9¢ {1'5T LIT
690" W6 "hl £I6°9€ 03°hT hE
118 OhhZ B62'9% 08°ST T[40

01T 2§'ZZ TO0B'HE 9h'IZ (W0
060" 162 469°%% WL 520
590" e 58NS - 00D
_5«._2:,:.::52

SAOH) 0G0 90 NS 4L N

TETWVISDET S

SOOAT TN IR LR ITRCT s3I T SEVININTET T Jivd TR R I00NLS T s

367



L 8g8
8 sl
6 789
ot g3

It o0z
AQIES
ST /8h

RT  Ohh
ST /68
9t 7%

{U 00
8T 0s¢
6T 002

0¢ ¢St
tC WhT
A LAY

TAN TR
eS0T
5S¢ S60

| 9z 80
y1vg /2 990
ON  © CWINCWN VN YN YN VN STZZ 000 YN YN WM CWNL W CWINL W YN VN WM Y
SAD @0 o) M W 00 W @ G 0) @ v uwed adf asd a m oy A Qo
@5 ¥I0 HET SEQ WIS 4al HIGO Ml HIdY dAL Hidd S O Qs g Ay LM IO Q'SIC SO0 NS &AL HIE

368

SEEED & i 13 WISTRS [
T WIOT  $¥@ T 005 3MdWYS Avd T O0ZT  OLLOA OL Hld30 T ORGT W9 IWIL TEF ‘0S5 ‘W T Q0FRVYT dIHS
(Zh9T) 16X (/SQT-QhST) in3wun) f|Sy /GoT~OhsT  3HIL Y SVTITIVE YAy TWHINDY
gy J1IY IRy e arag 6a N,0°55-,5hG 2T HOTLYIOT §76T 838W3330 G-T $31Y0

e fee fem fem 0gT/DITT U3HLVIA 9/6T 43843230 ¢ Y0 TTAT T4 MOILYLS T COSTRTTT 3sIAd)



L

L= - ]

0t

iT
Al
118

b1
1
91

{a
8T
61

0¢
14
44

14
he
5¢

92
viva (44
ON WNOCVN YN YN YN CYUN SETLE

SAD) O3 O () WD 00 ) @ 6 Q)

o18
0oL
053
£¢3

£85
XA

08k

00t
09¢
113

1513
0z
402
g1

st
1111

0zt
60T
980

080
0/0
0ao

(W)

369

VNOCYN VN YN (YN WVHOOCYN YT YN YR YN YN

.H.S_qw& Vv o 3\.&‘ 3\@3\ 3& VW ) (1) Q) 6D

365 40 HEO SBD TS dal MO0 ML MK L HISE S O Qs g a0l a0 QSic s NS 4l ']

S

T1I5S MSsSwel — -IAC .
STOT wvd 005 31duvS XW ™ 00ZT WOLLOF OL HLd30 ~S%27 W9 ML ~"€h  '0S ‘uWd qyonved dIHS

(£06T) 18X "(0002-S¢8T) IN3wund 7ISY (00Z-¢8T Il ~Y*g “¥in[ vinng Jo AInos Y3y IvYyINI9

W 79V SHIN M,Sh .89 TH, 1TSS LT HOLIYI0T T SAUYRENISST T T 331N
SOTT "R=f X287 T8 ", OH7LIT=5T " 43nLY3N CBIUERETACL T 3IVE TR H0TAVLS SUR-3T 3S109D



00GT

006
008
o0
1]
068
00k
$5°92 S/6°9¢ 0Z'/T 00§
£4°92 525'96 O1°8T 0SZ
0692 529°9€ O1"61 00Z
ST°92 S14°9¢ 52761 §41
£8°SZ SBB'9E OK'T2 0ST

]
¢ = 05°S2 06698 06°22 521
8 0 00°SZ 01695 On*hZ 00T
6 589 SE°h2 24795 192 SL6

9
B . ¥5°Z2 026°H Tn°12 050
T 065 1S°22 DI6'hS In" g2 OW0
e HS°22 S06'ME Zh°42 050

€1 06h
WS"ZZ T06°HE 20" (2 020
Wl osn £5°22 669'h§ Zh'(2 OI0
Hee S € £5°22 {68°M Ih°12 000
®E9T o o8¢ 5 L et
ST6ShZ T Tof 100 200° 0/°9% U8T'9§ 98°ST hEs
sel6 ol 81 saz 100°  200°  7'1$'97 009§ #5721 882
$T6 61 61 861 00" £00° S§°9Z BrS°95 Bh'C1 On2
U6 S 0wl 0 0 hZ'92 159°%6 hZ'61 261
STI6 6 12 ST W 600" 2192 §62°9 w6"§1 891
SIS & Inl o o 20°52 S06°95 £2°1Z mnl
%60 £2 s o ewo’ Zh'sZ 010° 5 61752 021
ST650 b Ol 1800 660" 26°hZ 0269 £9°52 960
68850 ST /80 wr L 61°%2 299°95 42°92 240
w00 9 o0 0 50 ¥S°ZZ 026°YE Zh*(2 £
16060 2 09 wr o 680 HS'ZZ 206°% On'(Z hi0

§'26 510 b'/2 000 o, 630’ €522 109w L

EAD O Ch Ny 00 6 M D 0) Q:.\.\ Mosk cd af o o s
@S ¥ W OG0 HINS dill WL B KT 4 o AY 0N OV G0 S0

1y T I3 WiShwal — YO
“TIIO0T M TU0R 314 Xvd T TZIT WOLL0 0L WIGd0 TUGE WD WML IR (DS WM T TRalT T diks

TOVIEE TRE “TOSEZ-0162) naTes isuva] TignzZr STy ASVI0IG ISV {7000 M T ET VAT VIR w3y Ty
N ) P TIR T T (7ong) ™ R6° 15,38 W9 28 .01 iniLvan BRI V303 S S3jv”
TN 087 06 T CT IO SV T T BT IS T N TR i 1v1S T T S0EdT B

370



o}
413
o2

E27[; 001°<f 089 I/
BC 4T wan st 62777 OO
£6°92 0475€ On'ET 002
§2°92 SIT°3F <" <1 €0

67T €80°9¢ 52741 0
On'97 005°9% O1'B1 02
2137 059°3 £5°SE L
16752 050°2 GIULE SN
s ¢ o 89°5T W% mMMM
56752 065°%€ U2 E
1 oSl 90 . 02°ST S€9°9€ 02"h2 00t
b (68 b L6 WI'Z {96°% G0 L2 SIG
oL She O 8D9
09°ZZ OR9'KS W' 22 050
ooes 01 s 85°77 198°ME BZ'(2 04D
oo d s £5°22 069'hS be' 22 050
o025 €1 0fg
£S°27 006"NE W§{Z B0
M “w" M“ %” £5°2Z DI6"HS 857 2Z 010
D 0170 Ml 8537 o | suuewz e
a4 0K a4 ST . 060 €00° 000" Z6'T MM SWENE Ch'l ShY
S 01 Soz " B Sk 922 TE0 060 00" T00° £E°T 80°ZL waniSE GS°IT 009
EH BT ST Bl STZES'6T . €00° 100" C5'€ SF°9Z 9K6°%C Tn'hl CSh
€ 662 (9 02 6 ©T o6l 96'ST Z2'0 00T 200" 00" $9°§ /9°9Z £02°9¢ /0°9T 5
T 12§81 IZ oMEsy 60 SZG 900° 200" ER°C 2EUSE £8€°0K §2°41 O
16 562 S6I . T L el w0 . . 0 06 BRUL 197 09579 i I 522
- -8 £ 8 £ wat . 60 690"  900° B8 ST'92 S69°9f 16T OAT
- - B E01  hI SOT 9D . s2'n 850 B0’ WO'h 98°SY h9E'9E 92°TZ 05T
5w S : €2 000 ST DOTRC'D ST 560 820" W10° W'k BS°S2 MES'3 (522 wIT
w .ol ST W0 9 0 . . 130 900 OTZ" 62'h WG'(2 {98795 Oh° L2 €20
85 %2 S0 2w & U . . Ut £00°  6ST' TZ'b 95°ZZ IEE°ng 82'4% OMC
¥ 962 S0 YR W YN N Z/Z 000 STZ 000 . 670" o YN, 00T BETT EZ' LS'IZ I26"E 64T 000
SAD (D CD ) (4D Q) 00 O G0 (0 W e el a¥d oW oW e o (d Q) 6D
TS BI0 KT 00 alTS 4l KL M T 33 Ay b T TR T R ¥ - TR AT L S AL A AT IR
L{Lveop it g M ] Lmvniont sl e
TTTOSIOT W T T TS W T LCET WOLMGAR Ot MLGR T UOVY N0 JEIL T OERT B3 Cww TSI IS
iy ICEN S0 A “(OGT) 8 (TR 16X (OT=kGe) Lvasig/nd {157 SiT-a 241! STHEYIE TR TV vany el
on IV SR TR FE-00ES .69 NS0 D B NGHIY0T CTRIGTGEIET T

WC60 "%-f “IBL T3, T0 CLCEC/DIET-ET WEHISEL TIEL VT L AT TR nelvls T WEd

371



L 058

8 hs!
6 nld
0r /59
TT 06S

[ARAs
¢T 06h

WD Lhh
ST S0h
9T Lt

LT S0¢
8T (52
6T 012

ONTLANY] mw MNM
q3s53) e L5

0Z T00 £9h [ T4
0g 090 £€9¢ LTANARN
8¢ 720 881 S¢ 00T

I S0 ST 97 980
6§ £50 SO0 VAR
SZ hE0 SZ0 YN YN YN YN CWN CWIN 2°Z 000 YN CWN YN YN CWN . CWN CWIN CWIN YN VN YN YN
SAD I ) ) Uk Q) W @ G Q) W VIV (VY S A o asd o Gy ak Q)
@S U0 HOT SO0 HIDS dal HIGO il WX 8L BT & ‘i Qs AV WO L) Q'S0 S0 NS 4AL LI
SIGYED T Ty SOTSSIRSRYL ~ =LK |
TGIOT ¥y 005 31dMVS XYW 0021 WOLLOS OL H1d30 ~ZTST — W9 3WIL 5 — '0S g~ QUOIHVET "~ dIKS

(STET) 19X “(/€ET-/TZT) LN3uEn) fiSY /geT-/TgT  MIL ~$3n03FTp Gwv "y°d NITRIIE  VIHY TNy
VN 39NV J9ld TN, BE-,2°6€ .99 N.h'20-,£°20 .o0 MNOILYIOD T 7T TeypT wamwdNq ST T S3LMi

B e e i ..

LGh0 "S- "6/ 7 €8 T.ShO/LMST T wIHL/N Q6T ¥3EWIIQ TR T 3 T AN TRy nolves TUSeRR) C TLL

372



i N .
¢
N

SIZE CLASS SIZE IN MILLIMETERS
1 £ 0.5
2 0.5 - 0.9
3 1.0 - 1.9
4 2.0 - 2.9
5 3.0 - 3.9
6 4.0 - 4.9
7 5.0 ~ 5.9
8 6.0 - 6.9
9 7.0 - 7.9
10 8.0 - 8.9
11 9.0 - 9.9
12 10.0  19.9
13 20.0 - 29.9
14 30.0 - 39.9
15 40.0 - 49.9
16 > 50.0
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DATE:

STATION NUMBER:
SHIP;

TIME:

'SAMPLE NUMBER:
TYPE OF NET:
MESH SIZE:

RING SIZE:

" TYPE OF HAUL:
SAM?LING_DEPTH:
METERS OF-WIRE;
A&GLE:_

FLOWMETER START:

FLOWMETER FINISH:

LENéTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE AND WEATHER:

2 December 1978
BENCHMARK
CRAWFORD

1533

#13

CONICAL 5:1

.2902n

.75 m

VERTICAL
800-200

810

299208
324182

20 min

17° 57.3 N

- 65° 52 W

SS #1-2
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DATE:

STATION NUMBER:

SHIP:
TIME:

SAMPLE NUMBER:
TYPE OF NET:
MESH SIZE:
RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE AND WEATHER:

2 December 1978

BENCHMARK

CRAWFORD

1309

#13A

CONICAL 5:1

202u

A5 m

VERTICAL

- 1000-800m

1000

00

272933
299208

8 min

17° 57.3 N
65° 52 W

SS#1-2

378
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DATE:

STATION NUMBER:

SHIP:

TIME:

SAMPLE NUMBER:

TYPE OF NET:

MESH SIZE:

RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE ARD WEATHER:

2 Decgmber 1978
BENCHMARK

CRAWFORD

1636

14

CONICAL 5:1

202n

75 m

VERTICAL
200-SFC
210

0°
324185

330980

17° 57.3 N
65° 52 W

SS #1-2

382



6yl

t 9'1 |9 £ S1Jaebna ¥ (nupun
2 01|y . 1 1 . RIPUIQUNT eJOWA]
1 F [4 1 1yas1d aEEEe:w_.ﬁ_.
18 918 1 ot snaJed msch_uumhum
4 o' ¥ . 2 SNITA|NIT SNUE|EIRIDY
] gzl o1 5 PISNUIA PIEDUQ
S gzl ot . ’ 1 |# POURLIIY DAL PARIUQ
o [z°g2] 18 ' 1 - ) 0z | £2 eaayiunid euoyIt
FA S £°9| 22 A 1SN RJIIOUADRY
2 0t ¥ 2 euew] L 13nbs e1xo0qqm]
S 9°Z| ot ¥ 1 sludeoibuoy sniiidoey
9 e 11 9 sijtorsb g|nueiiey
1 § |2 1 $NJeAURI1e Snup(edn]
6 18 2 A 1 |8 *ds snaeakio)
4 T 4 . 4 sne(nqns snaedsio)
1 §" |2 1 SNS0133ds SRILDALG)
s ozl o1 < . Snduozew? snae3fio)
gt |0z | 2% 91 | 22 SNIRDUNS SNUB|[EDOSNE()
1 s |e 1 v{A33epfyoed ryoepur)
i LA I . i oAed shue|eloje)
Ie3ei 91 S0 &1 E1 <21 i O1 & [ L £ F
€285v7D 5118

.
N

383



spodoaaiay

*doaazd muonrsummw

SASNE | OK

sajaeyaf|od

sesnpawodphy

sasoydouoydys

$91R.133U3 300

SuRdPjlulledoy

sueLse|0iDEY

SUB0Z03044

dds Jaj10n7

SCAJB] URAPLJAR)D

spodedag

spisneydng

pt}aediy

plivuweg

epodiyduy

aeAJde] podolPwoOls

- §POUSRAIS()

uFJI3I0PELD

Leiol

91

ST

9l

£l

37158

-y

yeaselsnJd podadod-uol

384




374HYS 8ns

385

T

L@ 00¢€ AWN10A LONbIY

w r9°0g | , : L3N A8 Q3IYILII4 YILVA JO 3FWNT0A

ey - mE\zchxz<4¢ IYLoL

8é2 . 03LNN0I NOLANYIG TYIOL

1 ystd
salepioyld

9 Tjoet | i v, ] sueadzesle

spilotlog/edes

- s33ep.L0UD0u

teiel 91 et I €1 21 @1 01 & § [ 9 % b€ 2 i deAde] wJapoulyl]

. SISSYIY IS : -




DATE:

STATION NUMBER:

SHIP:
" TIME:

SAMPLE NUMBER:
.TYPE OF NET:
MESH S1ZE:
RIEG SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE AWRD WEATHER:

3 December 1978

~ BENCHMARK

CRAKFORD
2:50

CR 803-15

CONICAL 5:1

0.75 m

202

HORIZONTAL

25 m

60

60°

331010

368064

10 min

17° 57.3 N
65° 52 W

#1-2

386



1 4 1 £°0 : 1 rds euoyzlp
1 ST [5v B°SIT (3 eaajtun|d ePUDYILO
£l 11 |21 |2°¢ FA | LSNELD BJaDd0UA23Y
F4 S 4 8°0 4 si|Loeab eipalasoudey
4 v g 9°0 H eueuwl || tnbs eLyd0qQgnT
1 L G 1 m_.cgou_mco_ snjtadopey
22 €1 )02 |1°& 22 si|loeab gpnuedaey
02 ¢l BT {$°9 5 | #t *ds snaedkuo)
01 91 |6 I¥TEE 95| g¥ §N1B2JN; SNUP[EI0SNP|D
0¢ NHF.w_ ?°8 az oaed snueiedole)
VFLel BT 1 w1 B0 ¢l 1 T 6 B 3 £ F

$355¥1) 321§

387.



_ _ — spodo4a1aH

_ 1 ! sajd spodoaisen

SAsN| oK

sajaeysf|og

< eSNpawoOAPAH

11 [ saaoydouoydLs

$9]eJaju9|30]

sueRAdyLULWRIOS

SUBLJE|OLPEY

' SURDZOI0N4

dds a3jpanT

£ . * z 1 2TAJIR| UPIPLAT)

spodedag

1 . spLsneydn3

PiL10dAH

pLARUTWEY

epodydwy

aeade| podojewols

1| 2 HYEEE

—_— f T~ UeJdsIope(d

tesor 91 §1 b1 €rjet 11 € & § L § € ¢ £ ¢ 1 - URRSEISAIY podsdosTeN

388




w2z . I14WYS 4Nns
1w 608 3WNT0A LONbITy
6" 6EY L3N A8 O3Y3ILTI4 BILVA 40 JWNTO0A
562=19"¥62 . nE NOLXNYI4 TVEOL
£et 03LNN0J NOLNNYId T¥10L

1 ysid
sajepdoy)
SUB3IRAJRT]

spLiollog/edies
523°pJOUd0U]]
[eio] 9t &1 1 £1 21 11 O0 6 8 JRALP| WIIPOULIYI]

§265%¥70 3718

389



DATE:

STATION NUMBER:

SHIP:

TIME: .

~ SAMPLE NUMBER:
TYPE.QOF NET:
MESH SIZE:
RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITUDE:

LONGITUDE: -

SEA STATE ARD WEATHER:

2 December 1978

BENCHMARK
CRAWFORD

2050

CR 803-16

CONICAL 5:1

202u

b m

HORIZONTAL
25 m

60 m

60°

379446
414005

10 min.
17° 57.3 N

65° 52 W

390
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_APPENDIX D
CRUISE REPORT AND DATA FROM OTEC CRUISE #4 (BA-804)
10-16 FEBRUARY 1979
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CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
UNIVERSITY OF PUERTO RICQ

CRUISE REPORT

OTEC CRUISE #4 (BA-804)
10-16 February 1979
by

Gary C. Goldman, Chief Scientist
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CRUISE REPORT

OTEC CRUISE #4 (BA-804) 10-16 February 1979

- I. Objectives:

A. Measure oceanic parameters relatable to OTEC AT
Punta Tuna.

B. Measure variability of these ocean1c parameters
at Punta Vaca.

C. Measure water currents at 3 other stations,

D. Recover current meter mooring at a station.

E. Implant current meter moorings at 2 stations.

II. Research Vessel:
USNS BARTLETT (T-AGOR-13)
III. Supporting Agencies:

U.S. Department of Energy
Lawrence Berkeley Laboratory
P.R. Water Resources Authority
U.S.N. Underwater System Lab.
UPR/CEER

MO
L[] L] [ ] [ ] »

IV. Dates of Cru1se:
10-16 February 1979
V. Cruise Plan:
See Appendix II  (Not included)
VI. Scientific and.Technica] Personnel:

Carmiggelt - Visiting Scientist (LBL)
. Corales - Technician (CEER)

. Commins - Visiting Scientist (LBL)
Fecher - QOceanographer (USNUSL)
Goldman - Co-Chief Scientist (CEER)

. Gonzalez - Technician (CEER)

Morgan - Scientific Assistant (CEER)
Nazario - Technician (CEER)

. Noble - Co-Chief Scientist (USNUSL)
Pesante - Biological Coordinator (CEER)
Shafnacker - Technician (CEER)

PO AMOZEEO G

VII. Station Locations:

See Attached Cruise Plan, Appendix II. (Not included)
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VIII. Types of Sampling:

A. See attached Cruise Plan, Appendix II. (Not included)
B. Bottom sampling. '

IX. Travel:

--- 9 Feb. 1979. USNS BARTLETT arrived at Malecon Port, -
Mayaguez, P. R.  All above personnel (except Carmiggelt and

Commins) were assembled by that time. Flat bed truck, and

Crane were used to move Mr. Noble's material from Guanajibo

lTaboratory complex to Malecon and onto the vessel. CEER

vehicles carried the rest of the materials.

--- 10 February 1979. A1l personnel assembled on board
and ship departed about 1300 local time.

--- 16 February 1979. Flat bed truck and van were used from
Mayaguez to carry the equipment from Roosevelt Roads Naval
Base to Mayaguez. Equipment was transferred to vehicles by
hand and using USN supplied cranes. Vehicles left Roosevelt
Roads area about 1430 and arrived Mayaguez about 2015
carrying T. Morgan and D. Corales. Other CEER personnel
were transported by taxi from Roosevelt Roads to'lIsla

Verde airport, San Juan, from where, they travelled by

air to Mayaguez, and by CEER vehicle to the Guanajibo Lab.
LBL people departed on 16 Feb. also. USNUSL people were

to depart 17 February.

X. Reason for termination of cruise:

. Yessel suffered collision at sea with USN submarine,
and suffered severe, but not fatal damage.

IX. Accomplishments:
A. Collected virtually all data from station "B"
(exception is .nite horizontal plankton tow).

Collected all data from Station "A",-
Collected all data from Station “F".
Recovered mooring from "A-1". )
Implanted mooring at "F-1", -
Did not get to Station "P".
Did not get to Station "V".
Did not implant mooring "A-2", _
Did not collect any current meter profile data
~while vessel was drifting.

- L] - L] - L »

—EMOTIMoOWw
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Changes to be affected:

A.
B.
C.

Evaluate reducing volume of chlorophyll water
sample.

Evaluate separating mooring operat1on from
hydro operations.

Evaluate coring operation in area.
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BIOLOGICAL REPORT

Some difficultes encountered with the sampling of
zooplankton due to floating debris. However, all samples
were collected except the 25m deep horizontal tow at
night. This tow was to have been taken after station
"V*, and the cruise was aborted before that time.

The samples collected were:

25m deep horizontal tow, day
1000-800m vertical tow
800-200m vertical tow

200-0m vertical tow

1000-0m vertical tow

During the cruise, Marcie Commins; of LBL, was
aboard to oversee all zooplankton operations. Her main
interest is to standardize sampling and analysis procedures.

Except for the fact that there were no sharks seen

on the cruise, all other plants and animals already reported
were sited.
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WEATHER CODE FOR DATA SHEETS

(A11 times are Atlantic Standard Time. (AST) = GMT - 4 hours)

7 KT1/130°, 91°, 47%, 1, 150°
7 KT = Wind Speed (KT)
130° = win_d Direction - from (Deg)
91° = Air Temperature (°F)
47% = Relative Humidity (%)
1 = Wave Height (m)

150° = :wave Direction - from (Deg)
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SIZE CLASS SIZE IN MILLIMETERS

1 <0.5
2 0.5 - 0.9 -
3 1.0 - 1.9
4 2.0 - 2.9
5 3.0 - 3.9
6 4.0 - 4.9
7 5.0 - 5.9
8 6.0 - 6.9
9 7.0 - 7.9
10 8.0 - 8.9’
11 9.0 - 9.9
12 10.0 - 19.9
13 20.0 - 29.9
14 30.0 - 39.0
15 40.0 - 49.9

.16 >50.0
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DATE:

STATION NUMBER:

SHIP:

TIME:

SAMPLE NUMBER:

TYPE OF NET:

MESH SIZE:

RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:
FLOWMETER FINISH:

LENGTH OF TOW:

LATITUDE:

LONGITUDE:

SEA STATE. ARD WEATHER:

11 February 1979

BENCHMARK

USNS BARTLETT

1503
804-21

CONICAL

202u

+75 m
HORIZONTAL
25:m

60 m

55-60°
665576
711891

10 min

17° 34.91 N
65° 48,89 W

SS#1
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DATE:

STATION NUMBER:
SHIP:

TIME:

SAMPLE NUMBER:
TYPE OF NET:
MESH SIZE:

RING SIZE:

TYPE OF HAUL:
SAMPLING DEPTH:
METERS OF WIRE:-
"ANGLE:

FLOWMETER START:
FLOWMETER FINISH:
LENGTH OF TOW:
LATITUDE:-

LONGITUDE:

SEA STATE AND WEATHER:

12 April 1979
BENCHMARK
USNS BARTLETT
1310

804-23
CONICAL 5:1
202

.75 m
VERTICAL
1000-800 m

1060

760067
798993
15 min

17° 57.5

. 65° 51.7

#2 Clear day no clouds
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DATE:
STATION NUMBER:
SHIP:

TIME:

SAMPLE NUMBER:
TYPE OF NET:
MESH SIZE:

RING SIZE:

TYEE OF HAUL:
SAMPLING DEPTH:
METERS OF WIRE:
ANGLE:
FLOWMETER-START:
FLOWMETER FINISH:
LENGTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE AND WEATHER:

12 April 1979‘
BENCHMARK

USNS BARTLETT .
1615

804-24

CONICAL 5:1
202

.75 m

VERTICAL
800-200 m

860 m

799105

825357
20 min
17°l57.5
65° 51.8

#2-3 CLEAR-CALM SUNNY DAY
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DATE:
STATION NUMBER:
SHIP:

TIME:

SAMéLE NUMBER:
TYPE OF NET:

Mésﬁ S17€:

RING SIZE:

TYPE OF HAUL: .
SAMPLING DEPTH:
METERS OF WIRE:
A&GLE:]
FLOWMETER START:
[FLOWMETER FINISH:
LENGTH OF TOM:
LATITUDE:
LONGITUDE:

SEA STATE AND WEATHER:

12 February 1979
BENCHMARK
USNS BARTLETT

1654

804-25

CONICAL 5:1
202u-
0.75 m

VERTICAL

200-0 m
260 m

0°

825143
8349é3

10 min
17° 57.52
65° 51.91
#2
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DATE:

STATION NUMBER:
SHIP:

TIME:

SAM?LE NUMBER:

. TYPE Df NET:
MESH SIZE:

RING SIZE:

fYPE OF HAUL:
SAMPLING DEPTH:
METERS OF WIRE:
ANGLE:

FLOWMET;R START:
FLOWMETER FINISH:
lENGTH OF TOM:
LATITUDE:

LONGITUDE:

SEA STATE AND WEATHER:

13 February 1979
BENCHMARK
USNS BARTLeTT
1624

804-26
CONICAL 5:1
202y

b.75 m
HORIZONTAL

25 m

60 m

60°

880029

975100

10 min

17° 57.52

65° 51.91

SS#2
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APPENDIX E
CRUISE REPORT AND DATA FROM OTEC CRUISE #5 (CR-805)
19-23 APRIL 1979
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CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
UNIVERSITY OF PUERTO RICO

CRUISE REPORT

OTEC CRUISE #5 (CR-805)
19-23 April 1979
by

Gary C. Goldman, Chief Scientist
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MAILING ADDRESS: CENTEH FOR ENERGY AND ENVIRONMENT RESEARCH, COLLEGE STATION, MAYAGUEZ, PUERTO RICO 00708



CRUISE REPORT

OTEC CRUISE #5 (CR-805) 19-23 April 1979

1.

IT.

I1I.

Iv.

VII.

VIII.

Objectives:

“A. Measure oceanic parameters relatab1e to OTEC at

- Punta Tuna.
B. - Measure variability of these oceanic parameters at
Punta Vaca.
C. Measure water temperature at three other stations.

Research Vessel:
R/V CRAWFOQRD

Supporting Agencies:

A. U.S. Department of. Energy

B. Lawrence Berkeley Laboratory
C. P.R. Water Resources Authority
D. UPR/CEER

Dates of Cruise:
19-23 April 1979
Cruise Plan:

See Appendix II (Not included)
Scientific and Technical Personnel:

Bonafe, €. - Technician (CEER)

Corales, D. - Technician (CEER)

Goldman, G. - Chief Scientist (CEER)

Gonzalez, E. - Technician (CEER) A

Morgan, -T. - Scientific Assistant (CEER)

Nazario, A. - Technician (CEER)

Pesante, D. - Biological Coordinator {CEER)

Rivera, J. - Scientific Assistant (CEER)

Shafnacker, M. - Technician (CEER)

Steen, J. - Visiting Scientist (Gulf Coast Research Lab)

Station Locations:

See Attached Plan, Appendix Il (Not included)
Types of. sampling:
A. See Attached Cruise Plan, Appendix Il (Not included)

B. Yater Sampling for Foam OTEC Experiment
C. Chlorophyll sampliing for LBL

440
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IX. " Travel:

~-- 19 April 1979. R/V CRAWFORD arrived at Malecon Port, -
Mayaguez, P. R. A1l personnel, except Mr. Morgan, were
assembled at CEER (Cornelia) Lab. A1l equipment and personnel
were transported from Cornelia tab to Malecon by CEER vehicles.
Mr. Morgan had separate transportation from Main Lab to Malecon
with his (Dr. Kay's) supplies. Ship departed about 1530-local
time. :

--- 23 April 1979. R/V CRAWFORD returned to Malecon Port,
Mayaguez about 0330. A1l equipment and personnel were removed
from the vessel by 0700, as she was forced to vacate her berth
to allow another vessel to arrive. Equipment and personnel
were again transported to their respective laboratories by
CEER vehicles. R/V CRAWFORD returned to Magueyes.

X. Reason for terminafion of cruise:
A1l work was completed.
IX. Accomplishments:

A. Collected virtually all data from Station "B"

(exception transmission data, and some current data).
.- Collected temperature data from Station "F".
Collected temperature data from Station "A".
Collected temperature data from Station "P".
Collected all data at Station "V".

moOm
L] L] .

IIX. Changes to be affected:
A. Repair transmissometer.

B. Consider increasing XBT stations. .
C. Correct current meter intermittent malfunction.
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BIOLOGICAL REPORT

This cruise was carried out without any hardship. Zooplankton
sampled from: ’
1000-800m
800-200m
200-SFC
1000-SCF
25 meter horizontal-day
25 meter horizontal-night

Samples of organisms that live attached to the mooring buoy
obtained during a snorkling effort. These will be identified
later date.

No new fish were seen, although the same as previously reported
pPresent.

Heavy overcast was present about 75% of the time.
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WEATHER CODE FOR DATA SHEETS

(A1l times are Atlantic Standard Time (AST) = GMT - 4 hours)

7 KT/130°, 91°, 47%, 1, 150°
7 XT = Wind Speed (KT)
130° = Wind Direction - from (Deg)
91° = Air Temperature (°F)
~ 47% = Relative Humidity (%)
' 1 = Wave Height (m)

150° = Wave Direction - from (Deg)
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ZOOPLANKTON

SIZE CLASS SIZE IN MILLIMETERS
1 : <0.5
2 0.5 - 0.9
3 1.0 - 1.9
4 2.0 - 2.9
5 3.0 - .3.9
6 4.0 - 4.9
7 5.0 - 5.9
8 6.0 - 6.9
9 7.0 ~ 7.9
10 8.0 - 8.9
11 9.0 - 9.9
12 10.0 - 19.9
13 20.0 - 29.9
14 30,0 - 39.9
15 40.0 - 49.9
16 >50.0
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DATE: 20 April 1979

STATION NUMBER: BENCHMARK
SHIP: | CRAWFORD

_TiME: | 0800

4 SAMPLE NUMBER: | - 805-27
TYPE OF NET: CONICAL 5:1
MESH SIZE: : 202u
RING SIZE: 0.75 m
TYPE OF HAUL: HORIZONTAL
SAMPLING DEPTH: 25 m
METERS OF WIRE: 60 m
AQGLE: l | ' 60°
-FLQHMETER START: 975150
FLOWMETER Flﬂlsﬁ: 1003240
LENGTH OF TOW: 16 min
LATITUDE: o+ 17° 57.52
LONGITUDE: 65° 51.91

SEA STATE ARD WEATHER: #2
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9,

DATE:

STATION NUMBER:.

SHIP:
TIME:

SAMPLE NUMBER:
TYPE OF NET:

MESH SIZE:

" RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:
ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITURE:

LONGITUDE:

SEA STATE AND WEATHER:

20 April 1979
BENCHMARK
CRAWFORD
1305

805-29
CONICAL 5:1
202u

0.75 m
VERTICAL
1000-800 m

1060

84577

139257

17° 57,6'N

65° 51.9'W
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DATE:

STATION NUMBER:

| SHIP:

TIME:

SAMPLE NUMBER:
TYPE OF NET:
MESH SIZE:
RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE ARD WEATHER:

20 April 1979
BENCHMARK
CRAWFORD

1407

805-30

CONICAL 5:1
202

0.75 m
VERTICAL

800-200 m

800 m

182475

209882

17° 57.6'N

65° 51.9'W
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DATE: , 20 April 1979

STATION NUMBER:

SHIP: CRAWFORD

TIME: | 1518 -
. N

SAMPLE NUMBER: 805-31

TYPE OF NET: CONICAL 5:1

MESH SIZE: . : 202y

RING SIZE: 0.75 m

TYPE OF HAUL: VERTICAL

SAMPLING DEPTH: 200-SFC

METERS OF WIRE: 260

AﬁGLE:_ 0

#LOWME%ER START: 209885.

FLOWMETER FINISH: 1 221091

LENGTH OF TOW:

()

LATITUDE: 170 57.6'N

LONGITUDEZ 65° 51 glw

SEA STATE AND MWEATHER:
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DATE:

STATION NUMBERY

SHIP:

TINME:

SAMELE NUMBER:
TYPE OF NET:
MESH SIZE:
RING SIZE:

TYPE OF HAUL:

SAMPLING DEPTH:

METERS OF WIRE:

ANGLE:

FLOWMETER START:

FLOWMETER FINISH:

LENGTH OF TOW:
LATITUDE:

LONGITUDE:

SEA STATE AND WEATHER:

21 April 1979
BENCHMARK
CRAWFORD
0205‘

805-32

CONICAL 5:1
202u

0.75 m
HQRIZONTAL
25 m

60 m

60°

030190
60860

10 min

17° 57.6'N
65° 51.9'W

SS#1-2
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APPENDIX F
CRUISE REPORT AND DATA FROM OTEC CRUISE #6 (CR-8306)
4-9 JUNE 1979
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CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
UNIVERSITY OF PUERTO RICO -

CRUISE REPORT

OTEC CRUISE #6 (CR-806)
4-9 June 1979
by

Gary C. Goldman, Chief Scientist
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MAILING ADDRESS: CENTER FOR ENERGY AND ENVIRONMENT RESEARCH, COLLEGE STATION, MAYAGUEZ, PUERTQ RICO 00708



CRUISE REPORT

P.R. OTEC CRUISE #6 (CR-806) 4-9 June 1979

I.

IT.

I1I.

Iv.

VI.

Objectives:

A. Measure oceanic parameters relatable to OTEC
at Punta Tuna.

B. Measure variability of these oceanic parame-
ters at Punta Vaca, Punta Borinquen, and Cabo
Rojo.

-C. Measure temperature at three other sites.

D. Measure variation of oceanic parameters as a’
function of distance from Benchmark and dis-
tance from shore-at 10 stations.

E. Sample for water characteristics for foam OTEC
program at 2 stations.

Research Vessel:
R/V CRAUWFORD
Supporting Agencies:

A. U.S. Department of Energy

B. Lawrence Berkeley Laboratory
C. P.R. Water Resources Authority
D. UPR/CEER

Dates of Cruise:

4-9 June 1979

Cruise Plan:

See Appendix II (Not included)
Scientific and Technical Personnel:

Altschuler, S. - Biologist

Bonafé, C. - Technician

Cabassa, P. - Technician

Carmiggelt, C. - Visiting Sci. {LBL)
Corales, D. - Technician .
Goldman, G. - Chief Scientist
Gonzalez, E. - Technician

Jones, K. - Visiting Seci. (LBL)
Morgan, T. - Scientist Ass't.
Nazarijo, A. - Technician

484
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VII.

VIII.

IX.

XI.

Pesante, D. - Biological Coordinator
Rivera, J. - Scientific Ass' t.
Saddler, T. - Technician

Shafnacker, M. -~ Technician

Station Locations:
See Cruise Plan, Appendix II (Not included)
Types of Sampling:

A. See Cruise Plan, Appendix II (Not included)
B. Five Gallon sample at 10 m for Foam Experiment
C. Water samples for LBL

D. Phytoplankton net samples for LBL

Travel:

-- 4 June 1979. R/V CRAWFORD arrived at Malecdn
Port, Mayaquez, P.R. at about 1030 AST after leaving
Mayaguez about 0600-0700. The personnel assembled
at CEER, CORNELIA LAB, along with the equipment at
that location, were transported to the vessel.

Other personnel and their equipment {Morgan from the
main CEER LAB, and Carmiggelt and Jones from Hotel)
arrived via CEER vehicles or rented vehicles. The
ship departed about 1400 AST.

-= 9 June 1979. R/V CRAWFORD returned to Malecon
Port, Mayaquez about 0530 AST. Equipment and per-
sonnel were removed from the vessel by 0730-080G AST,

~and were transported to their destinations by CEER

vehicles. R/V CRAWFORD returned to Mayaguez about
1100 A.S.T.

Reason for termination of cruise:

' As neither the leased fathbmetei, nor either of the

onboard fathometers were functioning, I determined
the probability too great of loosing a string of
hydrographic bettles and reversing thermometer if
we attempted to visit the inner stations scheduled

for the return trip. These stations are located on

a sharp drop-off, and a slight navigation error could
have put the vessel in too shallow water. All other
work was completed.

Accomp]ishmentS'
A. Collected virtually all data from Station "B"
(except transmission data).

B. Collected all scheduled data from Stat1ons "R",
“C", and "F", three high-priority OTEC sites.
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Collected all data from Station “V".

Collected all scheduled data from Stations
“Go", "MO", “SO", "JO", all deep water stations
with OTEC Potential. '
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BIOLOGICAL REPORT FOR CRUISE 806

]

During the days comprising the fourth to the ninth
of June 1979 the following was accomplished:

~--A11 Zooplankton samples were effec-
tively collected. .

--25m horizontalfday
--25 m horizontal night
.—~1000—sec-vertica]
--1000-800-vertical
--800-200-vertical

--200~-sec-vertical
while on station

As usual all the fish and organisms collected during
the cruise are being identified for the Final Report.

. An inspection dive was conducted at the buoy in
which the state of the cable was checked down to 160 feet.
Organisms from the cable and rope were co]]ected and will
be included in . the Final -Report.

Daniel Pesante

Biological Coordinator

492

‘)



X1010°18 .

SeWwouj g

Py

uenr veg

N

gSINYD DHLO

JIO0F SUTTHORIL

" 6L6T dunp - ‘ (908-¥D) 94

)

493



//-‘

4,
RS

WEATHER CODE FOR DATA SHEETS

- (A11 times are Atlantic Standard Time (AST) = GMT - -4 hours)

7 K¥/130°, 916’ 47%, 1, 150°
7 KT = Wind Speed (KT)
130° = wiqd Direction - from {Deg)
91° = Air Temperature (°F)
" 47% = Relative HumidityA(%)
1 = Wave Height (m) —
150° = Wave Direction - from (Deg)
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SIZE CLASS SIZE IN MILLIMETERS

1 £ 0.5
2 0.5 - 0.9
3 1.0 - 1.9
4 2.0 - 2.9
5 3.0 - 3.9
6 4.0 - 4.9
7 5.0 - 5.9
8 6.0 - 6.9
9 7.0 - 7.9
10 8.0 - 8.9
11 9.0 - 9.9
12 10.0 19.9
13 20.0 - 29.9
14 30.0 - 39.9
15 40.0 - 49.9

50.0

T
(o)}
v

516



O

DATE: _ 5 June 1979

STATION NUMBER: BENCHMARK

SHIP: CRAWFORD
TIME: 0915
SAMPLE NUMBER: 806-35
TYPE OF NET: ~ CONICAL 5:1
MESH SIZE: | 202y
RING SIZE: .75 m
TYPE OF HAUL: HORIZONTAL
SAMPLING DEPTH: 25 m

" METERS OF WIRE: 60 m
AﬁGLE:_ 55°
FLOWMETER START: 180124
'FLowMEfER FINISH: . 202841
LENGTH 0# TOW: 10 min
LA%ITUDE: 17° 57.6'N
LONGI TUDE: 65° 51.9'W

SEA STATE AND WEATHER: 1, cloudy

The quanti;ies in. the following data sheets are #/m3
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DATE: 6 June 1979

STATION NUMBER: BENCHMARK
SHIP: CRAWFORD .
TIME: 0930
SAMPLE NUMBER: 806-37
TYPE OF NET: CONICAL 5:1
\
MESH SIZE: 202u
RING SIZE: .75 m
TYPE OF HAUL: \ VERTICAL
SAMPLING DEPTH: 1000-800 m
METERS OF WIRE: 1060 m
A&GLE: ' 0
FLOWMETER START: | 271038
FLOWMETER FINISH: . 317623

LENGTH 0# TOMW:

LATITUDE: : | 17° 57.6'N
LONGITUDE: 65° 51.9'W

SEA STATE AND WEATHER: SS#1-2, 75% cloudy

The quantities in the following data sheets are #/m3.
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DATE: - . 6-June 1979

STATION NUMBER: BENCHMARK
SHIP:- CRAWFORD
TIME: 1100
SAMPLE NUMBER: 806-38
TYPE OF NET: CONICAL 5:1
MESH SIZE: 202y |
RING SIZE: 75 m
TYPE OF HAUL: VERTICAL
SAMPLING DEPTH: 800-200 m
METERS OF WIRE: 810
CANGLE: | 0
FLOWMETER START: 317888

" FLOWMETER FINISH: 344354

LENGTH OF TOW:
LATITUDE: 17° 57.6'N
LONGITUDE: 65° 51.9'W

SEA .STATE AND WEATHER:
The quantities in the following data sheets are #/m3;
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DATE: 7 76 June 1979

STATION NUMBER: BENCHMARK
SHIP:‘ ' CRAWFORD
TIME: 1215
SAMPLE NUMBER: 806-39
TYPE OF NET: CONICAL 5:1
MESH SIZE: 202y |
RING SIZE: .75 m
TYPE OF HAUL: VERTICAL
SAMPLING DEPTH: | 200 SFC
METERS OF WIRE: . 200
_AﬁGLE: 0
FLOWMETER START: , 349132
. FLOWMETER FINISH: . 380590

LENGTH OF TOW:

LATITUDE: 17° 57.6'N
LONGITUDE: 65° 51.9'W

SEA STATE AND WEATHER: sS#2, 50% cloudy

The quantities in the following data sheets are #/ms.
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DATE: 7 June 1979

STATION NUMBER: BENCHMARK
SHIP: CRAWFORD
TiME; | 1335
SAMPLE NUMBER: CR-806-42
TYPE;OF NET: CONICAL 5:1
MESH SIZE: | 202y
RING SIZE: .75 m
TYPE OF HAUL: HORIZONTAL
| SAMPLING DEPTH: 25 m
METERS OF WIRE: 60 m
AQGLE:_ - 55°
FLOWMETER START: 590248
FLOWMETER FINISH: . 515730
LENéTH oé TOW: 10 min
 LATITUDE: 17° 57.6'N
LONGITUDE: | 65° 51.9'W

SEA STATE AND WEATHER:

‘The quantities in the fo]]owing data sheets are #/m3.
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II.
III.
Iv.
V.
VI.

VII.

VIII.

IX.

XI.

APPENDIX G - TYPICAL CRUISE PLAN

CRUISE PLAN CEER

Research Vessel
Supporting Agency
Cruise Name and Number
Dates

Total Days

Objectives:

R/V CRAWFORD
U.S. DOE/PRURA
CR-805

19-23 April 1979

5 {(estimated)

Measure oceanic parameters relatable to OTEC at

Punta Tuna.

Measure variability of these oceanic parameters

at Punta Vaca.

Measure temperature at two other sites.

Personnel:
G. Goldman, Chief Scientist J. Rivera, Scientific
D. Pesante, Biological Coordinator assistant
M. Shafnacker, Technician D. Corales, Technician
C. Bonafé, Technician T. Morgan, Scientific
E. Gonzalez, Technician assistant
A. Nazario, Technician Scientist (unnamed)

Stations:

"B"-Benchmark Station--

Scientist (unnamed)

17°57.6'N by 65°51.9'W--1120 m

"A"-Augmented Station--about 18°02'N by 65°40'W --1200 m
"P"-Ancillary Station--about 17°565'N by 66°00'W --1200 m
"F'~-Ancillary Station~-about 17°51.7'N by 65°46.9"W--1950 m
"¥"-Ancillary Station--about 18°03'N by 65°32'W --1200 m

,Equipment: See accompanying

Type of Samples:

Tist.

Hydrocasts for temperature, salinity, dissolved
oxygen, nutrients, chlorophyll, phytopiankton.

XBT
Current Profiles

Plankton Hauls (horizontal and oblique)

Transmissivity

Travel:

At mid-moring of 19 April, personnel shall trans-
port all equipment and personnel gear to the
CRAWFORD at Malecon port, Mayaguez, using all
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necessary vehicles. About mid-moring of April 23
personnei and equipment shall be removed from
CRAWFROD at-Malecon port, Mayaguez.

CRUISE SCHEDULE CR-805

DATE TIME EVENT.
19 April 0700 CRAWFORD depart Maqueyes
1100 CRAWFORD arrive Malecon port, Mayaguez
1100-1400 Transport personnel and equipment to CRAWFORD
1600 CRAWFORD depart Mayaguez for Punta Tuna,
Station "B"
20 April 0500 Arrive Punta Tuna, Station "B"
“g-1* 0900-0930 XBT-1
Plankton-1 (25 m horizontal-10 min)
0930-1000 Secure to buoy
"B-2" 1000-1200 HYDROCAST~1
XBT-2
1100 WEATHER _
“B-3" 1200-1600 PLANKTON-2 (1000 m-0 m)
’ PLANKTON-3 (1000 m-800 m)
PLANKTON-4 ( 800 m-200 m)
PLANKTON-5 ( 200 m-0 m)
XBT-3 ' .
Run Oxygen Analysis
Filter Nutrient Samples
1400 WEATHER
1500-1700 Prepare for CURRENT
"B-4" 1700-1830 CURRENT-1
X8T-4
1700 WEATHER
2000 WEATHER
2230-2300 Prepare for HYDRO, XBT
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20 April |
npog 2300-0130  HYDROCAST-2

XBT-5
WEATHER (2300)
CURRENT-2
9 ' 21 April 0000-0200  Run Oxygen Analysis
- . Filter Nutrient Samples
0200 WEATHER
0500 WEATHER
"B-6" 0600-0800  CURRENT-3
XBT-6
0800 - WEATHER
0900-1000  Prepare for BIOCAST, XBT, TRANSMISSION,
~ CURRENT
ng.z" 1000-1400  BIOCAST-1
TRANSMISSION-1
XBT-7
CURRENT-4

WEATHER (1100)
WEATHER (1400)
Filter for chlorophyll
1700 WEATHER
2000 - WEATHER

2100-2200 Prepare for BIOCAST, XBT, TRANSMISSION

21-22 April
"B8-8" 2200-0100  BIOCAST-2
XBT-8
TRANSMISSION-2
WEATHER (2300)
Filter for chlorophyl?
7 22 April 0100-0130 Release from mooring
'\:) : "B-9" 0130-0200 PLANKTON-6 (25 m-horizontal-10 min)
XBT-9
9200-0700 Remain in area
0700-0730 Steam to Station "F"
"F-1" 0730-0745 At Station "F"

. XBT-10
543



HA-1"

ryoq"

1!P-l"

0745-0900
0900-0915

0915-1030

1030-1600

1600-1930
1930-1945

1945

Steam to Station "A"

.At Station "A"

XBT~11

Steam to Station "V
Prepare for HYDROCAST, PLANKTON, XBT, OXYGEN,
CHLOROPHYLL, NUTRIENTS

At Station "V¥"

HYDRO/BIOCAST-1

XBT-12

PLANKTON-7 (25 m horizontal tow)
PLANKTON-8

PLANKTON-9

XBT-13

Run Oxygen

Filter for nutrients

Filter for chlorophyll

Steam to Station "P"

At IlPII
XBT-14

Depart for Mayaguez

23 April

(900
0900-1100

1100

1500

Arrive at Malecon port, Mayaguez

Remove equipment and personnel from CRAWFORD
CRAWFORD depart Mayaguez for Magueyez
CRAWFORD arrives Magueyez
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CODE

HYDROCAST - Hydrostation, bottie samples at depths of 0,
50, 100, 150, 200, 250, 300%,400*, 600, 800,
1000 m (*=both protected and unprotected for
thermometric depth), read temp (protected,
unprotected, auxiliary), wire angles, meter
depth, collect samples for salinity, nutrients,
ji) dissolved oxygen.
e

BIOCAST - Hydrocast for biological parameters, bottle
samples, {depths of 0, 25, 50, 75, 100, 125,
150, 175, 200, 250, 300, 400 m), read temp,
wire angle, meter depth, collect samples for
salinity, chlorophyll.

WEATHER ~ Standard weather observations: time, wind,
dir., wind speed, air temp (wet and dry bulb),
actual "weather state", barometer, c¢loud type
and cover, visibility, wave ht., wave dir.,

-wave period. The times indicated correspond
with the U.S. Weather Station at the Punta
Tuna Light (USCG)

XBT - Expendable bathythermograph-automatic record
' time, set probe and fire.

CURRENT - Stationary current profile - profile of cur-
rent speed and direction vs. depth. A1l is
internally recorded--must use hydro winch and
lower the meter and read--wire angle and meter
depth. Each depth shall be set for about 10
minutes. Depths used shall be 25, 50, 75,
100, 125, 150, 175, 200, 250, 300, 400, 500,
750 m.

PLANKTON - Plankton tow--either ‘horizontal tow or verti-
cal tow.

TRANS - Transmissivity--measured by lowering instru-
ment and reading out remotely. Reading shall
be sensor reference, depth at about 10-20
meter intervals, both lowering and raising.

:) HYDRO/BIOCAST - Hydrocast for both physical and biological

‘ parameters, bottle samples will be taken at
depths of 1, 10, 20, 30, 50, 75, 100, 150,
200, 300, 400, 500, 600, 800, and 1000 m.
Data taken will include protected and unpro-
tected thermometer, wire angle, meter depth,
collect samples for salinity, nutrients,
chlorophyll, dissolved oxygen.
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EQUIPMENT LIST--CR-805

STATION DATA SHEETS-20
TRANSMISSOMETER DATA SHEETS-5
WATER SAMPLING BOTTLES/NISKIN-13
~TUBING FOR SAMPLING BOTTLES-25 ft
MESSENGERS-ALL
SPARTS FOR NISKIN BOTTLES
METER WHEEL-1
WIND SPEED METER-1
SEA STATE GUIDE-1
€LOUD GUIDE-1
PSYCHROMETER-1
PSYCHROMETER THERMOMETER SPARE-1
PSYCHROMETER WICKS
XBT

PROBES-15

TEST CANISTER-1

CHART-2

RECORDER

LAUNCHER, HAND-1

MANUAL
REVERSING THERMOMETERS-ALL
REVERSING THERMOMETER READER-2
FLASHLIGHTS-I large, 1 smaﬁ
REVERSING THERMOMETER CORRECTING SHEETS-?
MISC WRITING MATERIALS

546

TIMER-1 -

CURRENT METER-1 135 TD
SPARE PARTS KIT-1
MANUAL-1
GEAR SET-1
CHART PAPER-2

PLANKTON
NET-

BRIDDLE

DOUBLE TRIP MECHANISM
FORMALIN & BUFFER,

PLASTIC JARS
TWEEZERS
BUCKET

COD END JARS

CHOCKER BAND & LINE

WIRE STOP
NET RING
TRANSMISSOMETER-1
WIRE TIES
READOUT-1
BATTERY
CABLE-1000 ft
DEPTH SENSOR-1
MANUAL -1
CALCULATORS-2

STROBE LIGHT-1

P



LOG BOOKS-3

DISTILLED H,0

SILICONE GREASE

BATTERY CHARGING CABLE (50')
SOLDERING IRON

NUCLEOPORE FILTERS-1 box

GAF FILTERS-1 box

NUTRIENT/SALINITY BOTTLES-6 boxes

CHUOROPHYLL BOTTLES-18
CHLOROPHY FILTER CONTAINERS-ALL
PARAFILM

‘MARKING PEN-6

CLIP BOARDS-3/4
CHLOROPHYLL CHEMICALS & EYE DROPER
TOOL BOX-2
MULTIMETER

WEATHER LOG-6
BOTTLE RACKS-3
BOTTLE RACK.SCREWS
SAFETY CLIPS-16
MESSENGER BUCKET
COTTON LINE-1 coil
TAPE MISC.

PAPER TOWELS-6
PIPETTES

BURRETTES

FLASKS

547

TIME SHEETS-10
HAND VACUUM

CARBOY

CHLOROPHYLL BUCKETS

DRILL & BITS

THERMOMETER (SHIELDED)-1
DISSOLVED OXYGEN BOTTLES-15
COMPLETE DIVE SETS-2

TEST TUBE RACK-1

FREEZER CONTAINER-2 -

ICE CHEST-2

INSULATION

TIDE TABLE-1 set

SCREWS

CR LUBRICANT

DESCICANT OR SILICA GEL
MAGNESIUM CARBONATE SUSPENSION
SAFETY HARNESS

NYLON LINE-1 coil

RAIN GEAR (FROM SULTANA)
SHACKLES-4

SAFETY WIRE-10 ft
FILTERING SET UP

PUMPS-2 ’

TUBING

WATER TRAP

VACUUM FLASK



GLASSWARE & CLAMPS

DRO?PERS

MAGNESIUM SULFATE SOLUTION FOR OXYGEN
ALKILINE IODINE SOLUTION FOR OXYGEN
SULFURIC ACID (CON) FOR OXYGEN
THIOSULFATE SOLUTION FOR OXYGEN

548
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_APPENDIX H

PROCEDURE FOR DETERMINATION OF DISSOLVED OXYGEN

I.

IT.

III.

Reagents

1. Mnso4. Use 367 g/L. Filter. This solution is

stable but should not be used directly from the
stock bottle. ,

2. KI - NaOH. \Use 360 g of NaOH + 150 g of KI/L.
This solution will develop some turbidity in
time. If this occurs it sould be discarded.

3. H,50,. Use 50% v:v.

4. Na25203. Use 5 grams per-2 liters {approx .01 N).
Add 0.50 g sodium borate as a preservative.

5. Starch indicator. Add 10 g of starch to 25 ml
cold, distilled water. Make paste. Pour rapidly
jnto one liter of boiling distilled water. Pre-
serve with 50 mg Hgl.

6. Standards: KH (103)2. Use.0.325 g/L (0.01 N).
Samplihg '

Oxygen samples should be drawn from reversing bottles
before any other samples are collected and as soon as
possible after the bottle is retrieved. Place a length
of rubber tubing on the top. Lxuel all air from the
tube, rinse 0, sample bottie. Fill sample bottle
always keeping the end of 1hz (ubc below the water
level as it fills. The stopper must be replaced in
such a way that no bubbles are trapped. :

Addition to Reagents

1. Immediately after collection introduce the follow-
reagents from an automatic pipette, the tip of
which is kept under the surface of the water.

A. 1 ml of MnSO4.

B. 1 ml of KI-NaOH.
2. Shake thoroughly and allow precipitate to settle

(25 min). Shake a second time and again allow the
precipitate @o settle 2/3 of way to bottom.
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3.

C. Add 1 ml of 50% H,50,.

Shake thorohghly until all precipitate has dis-
solved. Maximum 12-18 hours before titration.

IV. Titration

1.

Pipette 50 m1 of the treated sample into a 125 ml
Erienmeyer flask.

Titrate with standardized Na25203 until the yellow
color has almost disappeared.

Add 4 drops of starch indicator, (Not used).
Titrate until solution is colorless.

Repeat at least twice, or until difference is less
than 0.03 ml.

V. Reagent Blank

1.

To 50 ml1 of distilled water in an Erlenmeyer
flask add:

A. 1 m]l of 50% H2304.
Swirl

I ml of KI-NaOH.
Swirl

1 ml of MnSO4.

- rm o L) jvs)
- - - - -

Swirl and then titrate as above. This value
.should be zero.

VI. Standardization of Na23203 at room temperature.

1.

Pipette 50 m]l of distilled water into a 125 ml
Erlenmeyer flask.

"Add in order:

A. 1 ml of 50% H2504.

B. 1 ml KI-NaOH.

c. 1 ml Mn504.

D. 5 ml .01 N KH(103)2 (exactly: use volumetric
pipette).

550
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3.

VIII. Calc
1.

Titrate as above.

Repeat at least three times or until reproduction

is within .02 ml Na23203

ulations:

Normality of Na28203 = "
2

Concentration of 02 in the water sample = 02 (m1/L)
B 1000 '

= N x (V -b}) x — x 5.6 x .
B-2 S

[

Where N = normality of Na25203; N1 = normality of
KH(IO3)2; V, = ml of standard 'KH(IO3)2 solution;:
V2 = m] of Na23203, B = volume of sample bottles;
S = volume of sample titrated; and b = blank titer
obtained under V.

*Excerpt from Instruction Manual for Routine Measurements for

the U.S. P

Expedition.

rogram in Biology, International Indian Ocean
August 1962+ David Menzel, WHOI.
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APPENDIX I

LISTINGS OF THE COMPUTER PROGRAMS USED
FOR ANALYSIS OF THE MOORED CURRENT METER DATA
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